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A porous two-dimensional metal-organic network (2D-MON) on the substrate captures 

deposited metal atoms and metal clusters grow in the pores of the 2D-MON. We found that 

the growth mechanisms of Ag, In, and Pd clusters in the 2D-MON synthesized from 1,3,5-

tris(4-bromophenyl)benzene molecules on Ag(111) are different from each other, and the 

difference derives from the interaction of an adatom with the 2D-MON. Ag and Pd clusters 

grow from the 2D-MON since the interaction of Ag and Pd adatoms with the 2D-MON is 

attractive. In clusters grow inside of the pores of the 2D-MON since the interaction between 

an In adatom and the 2D-MON is repulsive. The growth process of metal clusters is 

determined by the element-specific behavior of metal adatoms in the pores, taking into 

account interactions with the 2D-MON. 
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1. Introduction 
Solid surfaces provide a platform to fabricate various low-dimensional structures, and the 

formation of surface-supported two-dimensional metal-organic networks (2D-MONs) based 

on supramolecular chemistry is also achieved on the substrate.1,2) Various 2D-MONs, that is, 

periodic structures of metal atoms and organic molecules that link the metal atoms (linker 

molecules), have been synthesized by supplying the metal atoms and the linker molecules 

onto the substrate. As far as we know, a 2D-MON by co-deposition of the Fe atoms and the 

1,2,4-benzenetricarboxylic acid molecules on Cu(100) is the first reported example using 

this method.3) In some cases, only linker molecules are adsorbed onto metal surfaces, and 

metal atoms are supplied from the substrate to form 2D-MONs.4–10) The intermediate 

reaction product of the coupling reaction induced by a metal atom takes a “linker-metal-

linker” structure, and the product on the substrate is also a kind of the 2D-MON.11) Since the 

cohesive energy of metal-ligand coordination is about 0.2 ~ 2 eV, 2D-MONs are thermally 

more stable than other 2D supramolecular systems.1) However, the formation of 2D-MONs 

is governed by the substrate,12) and the interplay between the inter-adsorbate interaction and 

the adsorbate-substrate interaction is the key to forming the well-developed 2D-MONs. A 

2D-MON of sub-micrometer scale is possible by the good commensurability.13) 

 

In addition to the properties of 2D-MONs such as the electronic states,14–17) the magnetic 

properties,18–21) and the catalytic functions,22) porous 2D-MONs have a function that pores 

confine electrons in the substrate, adatoms, and adsorbed molecules. The Shockley surface 

state of Cu(111) and Ag(111) is confined by the pores, and standing waves are observed by 

scanning tunneling microscopy/spectroscopy (STM/STS).23–26) The pores capture incoming 

guest atoms and molecules, and the 2D-MON works as the host layer. Although thermal 

energy induces the rotation and diffusion of the captured molecules on the surface, the pores 

keep enclosing the molecules even at finite temperature.27,28) The electrons injected by 

scanning tunneling microscopy (STM) induce molecular motions inside of the pores.29) For 

the Co-tetra-pyridyl-porphyrin molecules on Cu(111) and Au(111) surfaces, the spin state of 

the molecules is switched by introduction of the 2D-MON through the modulation of the 

molecule-substrate height,30) indicating that tuning the adsorbate-substrate interaction is 

possible by the 2D-MON. The 2D-MON enable Fe and Bi adatoms to arrange self-assembled 

Fe and Bi nanoclusters in the pores,24,31) and can be a template to grow self-assembled metal 

nanoclusters. 
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Growth of a metal cluster in a pore of the 2D-MON requires that the pore is a local minimum 

of the potential energy surface, that is, a potential well for the metal adatoms. By arranging 

nanometer-scale potential wells on the substrate, deposited metal atoms form metal 

nanoclusters spontaneously. An template for cluster growth is the moiré structure of the 

graphene on a well-defined metal substrate.32–38) Ir, Rh, and Pt nanoclusters grow on the 

graphene moiré, and the origin of the potential well is the mixing between modulated C 2pz 

orbitals by the substrate and d orbitals of the adatom. 

 

As introduced above, porous 2D-MONs are another candidate for the template to grow metal 

nanoclusters. Although the interaction between adsorbed metal atoms in a pore of the 2D-

MONs and the 2D-MONs is important to clarify the mechanism of metal cluster growth, it 

has not been considered yet. In this report, 1,3,5-tris(4-bromophenyl)benzene (TBB) 

molecules and Ag(111) are the precursors of the 2D-MON and the substrate, respectively. 

Silver (Ag), indium (In), and palladium (Pd) atoms are the guest atoms. We performed STM 

measurements and density functional theory (DFT) calculations to observe the differences 

in the interaction and aggregation process between Ag, In, and Pd adatoms and the 2D-MON, 

and discuss the mechanism. 

 

2. Experimental and calculated methods 
The details of preparing an Ag(111) surface grown on an Si(111) surface and depositing TBB 

molecules on the substrate were reported in our previous study.39) Heating the substrate with 

1 ML TBB molecules up to 400 K induces the dehalogenation reaction and a 2D-MON 

appears. In this procedure, isolated Br atoms remain on the substrate. The Ag and Pd 

evaporators are made of a W wire (f0.2 mm) with an Ag and a Pd wires (f0.15 mm) wrapped 

around the W wire. The indium evaporator is made of a Ta crucible bridged to the electrodes 

by W wires (f0.2 mm), and In pieces are contained in the crucible. Ag, In, and Pd atoms are 

deposited onto the 2D-MON on Ag(111) by heating the evaporators with an electric current. 

The deposition rate was monitored by a thickness monitor and the coverage was controlled 

by the deposition time. The deposition procedure is as follows. (1) The substrate with the 

2D-MON is cooled to approximately 80 K. (2) The substrate is transferred to a position in 

front of the evaporator by a room-temperature transfer rod, and metal atoms are deposited. 

(3) After the deposition, the substrate is returned to the cooling position. Steps (1) to (3) 

typically take about 20 ~ 30 seconds, and the substrate temperature is thought to have risen 

to about 100 K. 
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All the STM/STS experiments were performed in an ultrahigh-vacuum chamber with a low-

temperature STM working at 78 K. All the STM images were acquired by constant-current 

mode with a bias voltage, Vs, applied to the sample. An electrochemically etched W wire 

(diameter of 0.3 mm) was used as an STM probe. The DFT calculations were performed by 

using the plane-wave-based Vienna Ab initio Simulation Package (VASP)40) with the 

projected augmented wave (PAW) method.41) Van der Waals interactions were included using 

the van der Waals density functional (vdW-DF) describing all nonlocal correlation energy, 

while the local correlation energy was described by local density approximation (LDA) and 

the exchange energy was described on the GGA level (optB86b-vdW functional).42) For the 

calculation of the 2D-MON on Ag(111), a three-layered slab is separated by about 2.0 nm of 

vacuum in the surface unit cell. 2×2×1 k-point sampling with the Monkhorst-Pack method 

and a 400 eV kinetic energy cutoff were used. To obtain the optimal structure, structural 

relaxation was carried out under the condition that the forces acting on the atoms in the 

molecules and the two uppermost layers of the slabs were converged within 0.02 eV/Å. 

 

3. Results and discussion 
The structure of this chapter consists of four sections. First, in 3.1, the observed 2D-MON 

on Ag(111) using STM will be described. The section 3.2 is the main results in this paper, 

where the cluster formation of three different metal atoms (Ag, In, and Pd) in the 2D-MON 

will be reported in detail. In order to understand the interaction of these metal atoms with 

the 2D-MON, the results of DFT calculations will be presented in 3.3. In 3.4, the different 

behavior of cluster formation and its mechanism will be discussed based on both 

experimental and theoretical results. 

 

3.1 2D-MON on Ag(111) 

Figure 1 (a) is an STM image of 1 ML TBB molecules on Ag(111) after heating the 

substrate at 400 K. A two-dimensional network with mostly hexagonal pores is observed. A 

larger-scale STM image is shown in Figure S1 (a) in the supplementary data. From previous 

studies, the network structure is the product of the dehalogenation reaction, that is, a 2D-

MON.43–47) The length of the side of the hexagons is 14.9 Å and there is a faint protrusion at 

the center of the side as shown in Figure 1 (b) (line 1). The protrusion in line 1 correspond 

to the two-coordinated Ag atoms in the 2D-MON,44,45,47) and Figure 1 (c) shows the 

schematic drawing of the 2D-MON along line 1. We call the two-coordinated Ag atom 
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AgMON in the present study. In rare cases, the length of the side is 12.2 Å, and there is no 

faint protrusion at the center as shown in Fig. 1 (b) (line 2). This derives from the C-C 

covalent bond as shown in Fig. 1 (c).44,47) Although the shape of most pores is hexagonal, 

pores of other shapes also appear and the 2D-MON have low uniformity. Previous study 

shows that the C-AgMON-C bond is stable when bent without considering the substrate.45) On 

the other hand, the C-AgMON-C bonds are linear in hexagonal pores, and the Ag(111) 

substrate constrains pores of the 2D-MON to be hexagonal. As a result, the 2D-MON is 

partially disturbed and both hexagonal and non-hexagonal pores appear.45) In Fig. 1 (a), there 

are many small protrusions at the vertices of the pores. The small protrusions are assigned 

to be Br adatoms produced by the dehalogenation reaction. Similar protrusions are observed 

with other 2D-MONs synthesized by the dehalogenation reaction.16,48) In a previous STM 

and XPS study of 1,3-bis(p-bromophenyl)-5-(p-iodophenyl)benzene on Ag(111), 

chemisorbed Br adatoms increase as the 2D-MON is formed upon heating, and the authors 

assigned the small protrusions to be Br adatoms.44) In addition, the number of protrusions 

within a pore is 2.1 on average. As is explained later, when a hexagonal pore is formed, three 

Br adatoms should appear per pore. Some Br adatoms are confined in the pores, and others 

diffuse far away before the pore is formed. As a result, the number of Br adatoms in a pore 

is less than three on average. Figure 1 (d) shows the line profiles of the unconnected 

molecular lobes on lines 3 and 4 in Fig. 1 (a). The length from the molecular center to the 

terminal is mostly 12.2 Å, and is rarely 7.2 Å. From a previous study, these derive from 

halogenated and dehalogenated lobes as shown in Figure 1 (e).44) In addition, it is also 

conceivable that the longer lobe is terminated by AgMON as shown in Fig. 1 (e). An enlarged 

STM image and the schematic drawing of the 2D-MON is shown in Figure 1 (f). Figures 1 

(g) and (h) are models of the 2D-MON on Ag(111), and the structure is optimized by the 

DFT calculation. The length of the side of the hexagons is 15.3 Å, and agrees with the STM 

result in Figs. 1 (a) and 1 (b). The black parallelogram surrounding the pore is the unit cell, 

and the unit cell contains two dehalogenated molecules and three AgMON. Therefore, three 

Br adatoms appear when a hexagonal pore is formed. As shown in Fig. 1 (h), the distances 

of AgMON and the molecular center from the surface are 2.31 Å and 3.54 Å, respectively. 

Since the distance for an isolated Ag adatom on Ag(111) is 2.14 Å in the present calculated 

condition, the linkers cause AgMON to lift slightly from the Ag(111) surface in the vacuum 

direction. 

 

3.2 Three types of metal clusters on the 2D-MON 
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Figures 2 (a), (b), and (c) show an STM image after deposition of Ag, In, and Pd atoms 

onto the 2D-MON, respectively. A large-scale STM images are also shown in the 

supplementary data (S1). After Ag, In, and Pd deposition, several protrusions with various 

size appear on the 2D-MON. Since the size of the protrusions has coverage dependence as 

shown in the supplementary data (S2), the protrusions in the STM images in Fig. 2 (a), (b), 

and (c) are Ag, In, and Pd clusters, respectively. The 2D-MON maintains its structure, 

including Br adatoms after Ag and In deposition. On the other hand, two unconnected lobes 

that are adjacent to each other appears after Pd deposition as indicated by dotted circles in 

Fig. 2 (c). 

 

Ag clusters are classified into three types (labeled as a, b, and g) based on the structure, 

and Figures 2 (d), (e), and (f) show line-profiles of the Ag clusters. Details of the line profiles 

and the structures of the Ag clusters are shown in the supplementary data (S3 and S4). Since 

the height of the a cluster, 3.08 Å, corresponds to the sum of the heights of one Ag layer (2 

Å) and the 2D-MON (1 Å), a clusters are between the substrate and the 2D-MON (especially 

AgMON) and grow from the 2D-MON (AgMON). Since there is a gap between the b cluster 

and the 2D-MON as indicated by the blue arrow in Fig. 2 (e), b clusters grow in the pores of 

the 2D-MON and is not connected to the 2D-MON. The height of the b cluster, 2.28 Å, 

corresponds to that of one Ag layer. Since there is no gap between the cluster and the 2D-

MON in the line-profile shown in Fig. 2 (f), g clusters are connected to the 2D-MON. g 

clusters grow from the unconnected lobes of the 2D-MON. The height of the g cluster, 2.03 

Å, corresponds to that of one Ag layer. Among the observed Ag clusters, a is the most 

numerous, followed by g. b is rarely observed. If the 2D-MON has no terminals, most Ag 

clusters are considered to be a. Therefore, Ag clusters mainly grow from the 2D-MON 

(AgMON).  

 

In clusters are classified into two types (b and g) based on the line-profiles in Figures 2 (g) 

and (h) when classified in the same manner as Ag clusters. The heights of the noisy clusters 

are 1.8 to 1.9 Å, and those of the other clusters are 2.4 ~ 2.5 Å, and both are the height of 

one In layer. We think that noisy clusters are about to dissolve, and the height is similar to 

that of an In adatom, and similar noisy Bi clusters are observed in the previous study.31) 

Stable clusters are considered to be more crystalline and show higher conductivity than noisy 
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clusters. If the 2D-MON has no unconnected lobes, most In clusters are considered to be b. 

Therefore, In clusters mainly grow in the pores. Note that ring-shaped protrusions in the 

pores are also observed as shown by the dotted circle in Fig. 2 (b). 

 

Pd clusters at the terminal of the 2D-MON are g, and the line-profile shown in Figure 2 (i) 

is similar to those in Figs. 2 (f) and (h). Other Pd clusters mainly grow at AgMON as shown 

by the dotted squares in Figs. 2 (c) (and S2 (e)). After deposition of Pd, many broken C-

AgMON-C bonds appear. With increasing Pd coverage, Pd clusters appear between two 

molecules. Since Pd clusters are expected to grow from unconnected lobes that appear by 

broken C-AgMON-C bonds, these are also g. Breaking AgMON-C bonds is expected to be due 

to highly reactive Pd adatoms for the coupling reaction. 

 

As shown in Figs. 2 (a) and (b), isolated Ag and In adatoms are observed. Figures 3 (a) and 

(b) show enlarged images of the Ag and In adatoms, respectively. Since the Ag and In 

adatoms is at 6.6 Å and 4.0 Å from AgMON, respectively, significant orbital mixing does not 

occur, and it is discussed later by DFT calculation. Although Ag adatoms move by scanning 

as shown in Fig. 3 (a), it does not frequently occur compared to In adatoms. In adatoms 

frequently move in the pores during scanning. The interactions of Ag and In adatoms with 

the 2D-MON are attractive and not attractive, respectively. The behavior of the adatoms is 

related to cluster formation, and the detail is given in Section 3.4. 

 

3.3 DFT calculations of Ag, In, and Pd adatoms in a pore 

To understand the difference in growth mechanism between the Ag, In, and Pd clusters 

from the viewpoint of energy and electronic states, we have performed DFT calculations for 

an isolated Ag, In, and Pd adatom in a pore and clarify the behavior of the adatoms in a pore. 

Figure 4 (a) shows labels of the adsorption sites for Ag, In, and Pd adatoms. Figures 4 (b) to 

(d) shows the difference in the total energy of the 2D-MON with Ag, In, and Pd adatoms at 

each indicated site and that of the 2D-MON with an adatom at site A (the center of the pore), 

respectively. An Ag adatom at site K and an In adatom at site L are observed as shown in 

Figs. 3 (a) and (b), respectively. For the 2D-MON with an adatom (Ag at site K and A, In at 

site L, J and A), structural relaxation is performed, and the energy difference with structural 

relaxation is within a few meV from that without structural relaxation. For the 2D-MON 
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with a Pd adatom at site K, structural relaxation did not converge since the 2D-MON 

collapsed due to the strong interaction between the H atoms of the 2D-MON and the Pd 

adatom. The closer Ag and Pd adatoms are to the 2D-MON, the lower the energy, while the 

center of the pore is the lowest energy position for an In adatom. The energy difference in 

Figs. 4 (b) to (d) represents potential difference relative to site A. Ag and Pd adatoms receive 

attractive force from the 2D-MON, and an In adatom receives repulsive force from the 2D-

MON. The energy differences between Ag, In, and Pd adatoms at site K and A, EK – EA, are 

-74.6, 66.6, and -227 meV, respectively. Since Ag and Pd clusters grow from the 2D-MON 

and In clusters grow in the pore, the calculated results are consistent with the STM results. 

Figures 4 (e) and (f) show the PDOS of AgMON without and with an Ag adatom at site K, 

respectively. PDOS of an Ag adatom on Ag(111) and at site K are also shown in Figs. 4 (e) 

and (f), respectively. The PDOS of AgMON in Fig. 4 (e) is exactly the same as that in Fig. 4 

(f), and that of the Ag adatom at site K in Fig. 4 (f) is also similar to that of an Ag adatom 

on Ag(111) in Fig. 4 (e) (the slight difference in LDOS shape is derived from the calculated 

condition, such as k-point sampling). Therefore, orbital mixing between AgMON and an Ag 

adatom at site K is negligible. Similarly, in the case of In and Pd adatoms at site K, orbital 

mixing with AgMON does not occur. Other interactions such as the Coulomb interaction, the 

van der Waals interaction, and the interaction via the Ag substrate should be considered, 

which will be discussed later. 

 

3.4 Discussion 

The structure of Ag, In, and Pd clusters on the 2D-MON are mainly classified into a, b, 

and g, respectively, and the growth mechanisms of the a, b, and g clusters are determined by 

the interaction between an adatom and the 2D-MON. Since the interaction between Ag and 

Pd adatoms and the 2D-MON is attractive, the potential wells for these adatoms are located 

at the 2D-MON and clusters grow from the 2D-MON (a or g). a clusters grow from the 2D-

MON while maintaining the structure of the 2D-MON. g clusters grow from unconnected 

lobes that are at the edge of the 2D-MON and appear by broken C-AgMON-C bonds. On the 

other hand, since the interaction between In adatoms and the 2D-MON is repulsive, the 

potential wells for the adatoms are located far from the 2D-MON, that is, the center of the 

pore, and In clusters grow in the pore (b). 
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We consider the origin of the interaction between Ag, In, and Pd adatoms and the 2D-MON. 

Since the adatoms interact with the 2D-MON even at a distance of about 1 nm as shown in 

Figs. 4 (b) to (d), the interaction is long-range forces. The net charge of AgMON, Ag, In, and 

Pd adatoms on Ag(111) are calculated by Bader charge analysis,49–52) and the values are 

0.23e, -0.01e, 0.38e, and -0.14e, respectively (e = 1.6 × 10-19 C). The detail of the Bader 

charge analysis for the 2D-MON is shown in supplementary data (S5). The repulsive 

(attractive) interaction between an In (a Pd) adatom and the 2D-MON is derived from 

Coulomb interaction, and EK – EA in Figs. 4 (c) and (d) roughly agrees with the toy model 

shown in supplementary data (S6). As for an Ag adatom, since an Ag adatom is almost 

neutral on Ag(111), Coulomb interaction is negligible. A candidate for another attractive 

interaction is the van der Waals interaction. EK – EA is 69.9 meV without vdW correction (-

74.6 meV with vdW correction). In previous DFT studies for the interactions between atoms, 

molecules, and layered materials, van der Waals corrections for the exchange-correlation 

functional often give improved results compared to the results without van der Waals 

corrections.42,53–55) Although careful comparison with other functionals is necessary, 

optB86b-vdW, which is used in the present study, is considered to give a good result and 

van der Waals interaction is a candidate for the attractive interaction between an Ag adatom 

and the 2D-MON. Considering that the polarizability is expected to be higher for AgMON 

than that of C or H atoms in the 2D-MON,56) it is reasonable that Ag adatoms are mainly 

attracted to AgMON by the van der Waals interaction. Note that the calculated results for the 

In and Pd adatoms with optB86b-vdW and PBE functionals show the same tendency. The 

energies in Figs. 4 (b) to (d) does not show a monotonical increase or decrease. It is caused 

by the slight distortion of the Ag outer surface in the pore. Since the outer surface is slightly 

distorted, and we cannot carry out calculation with precisely same condition for sites A to K 

and errors appear in Figs. 4 (b) to (d). 

 

Finally, we need to consider repulsive interaction between two adatoms for In and Pd due 

to non-zero net charge. As for In, there are many isolated adatoms and noisy (mobile) 

clusters. This is expected to be due to the repulsive interaction. As for Pd, adatoms approach 

the 2D-MON without aggregation due to the repulsive interaction. As a result, many AgMON-

C bonds are broken before formation of Pd clusters. With increasing Pd coverage, Pd clusters 

grow from the unconnected lobes. 
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4. Conclusions 
We succeeded in distributing Ag, In, and Pd clusters on a flat Ag substrate by capturing Ag, 

In, and Pd adatoms with the porous 2D-MON. Our results show that Ag, In and Pd clusters 

grow in different ways in the 2D-MON and the interaction between the adatoms and the 2D-

MON must be considered to clarify the growth mechanism. Regardless of the structure of 

the pore of the 2D-MON, the interaction is the key to determining the type of cluster growth. 

The attractive and repulsive interactions between the adatoms and the 2D-MON result in 

cluster growth on the 2D-MON and inside of the pores, respectively. Although the candidates 

for the interaction between the adatoms and the 2D-MON are the van der Waals and 

Coulomb interactions, more detailed considerations, such as the influence of the substrate, 

are necessary to clarify the details of the interaction for metal adatoms. 

 

As discussed in the introduction, metal clusters are expected to have a particularly wide 

range of applications. By distributing magnetic atoms and clusters, we expect that metal 

clusters are a basic model for atomic-scale magnetic recording devices. In addition, 

heterogeneous catalysts are expected by distributing atoms and clusters with high catalytic 

activity. The preparation of a periodic potential well on the substrate is one of the promising 

ways to arrange metal clusters such as in our present study. 
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Figure Captions 

Fig. 1. (a) STM image of the 1.0 ML TBB molecules on Ag(111) after heating the substrate. 

Vs = -1.5 V, It = 10 pA, 15 nm × 15 nm, and T = 78 K. (b) Line profiles along the black lines 

(lines 1 and 2) in (a). (c) Schematic drawings of the 2D-MON along lines 1 and 2. (d) Line 

profiles along the black lines (lines 3 and 4) in (a). (e) Schematic drawings of the expected 

structure of the unconnected molecular lobes along lines 3 and 4. (f) An enlarged STM image 

in the dotted square in (a) and a schematic drawing of the 2D-MON in the enlarged image. 

The drawing assumes that the termination of the longer lobe is connected with a Br atom. 

(g) and (h) Schematic drawings of the 2D-MON on Ag(111) after structural relaxation by 

DFT calculation, (g) top view, (h) side view. 

 

 

Fig. 2. (a) An STM image of the 2D-MON after the deposition of Ag atoms. The deposition 

rate and time are 0.03 Å/s and 5 sec, respectively. Vs = -0.5 V, It = 10 pA, 20 nm × 20 nm, 

and T = 78 K. (b) An STM image of the 2D-MON after the deposition of In atoms. The 

deposition rate and time are 0.015 Å/s and 8 sec, respectively. Vs = -2.0 V, It = 10 pA, 15 nm 

× 15 nm, and T = 78 K. (c) An STM image of the 2D-MON after the deposition of Pd atoms. 

The deposition rate and time are 0.025 Å/s and 3 sec, respectively. Vs = -1.5 V, It = 10 pA, 

20 nm × 20 nm, and T = 78 K. (d) to (f) Line profiles of a, b, and g clusters shown with an 

underline in (a). (g) and (h) Line profiles of b, and g clusters shown with an underline in (b). 

(i) A Line profile of the Pd cluster shown in the inset.  

 

 

Fig. 3. (a) and (b) Enlarged STM images of an Ag and In adatoms on the 2D-MON in Figs. 

(a) and (b). Schematic drawings of the expected adsorption sites. The adatoms moves by 

scanning. 
 

 
Fig. 3. (a) An STM image of the 2D-MON after the deposition of In atoms. The deposition 

rate and time are 0.015 Å/s and 8 sec, respectively. Vs = -2.0 V, It = 10 pA, 15 nm × 15 nm, 

and T = 78 K. (b) and (c) Line profiles of b, and g clusters shown with an underline in (a). 
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(d) An enlarged STM image of an In adatom on the 2D-MON in Fig. 3 (a) and a schematic 

drawing of the expected adsorption site. (e) Enlarged STM images of an Ag adatom on the 

2D-MON in Fig. 2 (a) and a schematic drawing of the expected adsorption site. The Ag 

adatom moves to neighboring adsorption site by scanning. 

 

 

Fig. 4. (a) An STM image of the 2D-MON after the deposition of Pd atoms. The deposition 

rate and time are 0.025 Å/s and 3 sec, respectively. Vs = -1.5 V, It = 10 pA, 20 nm × 20 nm, 

and T = 78 K. (b) A Line profile of the Pd cluster shown in the inset. (c) Line profiles along 

lines 5 and 6 as shown in the inset. (d) A schematic drawing of an Ag or Pd atom bonded to 

two phenyl rings. (e) A schematic drawing of the Pd adatom that reaches AgMON. 

 

 

Fig. 4. (a) Labels of the adsorption sites for Ag, In, and Pd adatoms. (b) to (d) Total energies 

of the 2D-MON on Ag(111) with the Ag, In, and Pd adatoms at the positions shown in (a), 

respectively. Zero on the vertical axis is the energy when each atom is positioned at site A. 

(e) Projected density of states (PDOS) of AgMON when no Ag adatoms in a pore. PDOS of 

an Ag adatom on Ag(111) is also shown. (f) PDOS of AgMON when an Ag adatom is at site 

K. PDOS of an Ag adatom at site K is also shown. 
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Fig. 1. 
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Fig. 2. 
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Fig. 3 
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Fig. 4. 


