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Adsorption and Self-assembly of meso—-tetra(p—-methoxyphenyl)-
porphyrinatocobalt(Il) on Coinage Metal Surfaces

Yin, Cen Wang, Zikuan Liu, Dan Peng, Zhantao Song, Huanjun Zhu, Hao
Chen, Qiwei* Wu, Kai*
(Beijing National Laboratory for Molecular Science, College of Chemistry and Molecular Engineering,
Peking University, Beijing 100871, China)

Abstract The adsorption and self-assembly of meso-tetra(p-methoxyphenyl)porphyrinatocobalt(II) [Co(TAP)] on Au(111),
Ag(111) and Cu(111) have been systematically studied by ultrahigh vacuum low-temperature scanning tunneling microscopy
(STM). The atomically flat metal substrate surfaces are prepared by cycled ion sputtering and subsequent annealing at 750 K.
Co(TAP) molecules are deposited onto the substrate surfaces via thermal evaporation from a home-made tantalum boat. The
as-prepared samples are then annealed to achieve energetically stable self-assembly structures and transferred to the STM
chamber for further analyses. All STM measurements are carried out at about 4.4 K. On these metal surfaces, Co(TAP) mol-
ecules mainly form two types of two-dimensional molecular assembly structures A and B. Structure A only exists on Au(111)
and Ag(111), while Structure B merely appears on Ag(111) and Cu(111). The intermolecular interactions in Structures A and
B are due to n-w stacking and hydrogen bonding, respectively. The difference in strength of the molecule-substrate interac-
tion, which induces conformational changes of peripheral p-methoxyphenyl substituent in Co(TAP) on difference substrate, is
attributed to govern the formation of different self-assembly structures on the aforementioned surfaces. The substrate surface
also has an effect on the formation of the self-assembly structures. At similar coverage, the percentage of dispersed Co(TAP)
molecules follow the sequence: Cu(111)>Au(111)>Ag(111). With the coverage increase, the percentage of dispersed
Co(TAP) molecules decreases on all metal surfaces employed in this study. Specifically, on Au(111) and Ag(111), the dis-
persed Co(TAP) molecules disappear at coverages of about 1 ML and 0.1 ML, respectively, while on Cu(111) they survive
even at the coverage of about 0.85 ML. In addition, Structure A gradually dominates on Au(111). On Cu(111), Structure B
only occupies half of the surface structures even at nearly saturated coverage. The ratio of Structures A to B almost retains
over the whole coverage range on Ag(111). Thermal annealing of the molecule-covered Ag(111) substrate helps the transfor-
mation from Structure B to A, and the elimination of the structural domain boundaries as well.
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Figure 1 (a) Chemical structure of Co(TAP); (b~d) STM images of
Co(TAP) on Au(111), Ag(111) and Cu(111), image size: 3 nm X 3 nm; (e)
Top-view and (f) side-view of 3D models for Co(TAP). Imaging condi-
tions for (b~d): —1V, 10 pA.
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Figure 2 (a, b) STM images of self-assembly Structure A for Co(TAP)
on Au(111) and Ag(111); (c, d) STM images of self-assembly Structure B
for Co(TAP) on Ag(111) and Cu(111). Image size: 7 nm X 7 nm.
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Figure 3 Structure models for (a) Structure A and (b) Structure B
formed on metal (111) surfaces. Red dashed lines represent for molecular
interactions. Black dashed lines represent for molecular axes.
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Figure 4 (a) STM image of Co(TAP) molecule on Cu(111), superim-
posed with its chemical structure. White dashed line shows the direction
of line profile. White solid arrow shows the viewpoint for (b); (b)
Side-view of 3D models of Co(TAP) on the surface; (c) Line profiles with
relative height along white dashed lines in (a) for Co(TAP) on Au(111),
Ag(111) and Cu(111).
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Figure 5 STM images for Co(TAP) on (a) Au(111), (b) Ag(111) and (c,
d) Cu(111) at low coverages (#=0.1 ML). Image size: 19.5 nm X 19.5
nm. Inserted images in (a~c) are STM images with atomic resolution of
Au(111), Ag(111) and Cu(111), respectively.
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Figure 6 STM images for Co(TAP) on (a) Au(111) (¢=0.4 ML), (b)
Ag(111) (0=0.5 ML), (c) Ag(111) (§=0.2 ML) and (d) Cu(111) (6=
0.85 ML) at higher coverages. Insert in (c) shows its Fast Fourier Trans-
form image. The white line in each image represents the length of 10 nm.
Green arrows indicate the direction of island edges.
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Figure 7 Percentage of the number of molecules in Structure A, Struc-
ture B and dispersed structures at different coverages on Au(111),
Ag(111) and Cu(111).
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Figure 8 (a) STM image for domain boundary of Structure B on
Ag(111), Image size: 10 nmX 10 nm. (b) Structural model for domain
boundary of Structure B.
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Figure 9 Percentage of the number of molecules in Structure A, Struc-
ture B and domain boundaries in Structure B after annealing at 20, 350
and 400 C on Ag(111).
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