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Additional experimental data



Raw data and fit dependence

Figure S1: 50 x 50 nm STM topography image of the Au(111) surface. The herringbone
recon-struction is clearly visible.

Figure S1 shows a topography image of the Au(111) surface on which the measurements pre-
sented in the main article were performed. The herringbone reconstruction that is typical for the
Au(111) surface is clearly visible, indicating good tip/sample conditions.

Figure S2 shows a number of raw data traces for the /(z) and z(V') spectroscopy measurements.
Offsets have been added to facilitate distinguishing individual traces. The traces analyzed in the
main article were obtained by averaging approximately 200 raw data traces per measurement.

The influence of zg on the outcome of the fitting routine is shown in Figure S3. It should be noted
that for low values of 7y the z(V) measurements at { = 1 yield complex (non-physical) results due to

the effective barrier becoming negative.
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Figure S2: Raw spectroscopy traces. a) I(z) spectroscopy. b) z(V) spectroscopy. Offsets have been
added to individual traces to facilitate analysis.
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Figure S3: Fit parameter dependence on zy. a) ¢p dependence for z(V) measurements. b) ¢y depen-
dence for I(z) measurements. ¢) { dependence for both types of measurement.
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Model derivation

Current—distance spectroscopy

As a starting point, the image charge corrected current equation

] — PV\/aefa\/as,

S

will have to be rewritten to eliminate as many unknown parameters as possible.

derlvatlve the density of states p can be eliminated from the equation as follows:

al _ pVds o OVE pv 1 a’q)
dz szal\/5 52\/_dz

PV e easVE ds _as d¢
s \/ae [a ¢dz+2\/$dz]'

Substituting Equation 1 then gives

dl  Ids I d¢ [a 5ds o d(p]

dz  sdz 20dz 2,0 dz

For the sake of brevity, the image charge term can be redefined as

M) = 2%, {Z“] ,

S 7—S
which leads to

@ dM
dz dz’
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This derivative can be determined by using the product rule:

dM d?2 2 d
dM._ |aEs| 4 2ad0 | 2ado d | f2Es ) 6)
dz z—s|dz s s dz |z—s
The first part of this equation then yields
z+s| d 2a@y 2a@pds . |z+s
1 — = —1 7
n{z—s] dz s 52 dzn z—s|’ @
while the second part gives
2
a%iln {Z-I-S}
s dz |z—s
2ag [z—s] [1+2  (+s)(1-)
= - ; (8)
s |2+ Z—S (z—s)
_2agy [1+@ 121 4agy [2g s
s Z+s Z—S s 2—s52|

Equation 4 can be substituted into Equation 7 for further simplification, after which combination

with Equation 8 finally yields

AM  4agy |2 —s| Mds ©)
dz s |2—s2 s dz
Inserting everything back into Equation 3 and dividing by 7 then gives the final expression
ar . lds ¢ds
dz sdz dz
(10)
[ 1 as ] |4ad |2g; =S| Mds
20 2./ s | 2—s? s dz
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Constant-current spectroscopy

Once again, the first step in the derivation is rewriting Equation 1:

ds o ¢ —as\/9
Tav = ( TARAAL \/_+2de)
(11)
d d
+pV/pe®VO (—aﬂﬁ—%ﬁ)

Substituting Equation 1 into this expression and dividing by I gives:

2
ds _dps s, 549 o jpds_ s¢do (12)
av dvp V  2¢0dV dv  2./¢dV
Applying the chain rule, i.e.
ds _dsdz
dV — dzdV’
then leads to
dsdz dps s s d¢ ds dz S(xd(p
—— =t —— — e 13
g2V avp v aeav *VO%av T avgav (13)

When not including the image charge effect, s = z and Z—; = 1 and the above equation reduces to:

dz_dpz z do dz 2o d¢

ATy Yav T ajgav

14
AV dvp 'V ' 20dV (14)

When including neither the asymmetrical lowering of the barrier due to the applied bias voltage nor

the lowering/narrowing effect of an image charge = 0 and Equation 14 can be rewritten as:
dp z
dz _ avpty (15)
v 1+zaye
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Including the asymmetric lowering of the barrier leads to % = —5 and
dp 2
P e "
av 1+zay/g

Determining the derivative of the image charge term is slighty more involved. By once again defining

(17)

M((V)) = 2ago | {erS}

N —S

the notation can be kept relatively compact. Because M only has an implicit dependence on V via z,

the chain rule can be used once again:

dM  dM d
= (18)
dv  dz dV
leading to
d dM d
49 __¢_ damaz (19)
dv 2 dzdV
Inserting Equation 19 into Equation 13 gives the full expression
dps | s se | stae
d wvotv — 15+
z aVp TV T 4T 4/ 7 (20)

aM

s2a s
20 B %] dz

dv fl—;—f—sa\/ag—;—

—

with ‘%’ given by Equation 9.
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