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Fig. 1. TEM images of the fractal pattern observed in Cgo-TCNQ multilayered thin film (6] (a) TEM image showing

the detailed structure of the seahorse-like fractal structures; (b) low-magnification TEM image showing three rows

of the separated fractal patterns which are almost parallel to each other and possess the self-similarity property.
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Fig. 2. High-resolution STM images of Si(111)-7 x 7
surface and corresponding density functional theory
simulation [4]: (a), (b) The experimental STM images
acquired at (a) —0.57 V and 0.3 nA, and (b) —1.5 V
and 0.41 nA, respectively; the brighter triangles are
the faulted halves of the 7 X 7 unit cells; (c), (d) calcu-
lated STM images for Si(111)-7 x 7 surface with sample
bias voltage of —0.57 and —1.5 V, respectively.
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K3 Si(111)-7 x 7 K[ Ge J& T 1 STM EIR, Ge B RS54 (a) 0.02 ML, (b) 0.08 ML, fl (c) 0.10 ML, &
BRF 4 20 nm x 20 nm; Ge I ZFRFETR BG4 3 F ACRIZR  SERAT IR =M IETEE] (b) #1 (c) hbsi, HXHRR & &l

H (d)—(f) [1¥]

Fig. 3. Filled state STM images of the Si(111)-7 x 7 surface with Ge adsorption. Ge coverages of (a) 0.02 ML, (b)
0.08 ML, and (c) 0.10 ML. A 7 X 7 unit cell is marked by two triangles in (a), where F and U represent the faulted

half unit cell and unfaulted half unit cell, respectively. The scanning areas are 20 nm X 20 nm. Three different

configurations of Ge protrusions distributions are denoted in (b) and (c) by the dotted-, solid-, and dashed- triangles,

respectively. The schematics for the three typical Ge protrusions, named (d) type A, (e) type B, and (f) type C,

are also shown [18],
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4 TFEHET FePc 4 T1E Au(111) L STM B4 [26.27] (a) 0.1 ML FePc/Au(111), FePc 43 TARX Au(111) A PR
W), R AERR T H A —FP; (b) 0.6 ML FePc/Au(111), ME£Ebril T %8 5 R 0 TRBER ST, (c) Au(111) ki
FLR FePe MR, AR RA BRI A F AN (d) Au(111) _ERIXUZ FePe M, J7HE 5 18 B 53 75 8 SR K )5 AT — 4 FePe 73 1
Fig. 4. STM images of FePc molecules on Au(111) surface of different coverages(26:27]: (a) 0.1 ML FePc molecules on
Au(111) surface, showing dispersed adsorption of FePc molecules with two kinds of adsorption configurations; molecules
that are marked with squares and the rest of the molecules belong to different configurations; 14 nm X 14 nm; (b) 0.6 ML
FePc molecules on Au(111) surface, showing initial aggregations that are marked with dashed circles; 20 nm X 20 nm; (c) the
first monolayer of FePc on Au(111), showing ordered molecular arrangements with two different domains; 10 nm x 10 nm;
(d) the second FePc layer on Au(111), showing an ordered structure; one unit cell and one FePc molecule are marked with

a square and a circle, respectively; 10 nm X 10 nm.
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K5 DMe-DCNQI M PTCDA 4> ¥4 Ag(775) LW B 9 STM &5 J2 7] R HI Wt B #9 78 [30] (a) DMe-DCNQI 1 PTCDA
18 Ag(775) L 1 STM B, W Fh 43 7 3L W% B £ (221) T b, 75 (111) 0 - R 45 PTCDA 43 ¥ (50 nm x 50 nm); (b) DMe-
DCNQI/Ag(221) f1PTCDA/Ag(111) # STM K (30 nm x 30 nm); (¢) DMe-DCNQI/Ag(221) # STM Bl (£ El, 6 nm x 6 nm)
RIAPRLH S TR (Z£18); (d) PTCDA/Ag(111) 9 STM & (£, 6 nm x 6 nm) FIXHSLI 4 TR (45 8); 08 02 st it
HARALAFZIH (e) PTCDA, (f) DMe-DCNQI #737F RURIEATILE AN [7] it Tl W RE AR T8 B A4 2 K% IR e

Fig. 5. The adsorption behaviors of DMe-DCNQI and PTCDA molecules on different facets of Ag(775) [39]: (a) 50 nm x
50 nm image of co-adsorbed DMe-DCNQI and PTCDA, showing that both molecules can be found on (221) facets, while
(111) facets are only covered with PTCDA molecules; (b) zoom-in image of (a), showing the ordered molecular structures of
DMe-DCNQI/Ag(221) and PTCDA/Ag(111), 30 nm x 30 nm; (c) zoom-in STM image of (b), showing the detailed structure
of DMe-DCNQI on Ag(221) (6 nm x 6 nm, right panel), and schematic structure of DMe-DCNQI/Ag(221) superimposed
on the STM image (left panel); (d) zoom-in STM image of (b), showing the detailed structure of PTCDA on Ag(111)
(6 nm x 6 nm, left panel), and schematic structure of PTCDA/Ag(111) superimposed on the STM image (right panel);
density functional theory calculated optimized configurations of (e) PTCDA and (f) DMe-DCNQI on the Ag(111) surface

and on various stepped surfaces. Binding energies are indicated in each panel.
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Fig. 6. STM images of the recording dots written on the Rotaxane thin films [*0]: (a)-(c) Recording dots written

one by one through the application of the voltage pulses from the STM tip; (d) typical I-V characteristics measured

on the original films (I) and on the induced recording dots (II); (e¢) STM images of a 5 X 4 recording dots array on

the H1/HOPG sample; this film has been left exposed to air for about 2 months since its preparation.
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Fig. 7. STM and AFM images after repeated writing and
erasing of the recording dots[*!]: (a) Frames (1)-(3) show
STM images of bright marks written one by one using STM
tip; frames (4)—(6) show STM images after erasing, rewrit-
ing, and re-erasing on the same recording site; the voltage
pulse for recording was 2 V for 3 ms, the pulse for erasing was
—2 V for 3 ms; scale bar is 6 nm; (b) topographic (left) and
current (right) AFM images of a mark written by conductive
contact AFM on a 8 nm thick H2 films.
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Fig. 8. STM images and Kondo resonances of two types of FePc molecules on Au(111) [43]: (a) STM image of isolated
FePc molecules on Au(111) surface; the overlaid grid represents the gold substrate lattice, showing a shift of 1/2 unit
cell between the adsorption sites of the two types (I and II) of molecules; (b) density functional theory optimized
molecular configurations of FePc on Au(111); (¢) dI/dV spectra (dotted line) for configuration I, measured at the
center of a type I FePc molecule, showing a peak near the Fermi level, the solid line in the spectra is a fit of a Fano
function; (d) dI/dV spectra (dotted line) for configuration II, measured at the center of a type II FePc molecule,
showing a dip near the Fermi level; the solid line in the spectra is a fit of a Fano function; (e) dI/dV spectra
scanned with a wider energy range, measured at the center of FePc molecules; Fe-I and Fe-II are the Fe-3 d state;

SS-I and SS-II are the surface state; FR-I and FR-II are the Fano resonances.
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Fig. 9. Construction of single and arrayed molecular rotors#0l: (a) The adsorption of (t-Bu)s-ZnPc on Au(111)

surface with a Au adatom; (b) and (c¢) STM images of arrayed molecular rotors; (d)—(f) a single molecular rotor at

different regions of a Au(111) reconstruction surface; (g)—(i) a single molecular rotor constructed by molecules with

different functional groups.
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Fig. 10. Identification of multiple configurations of small molecule machines (471 (a) An STM image (14 nm X

14 nm) to show the fast diffusion of FePc molecules on a Au(111) surface; (b) I-t spectrum measured at the site

marked with a blue spot in (a); (c) frequency-counting statistical analysis of the I-¢ spectrum according to current

values in panel (b); (d) energy difference between the most stable and second stable configuration in each site in a

two-dimensional presentation (graph interpolated); (e) energy difference between the most stable and third stable

configuration in each site in a two-dimensional presentation (graph interpolated); (f) comparison of tunneling current,

occupation probability, and energy difference between experiments and density functional theory calculations.
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Fig. 11. MnPc Kondo switch [°0]: (a) Topography of the MnPc¢ molecules on Au(111) before hydrogen addition, show-

ing molecules with bright center; scale bar, 5 nm; (inset) high-resolution image of a single molecule; scale bar, 0.7 nm;

(b) topography of the MnPc molecules after hydrogen atom decoration, showing some molecules with suppressed center;
scale bar, 5 nm; (inset) high-resolution image of a single molecule with suppressed center; scale bar, 0.7 nm; (c) sequential
variation of the dI/dV spectra recorded at the center of a MnPc molecule induced by the absorption and desorption of a
single hydrogen atom; for comparison purpose spectra were vertically shifted 0.1 nA/V and 0.33 nA/V for middle and upper
curves, respectively; (d) STM simulation of the MnPc/Au(111) and the H-MnPc¢/Au(111), confirming the topographic fea-
ture in (a) and (b); (e), (f) PDOS of dz:, dy. and d 2 orbitals of Mn ion in the MnPc/Au(111) and the H-MnPc/Au(111),

respectively, revealing that spin at the Mn ion is reduced from 3/2 to 1; (g) schematics of reversible control of molecular

Kondo effect with adsorption (Kondo OFF) and desorption of hydrogen atom (Kondo ON).
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Fig. 12. The STM images, STS, g factor and Tk during systematic dehydrogenation and the relationship between
molecule-substrate distance and hydrogen atom numbers [°]: (a) Molecular model (left) and STM images of intact
MnPc molecules; scale bar, 1 nm; (b) STM images of dehydrogenated MnPc molecules; the pairs of outer hydrogen
atoms of each of the four lobes (as indicated by dotted circles in (a)) were removed step by step; scale bar, 1 nm;
(c) corresponding dI/dV spectra of molecules in (a) and (b); all spectra were acquired at the position of central
Mn ions; each successive plot is vertically shifted for clarity; the red curves are Fano fittings of the Kondo resonance
as described in the main text; (d) evolution of Kondo temperature (Tk) and ¢ factor with the number of removed H
atoms, derived from Fano fitting of dI/dV spectra; (e) calculated distance between central Mn ion and Au substrate

(the first layer) with the increase of number of H atoms removed; the red dashed line shows an exponential fit.
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Fig. 13. Site-dependent g factor of a —6H-MnPc molecule
graphic image, discrete g factor, and Tk in different two-dimensional layers; topography of a —6H-MnPc molecule
is overlaid with schematic molecular model; scale bar, 0.5 nm; (b)—(f) dI/dV spectra acquired at different atomic
sites specified in (a); all dI/dV spectra were measured at the sample temperature of 0.4 K under a magnetic field

of B, =0-11 T.
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(a)

K14 Ru(0001) 8 2 100 40 4E 2 & KT AR, w5 B B8 SR 0% B0 LEED B, STM B & Ji T- 45 # B B (a) M1 (b) M 1E
graphene/Ru(0001) ¥ & R [0 A~ [ A7 & () LEED BE#f, (a) Fdb 2 — B4 8 mm ME )y, HFRIFETHEBELBED, H A
4 (b) % LEED E#ex MG E; (b) B EHRIPIE LEED BIRELER: dh LG IRAT, A S0G AT RS, THE=1E LEED Elfth A
SIS AT S SO BUR, IX UL BRIL AR LRI 5 1R A S0, (o)—(e) ARER I STM K, 435 9 R F ] A 80 B R AR
BIRR T HE, (e) PIZE A S0 B R s — AN E; () F1 (g) RS I B3R

Fig. 14. LEED pattern, STM image and atomic structure of large-scale, high quality and single-crystalline graphene epitaxially
grown on Ru(0001) ®4]. (a) and (b) are LEED patterns obtained from different locations on the sample. (a) The sample is a
disk of diameter 8 mm, as shown in the photograph. The electron beam was moved along the yellow line to obtain the different
LEED patterns. The pink spots are the locations where the photographs shown in (b) were taken. In the two LEED patterns
in the upper row, the additional spots are weak, but in that in the lower row, the additional spots are sharp, and have the same
arrangement. This indicates that graphene formed at all locations, except at the edges. (¢) STM image shows the atomically
flat graphene flake extended over entire Ru terraces. (d) The hexagonal Moiré pattern formed by the superposition of graphene
and the Ru substrate. (e) Atomic-resolution image of one unit cell of the Moiré pattern. (f) Schematic illustration of the

optimized atomic structure, showing one unit cell of the superlattice. (g) An enlarged perspective view of the superlattice.

(a) ® 41 ©

Si Annealing

Ru crystal

K15 Ru(0001) #u R M AMER B4 REE R R & K STM BHERHEELHIRE I 1073 (a)—(c) #EIR TR 84 /47 T B2
TR, A (a) KT I R BB 1 1, (b) o BT R R 2, LA (c) 3B K 5 T ST B 7 B 67 1Y 518 (d)— (6)
5 (a)—(c) WREMXT MK STM EHE; (g) Rk ST PRI 4 Z AL R

Fig. 15. Schematic, STM images and mechanism of Si intercalation between graphene and Ru(0001) [70:73]: (a)—(c) Schematic
of the intercalation process including (a) formation of large-scale, high-quality graphene on Ru(0001), (b) deposition of Si
atoms on graphene and (c) intercalation of Si atoms between graphene and Ru(0001); (d)—(f) corresponding STM images of

the intercalation procedure with respect to (a)—(c); (g) schematic of the cooperative intercalation mechanism.
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Ir(111) PO 45 2 o 4 Ja8 o f5t B i Bl 2 b o) 4% 1
ASRIEIEHAT T S M FI T RE OB 7T, R A X s A
WEARL AT T A BIE L& R T
W B 5 2 2 150850 48 e (5O STL RN R T AR WU A
BRI ST S S — RIIRR, NABIEM R
REAL AN FH B8 5E 1 FEAil.

4.2 HERFEEBHERT EKILH 5
MR

TR A AN A AT A SR 0 S DL e B R 45 44,
VR B e 7 R A R, SR T ROk K

RIEMT. 5HEBHEAR, G ENHEA T
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K16 RER IR T 450 HL TR H % STM B5 58] (a)
J BT R R (ELF), TE B AR K R e — 2 e 2 il
Ji&; (b)—(d) ¥ (a) HPY 2% B (B L i A9 ELF, ot (b) A Ti
B 5 M R HIRE B T, (c) 29 fee 5 BRRLMIRE T, (d) H9 hep AR
BRI, B AR I LA B T PR AR 1 (o) BRI
JEIEF 089 ELF, RIS A BAE A (F) R AR STM
K1g; (g) XTRIFY STM BLLE, 5 seiaf3 3 # STM KE 58 217
%5 (h) (V3 x V/3) silicene/ (v/7 x V/7) Tr(111) HIJEFE-;
(i) A (h) X RLAOREMTE Ir(111) KA EHE

Fig. 16. Atomic structure, electron localization function
(ELF), and STM image of silicene on Ir(111) [°8]: (a) Top
view of the overall ELF of the relaxed model with an ELF
value of 0.6, demonstrating a continuity of the silicene layer;
(b)—(d) the ELFs of the cross section between silicon pairs,
showing the covalent interaction existing between each pair
of silicon atoms; the pairs are depicted by the dashed-line
ellipses; (e) ELF of the cross section between the silicon
atom at hcp hollow site and its nearest iridium atom; the
ELF value here is at the range of green-blue region (about
0.38), indicating an electrostatic interaction; the color scale
is shown at the bottom; (f) zoomed-in STM image of the
silicon layer; besides the brightest protrusions, two other re-
gions showing different contrast are indicated by the upward
and downward triangles; the honeycomb feature is indicated
by the black hexagon; (g) simulated STM image, showing
features identical with the experimental results in the same
triangles and hexagons; (h) top view of the relaxed atomic
model of the (v/3 x v/3) silicene/(v/7 x +/7) Ir(111) configu-
ration; (i) perspective view of the relaxed model in (h), show-

ing an undulated silicene on Ir(111) surface.

126801-15


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 12 (2018) 126801

HH T 88 2 (R TE 59 1Va A FOE- b 77, vl AR
25 Gy b AT 58 v R B LR SR (R A R 0 U
AN BE M AAAH 1 Rk AN B R 3R AR, X R RO E AR R
B (B8) TR T AD 2 DL sp® 28 LI T2 R 36 1
FHIE, 1M [a) 53 PR S04 R AR ME B R, a8
i BRARAHRE IR A EE M S AN KT RESEILMY. Rk, 78
[ (A R THT AME A K SR T — 2 1) % 5

Xof TR A B 9T 2 AR R T AE Ag(111) 2R
B, BRI, 7E Ag(111) JEJE b 4% H ok iRk
WA 2 P, 185 55065 2 [R] 1) o 5058 22 f2 e B kI
(R AAE PR T, 3K A A2 AT 2 T ek 0 13 2 o A
1) FL e R e e T B T 0 SR R 22—
ik, B FRESE AR KL BR R A @ I B R AR KR

(a)

&, 8

%k

e 6 L0y -

e e WS B A

TR o o PR A 6 T S At 7 0 S FH R 2R # L
Ao EEME XL

FRATTIE Ik A S ) TV AE 4R R K Tr(111) R H]
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RIMAME A K TN 2 — 28 4 7 1 d ik
(B 16), T 3 i 2 fry ke S W i 45 4 151,

17 Ru(0001) B ERER A KR P9 (a) 92803 BRI (b)—(d) 43 BIARE fi - G5 | o REIB AR RS 1

RRESS AL IS (0 JE S5 R 1 STML A, B R0 9136 Hh iy STM ]

Fig. 17. Growth mechanism of silicene monolayer on Ru(0001) [59]: (a) A schematic to show the formation of Si

monolayer structures formed on Ru(0001); (b)—(d) relaxed atomic model, STM simulated image and STM image

(from left to right) of the silicon herringbone structure (b), silicon herringbone-hexagonal superstructure (c), and

silicene (d).
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18 HEAWUE B HE 10 STM R, 45 1 18] Je STM A5 4
[6061]  (a) Pt(111) L4 I STM K& (F2) MR AL I i 45
B (£); (b)—(f) Cu(111) EXUZ 850 10 STM Kl 25+ &l F1
STM B, Forb (b) R REXUZ#E ) STM B (c) AT
SIHRET Cu(111) FEJE STM 18, B M & 2 S 1) 5 38 e £ v o
FRI7 1 Cu(110) “FAT; (d) 9B A S84 B9 02 # 0 9 STM
B, #5055 3R A 1 4.38 A (B4E K, #6505 R4k
Z A I A 30°; (o) PEALJE MIXUZEEMGLE Cu(111) LS5 H
TRLE, PRI ok, EESIRIAR IR 0.61 A, BiE#E
MIRIEE A 2.7 A; (F) A STM AL, & 5 58— 50, RUIFiH
R R S U A

Fig. 18. STM image, atomic model and STM simulated ima-
ge of mono- and bi-layer germanene (60,61, (a) Germanene
on Pt(111); (b)—(f) biatomic-layer germanene on Cu(111);
(b) unoccupied-states STM image, showing well-shaped 2D
germanium nanosheets; the perimeters of the germanene
sheets run parallel to the close-packed direction Cu(110), de-
duced from (c) the atomic resolution STM image of the pris-
tine Cu(111) (blue contour); (d) zoomed-in STM image of a
germanium adlayer (red contour), revealing the periodicity of
the germanene superstructure (4.38 A); the angle between the
blue and yellow dotted lines is about 30°; (e) schematic illus-
trating (top view) the relaxed atomic model of the (v/3 x v/3)
R30° BL germanene/Cu(111) configuration; (inset) side view
of the configuration reveals a corrugation of around 0.61 A in
the adlayer and the interlayer distance between the two ger-
manium layers of 2.70 A; one unit cell is indicated as a red
rhombus; (f) simulated STM image with the features fitting

very well with the experimental observations.
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Fig. 19. Atomic configuration and STM image of
hafnene lattice on Ir(111) [62: (a) Top view of the cal-
culated atomic structure; half of the Hf atoms are on
the fcc sites (vertically above the red Ir balls), while
the other half are on the hcp sites (vertically above
the cyan Ir balls); for clarity, some of the substrate
atoms are removed; the white rhombus denotes the
Ir(111)-(2 x 2) unit cell; (b), (c¢) density functional
theory-simulated and experimental-resolved STM im-
ages, showing the honeycomb structure of hafnene lat-
tice; (d) side view of the relaxed atomic structure in
(a), showing a planar Hf layer on an Ir(111) surface;
(e) the two-dimensional charge density in the Hf plane
on Ir(111) substrate; Hf—Hf bonds are clearly seen
and they are responsible for the observed honeycomb

structure.
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STM I&; (d) B IR T AL IEL (e) 860 A 7 R 4804k b B
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Fig. 20. Density functional theory calculations and atomic
configuration of monolayer antimonene on a PdTey sub-
strate 4. (a) Top view of the relaxed model that has the
lowest binding energy of the antimonene with the PdTeg sub-
strate; orange, gray, and cyan balls represent Sb, Te, and
Pd atoms, respectively; for clarity, some of the substrate
atoms are omitted; (b) simulated STM image, showing fea-
tures remarkably consistent with the experimental results in
the same triangular sublattice; the dashed line rhombus de-
notes two triangular sublattices of one unit cell in the anti-
monene; (¢) atomic resolution STM image of the antimonene
layer; (d) side view of the relaxed structure of antimonene on
PdTesz; the distance between the top and bottom Sb sublayers
is 1.65 A, and the distance between the bottom Sb plane and
the top Te plane of PdTez is 2.49 A; (e) top view of the overall
ELF of the relaxed model with an ELF value of 0.6, showing
the continuity of the monolayer antimonene; (f) ELF of the
cross section along the black dotted line in (e), demonstrating

high localization of the electrons in Sb-Sb pairs.
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Fig. 21. 1H/IT tiling pattern in monolayer PtSes [06]:
(a) Schematic illustration of the triangular tiling pattern
formed by alternating 1H and 1T PtSe areas; (b) STM im-
age of the 1H/1T patterned structure in monolayer PtSes;
(c)—(e) STM images of 1H and 1T PtSes domains of differ-
ent sizes; (f)—(h) high-resolution STM images of 1H PtSes
(f), 1H/1T interface (g) and 1T PtSez (h); the unit cells
of the 1H and 1T domains are marked by blue and red
diamonds, respectively; (i)—(k) STM simulations of a 1H
PtSez domain (i), the 1H/1T interface (j) and a 1T PtSez
domain (k).
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¥ i FeisSer B1#%, 1M FePc 73 1 | 23 i 43 P4 W fff
FE AR LR X 42k, 0ESE 1 1% 5 AR %4k CuSe 4514 5
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N T AT AE ) T BE A B 1T 55t
X— T AE Kk FA (Nature Materials) I [9],
Fr 51 44 %% % Joseph W. Lyding 2 4% 7& [A] 1] 19
“News and Views (& MU £0)7 42 H L BL <3k
TR B G 4R — g R RE A A
K% (Chalcogenide-based 2D materials: Intrinsic
nanoscale patterning)” A @XF b TAEL T 1 i
AN, 48 “7E ] % PtSeq 1 CuSe 512 45 14 I,
FEJE T — e S 290 K RS o R0 1 2 1 U s (A
method to realize regular patterns with nanometre

precision during the synthesis of PtSes and CuSe

monolayers has been developed)”, “# ¥ =54 K
FCATBA R SR E SE 1) B SR B S A 7 104 T 3 — K2R
PABR IR & 08 ) —4ERD R, o K R
SRR S A S R R G ANIE B 2 (L2 (The gen-
eralization to a very broad class of chalcogenide-
based 2D materials will create further opportuni-
ties for fabricating nanoscale devices and chemical
processing systems using the intrinsic nanoscale
patterning processes demonstrated by Gao and

colleagues)”.
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CuSe layer
SOCEDTAY IO O WD
©000000000000000000
©0000000000000000000

0000000000 USUBSLIE
(8) (h) ()

22 BAJAWH = MIEALIR B R CuSe 6] (a) K
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S #E STM B BIR, 55— L8P AT DU ¥ (M FLIR F4 R
(c) FL I #E STM &, W] W, CuSe 17N £ 4 55 T kg Al
TEFLIF AL 1) zigzag 7 (d) CuSe 8 JE 1) IR 43 ¥ STM K,
R IR I = M FLIR S5 45 (e) STM LKL (f) ik
Ja P EFH AL, (¢) #ITH STEM KEl; (h) STEM Bl
(1) AL B SR TR 40 P

Fig. 22.

nanopores [

Patterned CuSe monolayer with periodic
661.  (a) A large-scale STM image of patterned
CuSe monolayer; the green lattice presents the 3 nm peri-
odicity of the nanopores; (b) a high-resolution STM im-
age of a domain-boundary region; the boundary consists
of parallelogram-shaped nanopores as indicated by the red
parallelogram; (c) a high-resolution STM image of a single
nanopore; honeycomb lattice of CuSe and the zigzag edges
of the nanopore are clearly resolved; (d)—(f) an atomic-
resolution STM image (d), simulated STM image (e), and
theoretical model (f) of CuSe monolayer on Cu(111) with
periodic nanopores; the images show the detailed structure
of nanopores; in (f) Cu substrate is hidden for visualization
purposes; (g)—(i) cross-section STEM image (g), simulated
cross-section STEM image (h), and side view (i) of a CuSe
monolayer on a Cu(111) substrate; the STEM image con-
firms that the patterned CuSe is single layer.
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Abstract

In this article, we review the representative work that has been done by Hong-Jun Gao’s group in the past two
decades in Institute of Physics, Chinese Academy of Sciences. The work focuses on the construction, properties and
applications of low-dimensional atomic/molecular crystals, covering the following 3 aspects.

1) Construction and growth mechanisms of low-dimensional quantum structures. Firstly, we demonstrate the fab-
rication and growth mechanism of a seahorse shaped fractal pattern in Cgo-TCNQ multilayer thin films by using the
ionized-cluster-beam method. Secondly, by modifying the tip of the scanning tunneling microscope (STM), we clearly
resolve the six rest atoms and twelve adatoms on a Si(111)-7 X 7 unit cell, showing the “highest-resolution” STM images of
the Si(111)-7 x 7 surface. According to this work, we investigate the adsorption and bonding of Ge atoms on Si(111)-7 x 7
at low coverages. The configurations and growth behaviors of iron phthalocyanine molecules on Au(111) surface from
sub-monolayer to bilayer are also reviewed. Furthermore, we demonstrate that organic molecules bond preferentially
to different facets of the Ag(775) substrate under different deposition sequences, molecular lengths, terrace widths, and
step heights. This can contribute to the design of non-templated selective functionalization of nanocrystals.

2) Reversible conductance transition and spin on-off in low-dimensional quantum structures and applications in
ultrahigh-density information storage. Firstly, we implement reversible, erasable, and rewritable nano-recordings on
molecular thin films as a result of conductance transition. Then we demonstrate that the Kondo resonance of iron ph-
thalocyanine molecules on an Au(111) substrate depends strongly on adsorption configuration, and the Kondo resonance
of manganese phthalocyanine molecules can reversibly switch ON and OFF via attachment and detachment of single
hydrogen atom to the molecule. Moreover, we achieve the site-dependent g factor of a single magnetic molecule with
sub-molecular resolution, which shows an inhomogeneous distribution of the g factor within a single molecule. These
results open up new routes to realizing ultrahigh-density information storage and controlling local spin properties within
a single molecule.

3) Construction, physical properties and applications of graphene and other two-dimensional atomic crystals. We
start with the fabrication of a wafer-size, high-quality (almost defect free), single-crystalline graphene on Ru(0001).

Then we demonstrate the structure of novel two-dimensional (2D) atomic crystals of mono-element, such as silicene,
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germanene, hafnene, and antimonene. Last but not least, we present the formation of intrinsically patterned bi-elements
2D materials, PtSes and CuSe, which can serve as templates for selective self-assembly of molecules and nanoclusters,
as well as dual functionalization for catalysis or other applications.

The series of work done in Hong-Jun Gao’s group has laid a solid foundation in the research field of low-dimensional

quantum structures and their applications.

Keywords: low-dimensional quantum structure, two-dimensional atomic crystal, functional molecule,

scanning tunneling microscopy
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