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In this Supporting Information, we show the extra supporting data for the electronic structure of the 
F4TCNQ-Au/Au(111) system studied by angle-resolved photoemission spectroscopy (ARPES) using 
synchrotron radiation. 
 
 
A. Surface core-level shift in Au 4f7/2 photoemission 

Figure S1 shows the Au 4f7/2 photoemission spectra for TCNQ/Au(111) and F4TCNQ/Au(111). 
The asymmetric Au 4f7/2 photoemission lineshape for TCNQ/Au(111) involves a well-known surface 
core-level shift, where the Au 4f7/2 of bulk Au and surface Au atoms exist at the binding energy (Eb) of 
83.99 eV (labeled B) and 83.75 eV (labeled S), respectively. On the other hand, the Au 4f7/2 
photoemission lineshape for F4TCNQ/Au(111) is slightly broader than that for TCNQ/Au(111). In 
order to reproduce the Au 4f7/2 photoemission lineshape for F4TCNQ/Au(111), an additional peak at Eb 
= 83.54 eV (labeled A) is requited, which might be ascribed to the segregated Au adatom. 
 

 
Figure S1. Au 4f7/2 photoemission spectra for TCNQ/Au(111) and F4TCNQ/Au(111) at 20 K, 
together with the fitting curves using Voigt function (solid curve). 

 
 
B. Temperature dependence of ARPES 

Figure S2 shows the ARPES spectra at the emission angle (θ) of 30~42° measured for the clean 
Au(111) surface at 300 K and the F4TCNQ/Au(111) interface at 300 K and 20 K. No significant 
electronic states exist just below the Fermi level (EF) at the clean Au(111). Upon formation of 
F4TCNQ/Au(111) at 300 K, the dispersive electronic states CT1 and CT2 are formed just below EF. The 
other adsorption-induced peak at Eb = 2.6 eV also shows the dispersion. These dispersive peaks are 
getting sharpened at 20 K, while the bandwidth is almost unchanged. The broad F 2p peak does not 
show the dispersion, indicating less contribution to the CT interaction. 
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Figure S2. ARPES spectra at θ = 30~42° measured for the clean Au(111) surface at 300 K and the 
F4TCNQ monolayer on Au(111) at 300 K and 20 K. The color contour map shows the 
energy-vs-angle photoemission intensity distribution. 

 
 
C. Azimuthal-angle dependence of ARPES 

Figure S3 shows the azimuthal-angle dependence of the E-k|| map for the F4TCNQ/Au(111) 
interface at 20 K. Along the Γ�-K� [S3(a)] and Γ�-M�  [S3(b)] directions, the CT1 band exhibits a single 
component dispersion. On the other hand, along the 10°-off [S3(c)] and 20°-off [S3(d)] directions with 
respect to the Γ�-M�  direction, the CT1 band exhibits at least two components due to the E-k|| 
measurement for the inequivalent surface Brillouin zone regions [see Figure 4(b) in the main paper]. 

 

Figure S3. Valence-band dispersion at 
the F4TCNQ/Au(111) interface along 
(a) Γ�-K�, (b) Γ�-M� , (c) 10°-off Γ�-M� , 
and (d) 20°-off Γ�-M�  directions. The 
corresponding LEED image is given 
in the left, where the red arrow 
indicates the scanned direction in the 
E-k|| measurement. 
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D. Free-electron-like parabolic fitting to CT1 band 
The hole effective mass (𝑚h

∗ ) is proportional to the inverse of the band curvature, 𝑚h
∗ =

ℏ2�d2𝐸(𝒌∥) d𝒌∥2⁄ �−1. The band curvature was determined from the free-electron-like parabolic fitting 
to the experimental data at k|| = 0.00±0.08 Å−1, where the peak position (opened circles in Figure S4) is 
determined from the energy distribution curves. The parabolic fitting, shown by red curve in Figure S4, 
gives 𝑚h

∗  = 0.45𝑚0 and Eb = 0.443 eV for the CT1-band dispersion at k|| = 0 Å−1 (Γ� point). 
 

 
Figure S4. Free-electron-like parabolic fitting to the CT1 band at F4TCNQ/Au(111) along the 
Γ�-M�  direction. 

 
 
E. Thermal desorption experiments using ARPES 

Figure S5 shows the normal-emission ARPES spectra for F4TCNQ/Au(111) and TCNQ/Au(111) as 
a function of the annealing temperature. The F4TCNQ multilayer shows the CT-derived peak even at 
the 50-Å film thickness due to the formation of the extended space charge region.1 After annealing the 
F4TCNQ multilayer at 380 K for 5 min., the CT-derived peaks are getting sharpened and the multilayer 
components disappears due to the multilayer desorption. The subsequent annealing at 390 K for 5 min. 
introduces the appearance of the Shockley state (labeled S) due to the partial desorption of the 
monolayer. On the other hand, the ARPES spectrum of the TCNQ multilayer with the 50-Å film 
thickness is almost similar to that of the bulk TCNQ.2 After annealing the TCNQ multilayer at 373 K 
for 5 min., the Shockley state (S) is getting visible and the multilayer components disappears due to 
the multilayer desorption. The subsequent annealing at 390 K for 5 min. introduces the broadening of 
the Shockley state due to the coexistence of the Shockley states at the clean Au(111) surface and at the 
TCNQ/Au(111) interface by the partial monolayer desorption. 
 

 
Figure S5. Annealing-temperature-dependent ARPES spectra at θ = 0±7° for F4TCNQ/Au(111) 
and TCNQ/Au(111). 
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