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Supporting Information

XPS measurements

The X-ray photoemission spectra (XPS) performed on 2.5ML of TCNQ on Bi2Se3 are presented in

Figure 1. The lineshape of the C1s and N1s peaks is similar to that reported for TCNQ on weakly

interacting substrates[1-3] thus suggesting the absence of any chemical interaction between TCNQ

molecules and the substrate.

Figure S1. XPS spectra of (a) C1s and (b) N1s core levels for 2.5 ML TCNQ deposition on Bi2Se3,

collected with 600 eV photon energy.

Figure S2. XPS spectra of (a) Bi4f and (b) Se3d core level spectra for pristine (black curve) and 2.5ML

(red) of TCNQ on Bi2Se3, collected with 600 eV photon energy at normal emission.
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In Figure S2 we report the XPS spectra of Bi 4f and Se 3d states before and after deposition of 2.5

ML of TCNQ. The pristine sample exhibits both Bi 4f and Se 3d states split by spin-orbit interaction

into the doublets 4f5/2, 4f7/2 and 3d3/2, 3d5/2 at 162.50 eV, 157.19 eV and 53.50 eV, 52.68 eV binding

energy, respectively, in agreement with earlier studies.[4, 5] The adsorbed TCNQ does not

significantly modify neither the line-shape nor the binding energy (within 50 meV) of the Bi 4f and

Se 3d states.

The molecular coverage of TCNQ was carefully evaluated by considering the attenuation of the

measured photoelectron intensity of the Bi 4f and Se 3d states prior and after molecular

deposition.[6] The formula used to estimate the coverage is:
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����� = �1 − � + � ∗ ��(��������� ����)/������⁄ � ∗ ��(�∗��������� ����)/������⁄ (1)

Where ����� is the experimental XPS area of the peak of interest (Bi 4f or Se 3d states) measured

prior (�����
�����) or after (�����

��� ) molecular deposition; N is the number of layer completely covered by

molecules; S is the partial coverage of the upper layer, ��������� is the adsorption distance

between TCNQ and the surface Se layer, ������ is the inelastic mean free path of photoelectron

with kinetic energy Ek inside the adsorbate, � is the emission angle. Equation (1) is valid under the

assumption of a layer-by-layer growth and the accuracy of the value is limited by the uncertainties

in the electron mean free paths in organic layers,[7] and by the value used for the adsorption

distance.

We considered an electron mean free path of 14.57 Å at 440eV Ek and 17.04 Å at 550eV Ek,[8]

��������� equal to 3.4 Å (as computed by DTF calculations, see main paper), and θ equals to 0° 

(normal emission).

Molecular coverage and its error (2.5 ± 0.5) ML for the spectra reported above have been set equal

to the mean value and half of the difference between the values estimated by using equation (1) for

the Bi 4f and Se 3d states.
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Free-standing TCNQ monolayer

Figure S4. (a) DFT calculated energy landscape E(a,α) of the planar TCNQ free-standing monolayer

showing a minimum at a = 9.064 Å and α = 96ο. (b) Top view of the optimized planar TCNQ hydrogen

bonded network.

Choice of representative adsorption registries for TCNQ on Bi2Se3(0001)

Since the most reactive part of the TCNQ molecule is represented by its cyano groups, it is possible

to distinguish the registries relevant for the molecular adsorption energy in terms of the position of

the nitrogen atoms. Due to the relative structure of TCNQ and Bi2Se3(0001), upon adsorption only

two of the four N atoms of TCNQ can be placed in equivalent high-symmetry positions (Figures 5c

and 5d). The Bi2Se3(0001) surface has four high symmetry sites – fcc and hcp hollow, bridge and top

– with the hollow sites showing the highest coordination, and the top sites the lowest. In order to

efficiently sample the adsorption energy landscape, the best choice is to consider the two extreme

situations: two N atoms in the highest coordination sites (i.e. in either of the two hollow positions)

and two N atoms in the lowest coordination sites (in the top sites). These are exactly the cases

shown in Figures 5c and 5d: registry 1 (Figure 5c), with the N atoms of the two leftmost cyano groups

located in the hcp hollow sites (the other two N atoms residing somewhere in between the bridge

and the fcc hollow positions); registry 2 (figure 5d) with the N atoms of the two leftmost cyano

groups both located in top sites (the other two N residing close to, but not exactly at, the hcp hollow

positions).

The two adsorption configurations are clearly different and, as is seen in Figure 5a, yield

quantitatively different Etot vs. d curves with registry 2 showing a marginally smaller adsorption

energy. However, at a qualitative level, the behavior of the TCNQ molecule in the two registries is

essentially the same and corresponds to a physisorption situation with an adsorption distance of

about 3.4 Å.
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Absence of charge transfer and substrate work function

Similarly to the Au(111) surface (work function: ϕAu(111) = 5.47 eV),[9] the experimentally and

theoretically determined lack of charge transfer between TCNQ and Bi2Se3 may be due to the large

work function of Bi2Se3(0001) (values of ϕBi2Se3(0001) reported in the literature are between 5.4 and

6.0 eV)[10-14] with respect to more reactive surfaces (e.g. ϕCu(100) = 5.10 eV; ϕAg(111) =4.74 eV).[9]

However, no general prediction about charge transferred can be made based only on the substrate

work function. For example, despite the relative low value of the work function of graphene on

Ir(111) ((ϕG/Ir = 4.65 eV)[3] – smaller than the work function of Cu(100) where TCNQ is known to get

negatively charged – when adsorbed on graphene on Ir(111), TCNQ shows a negligible charge

transfer. Similarly, no charge transfer has been observed for TCNQ adsorbed on the upper parts of

the ripples of graphene on Ru(0001) that, again, display a relatively small work function (ϕU
G/Ru =

4.24 eV).[3]
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