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Abstract: A novel method for including polarization effects within hybrid quantum mechanics/molecular
mechanics (QM/MM) simulations of adsorbate-metal systems is presented. The interactions between
adsorbate (QM) and metallic substrate (MM) are described at the MM level of theory. Induction effects
are additionally accounted for by applying the image charge formulation. The charge distribution in-
duced within the metallic substrate is modeled by a set of Gaussian charges (image charges) centered at
the metal atoms. The image charges and the electrostatic response of the QM potential are determined
self-consistently by imposing the constant-potential condition within the metal. The implementation is
embedded in a highly efficient Gaussian and plane wave framework and is naturally suited for periodic
systems. Even though the electronic properties of the metallic substrate are not taken into account
explicitly, the augmented QM/MM scheme can reproduce characteristic polarization effects of the adsor-
bate. The method is assessed through the investigation of structural and electronic properties of benzene,
nitrobenzene, thymine, and guanine on Au(111). The study of small water clusters adsorbed on Pt(111)
is also reported in order to demonstrate that the approach provides a sizable correction of the MM-based
interactions between adsorbate and substrate. Large-scale molecular dynamics (MD) simulations of a wa-
ter film in contact with a Pt(111) surface show that the method is suitable for simulations of liquid/metal
interfaces at reduced computational cost.
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Figure S1: Nitrobenzene on Au(111). Contour plot of the electrostatic potential [a.u.] in the first
(a) and second (b) layer of the metal slab as obtained with IC-QM/MM. The electrostatic potential
corresponds to Vm +VH as defined in Eq. 2.
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Figure S2: Dependence of the total induced charge Qtot
ind on the size of a finite one-layer Au(111)

slab. The inverse length L is given in units of the lattice constant a. The charged ions Na+ and
Cl– have been placed 4.0 Å above the metal slab. The computational setup corresponds to the one
described in Section 3.1 except that PBC are not applied.

Figure S3: Difference in electronic density ∆ρelec upon adsorption of benzene on Au(111) as ob-
tained by full DFT calculations. (a) Three-dimensional plot. Red regions correspond to increased
and blue regions to decreased electronic density. (b) Plane-integrated electron density difference
∆ρ1D

elec. Brown spheres indicate the position of the metal layers and the red sphere the position of
the benzene molecule. The cumulative or “running” integral of ∆ρ1D

elec (starting integration from
the vacuum) corresponds to the number of electrons lost (negative) or gained (positive).
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Figure S4: Variation of the dipole moment µ in Debye for guanine adsorbed on Au(111) dependent
on the molecule-surface separation. µx, µy and µz are the x-, y- and z-component of the dipole
vector respectively. zeq is the equilibrium position of the molecule as obtained from the IC-QMMM
model.
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Figure S5: Plane-averaged electrostatic potential V 1D
H of 151 H2O on Pt(111) for a particular snap-

shot of the MD simulation. Brown spheres indicate the position of the metal layers. V 1D
H has been

averaged along the surface normal (z-direction).
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