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Appendix A

Figure A.1: a) The LEED pattern of phase α was taken for 0.84 ML of molecule 1 deposited
on Au(111) at a primary energy of 26 eV. The red dashed arrow indicates a principal Au direction.
The blue and cyan arrows indicate the domain orientations of the two mirror domains of phase α
with the unit cells rotated ±9⁰ relative to the principal Au direction. b) The simulated LEED
pattern of phase α with the lengths of the unit cell vectors of 1.56 nm and an internal angle of 60⁰
superimposed onto the measured LEED pattern in a). The red circle represents the (0, 0) spot,
while the blue and cyan circles represent the simulated LEED spots originating from phase α.

Phase α with superstructure matrix �a� �a�
r �a� �a� is incommensurate to the unreconstructed

Au(111) surface.
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Figure A.2: Overview STM image of islands of phase α exhibiting two different domain
orientations with respect to the Au(111) surface (150×150 nm2, U = -2.8 V, I = 20 pA). The blue and
cyan stars mark the islands with different domain orientations. The angle between the blue and
cyan line is 18⁰. The arrows in white and black indicate domain boundaries of the islands. The
inset at the bottom right corner represents the fast Fourier transform of the STM image. In the
inset, the two different domain orientations are marked by blue and cyan circles. The set of three
black lines at the bottom of the STM image indicates the principal Au directions.
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Figure A.3: STM image showing two domain boundaries within phase α (12×19 nm2, U = -
2 V, I = 20 pA). The two types of domain boundaries are indicated by the blue and white arrows.
The molecular tentative models of phase α are superimposed in order to detail the arrangements
of the molecules at the boundaries. The boundaries propagate along one of the unit cell vectors
(the unit cell is marked in blue). The unit cells of the adjacent molecular domains at the
boundaries are rotated 60⁰ relative to each other (the rotation angle is marked in black). The set
of three black lines at the bottom right corner indicates the principal Au directions.

Figure A.4: STM image of phase β (90×30 nm2, U = -2 V, I = 20 pA). The red line indicates a
principal Au direction, while the blue line is parallel to the direction of a unit cell vector of phase β.
From the STM data, phase β showed only one domain orientation of the molecular domains which
are rotated by 30⁰ with respect to a principal Au direction. The STM image was acquired with a
double tip. This is why the right island edge appears twice.
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Figure A.5: a) The LEED pattern was taken for 0.3 ML of molecule 1 after annealing at
180 °C. The pattern was acquired at a primary energy of 48 eV. The red dashed arrow indicates a
principal Au direction. The blue arrow indicates the unit cell vector of phase γ. Phase γ has single
domain orientation rotated by 30⁰ with respect to a principal Au direction. b) The simulated LEED
pattern of phase γ with the lengths of the unit cell vectors of 3.45 nm and an internal angle of 60⁰
is superimposed on the LEED pattern in a). The red circles represent the LEED spots originating
from the Au(111) surface. The blue circles represent the LEED spots which originate from phase γ.
The upper and lower insets show the area around the (-1, 0) spot with (the upper image) and
without (the lower image) the superimposed simulated LEED pattern, respectively. Phase γ with

the superstructure matrix �ta� �a�
r �a� �a� is incommensurate to the unreconstructed Au(111)

surface.

Total N 1s Pyridylic N 1s Aminic N 1s Total C 1s Au 4f 7/2

4.7 ML 98.14 62.8 35.34 867.31 1035.28

1.1 ML 23.02 13.6 9.42 197.45 2313.15

0.4 ML, 188 °C 7.79 3.14 4.65 82.35 2780.01

Table A.1: N 1s and C 1s XPS peak areas for coverages of 4.7 ML, 1.1 ML and annealed 0.4
ML of molecule 1 on Au(111), cf. Table 3.2 and Table 3.3.
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Total N 1s,
×10-4

Pyridylic N 1s,
×10-4

Aminic N 1s,
×10-4

Total C 1s,
×10-4

4.7 ML 424 271 153 3749
1.1 ML 100 59 41 854

0.4 ML, 188 °C 34 14 20 356

Table A.2: Relative XPS peak areas for coverages of 4.7 ML, 1.1 ML and annealed 0.4 ML of
molecule 1 on Au(111), cf. Table 3.2 and Table 3.3. All areas in this table were normalized to the
area of the Au 4f 7/2 peak in Table A.1.

Fitting of the near-edge X-ray absorption fine structure spectra
depicted in Figures 3.10 and 3.11

The NEXAFS spectra were tentatively fitted to obtain quantitative insight into
the molecular conformation for the two different phases, α and γ. The fitting of the N
and C K edge spectra is shown in Figures A.1 and A.2, respectively. The numerical
values of the fitted absorption peaks are summarized in Tables A.3 and A.4. During
the fitting the full widths at half maximum (FWHM) for some absorption peaks were
set to be equal (see in Tables A.3 and A.4), all other fitting parameters were left free.
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Figure A.6: Fitted N K edge NEXAFS spectra acquired with two different light
polarizations for 0.4 ML (a, b), 1.1 ML (c, d) and 4.7 ML (e, f) of molecule 1 deposited on Au(111)
held at RT, -54 °C and -70 °C during deposition, respectively. The sample with 0.4 ML of molecule 1
was annealed at 188 °C. a, c, e) The spectra acquired with p-polarized light. b, d, f) The spectra
acquired with s-polarized light. The numerical values are summarized in Table A.3.
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N K edge 0.4 ML, 188 °C 1.1 ML 4.7 ML

Peak p-polarized,
Figure A.6a

s-polarized,
Figure A.6b

p-polarized,
Figure A.6c

s-polarized,
Figure A.6d

p-polarized,
Figure A.6e

s-polarized,
Figure A.6f

1
Area (a.u.) 0.149 0.015 0.236 0.017 1.769 0.496

PE (eV) 398.6 398.2 398.6 398.3 398.5 398.6
FWHM (eV) 0.89 0.69 0.75 0.88 0.58 0.50

2
Area (a.u.) 0.058 -//- 0.027 -//- 0.260 0.123

PE (eV) 399.7 -//- 399.3 -//- 399.0 399.0
FWHM (eV) 0.89 -//- 0.75 -//- 0.58 0.50

3
Area (a.u.) 0.058 -//- 0.107 0.032 0.451 0.080

PE (eV) 400.6 -//- 400.4 400.0 400.6 400.4
FWHM (eV) 1.69 -//- 1.80 2.00 1.30 1.37

4
Area (a.u.) 0.072 -//- 0.121 0.025 0.754 0.143

PE (eV) 402.2 -//- 402.2 401.9 402.3 402.5
FWHM (eV) 1.69 -//- 1.80 2.00 1.30 1.37

5
Area (a.u.) 0.069 -//- 0.095 0.054 0.441 0.186

PE (eV) 403.9 -//- 404.2 404.1 404.0 404.7
FWHM (eV) 1.69 -//- 1.80 2.00 1.30 1.37

6
Height (a.u.) 0.030 0.065 0.002 0.020 0.426 0.568

PE (eV) 405.0 404.6 405.0 404.8 405.1 405.2

7
Area (a.u.) -//- 0.170 0.447 0.001 1.366 2.171

PE (eV) -//- 407.8 407.4 407.2 407.1 407.5
FWHM (eV) -//- 1.00 8.00 3.00 5.24 4.94

Table A.3: Numerical values of the area, photon energy (PE) and full width at half
maximum (FWHM) of the fitted N K edge peaks, cf. Figure A.6.
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Figure A.7: Fitted C K edge NEXAFS spectra acquired with two different light polarizations
for 0.4 ML (a, b), 1.1 ML (c, d) and 4.7 ML (e, f) of molecule 1 deposited on Au(111) held at RT, -
54 °C and -70 °C during deposition, respectively. The sample with 0.4 ML of molecule 1 was
annealed at 188 °C. a, c, e) The spectra acquired with p-polarized light. b, d, f) The spectra
acquired with s-polarized light. The numerical values are summarized in Table A.4.
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C K edge 0.4 ML, 188 °C 1.1 ML 4.7 ML

Peak
p-polarized,
Figure A.7a

s-polarized,
Figure A.7b

p-polarized,
Figure A.7c

s-polarized,
Figure A.7d

p-polarized,
Figure A.7e

s-polarized,
Figure A.7f

1
Area (a.u.) 6.6 0.1 0.1 0.1 3.9 1.1

PE (eV) 284.8 284.6 283.3 283.7 284.9 285.0
FWHM (eV) 0.68 0.80 1.22 0.97 0.60 0.54

2
Area (a.u.) 13.4 0.1 5.7 0.2 8.3 2.4

PE (eV) 285.4 285.3 285.1 285.2 285.4 285.5
FWHM (eV) 0.68 0.80 1.22 0.97 0.60 0.54

3
Area (a.u.) 4.2 -//- 1.8 -//- 2.9 0.5

PE (eV) 286.2 -//- 285.9 -//- 286.2 286.1
FWHM (eV) 0.68 -//- 1.22 -//- 0.60 0.54

4
Area (a.u.) 1.4 -//- 1.5 -//- 1.0 -//-

PE (eV) 287.0 -//- 287.0 -//- 286.8 -//-
FWHM (eV) 0.68 -//- 1.22 -//- 0.60 -//-

5
Area (a.u.) 31.7 0.5 1.3 1.9 10.6 7.8

PE (eV) 288.8 288.4 288.4 288.4 288.3 288.4
FWHM (eV) 3.20 2.73 1.32 2.50 3.10 3.00

6
Height (a.u.) 2.6 0.0 0.4 0.4 0.6 0.9

PE (eV) 289.8 289.0 289.0 289.2 290.6 290.8

7
Area (a.u.) 71.2 2.8 12.9 7.9 28.6 18.4

PE (eV) 293.4 293.3 292.4 293.1 292.9 292.6
FWHM (eV) 6.81 7.57 11.09 6.43 8.46 6.26

8
Area (a.u.) -//- 1.1 -//- 2.0 -//- 7.4

PE (eV) -//- 298.5 -//- 297.8 -//- 296.0
FWHM (eV) -//- 8.00 -//- 5.25 -//- 6.97

9
Area (a.u.) -//- 1.0 -//- 12.2 75.6 62.6

PE (eV) -//- 304.1 -//- 303.0 302.0 302.1
FWHM (eV) -//- 6.30 -//- 10.26 24.71 14.71

Table A.4: Numerical values of the area, photon energy (PE) and full width at half
maximum (FWHM) of the fitted C K edge peaks, cf. Figure A.7.
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Figure B.1: Experimentally acquired dI/dV maps taken at different bias voltages: a) -0.6 V,
-0.5 V and -0.45 V; b) -0.45 V; c) -0.40 V; d) -0.35 V; e)-0.20 V; f) -0.25 V; g) -0.20 V; h) -0.15 V; i) -
0.10 V; j) -0.05 V; k) +0.05 V; l) +0.1 V; m) +0.15 V; n)+0.2 V; o) +0.3 V, +0.5 V and +0.7 V (9  9 nm2,
I = 150 pA). a1-o1) STM images respectively corresponding to the dI/dV maps in a-o).
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Scanning tunnelling spectroscopy study of phase β

The STS spectra were acquired inside the pores of phase β in order to detect
electron confinement. In Figure B.2, the STS spectrum marked by the blue curve was
acquired at the centre of the pore, while the STS spectrum marked by the red curve
was taken at the halfway between the centre and the rim of the pore. In the inset, the
acquisition positions are indicated by the blue and red squares with the colour coding
of the STS curves. The pronounced peak at -0.43 V (blue vertical line) was observed in
both spectra. The STS spectra in Figure B.2 don not have pronounced differences in
their appearances. One possible reason for a similar appearance of the STS spectra
taken inside pores of phase β is that the electron tunnelling for all STS spectra taken
inside the pore is similar due to close proximity of the molecules. Such a phenomenon
was observed earlier in literature [1]. A set of dI/dV maps was acquired for phase β on
Au(111). Due to a poor STS resolution, all features in the acquired dI/dV maps are
difficult to resolve. An example of these maps is depicted in Figure B.3. We conclude
that further STS investigations are needed in order to draw reliable conclusions on the
electron confinement within phase β.

Figure B.2: STS spectra taken within one pore of phase β at the centre (blue curve) and
halfway between the centre and the rim of the pore (red curve), the positions are marked by the
blue and red squares in the inset, respectively. The blue vertical line (-0.43 V) marks the position of
the STS peak observed for both acquired spectra.



Appendix B

135

Figure B.3: a) Experimentally acquired dI/dV map taken on phase β at a bias voltage of -
0.15 V (3.5  3.5 nm2, U = -0.15 V, I = 150 pA). a1) STM image which corresponds to the dI/dV map
shown in a).

Reference

[1] Zhang Y.-Q., Björk J., Barth J. V. and Klappenberger F. Nano Lett. 16, 4274−4281 (2016).
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Figure C.1: a) Experimentally acquired dI/dV map of the porous network on Au(111) at a 
bias voltage of +0.1 V (8.4  ×8.4 nm2, U = 0.1 V, I = 150 pA). The map was taken with a non-
metallic STM tip which was sensitive to the electronic state of Co adatoms. Co adatoms are 
displayed as bright dots, while the NC-Ph3-CN molecules are depicted as dark contrast between 
the bright dots. The waviness of the dark contrast is assigned to alternative twisting of constituent 
phenyl rings of the NC-Ph3-CN molecules. a1) The STM image which corresponds to the dI/dV map 
shown in a).
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Figure C.2: Experimentally acquired dI/dV maps (a-s) and corresponding STM images (a1-
s1) of the porous network formed by NC-Ph3-CN molecules and Co adatoms on Au(111). The dI/dV
maps and STM images were simultaneously acquired at different bias voltages which are indicated
at left bottom corners. a, a1) 5  4 nm2, I = 150 pA. b-s, b1-s1) 5  5 nm2, I = 150 pA.
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