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Determination of the Adsorption Sites of tert-Butylamine Molecules on a

Cu(111) Surface with a Co-Adsorbed CO Monolayer

CHEN Yu-Min DENG Ke QIU Xiao-Hui" WANG Chen"
(National Center for Nanoscience and Technology, China, Beijing 100190, P. R. China)

Abstract: Scanning tunneling microscopy (STM) and density functional theory (DFT) were used to investigate the
adsorption sites of separable tert-butylamine (t-BA) molecules on a Cu(111) surface at 78 K. We developed a method
that uses CO molecules on a co-adsorbed V'3 x\/3 superstructure as markers for copper atoms on the surface lattice.
This method revealed an on-top adsorption for t-BA on the Cu(111) surface. At low coverage, t-BA molecules
preferentially adsorbed at the top sites of the Cu(111) surface and this was confirmed using a single CO molecule as a
marker for a copper atom. DFT calculations were performed to study the most stable adsorption configuration of t-BA
on the terrace of the Cu(111) surface at 78 K. Calculation results indicate that the top site is the most energetically
preferred adsorption site for a single t-BA molecule on the terrace, which agrees well with the experimental results.

Key Words: Scanning tunneling microscopy; Adsorption site; Single molecule; Co-adsorption;
Density functional theory
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Fig.1 (a) Structural formula and (b) ball-and-Stick
model of tert-butylamine (t-BA) molecular structure
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Fig.3 (a) STM image (6 nmx6 nm) of t-BA molecule
co-adsorbed with CO monolayer on Cu(111) surface at
78 K, (b) the same STM image superimposed with
copper atom lattice grid deduced by CO monolayer
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Fig.2 (a) STM image (15 nmx15 nm) of t-BA molecules adsorbed on the terrace of Cu(111) surface at 78 K,
(b) apparent height of a t-BA molecule (0.185 nm) crossing the black line as shown in Fig.2a,

(c) calculated local density of states contour of a t-BA molecule on Cu(111) surface
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Fig.4 STM image (6.25 nmx6.25 nm) of t-BA molecule
co-adsorbed with single CO molecule superimposed
with copper atom lattice grid
Insert is the atomically resolved image of underlying Cu(111)
surface (3 nmx3 nm; V,=0.002 V, I=13 nA).
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Fig.5 Three calculated adsorption configurations of t-BA on the terraces of Cu(111) surface
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Table 1 Calculated results of interaction energies
and structures of t-BA molecules with different
adsorption configuration

Interaction

Site eneray (eV) r(N—Cu)/nm r(N—C)/nm  6(CuNC)/(°)

top 0.42 0.24 0.15 135.62
bridge 0.21 0.31 0.15 112.87
hollow 0.20 0.33 0.15 119.85
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55 i 2 (R 2 B 57 0 s 6 W BB /). dn
1 s, N—Cu Z [H Y BE =543 510 0.24 nm(T5A7) |
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