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Two-dimensional self-assemblies of azobenzene derivatives:
effects of methyl substitution of azobenzene core and alkyl chain
length

Yoshihiro Kikkawa,* Mayumi Nagasaki and Yasuo Norikane*

Elucidating the correlation between the molecular arrangement and physical properties of organic compounds is critical to
facilitating the development of advanced functional materials. X-ray structural analyses are generally performed to clarify
this relationship. Several attempts have been made to ascertain the links between three-dimensional (3D) crystals and their
two-dimensional (2D) structures, which can be revealed by scanning tunnelling microscopy (STM) at the molecular level.
Thus, 2D self-assemblies of a series of azobenzene derivatives were investigated in this study, and the effects of methyl
substitution of the azobenzene core and alkyl chain length on the 2D molecular arrangements at the solid/liquid interface
were revealed. Three types of azobenzene derivatives were prepared; these contained azobenzene (Az), 3-methyl
azobenzene (MAz), or 3,3’-dimethyl azobenzene (DAz) as cores and alkyloxy chains of different lengths (C8—13) at their 4,4’
positions. The 2D structures of the Az and DAz compounds were found to be modulated owing to the odd—even effect of
the alkyl chains in a specific chain-length range; this effect was only weakly exhibited by the MAz compounds. This result
suggests that only the methyl-group substitution of the azobenzene core significantly affected the 2D structures. The 2D
structural features have been discussed in terms of molecular conformation, as well as their correlation with the photo-

melting behaviour of the azobenzene derivatives, particularly the MAz compounds.

1. Introduction

Azobenzene is a fascinating molecular building block in the field
of supramolecular chemistry because of its photo-switching ability.
Photo-isomerisation routes such as trans-to-cis and cis-to-trans are
generally induced by ultraviolet (UV) and visible light irradiation,
respectively.! These topological changes of the azobenzene
molecules enables not only molecular dynamic motion, but also
macroscopic motion, such as actuation, bending, and crawling, which
are expected for the applications in soft robotics and flexible
devices.?

The photo-induced solid-to-liquid phase transition (photo-
melting) of azobenzene based on photo-isomerization has been
investigated in our previous studies.3 The photo-melting was first
observed in a macrocyclic azobenzene.32b Subsequently, a simple
molecular modification involving the introduction of a methyl group
at the 3-position of normal azobenzene derivatives was found to
permit crystal-to-liquid phase transition.3=f In contrast, the
derivatives with simple azobenzene and 3,3’-dimethyl azobenzene
cores showed no photo-melting behaviour. Although the crystal
structures of certain derivates have been determined, the
connections between the crystallographic information and photo-
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melting behaviour remain unclear. Acquiring this insight can enable
a deeper understanding of the photo-melting mechanisms, which
will facilitate the development of advanced applications for such as
reworkable adhesives, self-healing materials, and light energy
storage materials.*

Typically, X-ray analyses have been performed to reveal the
three-dimensional  (3D)
compounds, which are known to influence their physical properties.>

molecular arrangements of these
Several recent studies have focused on clarifying the relationships
between 3D structures and their two-dimensional (2D) assemblies,
which can be revealed by scanning tunnelling microscopy (STM) at
the molecular level.6 STM is particularly beneficial in terms of the
preparation of a physisorbed monolayer, which is considerably
simpler than growing single crystals for X-ray studies; simply placing
the sample mixed with a poorly volatile solvent such as 1-
phenyloctane onto highly oriented pyrolytic graphite (HOPG) enables
the 2D self-assembly of molecules.” Therefore, STM is effective for
analysing the 2D structures of molecules with systematically
modified chemical structures, such as alkyl chains.

Among the various intermolecular interactions, the dispersion
force introduced by alkyl chains is considered relatively weak.
However, alkyl chains often play an important role in ensuring
adsorption onto the HOPG surface as well as in constructing the
molecular arrangements in the self-assembled monolayer.8 The odd—
even effect of alkyl chain lengths has been frequently documented in
2D and 3D systems; essentially, alkyl chains with odd or even
numbers of carbons exhibit periodic changes in different
characteristics including morphological and physical.® This odd—even
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Fig. 1 Chemical structures of the investigated azobenzene derivatives containing (A)
azobenzene (Az), (B) 3-methyl azobenzene (MAz), and (C) 3,3’-dimethyl azobenzene
(DAz) cores and alkyloxy chains with different lengths at their 4,4’ positions. The
resulting derivatives are denoted as AzCn, MAzCn, and DAzCn (n [the number of
carbon atoms in the alkyl chains] = 8-13). Panels (D)—(F) show the Z-, I-, and L-
conformations of the compounds, respectively. The (D) and (F) panels show the Z-
and L-forms of Az with C8 alkyl chains. (E) shows the I-form of MAz with C8 chains;
this conformation is exhibited only by the MAz compounds (see text). The coloured
lines are visual guides for the molecular conformations.

effect is believed to originate from the steric hindrance caused by the
orientation of the terminal methyl group in the alkyl chain. Therefore,
a small change in the number of —CH,— units can significantly affect
the thereby vyielding diverse 2D
assemblies.?2 However, to our knowledge, systematic studies on the
effects of methyl substitution of the azobenzene core and alkyl chain
length on the 2D assemblies have not been reported.

molecular arrangement,

Therefore, a series of azobenzene derivatives containing normal
azobenzene (Az), 3-methyl azobenzene (MAz), and 3,3’-dimethyl
azobenzene (DAz) as the core units along with alkyloxy chains of
different lengths substituted at their 4,4’ positions was prepared in
this study. The resulting compounds are denoted as AzCn, MAzCn,
and DAzCn (n = 8-13; Fig. 1). These compounds were selected
because their facile synthesis procedures enabled the production of
differently modified compounds. The 2D structures of their
molecules at the HOPG/1-phenyloctane interface were examined by
STM, which assisted in clarifying the effects of the methyl
substitution of the azobenzene core (molecular symmetry of
azobenzene derivatives) and the alkyl chain length on the 2D
molecular arrangement. Additionally, we discuss the correlation
between the 2D structural features of these compounds and their
photo-melting behaviour in the crystal phase was analysed.

2. Experimental
2.1 Synthesis of azobenzene derivatives

The azobenzene derivatives were prepared as previously
reported.3<f Briefly, azobenzene skeletons were prepared by
azo coupling of the corresponding aminophenol and phenol

derivatives. The obtained azobenzene core units were

2| J. Name., 2012, 00, 1-3

substituted with alkyl chains of different lengths via Williamson
ether synthesis. Previously unreported compounds were
characterised by 'H NMR spectroscopy (Bruker Avance 400
NMR spectrometer) using tetramethylsilane as the standard
(see Electronic Supplementary Information [ESI]).

2.2 STM observations

The
phenyloctane at concentrations ranging from 1 to 100 mM. The
shorter the alkyl chain length, the higher the concentration
required for performing stable STM observations with sufficient
resolution for analysing the molecular arrangements. For each
compound, the variations in concentration did not affect the 2D
The 1-phenyloctane solutions containing the
azobenzene derivatives were deposited individually on freshly
cleaved HOPG (ZYB grade, MikroMasch). An STM tip was formed
by mechanically cutting a Pt/Ir wire (90/10; ¢ 0.25 mm). The 2D
structures at the HOPG/1l-phenyloctane interface were
examined by STM (Nanoscope llla, Digital Instruments). The
HOPG lattice under the physisorbed monolayer was used as an
internal standard to calibrate and correct the recorded STM
images using the SPIP software (Image Metrology).

azobenzene derivatives were dissolved in 1-

structure.

3. Results
3.1 Self-assembly of Az compounds

Figs. 2 and S1 show STM images of the 2D structures of Az
molecules with different alkyl chain lengths (n = 8-13) formed at
the HOPG/1-phenyloctane interface. Considering the tunnelling
current efficiency, the bright and dark regions in the STM images
correspond to the azobenzene core and alkyl chains, respectively. A
plausible molecular model is superimposed on the STM image in Fig.
2A. The Az-bearing octyl chains (denoted as AzC8; Fig. 2A) adopted
the Z-conformation (Fig. 1D), and five Az cores were aligned parallel
to form a cluster that was arranged as a parallelogram-shaped lattice
(Fig. S1D). The C8 alkyl chains were interdigitated and aligned with

Table 1 Lattice constants of Az compounds measured from the STM images
shown in Figs. 2 and S1. The parallelogram indicating the unit cell of each 2D

structure is shown in Fig. S1.

Az a (nm) b (nm) 7(°) Figures
276+ 343+ 78 +2

c8 2A,S1D
0.10 0.07
111+ 01+ +

c9 7.0 853 2B, S1E
0.06 0.10
131+ 171+ 711

c10 2C, S1F
0.05 0.02
132+ 337 89 £1

Ci1 2D, S1J
0.03 0.07
130+ 1.80+ +

C12 30 80 74+3 2E, S1K
0.03 0.15
145+ 3.76 = 84+3

C13-a 2G, S1L
0.08 0.25
119+ 2.08 + 80+2
c13-f 2H, S1L

0.03 0.11

This journal is © The Royal Society of Chemistry 20xx
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Fig. 2 STM images of Az molecules at the HOPG/1-phenyloctane interface. The white arrows in each image indicate the HOPG lattice directions. Panels (A)—(E) show STM images
of AzC8-12, respectively, whereas panels (F)—(H) show those of AzC13. Panels (G) and (H) show enlarged STM images of the o and 8 domains in (F), respectively. The locations of
the Az core unit are indicated by white (Z-form) and green ovals (L-form). Proposed molecular models are overlaid on the STM images; here, molecules in the L-form are highlighted
in green. The lattice constants are listed in Table 1. Tunnelling conditions: (A) | = 50 pA, V = =500 mV; (B) | = 50 pA, V = —817 mV; (C) | = 50 pA, V = —-900 mV; (D) | =25 pA, V =

—~1088 mV; (E) I = 25 pA, V = =500 mV; (F-H) | = 50 pA, V = —468 mV.

one of the HOPG lattice directions. The lattice constants of AzC8 are
presented in Table 1.

Figs. 2B and 2D show the two-dimensional structures of AzC9 and
AzC11 (odd number of carbons in the alkyl chain), respectively,
whose proposed molecular models are superimposed onto the STM
images. The locations of the azobenzene core units of AzC9 and
AzC11 shifted from the side-by-side position, resulting in the core
unit and alkyl chain being adjacent to each other. The combination
of the core and alkyl chains formed columnar structures that were
separated by the interdigitated alkyl chains. One of the alkyl chains
in the dark-contrast regions was aligned along the HOPG axis,
whereas the other one sandwiched by the cores was not. The 2D
assemblies of both AzC9 and AzC11 comprised molecules in the L-
form. With respect to AzC10 and AzC12 (even number of carbons in
the alkyl chain; Figs. 2C and 2E, respectively), their cores were
separately arranged (bright dots in the STM images), and the alkyl
chains were interdigitated. A similar 2D structure of AzC12 has been
reported by De Schryver et al.l® Thus, columnar and separated
structures were observed in the compounds containing an odd (AzC9
and AzC11) and even (AzC10 and AzC12) number of carbons,
respectively. These results suggest that the Az compounds exhibited
structural modulation for alkyl chain lengths of C9-C12.

In the case of AzC13, two types of randomly spaced 2D structures
with different intervals between the bright regions were observed (a
and B in Fig. 2F). Although the molecular arrangement could not be
clearly resolved even in the enlarged images (Figs. 2G and 2H),
plausible molecular models were generated based on the positions
of the azobenzene core, assuming that the alkyl chains were oriented
along a lattice direction of HOPG. In the a-domain (Fig. 2G), the
azobenzene cores were positioned along their long axes, and the
alkyl chains were partly interdigitated. The residual space was likely

This journal is © The Royal Society of Chemistry 20xx

occupied by the 1-phenyloctane (solvent) molecules.!! In contrast,
the azobenzene cores in the B-domain (Fig. 2H) were arranged as
linear columns. The distance between the bright columns was too
short to accommodate the alkyl chains perpendicular to the
columnar direction; thus, the alkyl chains were likely configured in a
head-to-head fashion. All lattice constants of the Az compounds are
listed in Table 1.

3.2 Self-assembly of MAz compounds

The effect of methyl substitution at the 3-position in the
azobenzene core on the 2D self-assembly was studied by STM at the
HOPG/1-phenyloctane interface. Figs. 3 and S2 show STM images of
MAz compounds with different alkyl chain lengths. In MAzC8 (Fig.
3A), four bright bars formed a cluster that showed a stair-like
arrangement; these were identified as the 3-methyl azobenzene

Table 2 Lattice constants of MAz compounds measured from the STM images

shown in Figs. 3 and S2. The parallelogram indicating the unit cell of each 2D
structure is shown in Fig. S2.

MAz a(nm) b (nm) 7(°) Figures
8 2.16 348+ 83z+1 3A $2D
0.01 0.06 !
238+ 3.32¢ 85+1
c9 3B, S2E
0.03 0.04
240+ 3.60 782
C10 3C, S2F
0.02 0.04
c11 239+ 5.04 + 88 +2 3D, $2J
0.06 0.15 ’
261+ 3.73 721
C12 3E, S2K
0.08 0.09
1.98 + 5.24 + 87+2
C13 3F, S2L
0.05 0.16

J. Name., 2013, 00, 1-3 | 3
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core, considering the tunnelling current efficiency. The two bars in
the middle of each cluster were oriented diagonally to those on their
sides. The dark lines that represented the alkyl chains were parallel
to one of the HOPG axes, and all of them were interdigitated. Based
on the alignment of the alkyl chains with one of the HOPG lattice
directions, the two MAzC8 molecules at the centre and ends of each
cluster adopted the Z- and I-conformations, respectively. MAzC9,
MAzC10, and MAzC12 also exhibited similar stair-like structures
(Figs. 3B, 3C, and 3E, respectively). MAzC11 (Fig. 3D) had linear
structures comprising two types of periodically aligned columns: one
formed by alternate arrangement of the I-form and a pair of Z-form
conformers, and the other consisting of only I-form molecules. In the
case of MAzC13 (Figs. 3F and S2L), two types of columns of MAz
cores with different intervals were present. One of these columns
comprised evenly arranged MAz cores with an interval (d;) of 0.8 nm,

Table 3 Lattice constants of DAz compounds measured from the STM images
in Figs. 4 and S3. The parallelogram indicating the unit cell of each 2D
structure is shown in Fig. S3.

DAz a(nm) b (nm) 7(°) Figures
1.26 £ 1.62 +

c8 701 4A, S3D
0.01 0.02
092+ 430t

c9 88+2 4B, S3E
0.01 0.23
095+ 2.27

C10 83+1 4C, S3F
0.01 0.06
092+ 5.01+

Cl1 873 4D, S3)
0.01 0.23
092+ 252+

C12 85+2 4E, S3K
0.06 0.04
0.90 + 5.36

C13 89+1 4F, S3L
0.04 0.11

whereas the other was constructed by a pair of MAz cores with an
interval (d) of 0.8 nm (Fig. S2L). The pairs of MAz molecules were
periodically aligned with an interval (ds) of 1.1 nm. In the
neighbouring columns, the MAz cores were oriented in a
herringbone pattern, that is, the core units were arranged in a zigzag
fashion. Considering the different orientations and arrangements in
each column (detailed discussion is presented later; also, see Fig. S4),
they presumably included I- and Z-form molecules, which individually
formed the columns. These results indicate that the 2D structures of
MAz comprised both Z- and I-type conformers. The lattice constants

of the MAz compounds are listed in Table 2.

3.3 Self-assembly of DAz compounds

Self-assembly of DAz compounds was investigated to clarify the
effects of the dual substitution of methyl groups at the 3,3’ positions
of azobenzene on the formation of their 2D structures. Figs. 4 and S3
show STM images of DAz molecules at the HOPG/1-phenyloctane
interface. DAzC8 formed a dotted structure whose component
molecules adopted a Z-type conformation with interdigitated alkyl
chains. The DAzC9-C13 compounds exhibited linear structures (Figs.
S3B, S3C, and S3E-L). The higher-magnification images (Figs. 4B—4F)
revealed that the linear structures comprised Z-type conformers with
interdigitated alkyl chains. However, the orientations of the DAz core
unit were dependent on the odd—even nature of the number of
carbons in the alkyl chains, that is, the core units of DAzC9, DAzC11,
and DAzC13 arranged in a herringbone-like manner, whereas
those of DAzC10 and DAzC12 were parallel aligned. These results
suggest that the 2D structures of the DAz compounds were
modulated for alkyl chain lengths of C9—C13. The lattice constants of
the DAz compounds are listed in Table 3.

Fig. 3 STM images of MAz molecules at the HOPG/1-phenyloctane interface. The white arrows in each image indicate the HOPG lattice directions. Panels (A)—(F) show STM images
of MAzC8-13, respectively. Proposed molecular models are overlaid on the STM images. The locations of the MAz core unit are indicated by white (Z-form) and cyan ovals (I-
form). In the models, molecules in the I-form are highlighted in blue. The lattice constants are listed in Table 2. Tunnelling conditions: (A) | = 50 pA, V =—800 mV; (B) I =50 pA, V
=-684 mV; (C) 1 =25 pA, V =—-584 mV; (D) | =30 pA, V=—-850 mV; (E) I =30 pA, V=—-340 mV; (F) | = 25 pA, V = =731 mV.

4| J. Name., 2012, 00, 1-3
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Fig. 4 STM images of DAz molecules at the HOPG/1-phenyloctane interface. The white arrows in each image indicate the HOPG lattice directions. Panels (A)—(F) show STM images
of DAzC8-13, respectively. The locations of the DAz core unit are indicated by white and yellow ovals. Proposed molecular models are overlaid on the STM images. In panels (B),
(D), and (F), the molecules with oppositely arranged DAz cores are highlighted in yellow; however, these have a Z-type conformation. The lattice constants are listed in Table 3.
Tunnelling conditions: (A) | = 25 pA, V =—=778 mV; (B) | =50 pA, V = =744 mV; (C) | =50 pA, V = —=1000 mV; (D) | = 25 pA, V = =566 mV; (E) | = 100 pA, V =—639 mV; (F) | = 25 pA, V

=—809 mV.

4. Discussion
4.1 The odd-even effect

The odd—even effect has previously been explained in terms of
the direction of the terminal methyl group, and several compounds
have been reported to exhibit diverse physical properties as well as
2D and 3D structures, depending on the odd—even nature of the alkyl
chain carbons.? In the Az and DAz compounds, 2D structural
modulations were observed within specific alkyl-chain-length ranges.
As shown in Figs. 2B—2E, columnar (AzC9 and AzC11) and separated
structures (AzC10 and AzC12) were formed in the physisorbed
monolayers. In the case of the DAz compounds (Fig. 4), the core units
of DAzC10 and DAzC12 were oriented parallel to the neighbouring
columns, whereas those of DAzC9, DAzC1l, and DAzC13 were
arranged in a zigzag fashion. These results suggest the existence of
the odd—even effect for Az and DAz, whose 2D structures changed in
specific alkyl-chain-length ranges.

The MAz compounds, MAzC8-10 and MAzC12 showed stair-like
structure, which had I-Z-Z-I sequences constructed by the I- and Z-
form conformers. In contrast, the MAzC11 and MAzC13 compounds
formed columnar structures. The columns for MAzC11l were
composed of |-Z-Z and |-l sequences, whereas those for MAzC13
included separate |-l and Z-Z sequences. Despite the differences in
the 2D structures between MAzC8-10, 12 and MAzC11, 13, the
MAzC8-12 compounds have the same |-Z-Z sequence in their
repeating units. The symmetric geometries of Az and DAz permitted
simple packing of their structures with single-component Z-form
molecules (partly the L-form ones for AzC11 and AzC13), whereas full
surface coverage by the MAz molecules was achieved by a mixture
of two conformers (the I- and Z-forms) to compensate for their

This journal is © The Royal Society of Chemistry 20xx

asymmetry. Because of these two conformations of the MAz
molecules, the alkyl-chain-end effect presumably became less
significant, to the extent that only a weak odd-even effect could be
observed for MAzC10-13. These results imply that the symmetric
molecules, such as Az and DAz, exhibited a sharp odd—even effect, in
contrast to the asymmetric MAz. Therefore, the symmetry of the
molecules dictated the occurrence of the odd—even effect in the 2D
structures of the investigated system.

4.2 Conformations of the building blocks

The 2D structures of Az and DAz essentially comprised molecules
with a Z-type conformation, with certain exceptions such as AzC9 and
AzC11, which had L-form arrangements (Figs. 2 and 4). However, the
MAzC8-13 compounds had two conformations (the I- and Z-forms),
indicating that the I-type conformation was allowed only for the MAz
compounds. The crystal structures of AzC6, MAzC6, and DAzC6 were
revealed in our previous study3c using X-ray analyses. In the (001)
face of MAzC6 and DAzC6, the positions of the methyl groups shift
to circumvent their steric hindrance, that is, the neighbouring
azobenzene core units become adjacent to each other for achieving
close packing. In contrast, the azobenzene unit of AzC6 viewed from
the (10I) face shifts from the face-to-face positioning and is
sandwiched by the alkyl chains.

In the 2D assemblies (Fig. 2), most of the Az cores were offset
and their close and parallel
arrangements were interrupted by the alkyl chains, except for AzC8.
However, the Z-form MAz and DAz cores (Figs. 3 and 4) were located
parallel and adjacent to each other, similar to 3D crystals. In the
MAzC8-12 compounds (Figs. 3A-3E), the Z-type conformers were

from face-to-face positioning,

J. Name., 2013, 00, 1-3 | 5
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present in a face-to-face configuration, with the protruded methyl
groups being interlocked. The outer spaces of the Z-form
components were occupied by the methyl group of the I-type
conformer, and the alkyl chains were oriented parallel. Thus,
combinations of the |- and Z-conformers were appropriately
arranged to achieve close packing, due to the asymmetry of the MAz
compounds.

The co-existence of the I- and Z-forms in the MAz series was
further confirmed by measuring the angle (6) between the
orientations of the alkyl chain and core units. The DFT-optimised
geometry of MAzC10 indicated that the @ values for the I- and Z-
forms were approximately 168° and 157°, respectively (Figs. S4A and
S4B). The & values measured from the STM images of MAzC10,
MAzC11, and MAzC13 (Figs. S4C-S4E) were almost identical to the
DFT-calculated counterparts.

If the columnar structures in MAzC13 were constructed by only
one type of conformer, the intermolecular distances between its
MAz cores would have been equal, as observed in the DAzC9-13
molecules comprising Z- conformers with an interval of ~0.9 nm
(lattice constants along the a-axis). However, one of the columns had
evenly arranged intervals (d; in Fig. S2L), and the other comprised
differently separated MAz cores (d, and ds in Fig. S2L). The measured
angles and molecular intervals suggest that the columnar structures
were constructed by different conformers; that is, one of the
columns in MAzC13 was formed by a pair of Z-type conformers,
whereas the other comprised I-form molecules.

In situ and ex situ UV irradiation of the investigated azobenzene
derivatives prevented the observation of 2D assemblies by STM; thus,
the formation of the 2D assemblies with cis isomers could not be
confirmed. The trans isomer was flat, whereas the cis isomer had a
distorted geometry, which presumably impeded the STM
observations from the viewpoint of planar adsorption onto the HOPG
surface. Despite certain observations of 2D assemblies with cis
isomers,12 the cis isomers have been reported to be incapable of
surviving long enough on the HOPG surface to permit STM-based
visualisation, possibly because the HOPG surface catalyses the
isomerisation from cis to trans conformations.13 Moreover, this rapid
conversion from cis to trans isomers may disturb the stable
formation of 2D assemblies in the investigated system.

4.3 Relationship between photo-melting behaviour and 2D
assemblies

Azobenzene derivatives capable of switching between solid and
liquid states upon exposure to UV light, that is, exhibiting photo-
melting, were reported in our previous paper.? Photo-melting was
exhibited only by the MAz compounds, in contrast to the Az and DAz
counterparts. Interestingly, the 2D assemblies of MAz specifically
contained the I-type conformation in addition to the Z-type
equivalent (Fig. 3), whereas those of Az and DAz primarily comprised
the Z-form (Figs. 2 and 4). In certain cases, 2D systems have been
reported to retain their intrinsic and characteristic molecular
conformations in 3D crystals.® These results suggest a possible
correlation between the I-type conformation mixed with the Z-type
conformers that enabled the construction of 2D assembly and the
photo-melting behaviour of MAz.

6 | J. Name., 2012, 00, 1-3

MAz compounds with relatively short alkyl chains (5 < n < 12)
were found in our previous study to exhibit faster photo-melting
than those with long alkyl chains (n > 12).3¢ The I- and Z-forms of the
MAzC8-12 molecules co-existed in their clusters (C8-10 and C12) or
columns (C11). Despite that the 2D structure of MAzC13 was also
constructed by the I- and Z-form molecules, the molecules formed
individual columns that were alternately arranged. Although
MAzC13 was photo-meltable, its rate was considerably lower than
that of the other MAz with shorter alkyl chains. Therefore, the
mechanism of the photo-melting behaviour of MAz with longer alkyl
chains likely differs from that of the shorter-alkyl-chain compounds.
Generally, 2D structures are not completely identical to 3D ones
because of the presence of the substrate. Nevertheless, the
correlation between the 2D assemblies and physical properties, such
as photo-melting behaviour, was successfully estimated.

5. Conclusions

Azobenzene derivatives with different alkyl chain lengths
(C8—C13) were prepared, and their 2D assemblies were studied
by STM at the HOPG/1-phenyloctane interface. The core units
of the azobenzene derivatives were normal azobenzene (Az), 3-
methyl azobenzene (MAz), and 3,3’-dimethyl azobenzene (DAz).
Modulation of the 2D structures through the odd—even effect
was observed for the AzC9—C12 and DAzC9-C13 compounds in
specific alkyl-chain-length ranges, however the effect was only
weakly exhibited in the MAzC10-13 compounds. This result
suggests that the symmetry of the molecules influenced how
the odd—even effect emerged.

The conformations of Az and DAz were essentially in the Z-
AzC9 and AzC11, which had L-type
conformations. In contrast, the 2D structures of MAz comprised
molecules with two conformations: | and Z. This result indicates
that the
compounds.

form, except for

I-type conformation was specific to the MAz

Interestingly, photo-melting behaviour was
exhibited only by the MAz compounds, implying a correlation
between the 2D assemblies and physical properties such as
photo-melting behaviour.

These permit the understanding of 2D

assemblies from the viewpoints of the molecular symmetry

results  will

introduced by methyl substitution of the molecular core unit as
well as the alkyl-chain-length effect.
correlation between 2D assemblies and physical properties was
suggested, this study is anticipated to facilitate the estimation
of physical properties based on 2D assembly.
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