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Fig. 1. (a) STM image of a large number of 9,9’ -Dix-
anthylidene molecules on Ru(0001)( 75 nm x 75 nm, Vi =
—0.093 V, It = 0.465 nA ); (b) high-resolution-STM image
of 9,9" -Dixanthylidene molecules (20 nm X 20 nm, Vp =
—0.002 V, It = 0.285 nA), the white solid circles indicate
the molecules, and the white dashed circles indicate the
graphene quantum dots; (c) front view of 9,9' -Dix-
anthylidene molecular simulation diagram and display of
necessary parameters; (d) side view of 9,9'-Dixanthylidene

molecule simulation diagram.
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Fig. 2. (a) STM image of 9,9"-Dixanthylidene molecules on the amorphous graphene (20 nm x 20 nm, Vr = —0.099 V, It = 0.403 nA);
(b) STM image of the around area of panel (a) (20 nm x 20 nm, Vr = —0.051 V, It = 0.683 nA); (c) the simulated tiled morpho-

logy of the 9,9'-Dixanthylidene molecule in panel (a); (d) enlarged image of the blue rectangle in panel (a), a and b represent the

two carbon rings that measured the distance in panel (d) respectively (5 nm X 5 nm, Vr = —0.099 V, It = 0.403 nA); (e) line pro-

file along the green line outlined in panel (d); (f) line profile along the blue line outlined in panel (d).
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Fig. 3. (a) STM image of graphene quantum dots (5 nmx
5nm, Vr = —0.002 V, It = 0.149 nA); (b) line profile along
the green line outlined in panel (a); (c) high-resolution STM
image of the blue rectangle area in panel (a), showing the
graphene quantum dots in detail (2.5 nm x 2.5 nm, Vr =
—0.002 V, IT =0.263 nA), the ball-and-stick model of
graphene quantum dot is displayed; (d) theoretical simula-
tion image of 5C6 graphene quantum dots adsorbed on the
Ru(0001) substrate (the red spheres are visible atoms, the
white spheres are invisible atoms, the black atoms are the
atoms of the first layer of the ruthenium substrate, and the
gray atoms are the atoms of the second layer of the rutheni-

um substrate).
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Fig. 4. (a) STM image of three kinds of moiré superstruc-
turesonRu(0001)substrate (50 nm x 50 nm, Vr = —0.401 V,
It = 0.258 nA); (b) STM topography of the red rectangle
area in panel (a) which is the moiré superstructure of grap-
hene on Ru (0001) with the angle of 6.3°(10 nm x 10 nm,
Vr = —0.401V, It = 0.258 nA); (c) line profile along the
green line outlined in panel (b); (d) the simulated image of
graphene at a 6.3° angle to the ruthenium substrate (the
black balls represent the first layer of ruthenium atoms, the
gray balls represent the second layer of ruthenium atoms,

and yellow small balls represent carbon atoms).
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Fig. 5. (a) STM topography of the blue rectangle area in Fig. 4(a) which is the superstructure of graphene on Ru (0001) with an
angle of 13.9° (15 nm x 15 nm, Vy = —0.401 V, It = 0.258 nA); (b) line profile along the green line outlined in panel (a); (c) the

simulated image of the superstructure at a 13.9° angle to the ruthenium substrate, the unit cell is highlighted by the red rhombus

(the black balls represent the first layer of ruthenium atoms, the gray balls represent the second layer of ruthenium atoms, and yel-

low small balls represent carbon atoms).
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Fig. 6. (a) STM topography of the yellow rectangle area in Fig. 4(a) which is the moiré superstructure of graphene on Ru (0001)

with an angle of 16.1° (15 nm x 15 nm, Vr = —0.401V, It =0

.258 nA) ; (b) line profile along the green line outlined in panel (a);

(¢) the corresponding structural model, the unit cell is also highlighted by the red rhombus (the black balls represent the first layer

of ruthenium atoms, the gray balls represent the second layer of
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Adsorption behavior of 9,9'-Dixanthylidene and moiré
superstructure on Ru(0001)

Huang De-Rao®?  Song Jun-Jie?! He Pi-Mo "
Huang Kai-Kai®)  Zhang Han-Jie D?
1) (School of Physics, Zhejiang University, Hangzhou 310058, China)
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Abstract

This paper reports the adsorption behavior of the 9,9'-Dixanthylidene on Ru(0001), the bottom-up
fabrication of graphene is also investigated through a scanning tunneling microscope (STM). We analyze the
spatial structure of 9,9'-Dixanthylidene molecules which are randomly dispersed on a Ru(0001) substrate in the
sub-monolayer coverage. Then we bottom-up fabricate the graphene on the Ru(0001) substrate with the 9,9'-
Dixanthylidene molecules as the precursor. Three kinds of moiré superstructures with different rotation angles
(6.3°, 13.9°, and 16.1°) are found after implementing high temperature annealing in ultrahigh vacuum. This
result provides data support for the study of moiré superstructures on Ru(0001) substrate and lays a solid

foundation for further scientific research based on graphene/Ru(0001).
Keywords: 9,9-Dixanthylidene, graphene, Ru(0001), scanning tunneling microscopy
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