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The self-assembled behavior of an unsymmetric molecule (BCDTDA) with one imidazole group as center
and benzoic acid group as functional group is studied, and the regulatory behaviors of coronene (COR)
and three bipyridine derivatives (named BP, PEBP-C4 and PEBP-C8) on BCDTDA self-assembly structures
are also investigated. Based on highly oriented pyrolytic graphite (HOPG) substrate, scanning tunneling

Keywords: microscopy (STM) is used to observe the variation of assembled behaviors at the solid-liquid interface.
Self-assembly Because of the concentration effect, BCDTDA molecules can assemble into grids and Kagomés structures
Regulation in the form of N-H---O hydrogen bonded dimers. BCDTDA molecules still maintain dimeric structures in

Scanning tunneling microscopy
DFT calculations
Co-assemble

the regulation of COR and BP molecules to BCDTDA self-assembly. However, PEBP-C4 and PEBP-C8 de-
stroy the structure of the dimers, and form a variety of co-assembled structures with BCDTDA. Different
guest molecules coordinate the host molecules differently, which makes the experiment more meaning-
ful. Combined with density functional theory (DFT) calculation, the discovery of molecular interactions

provides a promising strategy for the construction of functional nanostructures and devices.
© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Intermolecular interactions are the kernel of supramolecu-
lar chemistry [1-4]. More and more studies related to two-
dimensional (2D) surface self-assembly, regarding the common hy-
drogen bonds [5-7], halogen bonds [8-10] and van der Waals inter-
actions [11-13] as the main intermolecular forces, have been con-
ducted. Due to the diversity and directionality of hydrogen bond-
ing, it has the advantages of predictability and reversibility in dy-
namic behavior, which can optimize its performance and attract
extensive attention of scientists [14-17]. If the process of self-
assembly is well controlled, the goal of obtaining materials with
specific structures and functions will be realized [18-21]. Organic
compounds with carboxyl functional groups, which are widely
used in photoelectric functional materials, are more likely to self-
assemble at the 2D interface because of the provided binding sites
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for hydrogen bonding by carboxyl substituents [21-24]. Scanning
tunneling microscopy (STM) is used not only to observe the for-
mative ordered arrangement at the solid/liquid 2D interface, but
also to fabricate the advanced on-surface devices [15,25-30].

Imidazole is a five-membered heterocyclic compound with two
sites of N atoms, one of which has a lone pair of electrons and
so it is easy to form hydrogen bonds. Imidazole derivatives show
good luminescence properties and fluorescence quantum yield as
a kind of super columnar liquid crystals [31,32]. Therefore, there
are wide application prospects in the fields of organic electrolu-
minescence materials, linear luminescence materials and other lu-
minescence materials [33]. The host grid constructed by functional
organic small molecules can flexibly adjust structures through the
break and generation of non-covalent bonds, which is more con-
ducive to the co-adsorption of guest molecules in the host molec-
ular architecture.

The compound containing an imidazole group and oxygen—
contained functional groups can form N-H.-O hydrogen bonds
in self-assembled structures, which is rarely investigated. Peng

1001-8417/© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.



P. Lei, L. Ma, S. Zhang et al.

/

BP PEBP-C8

BCDTDA

Scheme 1. The chemical structure of BCDTDA, COR, BP, PEBP-C4 and PEBP-C8, re-
spectively.

et al. [7] have studied the self-assembly behaviours of 1,3,5-
tri(1H-benzo|d]imidazol-2-yl) benzene (BTIB) with three imida-
zole groups. Despite the presence of imidazole groups, the BTIB
molecule assembled into self-assembly structure through m-m
stacking intermolecular forces and the N atoms of imidazole were
exposed at the interface of 1-phenyloctane/HOPG. When one com-
pound containing a carboxyl group is added as a guest molecule,
BTIB can form O-H--N and N-H..-O hydrogen bonds with it. Fur-
ther study can greatly improve the insight into assembled struc-
tures of the compounds containing an imidazole group and provide
strong evidence for designing specific molecular devices on 2D sur-
faces [34-36]. Generally speaking, the regulation of bi-pyridine and
coronene (COR) molecules on single-molecule nano-grid structure
is considered to be a good strategy [37-39], but there are few
reports about self-assembled structural regulation of the dimers
formed by hydrogen bonds. Zhang et al. [40] have successfully
used pyridine derivatives to regulate self-assembled structure of
the dimers formed by O-H--O hydrogen bonds. However, they
used COR to regulate self-assembled structure of the dimers with
no success. Moreover, the original host molecule aromatic penta-
carboxylic acid (HsBHB) always keeps self-assembled structures of
the dimers in the process of regulation, but our results are differ-
ent and innovative by maintaining the original dimeric structures
selectively.

In this work, the self-assembled structure of an unsymmetric
molecule 5’-(4,5-bis(4-carboxyphenyl)—2,5-dihydro-1H-imidazole-
2-y1)-[1,1":3’,1”-terphenyl]—4,4"-dicarboxylic acid (BCDTDA) was
studied. BCDTDA molecule has four benzoic acid substituent
groups in both ends and one imidazole group as a core. Further-
more, we used COR and three bi-pyridine molecules to execute
the regulation of the BCDTDA self-assembled structures, and three
bi-pyridine molecules are 4,4’-bipyridine (BP), 4,4’-((1E,1’E)~(2,5-
dimethoxy-1,4-phenylene)bis(ethane-2,1-diyl))bipyridine (PEBP-C4)
and 4,4'-((1E,1'E)~(2,5-bis(octyloxy)—1,4-phenylene)bis(ethene-2,1-
diyl))dipyridine (PEBP-C8) (Scheme 1), respectively. Using the
highly oriented pyrolytic graphite (HOPG) as substrate could com-
prehend the interaction between molecules more purely. Com-
bined with density functional theory (DFT) calculation, we further
investigated the formation mechanism of the assembled systems.
Our results will provide wider vision for the co-assembly of two-
dimensional surface host-guest system.

The experimental methods were listed here. Sample prepara-
tion: BCDTDA and BP used in this experiment were purchased
from Jilin Chinese Academy of Sciences, Yanshen Technology Co.,
Ltd., COR and 1-heptanoic acid was purchased from J&K Scientific.
PEBP-C8 and PEBP-C4 were prepared as former reports [41], and
all the chemical structures are shown in Scheme 1. The samples
were used directly without further purification. Highly oriented py-
rolytic graphite (HOPG) was used as a solid conductive substrate
(grade ZYB, NTMDT, Russia). The concentrations of all solutions
were lower than 10~% mol/L. The HOPG was adhered with adhesive
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Fig. 1. (a) Large-scale (81.3nm x 81.3nm) STM image of BCDTDA self-assembled
structure (Iset =330 pA, Viias=700mV). (b, c) High-resolution STM images of
BCDTDA-I structure (25.0 nmx25.0 nm) (Iset =299 pA, Va5 =624 mV) and BCDTDA-
Il structure (36.2 nm x 36.2nm) (Ier= 330 pA, Vps= 700mV). (d, e) Suggested
molecular model for BCDTDA-I and BCDTDA-II structures, respectively.

Table 1
Experimental (Expt.) and calculated (Cal.) unit cell parameters for the assembled
structures.

Sample Unit cell parameters
a (nm) b (nm) o (°)
BCDTDA-I Expt. 3.4+02 2.0+0.2 97 +1
Cal. 3.40 2.01 98.0
BCDTDA-II Expt. 59+0.2 59+0.2 60+1
Cal. 5.85 5.85 60.0
BCDTDA/COR Expt. 59+0.2 59+0.2 60+1
Cal. 5.85 5.85 60.0
BCDTDA/BP Expt. 3.7+0.2 32+0.2 106+1
Cal. 3.70 3.20 106.0
BCDTDA/PEBP-C4 Expt. 42402 35+0.2 94+1
Cal. 4.20 3.50 94.0
BCDTDA/PEBP-C8-1 Expt. 35+0.2 53+0.2 107 +£1
Cal. 3.50 525 107.0
BCDTDA/PEBP-C8-I1 Expt. 34+02 3.6+0.2 67+1
Cal. 3.40 3.60 67.0
BCDTDA/PEBP-C8-I11 Expt. 3.5+0.2 2.0+0.2 76+1
Cal. 3.50 2.00 76.0

tape before the experiment to obtain a clean and smooth surface,
and then the solutions were dropped on the substrate.

STM characterization and DFT calculations: The detail proce-
dures were shown in Supporting information.

When the heptanoic acid (HA)-dissolved BCDTDA sample is
dropped on HOPG surface, the large-scale STM image of the self-
assembly structure of BCDTDA is obtained and shown in Fig. 1a.
Two kinds of self-assembled structures, BCDTDA-I and BCDTDA-II,
appeared in the surface when the concentration of BCDTDA is 1/8
saturated. During the entire observation process, the proportion of
pattern I is larger than that of pattern Il. However, when the con-
centration of BCDTDA is between 1/5 and 1/7 of saturated concen-
tration, only BCDTDA-I can be observed. Therefore, experimentally,
the self-assembly structure of BCDTDA-I is a more stable pattern.
Fig. 1b shows that in the high-resolution STM image of BCDTDA-
I, every two molecules formed a dimer which were represented
by two black X-shaped patterns and every four dimers were ar-
ranged to form a rectangle cavity. Obviously, dimers as building
blocks subsequently aggregated into long-range ordered nanolat-
tice structures. The unit cell parameters of BCDTDA-I are calculated
as a=3.44+02nm, b=2.0+0.2nm and o =97° + 1° (Table 1).

DFT calculations have been performed to investigate the assem-
bly mechanisms. In Fig. 1d, the theoretical model demonstrated
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Table 2
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Total energies and energies per unit area of the assemblies. Here, the more negative energy means the system is more stable.

Sample Interactions between Interactions between Total energy Energy per unit area
adsorbates (kcal/mol) adsorbates and (kcal/mol) (kcal mol-1 A-2)
substrate (kcal/mol)
BCDTDA-I -101.615 -94.671 —196.286 —-0.290
BCDTDA-II —404.786 —386.487 —809.572 -0.273
BCDTDA/COR —427.05 —445.699 —872.749 -0.294
BCDTDA/BP —191.608 —-180.721 -372.329 -0.327
BCDTDA/PEBP-C4 —197.665 —271.591 —469.256 -0.320
BCDTDA/PEBP-C8-I -182.87 —346.212 —529.082 -0.301
BCDTDA/PEBP-C8-I1 -92.711 —219.488 -312.199 -0.277
BCDTDA/PEBP-C8-I11 —67.475 —115.668 —183.143 -0.270

e |
ted

Fig. 2. (a) Large-scale (63.0nm x 63.0nm) STM image of the co-assembled struc-
ture of BCDTDA/COR. (b) High-resolution STM image of the co-assembly structure
(16.8nm x 16.8nm) of BCDTDA/COR (Iset =340 pA, Vpias =693 mV). (c) Suggested
molecular model for BCDTDA/COR co-assembly structure.

that a pair of N-H---O hydrogen bonds were formed through N-H
of the imidazole group of BCDTDA and O atom of one carboxylic
group of neighboring BCDTDA (blue circles in Fig. 1d), thus form-
ing a hydrogen-bonded dimeric building block finally. Furthermore,
the m-mr interactions between the adjacent phenyl rings stabilized
the dimers. Three remaining carboxyl groups of BCDTDA molecule
were exposed to form O-H---O hydrogen bonds (red circles in Fig.
1d) with three neighboring BCDTDA molecules, and then they as-
sembled into a regular tic-tac-toe grid structure.

The arrangement in pattern II is a well-ordered open network
with an interesting Kagomé structure. In this pattern, the build-
ing blocks are still BCDTDA dimers. And every three dimers further
head-to-tail formed a small triangular cavity (Fig. 1c) to compose
the regular Kagomé structure with larger hexagonal cavities. Fur-
ther theoretical molecular model is shown in Fig. 1e. It is noted
that in BCDTDA-II, N-H---O hydrogen bonds in dimers keep existing
(blue circles in Fig. 1e). And the adjacent three dimers formed the
triangular cavity through O-H..-O hydrogen bonding (red circles in
Fig. 1e). The exposed carboxyl groups formed pairs of O-H---O hy-
drogen bonds with free solvent molecules to enhance the stability
of self-assemblies on HOPG surfaces. The unit cell parameters of
BCDTDA-II are calculated as a=5.9+0.2nm, b=5.94+0.2nm and
o =60° £+ 1° (Table 1).

DFT calculated parameters are also listed in Table 1, which
agree well with the experimental values. The theoretical energies
of the assemblies have been presented in Table 2, in which the
total energy per unit area could be employed to compare the ther-
modynamic stability of the assemblies. Evidently, the total energy
per unit area of BCDTDA-I is —0.290 kcal mol~1 A=2, which is lower
than that of BCDTDA-II (—0.273 kcal mol~! A-2). It indicates that
BCDTDA-I is energetically more stable than BCDTDA-II, which is
consistent with the experimental observation that BCDTDA-I has
a higher proportion on the substrate surface.

After adding COR to the self-assembled structure formed by
BCDTDA, both pattern I and pattern II structures formed the simi-
lar network which is shown in Fig. 2a. For BCDTDA-I, the introduc-
tion of COR induced the structural transformation of the assembly.
While for BCDTDA-II, the basic Kagomé structure of the assembly

seemed unchangeable, only COR molecules entered the small trian-
gular cavities formed by three BCDTDA dimers. In Fig. 2b, the high-
resolution STM image shows more details, in which two BCDTDA
molecules still form one hydrogen-bonded dimer (marked with
black X-shape), and COR molecules are captured inside the smaller
triangular cavities (marked with blue dots). We have tried to in-
crease the concentration of COR, but no COR molecules could be
capsulated into the larger hexagonal cavities. We suggest that it
possibly result from the spatial size matching effect. The lengths
of edges of the triangular cavity are measured about 1.5 nm, while
the diameter of the hexagonal cavity is approximately 4.5 nm. Con-
sidering that the diameter of COR is 0.9 nm, the triangular cavity
is more suitable for the encapsulation of COR, and the hexagonal
cavity is too large to fill COR. The unit cell is depicted and the
parameters are: a=5.94+0.2nm, b=594+0.2nm and o =60° + 1°
(Table 1).

The experimental results were further confirmed by theoret-
ical calculations in Fig. 2c, where the hydrogen bonding be-
tween BCDTDA molecules is the main driving force to stabilize
the co-assembly structure. Every two BCDTDA molecules consti-
tuted N-H.---O hydrogen-bonded dimer (blue circles in Fig. 2c).
Each dimer interacted with the others through the similar O-H---O
hydrogen bonding as that of BCDTDA-II (red circle in Fig. 2c). The
exposed carboxyl groups of BCDTDA were perfectly combined with
solvent molecules, which made the regular Kagomé structure more
stable. And COR molecules were encapsulated in the triangular
cavity by the m-m interaction between the benzene rings. The
total energy per unit area of BCDTDA/COR is —0.294 kcal mol~!
A~2, which is lower than those of the self-assembled structures of
BCDTDA molecules. Therefore, adding the COR molecules into the
BCDTDA self-assembly structures makes the whole system more
stable. However, the energy per unit area of BCDTDA/COR is close
to that of BCDTDA-I (—0.290kcal mol-! A-2). This is the rea-
son why the co-assembled structure is not long-range ordered in
Fig. 2a.

After the self-assembled structure of BCDTDA-I is obtained un-
der STM, the droplet of BP solution in HA is added. The large-
scale and high-resolution STM images of BCDTDA/BP are shown in
Figs. 3a and b, respectively. It can be seen from the STM image
that BP molecules do not destroy the dimeric structure of BCDTDA,
and the dimers marked with black X shapes are arranged side by
side in rows. The adjacent BCDTDA dimers in neighboring rows
are connected by two parallel BP molecules as bridges (marked
with blue short lines). The unit cell parameters of BCDTDA/BP are:
a=3.7+02nm, b=3.2+0.2nm, o =106° & 1° (Table 1). Further
DFT calculations have been performed, and the theoretical opti-
mization model is presented in Fig. 3c.

Similar as the BCDTDA assemblies, in BCDTDA/BP co-assembly
structure, two BCDTDA molecules still constructed a dimer by
N-H---O hydrogen bonds (blue circles in Fig. 3c). Along axis b, only
one pyridine group of BP molecules formed an O-H..-N hydrogen
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Fig. 3. (a) Large-scale (50.0nm x 50.0nm) STM image of the co-assembled struc-
ture of BCDTDA/BP. (b) High-resolution STM image of the co-assembly struc-
ture (26.9 nm x 26.9 nm) of BCDTDA/BP (Iset =340 pA, Vpias =693 mV). (c) Suggested
molecular model for BCDTDA/BP.

Fig. 4. (a) Large-scale (100.0nm x 100.0nm) STM image of BCDTDA/PEBP-C4
co-assembly structure. (b) High-resolution STM image of the co-assembly
(25.0nm x 25.0 nm) of BCDTDA/PEBP-C4 (Iset =317 pA, Vpias =700mV). (c) Suggested
molecular model for BCDTDA/PEBP-C4.
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Fig. 5. () The STM image of BCDTDA/PEBP-C8-1 assembly structure
(35.7nm x 35.7nm). (b) STM image of BCDTDA/PEBP-C8-II assembly structure
(22.6nm x 22.6nm). (c) STM image of BCDTDA/PEBP-C8-III assembly structure
(18.0nm x 18.0 nm) (Iset =260 pA, Vpias =700 mV). (d-f) Suggested molecular model
for BCDTDA/PEBP-C8-1, BCDTDA/PEBP-C8-II and BCDTDA/PEBP-C8-III assembly
structures, respectively.
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bond with the neighboring dimers (shown in red circles). The sol-
vent molecule HA constructed O-H---N hydrogen bond with one
exposed pyridine group of BP molecule (shown in yellow circle)
as the result of steric hindrance effect. It should be noted that the
introduction of BP destroys the original O-H---O hydrogen bonds
between the dimers of BCDTDA-I assembly structure. Such disloca-
tion results in the vacancies of carboxyl groups of BCDTDA along
axis a, which are exposed to facilitate the formation of O-H.--O hy-
drogen bonding with the solvent HA. DFT results show that due to
the introduction of BP, the total energy per unit area of BCDTDA/BP
co-assembly structure (—0.327 kcal mol~! A-2) is lower than that
of BCDTDA-I assembly structure (Table 2). Therefore, we could ob-
serve the structural transformation of BCDTDA/BP assembly struc-
ture.

After obtaining BCDTDA-I self-assembly structure at the inter-
face, the droplets of HA-dissolved PEBP-C4 and PEBP-C8 molecules
are added, and the large-scale STM images of those co-assembly
structures are obtained in Figs. 4a and 5a, respectively. Interest-
ingly, in BCDTDA/PEBP-C4 and BCDTDA/PEBP-C8 assemblies, the
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N-H...O hydrogen bonded dimeric structure is destroyed, and
each BCDTDA molecule interacted with pyridine molecules PEBP-
C4 or PEBP-C8 individually. Fig. 4a shows that BCDTDA/PEBP-C4
is a long-range ordered co-assembled structure. From the high-
resolution STM image in Fig. 4b, each unit cell contains two
BCDTDA molecules (marked with black X-shaped patterns) and
two PEBP-C4 molecules (marked with blue rods). The unit cell is
depicted and the parameters are: a=4.24+0.2nm, b=3.54+0.2nm
and o =94° + 1° (Table 1).

To better explore the formation mechanism of the interwoven
arrangement, DFT calculations have been performed and the op-
timized model is presented in Fig. 4c. DFT results show that ev-
ery two BCDTDA molecules also form a dimer through a pair of
0O-H---O hydrogen bonds between the carboxyl groups (shown as
red circle). Along axis b direction, one PEBP-C4 molecule acting as
a bridge, connects with the neighbouring BCDTDA molecules in the
adjacent dimers through O-H---N hydrogen bonds (shown as blue
circles). In one unit cell, another PEBP-C4 molecule interacts with
the carboxyl group of the other BCDTDA in the dimer by head-
to-head O-H.--N hydrogen bond which is circled in yellow. All the
remaining exposed carboxyl groups of BCDTDA can form a pair of
0O-H.--O hydrogen bonds with solvent molecules. And the remain-
ing pyridine groups of PEBP-C4 can also form O-H..-N hydrogen
bonds with solvent molecules. Obviously, there are different ex-
erted binding sites in the co-assembly due to the steric hindrance,
so that the solvent molecules participate into the assembly to form
hydrogen bonds.

For PEBP-C8, although PEBP-C8 is a bipyridine derivative
with similar structure to PEBP-C4, the two-component co-
assembly structure of BCDTDA/PEBP-C8 is quite different from
BCDTDA/PEBP-C4 structure. Fig. 5a shows three assembled struc-
tures, BCDTDA/PEBP-C8-1, BCDTDA/PEBP-C8-II and BCDTDA/PEBP-
C8-III, respectively, and the domain ratio of three structures is
approximately 3:2:1. In the STM images, BCDTDA molecules are
signed as black X-shaped patterns and PEBP-C8 molecules are
signed as blue rods. In each domain, the molecular proportion for
BCDTDA and PEBP-C8 molecules is 2:3, 1:2 and 1:1, respectively.
DFT calculations have been carried out to investigate the forma-
tion mechanisms of three kinds of assemblies. The unit cell of
BCDTDA/PEBP-C8-I is depicted in Fig. 5a, and the cell parameters
are: a=3.5+0.2nm, b=5.3+0.2nm and o= 107° &+ 1° (Table 1).

Fig. 5d shows the DFT optimized molecular model for
BCDTDA/PEBP-C8-1 assembly. Every two BCDTDA molecules in-
teract with each other to construct a dimer by forming double
0-H---O hydrogen bonds between the carboxyl groups (shown as
red circle). Two PEBP-C8 molecules, as bridges, head-to-tail con-
nect the neighboring BCDTDA dimers by forming O-H.--N hydro-
gen bonds (shown as blue circles), and the adjacent alkoxyl chains
parallelly interact with each other by van der Waals interactions
(shown as yellow rectangle). Due to the spatial limit and the steric
hindrance, the left PEBP-C8 molecule interact with one BCDTDA by
forming O-H.--N hydrogen bond (shown as orange circle), and all
the exposed binding sites (carboxyl groups or pyridine groups) in-
teract with the solvent molecule by hydrogen bonds.

For BCDTDA/PEBP-C8-II assembly, the unit cell is depicted in
Fig. 5b, and the parameters are: a=3.4+0.2nm, b=3.6+0.2nm
and o =67° + 1° (Table 1). Fig. 5e shows the DFT optimized model.
In this case, each BCDTDA molecule, as a bridge, connects with two
PEBP-C8 molecules and forms two O-H---N hydrogen bonds (shown
as blue circles). Meanwhile, the alkoxyl chains between two PEBP-
C8 molecules parallelly interact with each other by van der Waals
interactions (shown as yellow rectangle). Similar to BCDTDA/PEBP-
C8-1 assembly, all the exposed binding sites (carboxyl groups or
pyridine groups) interact with the solvent molecule by hydrogen
bonds.
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For BCDTDA/PEBP-C8-III assembly, the unit cell is depicted in
Fig. 5¢, and the parameters are: a=3.5+0.2nm, b=2.0+0.2nm
and o =76° £ 1°. It is the simplest co-assembled structure in these
three co-assemblies, and the model is verified by DFT results in Fig.
5f. By forming O-H.--O hydrogen bonds, each BCDTDA molecule
head-to-tail interact with the other BCDTDA to aggregate into a
row along axis b (shown as red circles). And one PEBP-C8 molecule
acts as a bridge to connect two BCDTDA molecules in the neigh-
boring rows through two O-H---N hydrogen bonds (shown as blue
circles). Since there is no vacancy for binding sites, the solvent HA
does not participate in this assembly.

According to DFT calculations, the total energy per unit area
of BCDTDA/PEBP-C4 assembly is —0.320kcal mol-! A-2, which
is lower than those of three structures of BCDTDA/PEBP-C8. It
means that BCDTDA/PEBP-C4 assembly is more stable than the
three structures of BCDTDA/PEBP-C8. Among the three struc-
tures of BCDTDA/PEBP-C8, the total energy per unit area of
BCDTDA/PEBP-C8-I is lowest about —0.301 kcal mol-! A-2, indicat-
ing BCDTDA/PEBP-C8-I is the most energetically stable structure.
This also confirms the experimental observation that in the STM
image the coverage of this structure is the largest. And the total
energies per unit area of BCDTDA/PEBP-C8-I1 and BCDTDA/PEBP-
C8-1Il were —0.277 kcal mol=! A=2 and —0.270 kcal mol~! A-2, re-
spectively, suggesting that although those structures exist on the
two-dimensional surface, they are not stable, and thus with the
less coverage in the STM image.

In this study, the assembly behaviors of BCDTDA with four
carboxyl groups and one imidazole group, at the 1-heptanoic
acid/HOPG interface, were investigated by STM and DFT calcula-
tions. Through N-H---O hydrogen bonding, two BCDTDA molecules
form a dimeric structure as building blocks. Subsequently, the
dimers are able to further aggregate into nanogrid structure
(BCDTDA-I) and hexagonal structure (BCDTDA-II) by O-H---O hy-
drogen bonding, respectively. With the introduction of COR into
the self-assembled structure, the nanogrid structure of BCDTDA-I
was transformed into the similar Kagomé structure of BCDTDA-II,
and the COR molecules could be captured in the small triangu-
lar cavities of BCDTDA-II. Different pyridine molecules (BP, PEBP-
C4 and PEBP-C8) are selected to regulate the self-assembled struc-
ture of BCDTDA by forming O-H---N hydrogen bonds between the
carboxylic groups and pyridine groups. For example, the addition
of BP molecule did not destroy the dimer formed by BCDTDA
molecule, while broke the O-H.--O hydrogen bonds between the
dimers, and BP acted as a bridge to connect two dimers by O-H---N
hydrogen bonds. However, the introductions of PEBP-C4 and PEBP-
C8 molecules broke the N-H---O hydrogen bonds of the dimers,
while partially kept the O-H---O hydrogen bonds between BCDTDA
molecules. The co-assembly of PEBP-C4 and BCDTDA were inter-
woven and staggered, which was stable and orderly. PEBP-C8 and
BCDTDA formed three kinds of co-assembled structures. Obviously,
different bipyridine molecules exhibit different regulatory effects
on the dimer, which may destroy or retain the formation of the
dimer, so that the system could be more stable. It also provides
new reflections for the experimental assumption of dimer regula-
tion.
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