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property and electron transport

Masahiro Funahashi,® Nozomi Takeuchi® and Akinari Sonoda®

Mesomorphic and electron transport properties are compared for liquid-crystalline (LC) perylene tetracarboxylic bisimide

(PTCBI) derivatives bearing linear disiloxane and trisiloxane chains, as well as bis(trimethylsiloxanyl)methylsilyl (trisiloxan-

2-yl) groups. In contrast to alkyl-substituted analogues, the PTCBI derivative bearing bulky trisiloxan-2-yl moieties exhibits

a more ordered columnar phase and higher electron mobility, compared to that bearing linear trisiloxane chains. In spite

of the bulkiness, the trisiloxan-2-yl moieties do not inhibit closed n—n stacking within the columnar aggregates. Therefore

the electron mobility in the ordered columnar phase of the compound bearing the branched trisiloxan-2-yl moieties was

0.05 cm®V™'s™ at room temperature and it exceeded 0.1 cm?V'st at 120 °C.

Introduction

Liquid crystals have been applied to displays, utilizing their
optical anisotropy. New electronic and optical functions
produced by integration of m-conjugated moieties in liquid-
crystalline (LC) systems have recently been investigated. LC
semiconductors consist of extended m-conjugated systems and
alkyl They exhibit high carrier mobilities
exceeding 0.1 cm?V~'s™.! Efficient electronic carrier transports

side chains.

have been observed in the columnar’ and smectic phases.’
Solution-processable LC semiconductors have been applied to
field-effect transistors®, polarized electroluminescence devices’
and solar cells® were reported. LC semiconductors are soft and
flexible crystalline
semiconductors.*®

suitable for devices compared to
Recently various LC molecules consisting of incompatible
parts have been reported. Such LC molecules form various
nanostructured LC phases.” The significant factor to form the
LC phases of these molecules is microsegregatioin on
nanometer scale or nanosegregation between the incompatible
moieties while thermal motion of alkyl chains moderately
weakens strong m—m interaction in conventional LC materials.®
Perylene tetracarboxylic bisimide (PTCBI) derivatives are
typical n-type organic semiconductors and LC analogues
bearing alkyl chains have been reported.” Space charge limited
current measurement, microwave absorption method, and field

effect transistors revealed high electron mobilities over 0.1
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cm®V's! in their LC phases. However, time-of-flight (TOF)
measurements revealed low drift mobilities of electrons in the
LC alkylated PTCBI derivatives.!°

We have recently reported nanosegregated LC
semiconductors consisting of perylene tetracarboxylic bisimide
(PTCBI) cores and oligosiloxane chains.!'! The PTCBI
derivatives bearing four oligosiloxane moieties exhibit
columnar phases at room temperature and high electron
mobilities'"* while the compounds bearing two oligosiloxane
units show lamellar structures.'' In these LC phases, element-
block type organic/inorganic hybrid structures were formed by
nanosegregation.”” Unlike conventional LC semiconductors,
nanosegregation between the flexible oligosiloxane chains and
rigid m—conjugated systems is a main driving force to form LC
columnar aggregates. In conventional LC materials, alkyl side
chains are restricted to linear ones in principle. Branched alkyl
chains often inhibit molecular packing and destabilize
mesophases because of their bulkiness.'?

In this study, we report stabilization of the columnar phase
and enhancement of electron transport in the PTCBI derivative
1 bearing bulky bis(trimethylsiloxannyl)methylsilyl (trisioxan-
2-yl) groups, as shown in Scheme 1. Scheme 2 shows
molecular structures of PTCBI derivatives 2 and 3 bearing four
oligosiloxane moieties which were previously reported.''®®
Compared to a PTCBI derivative 2 bearing four linear
trisiloxane chains to exhibit a disordered columnar phase, the
compound 1 bearing four trisiloxan-2-yl moieties exhibit
ordered columnar phase and the electron mobility exceeds 0.1
ecm®V's! at 120 °C although these two compounds are
structural isomers. The electron mobility of compound 1 at
elevated temperatures is larger than that of PTCBI derivative 3
bearing four disiloxane chains which occupy smaller volume.

LC materials bearing silsesquioxane, linear disiloxane and
trisiloxane chains have been studied.'”> Recently a few
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conjugated polymers bearing oligosiloxane moieties have been
reported.'**® Only few calamitic LC materials bearing the
trisiloxane-2-yl unit were synthesized so far,'* but it has not
been considered as side chains of discotic LC molecules or low
molecular weight organic semiconductors.
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Scheme 1 Synthetic route of a PTCBI derivative 1 bearing trisiloxan-2-yl groups
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Scheme 2 Molecular structures of PTCBI derivatives bearing linear oligosiloxane
chains

Experimental

Characterization of LC phases

The mesomorphic properties of the PTCBI derivatives were
studied by differential scanning calorimetry (DSC), polarizing
optical microscopy, and X-ray diffraction (XRD). A polarizing
optical microscope (Olympus DP70) equipped with a hand-
made hot stage was used for the visual observation of the
optical textures. DSC measurements were conducted on a

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

NETZSCH DSC 204 Phoenix. XRD measurements were
carried out on a Rigaku Rapid II diffractometer by using Ni-
filtered CuKa radiation.

Measurement of electron mobility

Electron mobilities were measured by the time-of-flight (TOF)
method."® A liquid crystal cell was fabricated by combining two
ITO-coated glass plates. The cell was placed on a hot stage and
heated at 125 °C. LC samples were melted and filled into the
cell via a capillary action. The cells were cooled at a rate of 0.1
degree/min. The liquid crystal cell was placed on the hot stage
of the TOF setup. A DC voltage was applied to the cell using an
electrometer (ADC R8252) and a pulse laser was illuminated
on the cell. The excitation source was the third harmonic
generation of a Nd:YAG laser (Continuum MiniLite II,
wavelength = 356 nm, pulse duration = 2 ns) and the induced
digital
oscilloscope (Tektronics TDS 3044B) through a serial resistor.

displacement currents were recorded using a

Synthesis of materials

All the 'H and "*C NMR spectra were recorded on a Varian
UNITY INOVA400NB spectrometer. FT-IR measurements
were conducted on a JASCO FT/IR-660 Plus spectrometer.
Bis(trimethylsiloxanyl)methylsilane and the Karstedt catalyst
were purchased from Gelest Inc. Tetrahydrofuran, toluene, and
dimethoxyethane were obtained from Wako Pure Chemical
Industries and were used without purification. Silica gel was
purchased from Kanto Chemicals.

The LC PTCBI derivative was synthesized as shown in
Scheme 1. Perylene tetracarboxylic anhydride was converted to
bisimide 4.
Bis(trimethylsiloxy)methylsilane were reacted with the terminal

alkenyl-substituted perylene tetracarboxylic
double bonds of the side chains using the Karstedt catalyst'® in
toluene at room temperature, producing compounds 1.
N-N’-bis{1,9-di(1,1,1,2,3,3,3-heptamethyl-1,3,5-trisiloxan-3-
yl)nonane-5-yl} perylene-3,4,9,10-tetracarboxylic bisimide (1)

N-N’-bis(1,9-nonane-5-yl)perylene-3,4,9,10-tetracarboxlic
bisimide 4 1.18 g (1.9
bis(trimethylsiloxanyl)methylsilane 2.09 g (10.2 mmol) were
dissolved in toluene (30 ml) and 10 pl of Karstedt catalyst (1,3-
divinyl-1,1,3,3-tetramethyldisiloxane platinum (0), 2.1 atom%,

mmol) and

xylene solution) was added to the reaction mixture. The
solution was stirred at room temperature for two hours. The
solvent was evaporated and the resultant red residue was
purified by a column chromatography (elutant: n-hexane and
ethyl acetate (10:1)). The crude product was dissolved in
dichloromethane and the solution was poured into methanol.
The red precipitates were filtered. Red powder (0.965 g, 0.66
mmol) was obtained in the yield of 36 %. "H NMR (400 MHz,
CDCl;): & = 8.67 (d, br, 4H, J = 8.4 Hz), 8.59 (d, 4H, J = 8.4
Hz), 5.17 (tt, 2H, J =9.2, 6.0 Hz), 2.18-2.30 (m, 4H) , 1.80-1.91
(m, 4H), 1.19-1.42 (m, 16H), 0.40 (dd, 8H, J = 9.2, 6.8 Hz),
0.02 ppm (s, 72H), -0.07 ppm (s, 12H); *C NMR (100 MHz,
CDClL): 8 = 159.8, 130.7, 128.1, 127.4, 125.9, 122.7, 119.2,
51.1, 28.5, 26.9, 19.4, 13.9, -1.9, -4.1 ppm; IR (ATR) : v =
2958, 1699, 1659, 1595, 1579, 1405, 1338, 1251, 1037, 834,
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Page 2 of 9



Page 3 of 9

RSC Advances

808, 781, 752 c¢cm’'; Exact Mass: 1522.65; Molecular
Weight: 1524.78; m/z [MH']: 1526.41, 1525.41, 1527.42,
1528.42, 1524.41, 1523.39, 1529.4; Elemental Analysis (%)
calculated for C;oH,6N,0O1,Si;,: C, 55.14; H, 8.33; N, 1.84; O,
12.59; Si, 22.10; found: C, 55.20; H, 8.50.

Compounds 2 and 3 which bearing linear 1,1,1,3,3,5,5-
heptamthyl-1,3,5-trisiloxane and 1,1,1,3,3-pentamethyl-1,3-
disiloxane chains (Scheme 2) were prepared from compound 4
by the procedure reported previously.''®® It should be noted that
compound 2 is a structural isomer of compound 1.

Results and discussion

Characterization of the mesophase of compound 1

As shown in Figure 1, compounds 1 and 2 exhibit single
1225 °C and 62.5 °C,
respectively. They do not crystallize when they are cooled to -
100 °C. As discussed later, the columnar phases of compounds

enantiotropic LC phases below

1 and 3 are ordered columnar phases while compound 2
exhibits disordered phase. Phase transition
enthalpies of compounds 1 and 3 are larger than that of

a columnar

compound 2. It is reasonable because remarkable thermal
motion inhibits closed molecular aggregation in the LC phase,
resulting in the disordered columnar phase of compound 2.
Glass transitions originated from the freeze of the thermal
motion of the oligosiloxane chains are observed around -60 °C
for compounds 1 and 3 and -80 °C for compound 2. Compared
to the longer trisiloxane chains of compound 2, mobility of the
2-siloxanyl moieties should be comparable to that of the
disiloxane chains of compound 3.
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Figure 1 DSC thermograms of compound 1-3 at heating and cooling rate of 10
K/min.

Table 1 Phase transition temperatures (enthalpy / Jg') of compounds 1-3

Compound 1 Glassy Col,, -63 °C Col,, 122.5 °C (4.5) Iso
Compound 2 Glassy Col,, -82 °C Colyy 62.5°C (3.2) Iso
Compound 3 Glassy Coly, -58 °C Col;, 47.0 °C (1.8) Coly, 138.3 °C (6.2) Iso

Coly,: columnar rectangular ordered phase; Coly,: columnar hexagonal
ordered phase; Colna: columnar hexagonal disordered phase; Iso: isotropic
phase

This journal is © The Royal Society of Chemistry 20xx

Figure 2(a) exhibits a polarizing optical micrograph of
compound 1 at room temperature. By leaving the sample at 122
°C, the sizes of the LC domains exceeded several hundred pum.
There were two kinds of domains with high and low
birefringence. LC nuclei with rectangular shapes grew to be the
high-birefringent domains at the phase transition temperature
between the isotropic and the LC phases, as shown at the upper
left of Figure 2(a). In the domains, the columnar aggregates of
compound 1 align parallel to the surface of the substrate. In
contrast, the low-birefringent domains are formed via elongated
hexagonal dendritic LC droplets, suggesting a pseudo-
hexagonal columnar order, as shown at the centre of Figure 2(a).
In the domains, the columnar aggregates are perpendicular to
the surface of the substrate. The non-zero birefringence of the
domains should be attributed to the pseudo-hexagonal columnar
arrangement, i. e., rectangular lattice, although the domains
should be non-birefringent in a completely hexagonal columnar
arrangement.

Figure 2(b) exhibits a polarizing optical micrograph of
compound 2 at room temperature. Dark homeotropic domains
indicate that columnar aggregates orient perpendicular to the
surface of the substrate. Domains with a defect line were
observed, indicating the presence of bent columnar aggregates.
This suggests that the columnar aggregates are soft and flexible
compared to those of compound 1. As shown in Figure 2(a), no
domains with a defect line derived from the bent structures of
columnar aggregates were observed for compound 1. For
compound 3, non-birefringent hexagonal dendritic textures
were observed below the phase transition temperature between
the isotropic and hexagonal ordered phases, and defect lines

were formed in the rectangular ordered columnar phase at room
11b

temperature, as reported previously.

Figure 2 Polarizing optical micrographs of (a) growing LC domains of compound 1
at 122 °C and (b) LC domains of compound 2 at room temperature

Figure 3 exhibits X-ray diffraction patterns of compound 1
and 2 at room temperature. For compound 1, many diffraction
peaks derived from a rectangular columnar arrangement with
the symmetry of P2m were observed. Diffraction peaks at 3.74°,
6.19°, 7.51°, 8.72°, 9.47°, 10.38°, 12.08°, 12.81°, 14.28°, 14.95°,
17.64°, and 23.29° are assigned to (100), (120), (200), (220),
(040), (230), (320), (240), (250), (410), (440), and (620)
diffraction planes. The lattice parameters calculated from the
(100) and (010) diffractions are 25.1 A and 35.6 A, respectively.
In a conventional rectangular columnar phase, LC molecules
usually tilt to the columnar axis and one lattice parameter is
In this
columnar phase of compound 1, the LC molecules do not tilt to

shorter than the size of the disk-like molecules.

the columnar axis. The shorter (100) lattice parameter than the

J. Name., 2013, 00, 1-3 | 3
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extended length of the molecule of compound 1, 34 A should
be attributed to the interdigitation of the trisiloxan-2-yl groups.
In contrast, (010) lattice parameter is comparable to the
extended length of the molecule of compound 1. In this
direction, the interdigitation is not remarkable. In addition, it
should be noted that a diffraction peak at 25.52° derived from
the m-mt stacking in the columnar aggregates is observed. This
peak is assigned to (001) diffraction plane and the n-n stacking
distance within the columnar aggregates was estimated to be
3.49 A. This columnar phase of compound 1 is identified to be
a columnar rectangular ordered phase.

In contrast to compound 1 exhibiting ordered columnar
phase, compound 2 exhibits a disordered columnar phase. In
the X-ray diffraction pattern, only two weak and ambiguous
peaks were observed other than a relatively strong peak at 3.71°,
which is originated to a (100) diffraction plane. The weak peaks
at 6.28° and 7.54° are assigned to (110) and (200) planes. The
lattice constant calculated from the diffraction peaks are 23.8 A,
14.07 A, and 7.54 A. The ratio of the constants was 1: 1/33:1/2
and no peak derived from the long-range order of the molecular
position within the columnar aggregates was observed.
Therefore the LC phase is identified to be a hexagonal
columnar disordered phase. The lattice spacing corresponding
to the (100) diffraction plane is 23.8 A, which is much shorter
than the fully extended length of the molecule of compound 2,
37 A. This result indicates interdigitation of the linear
trisiloxane chains of compound 2 as in the columnar phase of
compound 1.
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Figure 3 X-ray diffraction patterns of compounds 1-2 at room temperature

The (100) diffraction lattice parameters of the columnar
phases of compounds 1 and 2 are comparable. This result
implies disordered conformation of the linear trisiloxane chains
of compound 2 in the columnar phase, in addition to the
interdigitation of the trisiloxane chains. However, the molecular
aggregation state within columns is remarkably influenced by
the change in the position of the trisiloxane chain connected to
the alkyl chains. In the columnar phase of compound 2, the
positional order within the columnar aggregates disappears
while long range order of the molecular positions exists within
the columnar aggregates of compound 1. Thermal motion of the

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

trisiloxan-2-yl moieties of compound 1 should be restricted,
compared to the linear trisiloxane chains of compound 2.

Compound 3 exhibit columnar hexagonal ordered and
rectangular ordered phases as reported previously.'® The lattice
parameter estimated from the (100) diffraction plane in the
columnar phase of compound 3 at room temperature is 21.8 A.
This value is shorter than that of compound 1. Compound 3
also have positional order of the LC molecules within columnar
aggregates based on m-7 stacking as compound 1. Comparing
compounds 1 and 3, the addition of one trimethylsiloxy unit to
the 1-position of the disiloxane chains of compound 3 does not
influence the m—n stacking within the columnar aggregates of
compound 1. In the direction of the columnar axes, =-
conjugated cores form closed m—m stacking structure in the
columnar phases of compounds 1 and 3 because the
their the
construction of the staggered stacking structures.

oligosiloxane moieties avoid confliction by

Temperature-dependence of the lattice parameters

Figure 4 exhibits lattice constants determined from (100) and
(001) diffraction planes.
correspond to the intercolumnar and the intracolumnar m—n

The former and latter values

stacking distances, respectively.
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Figure 4 Lattice constants as a function of the temperature (a) (100) plane
(intercolumnar distance) and (b) (001) plane (n—mn stacking distance within the
columnar aggregates) for compounds 1 and 3
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Compared to compound 3 bearing four disiloxane chains,
compounds 1 and 2 have larger intercolumnar distances. It is
reasonable because linear trisiloxane chains of compound 2 and
trisiloxan-2-yl groups of compound 1 occupy larger spaces than
the disiloxane chains of compound 3. Comparing compound 1
with compound 2, the intercolumnar distance of compound 1
bearing four trisiloxan-2-yl moieties is greater than that of
compound 2. This result indicates that linear trisiloxane chains
of compound 2 interdigitate remarkably, compared to the
columnar phase of compound 1. In other words, trisiloxan-2-yl
moieties of compound 1 occupy more volume than linear
trisiloxane chains of compound 2.

The temperature-dependence of the lattice parameters
determined from the (100) diffraction plane, which correspond
to the intercolumnar distances for compounds 1 and 3 exhibit
the same dependence. They gradually increase with an increase
in the temperature as shown in Figure 4(a). This tendency
should be attributed to the increase in the thermal motion of the
with the temperature. In the
the lattice
parameter decreases near the phase transition temperature to the

oligosiloxane side chains

disordered columnar phase of compound 2,

isotropic phase. This should be interpreted as pre-transitional
behaviour before the melt of the columnar aggregates.

The lattice parameters determined from the (001) diffraction
plane indicate the m—m stacking distances in the columnar
aggregates of compounds 1 and 3. For both compounds, the
lattice parameters increase with the temperature. The thermal
motion of the oligosiloxane chains expands the m—n stacking
distances in the columnar phases of compounds 1 and 3.
intercolumnar
The
intercolumnar distance in the ordered columnar phase of

The dominant factor to determine the
distance is volume of the oligosiloxane moieties.
compound 1 is greater than that of the disordered columnar
phase of compound 2. The m—m stacking distance should
depend on the freedom of the thermal motion of the
oligosiloxane moieties. Compound 1 forms ordered columnar
phase in which the =-conjugated cores stack closely and
periodically as compound 3 exhibits the ordered columnar
phase. However, compound 2 exhibits the disordered columnar
phase due to the thermal motion of linear trisiloxane chains.

Characterization of electron transport in the columnar phase

Electron mobility in the columnar phase of compound 1 was
determined by a time-of-flight technique. Figure 5(a) exhibits
transient photocurrent curves for electrons in the columnar
phase of compound 1 at room temperature. Although periodical
noises derived from excitation laser pulse are observed in the
time ranges shorter than 0.1 ps, non-dispersive transient
photocurrent curves are obtained for the electrons at room
temperature. The electron mobility is 5x1072 cm*V's™, which is
independent of the electric field as shown in Figure 5(b).

The electron mobility in the columnar phase of compound 1
is close to that in the ordered columnar phase of compound 3.''
It is two orders of magnitude higher than that in the disordered
columnar phase of compound 2.'"" This field-independent
mobility indicates small energetic disorder in the columnar
phase of compound 1, as compared to amorphous organic

This journal is © The Royal Society of Chemistry 20xx

semiconductors. In amorphous organic semiconductors, carrier
mobility exhibits positive field-dependence, due to field-
assisted charge carrier hopping.'’

Figure 6 exhibits the electron mobilities in the columnar
phases of compounds 1-3 as a function of the temperature.
Between room temperature and 120 °C, the electron mobility
for compound 1 gradually increases with the temperature while
it decreases with the temperature in the columnar phase of
compound 3. The electron mobility in the disordered columnar
phase of compound 2 which is a structural isomer of compound
1 is two orders of magnitude lower than that of compound 1.
Unlike the ordered columnar phases of compounds 1 and 3, the
columnar phase of compound 2 is a disordered columnar phase,
in which the electron hopping is not efficient due to the loose
molecular aggregation in the columnar phase. The appearance
of the disordered columnar phase in compound 2 should be
attributed to the bulkiness and freedom of the conformation of
the linear trisiloxane chains compared to those of the disiloxane
chains of compounds 1 and 3.
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Figure 5 Transient photocurrent curves for electrons in the columnar phase of
compound 1 at 30 °C. The sample thickness is 15 um, and the wavelength of the
excitation laser pulse is 355 nm. (b) Electron mobility in the columnar phase of
compound 1 as a function of the electric field at 30 °C.

Comparing the electron mobilities in the columnar phases of

compounds 1 and 3, the n—n stacking distances are almost same
at room temperature. However, the electron mobility of
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compound 3 is twice higher than that of compound 1. The
temperature-dependences of these electron mobilities in the
columnar phases of compounds 1 and 3 are opposite. For
compound 1, the electron mobility increases with an increase in
the temperature while it decreases with an increase in the
temperature for compound 3. Above 80 °C, the electron
mobility in the columnar phase of compound 1 is higher than
that of compound 3.

Carrier transport characteristics in the LC phases below
room temperature have been described by the small polaron'®
or disorder'® models which are applied to organic amorphous
semiconductors.!” Analysis based on one-dimensional disorder
model revealed the energetic disorder of ca. 50 meV in the
ordered columnar phases of the PTCBI derivatives bearing four
He and field-
independent carrier mobilities are often observed in the smectic

disiloxane chains. In contrast, temperature-
and columnar phases above room temperature.”> In this
temperature region, most of the charge carriers are thermally
excited to the transport level and the temperature-dependence
of carrier mobilities in the LC systems is strongly influenced by
the dynamic nature of the LC states.''

Assuming the electron mobility of 0.1 cm*V™'s and electric
field of 10" Vem™, the hopping time is estimated to be several
ps, which is much shorter than the time scale of molecular
motion in columnar phases. However, the columnar structures
are disordered by the thermal motion of the side chains.
Thermal activation in the charge carrier hopping process causes
while
dynamic thermal fluctuation of the LC structures tends to

positive temperature-dependence of the mobilities

decrease the mobilities. The temperature-dependence of carrier

mobilities is determined by the balance between the two factors.

This is quite different from the hopping transport in organic
‘solid” semiconductors, in which carrier mobilities increase
with an increase in the temperature.'’
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Figure 6 Electron mobility in the columnar phases of compounds 1-3 as a
function of the temperature

As shown in Figure 4(b), due to thermal fluctuation of the
columnar aggregates, m—mn stacking distances increase with an
increase in the temperature in the columnar phases of both
compounds 1 and 3. This tendency acts to decrease the electron

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

mobilities with the temperature. However, thermal activation of
the intermolecular charge transfer is dominant over this effect
in the columnar phase of compound 1. In contrast, the thermal
fluctuation effect is remarkable compared to the effect of the
thermal activation in the charge carrier hopping in the columnar
phase of compound 3.

The dominant factor to determine the carrier mobility in
columnar phases is intermolecular m-orbital overlap which is
decreased by the expansion of the m-n stacking distance within
the columnar aggregates. In addition, molecular mutual rotation
around the columnar axes'®® and sliding motion of the n-
conjugated cores in the direction perpendicular to the columnar
decrease the intermolecular m-orbital overlap.

The trisiloxan-2-yl moieties of compound 1 are more bulky
than disiloxane chains of compound 3. As a result, the
interdigitation of the trisiloxan-2-yl moieties in the ordered
columnar phase of compound 1 is not remarkable compared to
that for compound 3, as shown in Figure 4(a). This tendency
should suppress thermal motion of the n-conjugated core
perpendicular to the columnar axes as well as molecular mutual
rotation around the columnar axes in the LC phase of
compound 1. For compound 1, the thermal expansion of the
columnar aggregates along the columnar axes decreases
intermolecular m-orbital overlap, but this effect is cancelled by
the thermal activation in the charge carrier hopping process. In
the columnar phase of compound 3, not only the thermal
expansion of the columnar aggregates along the columnar axes
but also positional disorder of the w-conjugated cores caused by
mutual rotation and sliding motion of the m-conjugated cores
should lower the electron mobility with an increase in the
temperature.

Conclusions

Mesomorphic structures and electron transport characteristics in
the phases of PTCBI derivatives bearing
oligosiloxane chains are compared. Trisiloxan-2-yl groups
enhance the formation of the ordered columnar aggregates and
electron transfer. Compound 1 exhibits an ordered columnar
phase in spite of its bulky trisiloxan-2-yl side chains. In the
ordered columnar phase of compound 1, the interdigitation of
the trisiloxan-2-yl groups is not so remarkable as that of
compound 2 and 3 which have linear oligosiloxane chains. The
electron mobility in the ordered columnar phase of compound 1
is 0.05 cm®*V-'s™! and it increases with the temperature. Above
80 °C, the electron mobility is higher than that of compound 3.
The value exceeds 0.1 cm*V''s™! at 120 °C. The temperature
dependence of the electron mobility in the columnar phases is
determined by the balance of thermal activation effect in the
electron hopping process and thermal fluctuation of the
columnar aggregates. The thermal fluctuation of the columnar
structure includes the thermal expansion of the m-m stacking
distance within the columnar aggregates and the sliding motion
of the m-conjugated cores in the direction perpendicular to the
columnar axes. The introduction of these oligosiloxane moieties
is effective to stabilize the LC phases of not only the PTCBI

columnar

This journal is © The Royal Society of Chemistry 20xx
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derivatives but also other mesogenic compounds. The detailed
study is in progress.
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