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Abstract: We present a microscopic model of the interface between liquid water and a hydrophilic, solid
surface, as obtained from ab initio molecular dynamics simulations. In particular, we focused on the (100)
surface of cubic SiC, a leading semiconductor candidate for biocompatible devices. Our results show that
in the liquid in contact with the clean substrate, molecular dissociation occurs in a manner unexpectedly
similar to that observed in the gas phase. After full hydroxylation takes place, the formation of a thin (~3
A) interfacial layer is observed, which has higher density than bulk water and forms stable hydrogen bonds
with the substrate. The presence of this thin layer points at rather weak effects on the structural properties
of water induced by a one-dimensional confinement between ~1.3 nm hydrophilic substrates. In addition,
our results show that the liquid does not uniformly wet the surface, but molecules preferably bind along
directions parallel to the Si dimer rows.

. Introduction The complexity of measurements probing interfacial water

The need for a proper knowledge of solid/liquid interfaces calls for theoretical structural models of solid/liquid interfaées;
at the atomic scale is present in all areas of science, includingthese are much in demand to interpret a variety of experimental

crystal growth, lubrication, catalysis, electrochemistry, and dat& which often give only indirect information about the
materials for sensing applications. In particular, in the past interface atomic structure. The aim of this work is to provide a

decade, a widespread experimehtaland theoreticaP effort microscopic structural model of the interface between liquid

has been devoted to the characterization of solid/water interfaces.Water and a hydrophilic, solid surface, together with insight into

On both hydrophobic7:8 and hydrophilié= surfaces, inter- its electronic and bonding properties, using predictive and
facial layers of water with properties different from those of a_c_curate ap |nl|t|o smulaﬂons. We have chos_.en to_focus on
the bulk liquid have been observed. However, different experi- Siicon carbide! for which outstanding progress in fabricatién
mental approaches have led to different conclusions on the @nd characterizatiéh'*has recently been reported since it is a
atomic structure of these layers, in particular, estimates of their promising candldgte for plocompatlblg .appllc.atlons and thus
thickness vary from a few angstrobfs’ to many molecular knowledge of the interaction and reactivity of its surfaces with

layers® On hydrophobic surfaces, weakenraf H-bonds and Watgr 'S. essential. . o ) )
dewetting? resulting in a watervapor interfacial region, is often __ Little is known regarding the reactivity of SiC surfaces with
observed: instead, on hydrophilic substrates, water was usually!iduid water, and it is only very recently that experimental and
found to have a higher density than in the bulk, and its structure theoretical studies have been gble tq ch_aracterlze SiC surfaces
and dynamics have sometimes been compared to those ofXposed to_water vapor; these mvestlgatlons_have concentrat_ed
supercooled waté? and amorphous ice. on the cubic polytype (001) surfaces. Experiments on the Si-
rich (3 x 2) reconstructed SiC(001) surfdéeshowed that

T Lawrence Livermore National Laboratory. dissociation of water molecules leads to perfect passivation of
* CNR-IMEM. i i i
(1) Ricci, M. A;; Bruni, F.; Gallo, P.; Soper, A. Kl. Phys.: Condens. Matter the OUtermo.St.e.XCG.SS Si I.ayer' These results are ConSIS.tem with
200Q 12, A345. those of ab initio simulations of water molecules on-SiC-

(2) Bellissent-Funel, M. GJ. Mol. Lig. 2002 96-97, 287. (001)16:17 which revealed how the dissociation mechanism

(3) Dore, J.Chem. Phys200Q 258 327.
(4) Jensen, T. R.; Jensen, M. @.; Reitzel, N.; Balashev, K.; Peters, G. H.; Kjaer

K.; Bjgrnholm, T.Phys. Re. Lett. 2003 90, 086101. (10) Feibelman, P. Bcience2002 295 99.
(5) Steitz, R.; Gutberlet, T.; Hauss, T.; Kigen, B.; Krastev, R.; Schemmel, (11) Carter, G. E.; Casady, J. B.; Bonds, J.; Okhuysen, M. E.; Scofield, J. D.;
S.; Simonsen, A. C.; Findenegg, R. Hangmuir2003 19, 2409. Saddow, S. EMater. Sci. Forum200Q 3383, 1149.
(6) Mao, M.; Zhang, J.; Yoon, R.; Ducker, W. Aangmuir2004 20, 1843. (12) Nakamura, D.; Gunjishima, I.; Yamaguchi, S.; Ito, T.; Okamoto, A.; Kondo,
(7) Hartnig, C.; Witschel, W.; Spohr, E.; Gallo, P.; Ricci, M. A.; Rovere, M. H.; Onda, S.; Takatori, KNature 2004 430, 1009.
J. Mol. Lig. 200Q 85, 127. (13) Ocelic, N.; Hillebrand, RNat. Mater.2004 3, 6060.
(8) Jensen, M. O.; Mouritsen, O. G.; Peters, GJHChem. Phys2004 120, (14) Derycke, V.; Soukiassian, P. G.; Amy, F.; Chabal, Y. J.; D’angelo, M. D.;
9729. Enriquez, H. B.; Silly, M. GNat. Mater.2003 2, 253.
(9) Scatena, L. F.; Brown, M. G.; Richmond, G. Ecience2001, 292, 908. (15) Amy, F.; Chabal, Y. JJ. Chem. Phys2003 119, 6201.
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occurs, that is, following a monomolecular process at low theoretical equilibrium lattice parameters (4.39 A). In addition to the

coverage ¥4 of a monolayer) and involving proton exchange surfaces, the supercell contained 57 molecules in a volume correspond-

among water molecu'es at h|gh Coverage_ |ng to the eXperimentaI density of I|qU|d Watef“:( g/CrT?) The total

Both experimerf and theor§®l” indicate that the Sj-  number of electrons in the system was 1288.

terminated surface of SiC will have a high density -eOH In our calculations, the SiSiC surfaces (clean and hydroxylated)
ind bulk water were first equilibrated separately at room temperature,

§urface g'rqups upon exlposure to the vapor phase, thus dec.r.eaiefore being placed in contact. We performed two different sets of

ing reactivity and possibly enhancing the surface hydrophilic

_ . simulations: one with flexible water molecules at 308?R3the other
character. It remains an open question whether the surfaceiw rigig wate?* at 350 K3 In addition to yielding an improved

reactivity would be inhibited or altered by the strong hydrogen- gescription of the structural and dynamics of water at 300 K, ab initio
bond network of the fluid, in the presence of liquid water. In MD simulations with rigid water molecules enable the use of time steps
addition, the structure of the interfacial hydration layer on the about 3 times larger than that in a flexible water simulation. We note
hydroxylated Si-terminated surface is not known. that the melting temperature of SiC is about 2400 K, and that the
Here, we present an atomistic description of the SiC- Si—SiC surface is weakly affected by temperature changes of a few
(001) surface/water interface and address several key issuestens of kelvin close to room temperature. Therefore, the use of 300 or
(i) the difference in reactivity of the clean surface in the presence 350 K did not affect the structural and reactive properties of the surface.
of vapor or liquid water; (i) the hydrophilic character of the We started our investigation by simulat.ing the presence of liquid
hydroxylated surface and its impact on interfacial water; (iii) water on the clean surface and determined how dissociation and

he i f sic f iodici d hydroxylation occur; subsequently, in a separate simulation, we studied
the impact of SIC suriace periodicity on water structure an the wetting of the hydroxylated substrate. We note that simulating

possible changes in SiC electronic and structural properties Upongface reactivity with théquid instead of vapor is a rather challenging

water exposure. W_e- _h_aVe_ addre_ssed thgse questions by carryingsk, due to the need for equilibrating a sample of water independently,
out a series of ab initio simulations, which have proven to be prior to exposure to the surface, and to the much larger number of

both necessary and accurate in describing water adsorption anclectrons involved in the calculation. Our simulation was divided into

dissociation on ion##=2° and semiconductor surfac&s?24 three steps which are pictorially represented in Figure 1: (1) the
Although computationally expensive, a first principles treatment Si-terminated surface was exposed to a liquid composeigidfwater

of the interatomic interactions is crucial; the complexity of Moleculed® so as to achieve equilibration first, in the absence of

water-surface interactions is very difficult to capt&t®y fitting reactions; (?) the rigidity _constralnts were th_en_released to allow for
classical potentials to experimental data, and the possibleP°nd-breaking and reactions to occur; (3) fiquid water on the fully

occurrence of molecular dissociation at the surface cannot behydlroxylated surface was simulated. In the case of the hydroxylated

dd d with lassical dditi . Isurface, results obtained with rigid and flexible models did not show
addressed with a classical treatment. In addition, experimenta any relevant difference. In our simulations, the structural features of

data are often not conclusive, and hence there is a great neeghe interface, for example, water rearrangement and dissociation, are

for predictive microscopic models. observed within the first few picoseconds of our 10 ps simulations.
The rest of the paper is organized as follows. In section I,  Wwe finally notice that in our computational approach, the liquid water

we describe the method used to carry out our simulations; is contained between two-SSiC surfaces (periodic replicas) separated

Results and Discussion are presented in section Ill, and sectionby a distance of about 1.3 nm; thus our calculations allowed us to

IV contains our conclusions. analyze the effect of one-dimensional confinement on water structure,

in one specific case.
II. Method

) ] ) ) ~Ill. Results and Discussion
We studied the dynamical evolution of the water/SiC system by using

Car—Parrinello (CP) molecular dynamics (M%7 within the Density In this section, we first describe the results of our simulations,
Functional Theory (DFT) framework, in the generalized gradient- then we present an interpretation of our findings.

corrected approximation (PBE)We used nonlocal pseudopotentis, ~ pyring the calculation with rigid constraints, we observed
and the electronic wave functions (charge density) were expanded in 5y attraction between the water molecules close to the surface
plane waves, with energy cutoff up to 80 (320) Ry. Similar to that of Si atoms and the substrate and the formation of a dative bond

previous investigation¥, the integration over the Brillouin Zone was betw | . dd lina bonds of the Si di
performed with thel' point3! We used symmetric slabs (11 atomic etween oxygen lone pairs and dangiing bonds of th€ Si dimers.

layers, 16 atoms per layer, periodically repeated along the (001) In particular, four water molecules bind to the surface (one out

direction), with a p(4x 4) surface supercell periodicity and the Sic  Of every two surface dimers) and no longer diffuse; their
orientation is overall similar to the one found in the gas phase

(16) Cicero, G.; Catellani, A.; Galli, G?hys. Re. Lett. 2004 93, 016102.

(17) Cicero, G.; Catellani, A.; Galli, Gl. Phys. Chem. B004 108 16518.

(18) Meyer, H.; Entel, P.; Hafner, Surf. Sc1.2001, 488 177.

(19) Langel, W.; Parrinello, MJ. Chem. Phys1995 103 3240.

(20) Hass, K. C.; Schneider, W. F.; Curioni, A.; Andreoni, Btiencel998
282 265.

(21) Cho, J.; Kim, K. S.; Lee, S.; Kang, NPhys. Re. B 200Q 61, 4503.

(22) Koneay, R.; Doren, D. JJ. Chem. Phys1997 106, 2426.

(23) Okamoto, Y Phys. Re. B 1999 60, 10632.

(24) Okamoto, Y.Phys. Re. B 1998 58, 6760.

(25) Grossman, J. C.; Schwegler, E.; Galli, &.Phys. Chem. R004 108
15865.

(26) Car, R.; Parrinello, MPhys. Re. Lett. 1985 55, 2471.

(27) We u)sed the first principles molecular dynamics cG@(F. Gygi, 1998-
2003).

(28) Perdew, J. P.; Burke, K.; Ernzerhof, Mhys. Re. Lett. 1996 77, 3865.

(29) Hamann, DPhys. Re. B 1989 40, 2980.

(30) Catellani, A.; Galli, GProg. Surf. Sci2002 69, 101.

(31) Thel point corresponds to 6 inequivaldrpoints in the primitive cell for
the supercell with 16 atoms/layer.

before dissociation takes platel” Therigid water approach
adopted here, preventing bond breaking, gives an indication of
how the reaction proceeds at the surface; first, the “pinned”
water molecules reorient, and then, as soon as the constraints
on the water bond distances are removed, they dissociate.

(32) Schwegler, E.; Grossman, J. C.; Gygi, F.; Galli,JGChem. Phys2004
120, 300

(33) Schweglér, E.; Grossman, J. C.; Gygi, F.; Galli,JGChem. Phys2004
121, 5400.

(34) The OH and H-H distances were fixed to 0.996 and 1.588 A, respectively.
Those values are the average distances computed along an MD run of 57
water molecules at 300 K.

(35) Allesch, M.; Schwegler, E.; Gygi, F.; Galli, @. Chem. Phys2004 120,

5192.

(36) Thermostats were applied during equilibration, in runs with both rigid and

flexible molecules, and then removed when collecting statistics.
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Figure 1. Ball-and-stick rendering of three representative configurations explored during ab initio simulations of water deposition on the SiC(0®1) surfac
and of the resulting solid/liquid interface. Red, white, gray, and light blue spheres represent oxygen, hydrogen, carbon, and silicon attiwedy;respec
oxygen atoms belonging to reacting molecules at the interface are highlighted in brown. The left panel shows the clean Si-terminated-ssiG400 i

and the water sample which have been separately equilibrated before being brought into contact. When bringing the solid and the liquid togeitiedr in the
configuration, the minimum distance between the Si surface atoms and the water oxygen atoms was chosen to be 2.5 A; this is the distancgat which H
molecules start effectively interacting with the surface in the vapor phase, before dissociation occurs. The middle panel shows the reactieculager m

and the formation of hydronium ions at the interface (brown spheres), during dissociation of water molecules. The right panel shows the inteeface bet
the hydroxylated surface and liquid water; in the inset, a top view of the hydroxylate8iSisurface is shown.

In our simulations, we observed both the monomolecular and interaction will be determined by a complex competition
H-bond-mediated dissociation mechanisms found for gas-phasebetween hydrophobic and hydrophilic effects.
exposure at low temperaturel (< 50 K).!617 Therefore, In Figure 2, we characterize the computed structural and
unexpectedly, the surface reactivity of the-SiC surface with  electronic properties of the interface between the hydroxylated
water is not affected by the hydrogen-bond network of the liquid, surface and water by showing the average oxygen density (2a),
and it is not significantly changed by a temperature increase, the average electronic density (2b), and the number of hydrogen
up to room temperature. As the simulation proceeds, proton bonds (2c) as a function of distance from the interface. The
transfer gives rise to the formation of;&" ions close to the  average oxygen density presents an intense peak 2.2 A from
surface; hydronium ions formed at the beginning of our the surface oxygens. This enhanced density at the interface has
simulation could release a proton, as expected. However, thebeen observed in previous simulations for other hydropfilic
formation of some BO* species also occurred when most of = surfaces, and it is determined by packing forces and the tendency
the surface Si atoms had already reacted with water, and theyof water to form a maximal number of hydrogen bonds. The
appear to be stabilized by the H-bond network of the surround- observed interfacial peak is expected to be more intense and at
ing fluid. The subsequent expected release of a proton from a closer distance from the surface, in the case of hydrophilic
the hydronium ion was not detected in this case, as this would then in that of hydrophobic surfaces, with enhanced wetting of
have required kD" to diffuse to clean surface sites, which were the substrate. Indeed, in our study of water vapor on the
unavailable in our sample at this stage of our simulation. Yet, hydrophobic G-SiC(001) surfacé®l” we found that water

the strong affinity to water shown by the silicon-terminated
surface clearly indicates that for longer simulation times, full
hydroxylation of the surface would be obtained. This is
consistent with previous experimettsand calculation'$:”
showing that complete coverage of the-SiC(001) surface
with —OH and —H groups is energetically favorable-8.2
eV/water) in the gas phase.

After determining how hydroxylation occurs, in an indepen-
dent simulation, we investigated the deposition of liquid water
on the full hydroxylated surface and carried out a 10 ps
simulation. Some of the possible starting configurations for the
hydroxylated surface were discussed in ref 17. In this work,
we used the geometry with all theOH groups aligned on one
side of the Si dimer rows (see inset in the right panel of Figure

molecules weakly interact with the substrate and rearrange their
geometry to maximize hydrogen bonding at distances larger than
those observed on SBiC(001). The increased oxygen density
at the HO/Si—SiC(001) interface found in our calculations is
accompanied by an increased electronic density, as shown in
Figure 2b, which very clearly defines an interface layer with a
thickness of~3 A. In this layer, water molecules form a smaller
number of hydrogen bonds than in the bulk; at a distance of
abou 3 A from the oxygen surface atoms, the bulk value of
~3.6 H-bond/water is recovered (see Figure 2c, where the
H-bonds connecting water molecules to the surface hydroxyl
groups were not included). As shown by the blue and red curves
of Figure 2c, the water molecules at the surface do not show
any preference in accepting or donating H-bonds. This analysis

1), that is, the most stable geometry in the gas phase. Theclearly shows that, from both a structural and electronic

interpair —OH distance is about 3.1 A, as imposed by the

underlying SiC lattice parameter; this enables a H-bond interac-

tion between the neighboringOH groups. Although the

standpoint, only a thin layer of water (withi3 A from the
surface) is strongly affected by the presence of the surface. This
result is consistent with that reported in ref 1, where a combined

hydroxylated surface is expected to be hydrophilic due to the experimental and theoretical estimate of the thickness of the

presence of-OH groups, StH groups are also present and

these are known to be hydrophobic; thus the surface/water(37) Lee, S. H.; Rossky, P. J. Chem. Phys1994 100, 3334.
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0 ) | | 1 | 1 . don. Figure 3. Top (a) and side (b) views of the oxygen atom spatial distribution
0 5 10 15 20 25 function (SDF) on the-OH (blue isosurface) and on theH (red isosurface)
7 (A) surface groups; periodic replicas are shown for clarity. These SDFs represent

) ) ) ) the density distribution of oxygen atom positions within two spheres of
Figure 2. Average oxygen density (a), average electronic density (b), and 54is 3 A centered on the-H and —OH groups. Red, white, gray, and

average number of watewater hydrogen bonds (c) as a function of the  jight plue spheres represent oxygen, hydrogen, carbon, and silicon atoms,
distance from the interface between the hydroxylateelS3C(001) surface respectively.
|

and liquid water. Water density in panel (a) was normalized to the tota
g s ok e o o s s 2Nlysis crawn i ref 39 and does not support he possible
the hydroxylated SIC surface (blue curve); these were averaged in the 0ccurrence of ice-like ordered structure extending from the solid
directions parallel to the interface. The curves in panel (c) were obtained interface through the confined liquid.
by COU?tirngatchhex:tfgrb;fo?écﬂI—gf)t?g 232::; t(;]eed t\;ﬂﬁ?\/‘é;?i;‘??éorf: (Obrltléed To gain further insight into the structure of the interfacial
?lglzlcelz Iione). We choose the fbllowing geometric criterion to defir?e a surfape layer, W? have calculated the ox.ygen spatial dlstrlputlon
hydrogen bond: ©-O distance shorter than 3.5 A and-@10 angle larger function (SDF}°in a sphere of 3.0 A radius, centered on either
than 140. a —H (red isosurface in Figure 3) or anOH group (blue
isosurface in Figure 3); since these groups are close in space,
interfacial water is about 5 A; the small difference between our the two isosurfaces slightly overlap in the intermediate region.
result and that of ref 1 may be related to the different material The computed SDFs represent the density distribution of oxygen
and shape (cylindrical SiOpores) of the analyzed confining  atom positions; thus, in our case, they reveal how water fills
media. the space close to the surface. Figure 3 shows that water
In addition to density changes, another way to measure themolecules do not wet the surface uniformly, preferring the
extent of water structural changes is by the distribution of the direction parallel to the dimer row; in other words, the geometry
0O—0-0 angle between neighboring molecules; the computed and periodicity of the surface OH groups induce directionality
distribution shows that at a distance of ab&uA from the in the filling space properties of water and ultimately determine
surface, the preferred coordination is tetrahedral, as in bulk the presence of chains of hydrogen-bonded molecules bridging
water, whereas at lower distances, high and low coordination over hydrophilic surface groups. The apparent lack of water
angles are also favored. This result reinforces the conclusionsmolecules on top of the-OH group is a steric effect; at a
drawn above that water molecules recover their equilibrium distance smaller than 3 A, water molecules tend to avoid the
liquid structure at very short distances from the surface. Only axial direction, filling the space around th€OH, where H-bond
the molecules actually in contact with the surface are strongly interactions are more likely to occur. In addition, both the side
affected by the interface and exhibit a coordination number and top views presented in Figure 3 illustrate water depletion
different from that of the bulR® We note that the water  along the Si-H lines, as expected due to the hydrophobic nature
molecules close to the surface do not adopt a tetrahedral strucof Si—H.
ture but rather are arranged so as to optimize their H-bonding To assess the effect of the water/surface interaction on the
network in a manner compatible with the surfaceOH electronic properties of the composite system, we have compared
orientation and periodicity. This agrees with the experimental the total electron density of the interfage,, to that of the
isolated hydroxylated surfacgsic, and of water pwater These

(38) The water dipole orientation is expected to be affected as well by the surface, it i
but an evaluation of the distance at which this effect becomes negligible densities were calculated for a given snapShOt of the MD run
was not possible; indeed, simulations on bulk water showed that dipole
distribution functions converge at simulation times longer then that currently (39) Soper, A. K.; Bruni, F.; Ricci, M. AJ. Chem. Phys1998 109, 1486.
accessible (at least 2@B0 ps). (40) Svishchev, M.; Kusalik, P. Gl. Chem. Phys1993 99, 3049.
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hydrogen bond. In both cases, we find a similar trend: upon
H-bond formation, the-OH bond polarity is enhanced and the
—H atom resides in a positive charge basin (blue spot). At the
same time, the electron density in the region of the lone pair of
the oxygen accepting the hydrogen bond increases. These results
indicate that most of the surface/water interaction is local and
strongly related to the capability of the surface to establish
H-bonds.

This local character is confirmed by a comparison between
the electronic density of states (EDOS) of water and the
hydroxylated surface with that of the interface. This shows that
the liquid and solid surfaces are almost decoupled, from an
electronic point of view; in particular, the EDOS of the coupled
system shows single particle states localized either on water
molecules or on the SiC slab. In addition, calculations of the
low-lying unoccupied states showed that the energy gap of the
hydroxylated surface does not change upon water exposure, thus
no difference in the work function should be detected in
experiments in aqueous environment, compared to the gas phase.

We finally notice that in our calculations with periodic
boundary conditions, liquid water occupies a region about 1.3
13 s nm thick between two solid SiSiC surfaces. Our results,

- showing that the effect of a hydrophilic substrate is negligible
* .ﬁ after 3 A distance, indicate that one-dimensional confinement
- effects are negligible or very small on water structural and
electronic properties at this scale. It remains to be seen whether
confinement in two or three dimensions would instead bring
- . about notable changes at the nanometer scale. In addition, it
| & ‘f would be interesting to investigate changes in the dynamical
p S properties of the interfacial water layer, along the lines proposed

in ref 41 and to investigate whether the changes in viscosity
measuret? for water on soft matter (e.g., on an Au sample
|E| coated with a hydrophilically functionalized SAM) would be

observed also in the case of a solid surface/water interface.

Figure 4. The upper panel (a) shows isosurfaces of the electron density

difference pdit, at the interface between the hydroxylated surface and liquid |\/. Conclusions

water: pgitt = pint — [psic T pwatel, Wherepin: is the total electron density

of the interface as computed within the Density Functional Theory, and In summary, we have carried out a series of ab initio

psic and pwater are the electronic charge density of the isolated surface and _. . . . . .
the fluid, respectively. Yellow (blue) isosurfaces represent charge density simulations to investigate the interface between liquid water and

increase (decrease) with respect to isolated surfaces. The lower panel showthe clean and hydroxylated-S8iC(001) surfaces. Surprisingly,
a projection of the isosurfaces of the electron density difference onto a clip we found that at room temperature, the dissociation process of

plane passing through-a0H surface group acting as a H-bond donor (left _ |iqid water on the clean surface is very similar to that observed
panel) and acceptor (right panel); the figures show the stable hydrogen bonds.

formed between the solid surface and the liquid. Red, white, gray, and light 'n_ the Qa_s phase. The high den_sfith groups present after_
blue spheres represent oxygen, hydrogen, carbon, and silicon atoms,dissociation leads to a hydrophilic interface, and the geometrical

respectively. arrangement of these groups plays a major role in determining
in the same simulation cell removing either the surface or the Water orientation and eventually the interface wetting properties.
liquid. The changes in electronic charge induced by the water A detailed analysis of water structure showed that only
surface interaction can be expressetb@s = pint — [psic + molecules within a distancef @ A from the hydroxyl_ated
pwated. The quantitypgis is positive when there is an addition  Surface are strongly affected by the presence of the interface,
of charge to the system with respect to the isolated fragments@nd that bulk water structure is readily recovered beyond 3 A.
and negative in the opposite case. In Figure 4a, weglpfor The local nature of the wateiSiC interaction is confirmed by

a particular snapshot of the simulation run. The depletion and €lectronic structure analyses, indicating that all major changes
accumulation of charge, with respect to the isolated water andin the charge density of the isolated liquid and SiC slab are
surface systems, are represented by blue and yellow isosurfacedocalized at the interface and they pertain to hydrogen-bond
respectively. The main changes in the charge density areformation.

localized directly at the interface and, in particular, are located ~ The results presented here provide a description of both
along the directions of the hydrogen bonds established betweerglectronic and structural changes induced in liquid water and
the surface-OH groups and water molecules. The projection SiC surfaces by the presence of the interface, thus yielding a
of pgir On two clip planes containing two different surfac®H
groups is shown in Figure 4b, where we show one group (41) Feibelman, P. Langmuir2004 20, 1239.

X i i (42) Kim, H. I.; Kushmerick, J. G.; Houston, J. E.; Bunker, B.l@ngmuir
donating (left panel) and the other accepting (right panel) a 2003 19, 9271.
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