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Figure S1: Overview STM image of room temperature deposited Au on monolayer
graphene/Ru(0001), observed by UHV STM at 77 K (Viampre =-0.27 V, I =0.46 nA). Circles
mark islands shown in the close-up views whose terraces are partially or completely flat.



Equation for A (h)

The general equations of elasticity for the case of zero body forces can be written in terms

of the displacement field u as:*
V(V-u)+ (1 —-2v)Au =0, (1)

where v is the Poisson ratio of the material. Equation (1) admits solutions of the Papkovitch-
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Neuber form,?™ i.e., with the displacement components u; (i = 1,2, 3) expressed in terms

of a scalar field ¢ and a vector field ¥ = (Y1, ¥9,13) as

19
U= T o,

(¢ + 21 + yiby + 2103), (2)

where ¢ and v; (i = 1,2, 3) are harmonic functions to be determined. The boundary condi-
tions that we impose on the film which extends indefinitely in the x and y directions consist
in prescribed displacements on the lower surface of the film, and zero applied stress on the

upper surface:

u = (0,0, Apsin ;), on the lower boundary (z = 0) (3)

o, = 0, on the upper boundary (z = h). (4)

Using Hooke’s law and the definition of normal strains in terms of displacements (e.g.,

€1 = Ouy /0x), Eq. (4) can be cast as

0 0 1-vo
U1l UQ+ VvV ous

8x+8y ” azzo,onz:h. (5)

Since the film extends indefinitely in the (x,y) plane, the requirement of bounded, spa-

tially periodic solutions implies that v¢; and v should vanish everywhere, which leads to



uz(x,y,z) = 0. The other two harmonic functions, ¢ and 13, can now be uniquely chosen as

combinations of exponential and sinus functions:

¢ = (Cex + Dex) sin§ (6)

Y3 = (Eex + Fex) sin§ (7)

Substituting Egs. (6,7) in the boundary conditions Egs. (3) and (5) leads to a linear system
for the coefficients C'; D, E, and F"

1 1 0 0 C 0
-1 1 A3 —4v) A3 —4v) D 4A00 (1 —v)
A A (= (1= )Nt (—h— (1— et || B 0
ehr e MA (b —2(1 — )N (h+2(1 — v)X\)e A F 0

(8)
With the solutions of the linear system (8) in place, we can substitute back into Egs. (6,
7) and (2) to determine the uz component of the displacement field. At z = h, the amplitude

A(h) of this component, i.e., of the the corrugation of the upper surface, works out to be:

2(1 — v)cosh(h/A) + (h/X) sinh(h/\)
2h2 /N2 +5 — 4v(3 — 2v) + (3 — 4v) cosh(2h /)

A(h) = 44,(1 — v) (9)

When using Eq. (9) to compare to experimental data pertaining to Au/graphene/Ru(0001)
heterostructures, several things have to be noted. Firstly, the theory is derived for the Au
film alone in absence of any graphene/Ru substrate. The perturbation is imposed on the
lowest Au atomic layer, and the results should hold (at least qualitatively) for the Au film
and not for the graphene underneath. As described in the text of the article, graphene can
have either chemical or physical bonding with the Au, which cannot be captured by elasticity
equations. We therefore derived Eq. (9) with displacements imposed on the lowest surface

of the Au film and under the assumption that those imposed displacements are not changed




during deposition of Au in any way.

Secondly, when dealing with a bilayer of Au which only has a thickness of 3 A, there is
a possibility that the numerical value of the Poisson ratio used in Eq. (9) changes because
the Au film is ultra-thin, which can lead to changes in the predictions based on the elasticity
equations. In order to test the sensitivity of the result of Eq. (9) to the value of v, we
have first used DFT calculations to compute the Poisson ratio as a function of the thickness
of the Au layer from 2 to 6 ML. The parameters of these DFT calculations are the same
as those described in the main text, except for the k-point grid which has been increased
to 11 x 11 x 1. We have found that for a bilayer of Au, the Poisson ratio is 0.347, which
differs significantly from the bulk value of 0.42. However, it turns out that the normalized
amplitudes A(h)/Ag given by Eq. (9) do not change by more that 4 % when the Poisson
ratio varies in the range 0.35 < v < 0.42. Therefore, at least qualitatively, it is warranted

to use Eq. (9) for comparison with experiments.
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