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Preface 



Intermolecular interactions are of essential for the morphological behavior of soft matters rather 

than the solid states of matter. In particular, intermolecular specific interactions such as hydrogen 

bond, dipole-dipole, charge transfer etc. make the molecular aggregations form a variety of orders 

and in the case of liquid crystals, the diversity of ordering are easily operated with such 

intermolecular interactions.[1-3]  

Most of these are issues of molecular level segregations taking a place in the molecular 

aggregations and the fluorophilic and fluorophobic interactions are of typical and lead to a variety of 

molecular orders in mesomorphism involving its dynamical aspects. 

Fluorine atom has been extensively studied so far and its unique properties have been revealed.[4] 

Some specific interactions have been proposed and for example, quadrapolar interactions working 

among aromatics and fluorinated aromatics are strongly supported in the system of benzene as a 

mostly simple example.[5-8] Even for dendric molecules with perfluoroalkyl chains the 

nano-segregation easily takes place to form a hierarchical columnar orders.[9] These surely indicate 

that fluorination of aromatics and alkyl tails are a good tool for making segregation in the molecular 

aggregations which is sometimes a drastic change of molecular orders and is involving structures 

suitable for functional properties.[10] 

On the other hand, it is just in the midst of time for developing organic electronics and studies on 

organic semiconductors have been so extensively studied to give some compounds which show so 

high mobility of charged carriers (~ 10-1 cm2V-1s-1), which is comparable to that of amorphous 

silicon.[11] A variety of solid materials have been reported as new organic semiconductors applicable 

to thin film devices such as transistors and solar cells.[12-15]  

Recent studies on the application of organic semiconductors to thin film devices have been 

focused onto organic transistors and some striking materials such as pentacene[16] and rubrene[17-19] 

have shown to be a good candidature for such devices in a practical point of view. Furthermore, the 
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fabrication of thin film devices using organic semiconductors is expected as a new type of materials 

which could be ink. This requires the compound to have certain solubility into common organic 

solvents and easily forms to be a homogeneous thin film as the active layer in devices. However, 

most of solid organic semiconductors do never show the required solubility and thus new strategies 

at molecular design have been proposed like the introduction of alkyl chains and polar substituents. 

From this point of view, liquid crystals are so interesting because of the alkyl tails, which is an origin 

of self-assembling nature due to the fluctuations of molecules. 

Columnar structures formed by molecular stacking are one of the important features of molecular 

orders for liquid crystalline semiconductors based on discotic liquid crystals. In 1994, Haarer et al. 

reported a first discovery of liquid crystalline semiconductors of which carrier mobility reaches to 

almost 0.1 cm2V-1s-1 comparable to amorphous silicon, but for a plastic columnar mesophase having 

a 3-dimentional order with a helical structure.[20] Also indicated that the higher ordering within the 

columns in both orientational and dynamical aspects is essentially important for efficient charge 

transport in an electronic process (charge hopping among molecules). Increasing the fluctuation 

modes of molecules in mesophase surely leads to decreasing the efficiency, that is the lower carrier 

mobility is recalled.[21]  

In this thesis, fluorinated phenyl groups are introduced to discotic liquid crystal molecules aiming 

the induction of molecular level segregation, which is expected to show in a columnar order by 

strong attractive interactions. Three types of discotic liquid crystals, which are fluorinated on the 

peripheral aromatic rings, were synthesized and the mesomorphic and charge transport properties 

was investigated. 

Chapter 1; 2, 3, 6, 7, 10, 11-hexakis (4-alkyloxy-2, 3, 5, 6-tetrafluorobenzoyloxy) triphenylenes 

(CnF4E-TP) and the branched chain derivative were synthesized and investigated there 

mesomorphic properties. It was found that all compounds exhibit Colh phase having a wide range of 
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temperature, though corresponding hydrocarbon homologue exhibit discotic nematic (ND) phase 

accompanied with Colr phase in the lower temperature region. On the other hand, the stabilities of 

mesomorphism for the compounds having the branched peripheral chains larger then corresponding 

non-branched peripheral chain homologues 

Chapter 2; To reveal the alteration of fluorinated positions in the phenyl rings leads to a drastic 

change of the mesomorphism involving the thermal stability, hexakis (4-octyloxybenzoyloxy) 

triphenylene derivatives with mono- or di-fluorinated at the inner (2- and/or 6-) or outer (3- and/or 

5- ) positions in the peripheral aromatic rings were synthesized and studied there mesomorphic 

transition behaviors. Especially, the thermal stability of the columnar mesophase are extremely 

stabilized over 400 ºC in 3-fluoro and 3,5-difluorobenzoyloxy derivatives fluorinated at the outer 

positions of phenyl rings. On the other hand, the thermal stabilities of the mesophases for 2-fluoro 

and 2,6-difluorobenzoyloxy derivatives fluorinated at the inner positions are decreased in 

comparison with non-fluorinated and full fluorinated derivatives.  

Chapter 3; Novel discotic liquid crystal, 2, 3, 6, 7, 10, 11-hexakis (4-alkyloxy-2, 3, 5, 

6-tetrafluorobenzyloxy) triphenylenes (CnF41O-TP) were synthesized and investigated those 

mesomorphic behaviour. All compounds exhibit Colh phase with a wide range of temperature and 

very large phase transitions enthalpies (>50 kJmol-1).  

Chapter 4; The carrier mobilities of CnF4E-TP (n=12, 14, 16) and CnF41O-TP in Colh phase of 

these compounds were measured by TOF technique. For CnF4E-TP, the drift mobilities were 

observed in a wide range of temperature 30~180 ºC. The carrier mobilities were evaluated in the 

order of 10-3 cm2V-1s-1 in the high temperature region, and 10-4 cm2V-1s-1 in the low temperature 

region.  

For CnF41O-TP, the carrier mobilities were evaluated in the order of 10-2 cm2V-1s-1, very faster 

carrier mobilities as discotic liquid crystals. Their fast mobilities may be cause to be highly order in 
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inter-columns from XRD measurement result and their high transition enthalpies and entropies. 
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General Introduction 



1) Discotic liquid crystals 

A discotic liquid crystal is generally the mesomorphic molecule, which has large π-conjugated system as 

central core structure, and peripheral chains such as alkyl chains.  

It was generally though that mesomorphism could only be generated by molecules of a rod like molecule. 

However, in relatively recent years it has been shown that many other molecular architectures are also 

capable of generating mesophase, one of these is the disk-like structure. The existence of mesophase 

generated by disk-like molecules was theoretically predicted in 1970, and mesomorphism in discotic 

compounds of hexaalkanoylbenzens were first reported in 1977 by Chandrasekhar et al.[1] Up to the recent, 

an immense amount of research into the synthesis of disk-like molecules and into the structural 

characterization of the discotic mesophase generated have been carried out by many research groups all 

over the world. Two basic types of discotic mesophases have been widely acknowledged, these are 

columnar phase and the others. There are several different types of columnar phases; these are classified 

into hexagonal (Colh), tetragonal (Colt), rectangular (Colr) and oblique (Colob) according to the different 

symmetry classes of two-dimensional lattice of columns (see Figure 1). Furthermore, Colr is divided into 

four types therefore the arrangement of columns. The typical mesophase without columnar phase generated 

by disk-like molecule is the nematic phase. Discotic nematic (ND) phase has only one phase axis similar to 

calamitic liquid crystal materials. The ND phase is the least ordered discotic liquid crystal phase like its 

calamitic analog. As for the nematic phase of calamitic molecules, the ND phase has only a statistically 

parallel ordering of molecular orientation with no translational ordering of the molecules (see Figure 2). 

Recently, a few disk-like materials have been reported that generate a columnar nematic (NC) phase.[2-5] 

This phase is formed by short columns consist of few disk-like molecules that adopt a discotic nematic 

packing arrangement (see Figure 3).
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Figure 2 Molecular arrangement in discotic nematic (ND) phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Molecular arrangement in columnar nematic (NC) phase. 

 

2) Liquid crystalline organic semiconductor 

i) Organic semiconductor material 

Recently it is expected that the Field-Effect-Transistor using organic semiconductor (OFET), which can 

be produced on a plastic substrate by printing technique with low cost, realize the electronic devices. The 

merit of OFET is an excellent flexibility, a lightweight, shock resistance, and so on. Organic semiconductor 

materials involve extended π-conjugated systems, and the carriers such as an electron and a hole migrate 

between molecules based on hopping or band conduction process. For the improvement of carrier mobility, 
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which is one of the important properties in OFET, it is necessary to make the π- conjugated system greatly 

overlapped among molecules. From these backgrounds, as an organic semiconductor material, molecular 

crystalline materials, such as pentacene and rubrene have been investigated so extensively. And the 

high-speed carrier mobility (>1.0 cm2V-1s-1) has been reported in the single crystal of these in which the 

molecule is tightly packing. However, molecular crystals are generally unsuitable to the thin film 

production by a wet process owing to their low solubility into the common organic solvents. Additionally, 

in the thin film production by the vapor deposition, molecular crystals have many problems on element 

production processes that thin film production in which the molecules are aligned uniformly, is hard 

because of the difficult of crystal growth control. 

On the other hand, liquid crystalline compounds which generally contain several alkyl chains, have a 

high solubility to common organic solvents, and therefore it is suitable for the solution process of thin film 

fabrication. Furthermore, liquid crystals are likely to exhibit a certain controllability of the molecular 

alignment due to the self-organization nature, and have an outstanding feature that their film formation with 

a uniform alignment of molecules could be attained to give a certain aria of uniformity in the film. 

 

ii) Electronic conduction in mesophase -liquid crystalline organic semiconductor- 

In organic semiconductors, the carrier mobility depends on the arrangement of molecule because the 

charge transport by molecules on elementary process of electronic conduction. The conduction mechanism 

is defined as two processes, band and hopping conductions according to the length for the localization of 

carrier on a molecule. The charge migration velocity between molecules depends on T shown in equation 

(1).[6-9] 
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 (1)1∫ += τϕϕ dT iiΗ

 T: Transfer integral, ϕi, ϕi+1: molecular orbital, H: Hamiltonian 

When T (transfer integral) is enough large, a carrier may be delocalized on molecules and charges 

migrate by band conduction. In molecular crystals, T is enough large owing to the dense highly ordered 

packing of most molecules and the molecular orbital interacted to each is degenerated into valence and 

conduction bands, leading to “band conduction”. 

On the other hand, in amorphous materials, T is relatively small because each molecule is not 

approaching enough for extent of molecular orbital. So in those, the charges migrate in the hopping process 

conduction. T is lower than in crystal material and there is arrangement and energetic disorder owing to 

lower order of molecules in amorphous organic semiconductor. The electronic energy levels and T in the 

ordered aggregation are contributed due to participate in carrier hopping. Therefore, in hopping process 

conduction, the carrier is localized on molecule and hop to adjacent molecule by electric field and/or 

thermal assistance. The carrier mobility µ in hopping process conduction is formulated by H. Bässler (see 

equation (2)).[10]   
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σ: distribution of molecular orbital, Σ: disorder of distance between molecules 

E: electric field, T: the absolute temperature 

In mesophase, it is thought that the charge migrates between molecules on the hopping process. The 

highly packing of molecule and weakly disorder of molecular arrangement are effective to improve the 

carrier mobility. Therefore, it is thought that highly ordered molecular alignment and densified packing is 
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advantageous to first carrier mobility in columnar phase of discotic liquid crystals. 

It was reported in 1994 that the hexaalkylthio triphenylene derivatives exhibit highly mobility of 10-1 

cm2V-1s-1 in helical columnar phase, which is equal to one of a-Si. Since then, many report of liquid crystal 

semiconductor using discotic liquid crystals have been shown. The example is shown in Figure 4.  
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Figure 4 Mesomorphic and charge transport properties of discotic liquid crystalline

semiconductors. 
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3) The effect of fluorination on liquid crystals 

The fluoroline substituent in organic compounds is regarded as so interesting because of the combination 

of polar and steric effects, and the great strength of the C-F bond which confers stability on fluorinated 

compounds. Some quantitative parameters in respect of polarity and size of various substituent found in 

organic molecules are shown in Table 1.[18-21] 

T

Proper

Electroneg

C-X Dipole m

Polarizability /

van der Waals

C-X bond le

C-X Bond streng

Fluorine atom has the

high dipole moment o

relatively large, e.g., 1

cause a reduction of dip

the fluorine atom has a 

The fluorine atom is th

obviously cause a ster

incorporated into the o

substituents that include

have other units bonded

 

able 1 Quantified polarity and size parameters for common  

substituent of organic molecules. 

ty  H F Cl Br I C N O 

ativity 2.20 3.98 3.16 2.96 2.66 2.55 3 3.5

oment / D 0.4 1.41 1.46 1.38 1.19 − − − 

 10-25 cm-1 6.67 5.57 21.8 30.5 47 − − − 

 Radii / Å 1.20 1.47 1.75 1.85 1.98 1.70 1.55 1.52

ngth / Å 1.09 1.38 1.17 1.94 2.13 − − − 
-1
th / KJ mol  410 484 323 269 212 − − − 

 highest electronegativity (3.98) all elements, and hence as a substituent confers a 

n the C-F bond. In an aliphatic or alicyclic environment the dipole moment is 

.85 D in fluoromethane, while in an aromatic environment the mesomeric effect 

ole moment, e.g., 1.50 D for fluorobenzene. Despite such a high polarity of atom, 

low polarizability, which lead to be the lower intermolecular dispersion interaction. 

e smallest in diameter, next to hydrogen atom. So although a fluoro substituent 

ic effect, the size influence is not too drastic, which enable it to be usefully 

riginal molecules for the beneficial modification of properties. The parameters of 

 carbon, nitrogen and oxygen are also shown in Table 1, but of course they must 

 to them to give various different groups, which are much larger than a fluorine 
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Figure 5 Interaction image in difluoromethane. 

atom. 

The interesting influence of fluoro substituents on properties as well exemplified by comparing 

hydrocarbon with perfluorocarbons, and such a comparison of behavior and properties is very applicable to 

liquid crystals, which almost always possess hydrocarbon chains in their molecular structure. For example, 

it have been shown that the introduction of perfluoroalkyl chains to the terminal chains enhances the 

mesomorphic thermal stability and facilitate smectic phase alignment in calamitic liquid crystals,[22-29] and 

the hexagonal columnar phase in discotic liquid crystals,[30-32] is probably owing to fluorophilic and 

fluorophobic interactions. 

F F
F F

F F

F F
F F

F F

 

Figure 6 Interaction image between hexafluorobenzene and benzene. 

Furthermore, the highly polar nature of the C-F bond can in turn causes polarization of the C-H bond of 

the same carbon, thus enabling the hydrogen to be involved in hydrogen bonding with the fluorine atom of 

a neighbor molecules. For example, difluoromethane has a significantly higher boiling point (-51.6 °C) 

than either the hydrocarbon (methane) or perfluorocarbon (tetrafluoromethane) homologues, which boil at 
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–161 °C and –128 °C, respectively.[33] This interaction image is schematically shown in Figure 5. 

On the other hand as for interaction of fluorinated aromatics, remarkable influence is found for the 

complex resulting from an equimolar mixture of fully fluorinated and hydrocarbon aromatics. It has been 

reported that hexafluorobenzene (3.9 °C) and benzene (5.5 °C) form complexes in the mixture that have a 

higher melting point (23.7 °C), and is probably due to quadrapolar interaction[34, 35] as depicted in Figure 6. 

 Furthermore, compound A exhibit Colh phase owing to the form action of the dimers by the hydrogen 

bond between fluorine atoms on fully fluorinated benzene ring and hydrogen atoms on the non-fluorinated 

benzene ring (image is shown in Figure 7).[36] 
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Figure 7 Interaction image and mesomorphic properties of compound A. 

 

Especially, the fully fluorinated aromatic ring is expected to exhibit various interactions owing to the 

nature of fluorine atom and has a potential for a construction of highly ordered molecular alignment.    
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Chapter 1 

Mesomorphic properties of 

2,3,6,7,10,11-hexakis-(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy) 

triphenylenes 



1-1. Introduction 

The fluorinated compounds have attracted much interest because of their unique properties in chemistry 

and physics.[1] Especially in research field of LCDs technology, liquid crystal materials possessing the 

fluorinated aromatic rings or linkage groups have been synthesized and reported their properties such as 

dielectric anisotropy, rotational viscosity, etc.,[2-6] because the fluorination gives large dielectric anisotropy 

without the depression of the mesomorphic properties. On the other hand, for fluorinated discotic liquid 

crystals, only a few reports have been seen to show that a thermal stability of hexagonal columnar (Colh) 

phase is enhanced by introducing perfluoroalkyl structures to peripheral chains of the central core part, 

probably due to the fluorophilic and fluorophobic interactions.[7-9]  

On the other hand, for the fluorination of aromatic rings in discotic compounds, it has been reported that 

dodecafluorotriphenylene and triphenylene derivatives form complexes in the mixture that have a higher 

melting point, probably due to quadrapolar interaction. Moreover, columitic compound having fully 

fluorinated and non-fluorinated phenyl rings exhibit Colh phase owing to form the dimmer by hydrogen 

bond between fluorine atom on fully fluorinated benzene ring and hydrogen atom on non-fluorinated 

benzene ring.[10-12] Thus, the fully fluorinated aromatic ring is expected various interaction owing to the 

nature of fluorine atom and has a potential for a construction of highly ordered molecular alignment.  

A series of novel 2,3,6,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy)triphenylene 

(CnF4E-TPs; see Figure 1-1) having non-branched and branched alkyl moieties as peripheral chain were 

Figure 1-1

 

O
O

O
O

O

O

OR

RO

OR

OR

OR

O

OO

O

O

RO

F
F

F
FF

F

F
F

F

F

F

F
F

F

F
F

F
F

F
F

F

F

F

F
O

CnF4E-TP: R=CnH2n+1 (n=6~10, 12, 14, 16)

C1(1C1)F4E-TP: R=

C6(2C2)F4E-TP: R=

R=C8(3, 7C1)F4E-TP:

  
 Chemical structure of hexakis (4-alkoxytetrafluorobenzoyloxy) triphenylene derivatives

22



synthesised (Scheme 1-1) to study the mesomorphic behavior and the corresponding non-fluorinated 

(hydrocarbon) homologues[13] were compared. The identification of these compounds was carried out by 

1H-NMR, 19F-NMR, FT-IR, elemental analyses, and TOF-MS. And the mesomorphic behavior was 

investigated by polarized optical microscopy (POM), DSC measurement and X-ray diffraction technique. 
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Scheme 1-1 Synthetic route of CnF4E-TPs and Cn(nCn)F4E-TP: i) RBr, K2CO3, TBAB, MEK, 

reflux; ii) ROH, PPh3, DEAD, THF, rt.; iii) n-BuLi/Hexane, THF, -78 °C; iv) CO2(S), -78 °C; v) 

3M-HClaq, rt.; vi) 2,3,6,7,10,11-hexahydroxytriphenylene, DCC, DMAP, CH2Cl2, rt.  

1-2. Experimental 

1-2-1. General measurement 

1H-NMR spectra were observed at 500.0 MHz on JEOL ECA500 FT-NMR spectorometer using CDCl3 

as solvent. Tetramethylsilane was used an internal standard.19F-NMR spectra were observed at 470.6 MHz 

on the same spectrometer, Mass spectra was obtained on JEOL Accu TOF spectrometer. IR spectra were 

measured on Bio-Rad FTS6000 FT-IR spectrometer for the KBr pellet. 

1-2-2. Measurement of mesomorphism 

The phase transition temperatures and enthalpies of the compounds were measured by differential 

scanning calorimetry min (DSC, TA instrument DSC2920) for 5-10 mg samples of freshly recrystallised 

materials at a scanning rate of 5 °C/. Microscopic observations of the optical texture of mesophase were 

observed by a polarrized microscope (Olympus BH2) equipped with hot stage (Mettler FP90). The 

mesophases were identified by X-ray diffraction (Rigaku, RINT-2000) for non-arrigned sample in the 

mesophase temperature ranges. 
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1-2-3. Synthesis 

1-2-3-1. 3-hexyloxy-1,2,4,5-tetrafluorobenzene (C6F4) 

Following the addition of K2CO3 20.0 g (144.5 mmol) into a solution of 2,3,5,6-tetrafluorophenol (1) 

20.1 g (121.3 mmol) in 2-buanone (100 mL), tetrabutylammonium bromide 4.7 g (14.5 mmol) and the 

solution of bromohexane 22.1 g (144.5 mmol) in 2-butanone (50 mL) here added into the suspension 

mixture, and was stirred with refluxing for 4 h. Water (100 mL) and diethyl ether were added to the 

reaction mixture at room temperature, and the sparated organic layer was washe with brine (100 mL) and 

dried over anhydrous MgSO4. The solution removed under reduced pressure and the residue was purified 

by column chromatography on silica gel (300 g), eluting with hexane to yield 30.1 g (120.4 mmol) of C6F4 

as colourless liquid, yield 97.8 %. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.92 (t, J = 7.0 Hz, 3H), 

1.27−1.36 (m, 4H), 1.47 (quintet, J = 7.5 Hz, 2H), 1.78 (quintet, J = 8.0 Hz, 2H), 4.22 (t, J = 6.5 Hz, 2H), 

6.74 (tt, 3JHF = 10.0 Hz, 4JHF = 3.0 Hz 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.8 (dd, 3JFF = 

14.8 Hz, 5JFF = 8.9 Hz, 2F), –157.6 (td, 3JFF = 13.6 Hz, 5JFF = 7.1 Hz 2F). 

1-2-3-2. 3-hexyloxy-2,3,5,6-tetrafluorobenzoic acid (C6F4A) 

 A solution of 3-hexyloxy-1,2,4,5-tetrafluorobenzene (C6F4) 30.1 g (120.4 mmol) in dry THF (250 mL) 

was added 1.60 molL-1 n-BuLi in hexane 105 mL (168 mmol) at –78 ºC, and the reaction mixture was 

stirred for 2 h at –78 ºC, To the reaction mixture was added a solid of CO2 (Dry Ice) as portionwise at –78 

ºC, and the reaction mixture was stirred for 1h at –78 ºC and at room temperature over night. 3M-HClaq 

(100 mL) and diethyl ether (200 mL) were added to the reaction mixture at 0 ºC, and the separated organic 

layer was washed with brine (100 mL) and dried over anhydrous MgSO4. The solvent was removed under 

reduced pressure and the purified by recrystallization using n-hexane to yield 22.3 g (75.7 mmol) of 

C6F4A as colourless crystal (yield=62.9 %). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.91 (t, J = 7.0 Hz, 

3H), 1.31−1.36 (m, 4H), 1.47 (quintet, J = 7.3 Hz, 2H), 1.80 (quintet, J = 7.1 Hz, 2H), 4.37 (t, J = 6.7 Hz, 

2H), 9.3 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –112.9 (d, 3JFF = 11.3 Hz, 2F), –131.3 (d, 3JFF = 

10.8 Hz, 2F). 
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1-2-3-3. 2,3,6,7,10,11-hexakis(4-hexyloxy-2,3,5,6-tetrafluorobenzoyloxy)triphenylene (C6F4E-TP) 

4-dimethylaminopyridine 1.50 g (12.24 mmol) was added into a solution of 

4-hexyloxy-2,3,5,6-tetrafluorobenzoic acid (C6F4A) 4.29 g (12.24 mmol) and 

2,3,6,7,10,11-hexahydorxytriphenylene (0.40g, 1.36 mmol) in CH2Cl2 (60 mL) and stirred for 1h at rt. 

N,N-dicyclohexylcarbodiimide (DCC) 2.53 g (12.24 mmol) in CH2Cl2 (20 mL) was then added, and the 

reaction mixture was stirred overnight at rt. The resulting mixture was filtlated and the filtlate was added to 

brine and stirred for 1 h and separated organic layer was washed with 3M-HClaq, NaHCO3aq and brine (50 

mL, for each), and dried over anhydrous MgSO4. The solvent was removed under reduced pressure and the 

residue was purified by column chromatography on silica gel (300 g), eluting with n-hexane/ ethyl 

acetate=3/1, followed by recrystallization using toluene (100 mL) and EtOH (400 mL) to yield 0.85 g (0.43 

mmol) of C6F4E-TP as colourless crystal (yield=31.6 %). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.96 (t, J 

= 6.9 Hz, 18H), 1.38−1.41 (m, 24H), 1.52 (quintet, J = 7.0 Hz, 12H), 1.84 (quintet, J = 6.7 Hz, 12H), 4.33 

(t, J = 6.5 Hz, 12H), 7.97 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –138.9 (s, 12F), −158.8 (s, 

12F); MS m/z=1981.8 (Calc. 1981.7 for C96H84F24O18); FTIR (KBr, cm−1) 2959, 2934, 2361, 2861, 2342, 

1759, 1650, 1489, 1412, 1389, 1323, 1256, 1210, 1117, 1006, 939, 890, 835, 800; Anal. Calc. for 

C96H84F24O18: C, 58.19; H, 4.27; F, 23.01%. Found: C, 58.29; H, 4.29; F, 23.11%.   

1-2-3-4. 3-heptyloxy-1,2,4,5-tetrafluorobenzene (C7F4) 

 Following the method employed for the synthesis of C6F4, 31.7 g (120.0 mmol, yield=99.6 %) of 

C7F4 was obtained as colourless liquid by using 1-bromoheptane as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.80 (t, J = 6.8 Hz, 3H), 1.26−1.38 (m, 6H), 1.46 (quintet, J = 7.5 Hz, 2H), 1.78 

(quintet, J = 6.6 Hz, 2H), 4.21 (t, J = 6.4 Hz, 2H), 6.74 (tt, 3JHF = 10.2 Hz, 4JHF = 2.9 Hz 1H); 19F-NMR 

(CDCl3, CFCl3, 470.0 MHz), δ –140.9 (dd, 3JFF = 24.6Hz, 5JFF = 13.6 Hz, 2F), –157.7 (td, 3JFF = 30.0 Hz, , 

5JFF = 19.1 Hz 2F). 

1-2-3-5. 3-heptyloxy-1,2,4,5-tetrafluorobenzoic acid (C7F4A) 

Following the method employed for the synthesis of C6F4A, 12.9 g (41.8 mmol, yield=34.8 %) of C7F4 
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A was obtained as colourless crystal by using C7F4 as the starting material. 1H-NMR (CDCl3, TMS, 500.0 

MHz) δ 0.92 (t, J = 6.7 Hz, 3H), 1.36−1.43 (m, 6H), 1.51 (quintet, J = 7.6 Hz, 2H), 1.84 (quintet, J = 6.7 

Hz, 2H), 4.34 (t, J = 6.5 Hz, 2H), 8.0 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –112.9 (d, 3JFF = 

11.3 Hz, 2F), –131.3 (td, 3JFF = 10.8 Hz, 2F). 

1-2-3-6. 2,3,6,7,10,11-hexakis(4-heptyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene (C7F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 2.02 g (0.98 mmol, yield=72.1 %) of 

C7F4E-TP was obtained as colourless crystal by using C7F4A as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.92 (t, J = 7.0 Hz, 18H), 1.33−1.41 (m, 36H), 1.51 (quintet, J = 7.5 Hz, 12H), 1.85 

(quintet, J = 6.0 Hz, 12H), 4.34 (t, J = 6.5 Hz, 12H), 8.02 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.9 (s, 12F), −158.7 (s, 12F); FTIR (KBr, cm−1) 2958, 2931, 2859, 2362, 1759, 1650, 1489, 1412, 1389, 

1323, 1256, 1210, 1117, 998, 944, 889, 836, 802, 772, 725, 641; Anal. Calc. for C102H96F24O18: C, 59.30; H, 

4.68; F, 22.07%. Found: C, 59.58; H, 4.59; F, 21.86 %.   

1-2-3-7. 3-octyloxy-1,2,4,5-tetrafluorobenzene (C8F4) 

 Following the method employed for the synthesis of C6F4, 32.8 g (118.0 mmol, yield=98.0 %) of 

C8F4 was obtained as colourless liquid by using 1-bromooctane as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.80 (t, J = 6.8 Hz, 3H), 1.26−1.38 (m, 8H), 1.46 (quintet, J = 7.5 Hz, 2H), 1.78 

(quintet, J = 6.6 Hz, 2H), 4.21 (t, J = 6.4 Hz, 2H), 6.74 (tt, 3JHF = 10.2 Hz, 4JHF = 2.9 Hz 1H); 19F-NMR 

(CDCl3, CFCl3, 470.0 MHz), δ –140.9 (dd, 3JFF = 24.6Hz, 5JFF = 13.6 Hz, 2F), –157.7 (td, 3JFF = 30.0 Hz, , 

5JFF = 19.1 Hz 2F). 

1-2-3-8. 3-octyloxy-1,2,4,5-tetrafluorobenzoic acid (C8F4A) 

 Following the method employed for the synthesis of C6F4A, 21.4 g (66.2 mmol, yield=56.1 %) of C8F4 

A was obtained as colourless crystal by using C8F4 as the starting material. 1H-NMR (CDCl3, TMS, 500.0 

MHz) δ 0.89 (t, J = 6.8 Hz, 3H), 1.29−1.36 (m, 8H), 1.46 (quintet, J = 7.0 Hz, 2H), 1.80 (quintet, J = 6.6 

Hz, 2H), 4.37 (t, J = 6.3 Hz, 2H), 10.4 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –112.9 (d, 3JFF = 

10.9 Hz, 2F), –131.3 (d, 3JFF = 16.4 Hz, 2F). 
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1-2-3-9. 2,3,6,7,10,11-hexakis(4-octyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene (C8F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 1.44 g (0.67 mmol, yield=49.3 %) of 

C8F4E-TP was obtained as colourless crystal by using C8F4A as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.94 (t, J = 6.5 Hz, 18H), 1.35−1.39 (m, 48H), 1.52 (quintet, J = 8.0 Hz, 12H), 1.85 

(quintet, J = 8.0 Hz, 12H), 4.34 (t, J = 6.5 Hz, 12H), 8.00 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.9 (s, 12F), −158.7 (s, 12F); MS m/z=2148.7 (Calc. 2149.96 for C108H108F24O18); FTIR (KBr, cm−1) 

2958, 2929, 2858, 2361, 1759, 1650, 1488, 1412, 1389, 1323, 1256, 1209, 1117, 999, 951, 889, 835, 800, 

771, 722, 642; Anal. Calc. for C108H108F24O18: C, 60.33; H, 5.06; F, 21.21 %. Found: C, 60.59; H, 4.88; F, 

21.08 %.   

1-2-3-10. 3-nonyloxy-1,2,4,5-tetrafluorobenzene (C9F4) 

 Following the method employed for the synthesis of C6F4, 34.9 g (119.4 mmol, yield=99.2 %) of 

C9F4 was obtained as colourless liquid by using 1-bromononane as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 6.8 Hz, 3H), 1.28−1.36 (m, 10H), 1.46 (quintet, J = 7.8 Hz, 2H), 1.77 

(quintet, J = 6.8 Hz, 2H), 4.22 (t, J = 6.4 Hz, 2H), 6.74 (tt, 3JHF = 9.8 Hz, 4JHF = 2.9 Hz 1H); 19F-NMR 

(CDCl3, CFCl3, 470.0 MHz), δ –140.9 (dd, 3JFF = 21.8Hz, 5JFF = 10.9 Hz, 2F), –157.7 (dd, 3JFF = 20.5 Hz, , 

5JFF = 13.6 Hz 2F). 

1-2-3-11. 3-nonyloxy-1,2,4,5-tetrafluorobenzoic acid (C9F4A) 

 Following the method employed for the synthesis of C6F4A, 25.0 g (74.3 mmol, yield=62.3 %) of C9F4 

A was obtained as colourless crystal by using C9F4 as the starting material. 1H-NMR (CDCl3, TMS, 500.0 

MHz) δ 0.89 (t, J = 6.8 Hz, 3H), 1.28−1.35 (m, 10H), 1.46 (quintet, J = 7.5 Hz, 2H), 1.80 (quintet, J = 7.1 

Hz, 2H), 4.37 (t, J = 6.7 Hz, 2H), 11.4 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –138.6 (d, 3JFF = 

16.3 Hz, 2F), –157.1 (d, 3JFF = 13.6 Hz, 2F). 

1-2-3-12. 2,3,6,7,10,11-hexakis(4-nonyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene (C9F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 1.52 g (0.68 mmol, yield=50.0 %) of 

C9F4E-TP was obtained as colourless crystal by using C9F4A an the starting material. 1H-NMR (CDCl3, 
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TMS, 500.0 MHz) δ 0.92 (t, J = 7.0 Hz, 18H), 1.33−1.41 (m, 60H), 1.52 (quintet, J = 7.5 Hz, 12H), 1.85 

(quintet, J = 7.5 Hz, 12H), 4.34 (t, J = 6.5 Hz, 12H), 8.02 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.9 (s, 12F), −158.7 (s, 12F); FTIR (KBr, cm−1) 2927, 2856, 2361, 1759, 1650, 1488, 1412, 1389, 1323, 

1256, 1210, 1117, 1002, 960, 935, 890, 836, 802, 772, 722, 642; Anal. Calc. for C114H120F24O18: C, 61.29; 

H, 5.41; F, 20.41 %. Found: C, 61.36; H, 5.26; F, 20.20 %. 

1-2-3-13. 3-decyloxy-1,2,4,5-tetrafluorobenzene (C10F4) 

 Following the method employed for the synthesis of C6F4, 35.8 g (116.8 mmol, yield=97.0 %) of 

C10F4 was obtained as colourless liquid by using 1-bromodecane as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.89 (t, J = 7.0 Hz, 3H), 1.28−1.37 (m, 12H), 1.46 (quintet, J = 8.0 Hz, 2H), 1.78 

(quintet, J = 7.0 Hz, 2H), 4.22 (t, J = 6.0 Hz, 2H), 6.74 (tt, 3JHF = 10.0 Hz, 4JHF = 4.5 Hz 1H); 19F-NMR 

(CDCl3, CFCl3, 470.0 MHz), δ –140.9 (dd, 3JFF = 18.8 Hz, 3JHF = 14.1 Hz,  2F), –157.7 (dd, 3JFF = 23.5 

Hz, 3JHF = 14.1 Hz,  2F).  

1-2-3-14. 3-decylloxy-1,2,4,5-tetrafluorobenzoic acid (C10F4A) 

Following the method employed for the synthesis of C6F4A, 26.5 g (75.7 mmol, yield=64.8 %) of 

C10F4A was obtained as colourless crystal by using C10F4 as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 10 Hz, 3H), 1.24−1.38 (m, 12H), 1.46 (quintet, J = 10.0 Hz, 2H), 1.80 

(quintet, J = 10.0 Hz, 2H), 4.30 (t, J = 10.0 Hz, 2H), 11.3 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.7 (d, 3JFF = 14.1 Hz, 2F), –157.2 (d, 3JFF = 14.1 Hz, 2F). 

1-2-3-15. 2,3,6,7,10,11-hexakis(4-decyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene (C10F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 1.00 g (0.43 mmol, yield=31.6 %) of 

C10F4E-TP was obtained as colourless crystal by using C10F4A as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.91 (t, J = 6.5Hz, 18H), 1.31−1.40 (m, 72H), 1.51 (quintet, J = 7.5Hz, 12H), 1.84 

(quintet, J = 7.0Hz, 12H), 4.34 (t, J = 6.5Hz, 12H), 8.07 (s, 6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –138.8 

(s, 12F), −158.4 (s, 12F), MS m/z = 2318.0 (Calc. 2318.3 for C120H132F24O18); FTIR (KBr, cm−1) 2951, 

2926, 2861, 2361, 2342, 1759, 1650, 1489, 1412, 1389, 1323, 1256, 1210, 1117, 1006, 939, 890, 835, 800; 
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Anal. Calc. for C120H132F24O18: C, 62.17; H, 5.74; F, 19.67%. Found: C, 62.22; H, 5.69; F, 19.77%. 

1-2-3-16. 3-dodecyloxy-1,2,4,5-tetrafluorobenzene (C12F4) 

 Following the method employed for the synthesis of C6F4, 39.7 g (118.8 mmol, yield=98.7 %) of 

C12F4 was obtained as colourless liquid by using 1-bromododecane as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.88 (t, J = 7.0 Hz, 3H), 1.27−1.36 (m, 18H), 1.46 (quintet, J = 7.6 Hz, 2H), 

1.77 (quintet, J = 7.1 Hz, 2H), 4.21 (t, J = 6.6 Hz, 2H), 6.73 (tt, 3JHF = 10.1 Hz, 4JHF = 3.1 Hz 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.9 (dd, 3JFF = 21.8 Hz, 3JHF = 10.9 Hz,  2F), –157.7 (dd, 

3JFF = 21.8 Hz, 3JHF = 13.6 Hz, 2F).  

1-2-3-17. 3-dodecylloxy-1,2,4,5-tetrafluorobenzoic acid (C12F4A) 

Following the method employed for the synthesis of C6F4A, 37.5 g (99.1 mmol, yield=83.4 %) of 

C12F4A was obtained as colourless crystal by using C12F4 as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 6.7 Hz, 3H), 1.27−1.33 (m, 16H), 1.46 (quintet, J = 7.5 Hz, 2H), 1.80 

(quintet, J = 7.1 Hz, 2H), 4.37 (t, J = 6.6 Hz, 2H), 10.4 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.7 (d, 3JFF = 12.2 Hz, 2F), –157.1 (d, 3JFF = 16.3 Hz, 2F). 

1-2-3-18. 2,3,6,7,10,11-hexakis(4-dodecyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene 

(C12F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 1.63 g (0.66 mmol, yield=48.5 %) of 

C12F4E-TP was obtained as colourless crystal by using C12F4A as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.90 (t, J = 6.7 Hz, 18H), 1.30−1.40 (m, 96H), 1.51 (quintet, J = 7.8 Hz, 12H), 1.84 

(quintet, J =7.9 Hz, 12H), 4.34 (t, J =6.4 Hz, 12H), 8.06 (s, 6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –138.9 

(s, 12F), −158.6 (s, 12F); Anal. Calc. for C132H156F24O18: C, 63.76; H, 6.32; F, 18.34 %. Found: C, 63.80; H, 

6.26; F, 18.32%. 

1-2-3-19. 3-tetradecyloxy-1,2,4,5-tetrafluorobenzene (C14F4) 

 Following the method employed for the synthesis of C6F4, 43.3 g (119.4 mmol, yield=99.2 %) of 

C14F4 was obtained as colourless liquid by using 1-bromotetradecane as the starting material. 1H-NMR 
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(CDCl3, TMS, 500.0 MHz) δ 0.88 (t, J = 6.8 Hz, 3H), 1.26−1.36 (m, 20H), 1.46 (quintet, J = 6.8 Hz, 2H), 

1.77 (quintet, J = 6.6 Hz, 2H), 4.21 (t, J = 6.5 Hz, 2H), 6.73 (tt, 3JHF = 10.3 Hz, 4JHF = 3.2 Hz 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.8 (dd, 3JFF = 25.9 Hz, 3JHF = 10.9 Hz, 2F), –157.7 (dd, 3JFF 

= 21.8 Hz, 3JHF = 10.9 Hz, 2F).  

1-2-3-20. 3-tetradecylloxy-1,2,4,5-tetrafluorobenzoic acid (C14F4A) 

Following the method employed for the synthesis of C6F4A, 39.9 g (98.2 mmol, yield=82.2 %) of 

C14F4A was obtained as colourless crystal by using C14F4 as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 6.8 Hz, 3H), 1.26−1.36 (m, 20H), 1.46 (quintet, J = 7.9 Hz, 2H), 1.80 

(quintet, J = 8.0 Hz, 2H), 4.37 (t, J = 6.8 Hz, 2H), 11.2 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.6 (d, 3JFF = 17.7 Hz, 2F), –157.1 (d, 3JFF = 16.3 Hz, 2F). 

1-2-3-21. 2,3,6,7,10,11-hexakis(4-tetradecyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene 

(C14F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 2.42 g (0.91 mmol, yield=67.1 %) of 

C14F4E-TP was obtained as colourless crystal by using C14F4A as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.90 (t, J = 6.6 Hz, 18H), 1.30−1.42 (m, 120H), 1.52 (quintet, J = 7.7 Hz, 12H), 1.85 

(quintet, J =6.7 Hz, 12H), 4.33 (t, J =6.3 Hz, 12H), 7.99 (s, 6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –138.9 

(s, 12F), −158.8 (s, 12F); Anal. Calc. for C144H180F24O18: C, 65.14; H, 6.83; F, 17.17 %. Found: C, 65.03; H, 

6.77; F, 17.18 %. 

1-2-3-22. 3-hexadecyloxy-1,2,4,5-tetrafluorobenzene (C16F4) 

 Following the method employed for the synthesis of C6F4, 44.8 g (114.7 mmol, yield=95.3 %) of 

C16F4 was obtained as colourless liquid by using 1-bromohexadecane as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.88 (t, J = 6.8 Hz, 3H), 1.26−1.36 (m, 24H), 1.46 (quintet, J = 7.8 Hz, 2H), 

1.77 (quintet, J = 8.0 Hz, 2H), 4.21 (t, J = 6.6 Hz, 2H), 6.73 (tt, 3JHF = 10.0 Hz, 4JHF = 3.0 Hz 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.8 (td, 3JFF = 21.8 Hz, 3JHF = 10.9 Hz, 2F), –157.6 (dd, 3JFF = 

21.8 Hz, 3JHF = 10.9 Hz, 2F).  
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1-2-3-23. 3-hexadecylloxy-1,2,4,5-tetrafluorobenzoic acid (C16F4A) 

Following the method employed for the synthesis of C6F4A, 39.9 g (98.2 mmol, yield=84.1 %) of 

C16F4A was obtained as colourless crystal by using C16F4 as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 6.6 Hz, 3H), 1.26−1.36 (m, 24H), 1.46 (quintet, J = 7.7 Hz, 2H), 1.80 

(quintet, J = 8.0 Hz, 2H), 4.37 (t, J = 6.4 Hz, 2H), 11.6 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.6 (d, 3JFF = 10.9 Hz, 2F), –157.1 (d, 3JFF = 12.3 Hz, 2F). 

1-2-3-24. 2,3,6,7,10,11-hexakis(4-hexadecyloxy-2,3,5,6-tetrafluorobenzoyloxy) triphenylene 

(C16F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 2.78 g (0.99 mmol, yield=72.4 %) of 

C16F4E-TP was obtained as colourless crystal by using C16F4A as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.89 (t, J = 7.2 Hz, 18H), 1.28−1.42 (m, 144H), 1.51 (quintet, J = 7.7 Hz, 12H), 1.84 

(quintet, J =7.8 Hz, 12H), 4.33 (t, J =6.4 Hz, 12H), 8.03 (s, 6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –138.8 

(s, 12F), −158.6 (s, 12F); Anal. Calc. for C156H204F24O18: C, 66.37; H, 7.28; F, 16.15 %. Found: C, 66.32; H, 

7.14; F, 16.02 %. 

1-2-3-25. 3-(2-octyloxy)-1,2,4,5-tetrafluorobenzene (C7(1C1)F4) 

 A solution of diethyl azodicarboxylate in toluene (2.2 molL-1) 45.1 mL was added slowly to mixture of 

2,3,5,6-tetrafluorophenol (1) 14.5 g (87.4 mmol), 2-octanol 11.9 g (91.4 mmol) and triphenylphosphine 

26.1 g (99.3 mmol) in THF (135 mL) at 0 C in Ar atmosphere, and reaction mixture was stirred overnight at 

rt. The solution removed under reduced pressure and the residue was purified by column chromatography 

on silica gel (300 g), eluting with hexane to yield 23.9 g (85.9 mmol) of C7(1C1)F4 as colourless liquid, 

yield 98.3 %. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.6 Hz, 3H), 1.27−1.35 (m, 9H), 1.39- 

1.49 (m, 2H), 1.57-1.64 (m, 1H), 1.74-1.81 (m, 1H), 4.40 (sextet, J = 6.2 Hz, 1H), 6.75 (tt, 3JHF = 10.1 Hz, 

4JHF = 3.0 Hz 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.9 (td, 3JFF = 21.8 Hz, 5JFF = 10.9 Hz, 2F), 

–156.5 (dd, 3JFF =23.2 Hz,  5JFF = 12.3 Hz 2F).  

1-2-3-26. 3-(2-octyloxy)-1,2,4,5-tetrafluorobenzoic acid (C7(1C1)F4A) 

 31



Following the method employed for the synthesis of C6F4A, 19.3 g (59.9 mmol, yield=65.9 %) of 

C7(1C1)F4A was obtained as colourless crystal by using C7(1C1)F4 as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.90 (t, J = 7.0 Hz, 3H), 1.27−1.38 (m, 6H), 1.36 (d, J = 8.9 Hz, 3H), 

1.39-1.48 (m, 2H), 1.60-1.67 (m, 1H), 1.76-1.83 (m, 1H), 4.61 (sextet, J = 6.1 Hz, 1H), 10.9 (s, OH); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –138.8 (d, 3JFF = 12.3 Hz, 2F), –155.9 (d, 3JFF = 10.9 Hz, 2F). 

1-2-3-27. 2,3,6,7,10,11-hexakis(4-(2-octyloxy)-2,3,5,6-tetrafluorobenzoyloxy) triphenylene 

(C7(1C1)F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 2.16 g (1.00 mmol, yield=73.5 %) of 

C7(1C1)F4E-TP was obtained as colourless crystal by using C7(1C1)F4A as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.92 (t, J = 6.6 Hz, 18H), 1.34 (d, J = 5.8 Hz, 18H), 1.29−1.41 (m, 

36H), 1.44-1.52 (m, 12H), 1.62-1.69 (m, 6H), 1.79-1.86 (m, 6H), 4.56 (sextet, J = 5.8 Hz, 6H), 8.17 (s, 

6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –139.0 (s, 12F), −156.9 (s, 12F); FTIR (KBr, cm−1) 2951, 2926, 

2861, 2361, 2342, 1759, 1650, 1489, 1412, 1389, 1323, 1256, 1210, 1117, 1006, 939, 890, 835, 800; Anal. 

Calc. for C108H108F24O18: C, 60.33; H, 5.06; F, 21.21 %. Found: C, 60.43; H, 5.14; F, 21.08 %. 

1-2-3-28. 3-(2-ethylhexyloxy)-1,2,4,5-tetrafluorobenzene (C6(2C2)F4) 

 Following the method employed for the synthesis of C6F4, 24.8 g (89.1 mmol, yield=74.0 %) of 

C6(2C2)F4 was obtained as colourless liquid by using 2-ethyl-1-bromohexane as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 7.5 Hz, 3H), 0.94 (t, J = 7.5 Hz, 3H), 1.24−1.43 (m, 8H), 

1.70 (quintet, J = 6.2 Hz, 1H), 4.21 (d, J = 5.6 Hz, 2H), 6.73 (tt, 3JHF = 10.2 Hz, 4JHF = 3.2 Hz 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.8 (td, 3JFF = 21.8 Hz, 3JHF = 10.9 Hz, 2F), –157.6 (dd, 3JFF = 

21.8 Hz, 3JHF = 10.9 Hz, 2F).  

1-2-3-29. 4-(2-ethylhexyloxy)--2,3,5,6-tetrafluorobenzoic acid (C6(2C2)F4A) 

Following the method employed for the synthesis of C6F4A, 12.5 g (38.8 mmol, yield=43.5 %) of 

C6(2C2)F4A was obtained as colourless crystal by using C6(2C2)F4 as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.91 (t, J = 7.0 Hz, 3H), 0.94 (t, J = 7.5 Hz, 3H), 1.31−1.57 (m, 8H), 1.73 
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(quintet, J = 6.0 Hz, 1H), 4.27 (d, J = 5.4 Hz, 2H), 11.7 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–138.6 (dd, 3JFF = 25.9 Hz, 3JHF = 10.9 Hz, 2F), –157.0 (dd, 3JFF = 25.9 Hz, 3JHF = 9.5 Hz, 2F). 

1-2-3-30. 2,3,6,7,10,11-hexakis(4-(2-ethylhexyloxy)-2,3,5,6-tetrafluorobenzoyloxy) triphenylene 

(C6(2C2)F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 2.20 g (1.02 mmol, yield=75.0 %) of 

C6(2C2)F4E-TP was obtained as colourless crystal by using C6(2C2)F4A as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.94 (t, J = 6.9 Hz, 18H), 0.98 (t, J = 7.5 Hz, 18H), 1.35−1.38 (m, 

24H), 1.42−1.59 (m, 24H), 1.75 (quintet, J = 6.0 Hz, 12H), 4.24 (quintet, J =4.2 Hz, 12H), 8.10 (s, 6H); 19F 

(CDCl3, CFCl3, 470.0 MHz), δ –138.9 (s, 12F), −158.2 (s, 12F); FTIR (KBr, cm−1) 2951, 2926, 2861, 2361, 

2342, 1759, 1650, 1489, 1412, 1389, 1323, 1256, 1210, 1117, 1006, 939, 890, 835, 800; Anal. Calc. for 

C108H108F24O18: C, 60.33; H, 5.06; F, 21.21 %. Found: C, 60.55; H, 4.84; F, 21.12 %. 

1-2-3-31. 3-(3, 7-dimethyloctyloxy)-1,2,4,5-tetrafluorobenzene (C8(3, 7C1)F4) 

 Following the method employed for the synthesis of C6F4, 31.8 g (103.8 mmol, yield=86.2 %) of C8(3, 

7C1)F4 was obtained as colourless liquid by using 3,7-dimethlbromooctane as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.87 (d, J = 6.5 Hz, 6H), 0.94 (d, J = 6.7 Hz, 3H), 1.14−1.21 (m, 

3H), 1.24−1.39 (m, 3H), 1.49-1.61 (m, 2H), 1.70 (m, J = 6.7 Hz, 1H), 1.82 (sextet, J = 5.8 Hz, 1H), 4.26 

(sextet, J = 6.6 Hz, 2H), 6.74 (tt, 3JHF = 9.9 Hz, 4JHF = 3.0 Hz 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), 

δ –140.8 (dd, 3JFF = 21.8 Hz, 3JHF = 10.9 Hz, 2F), –157.6 (dd, 3JFF = 21.8 Hz, 3JHF = 10.9 Hz, 2F).  

1-2-3-32. 4-(3, 7-dimethyloctyloxy)-2,3,5,6-tetrafluorobenzoic acid (C8(3, 7C1)F4A) 

Following the method employed for the synthesis of C6F4A, 14.0 g (40.0 mmol, yield=38.5 %) of C8(3, 

7C1)F4A was obtained as colourless crystal by using C8(3, 7C1)F4 as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.87 (d, J = 6.8 Hz, 6H), 0.95 (d, J = 6.4 Hz, 3H), 1.13−1.17 (m, 3H), 

1.24−1.34 (m, 3H), 1.49-1.64 (m, 2H), 1.69 (m, J = 5.4 Hz, 1H), 1.86 (sextet, J = 7.9 Hz, 1H), 4.42 (sextet, 

J = 6.8 Hz, 2H), 11.7 (s, OH); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –138.6 (dd, 3JFF = 25.9 Hz, 3JHF = 

13.6 Hz, 2F), –157.0 (dd, 3JFF = 25.9 Hz, 3JHF = 9.6 Hz, 2F). 
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1-2-3-33. 2,3,6,7,10,11-hexakis(4-(3, 7-dimethyloctyloxy)-2,3,5,6-tetrafluorobenzoyloxy) triphenylene 

(C8(3, 7C1)F4E-TP) 

 Following the method employed for the synthesis of C6F4E-TP, 1.65 g (0.71 mmol, yield=52.2 %) of 

C8(3, 7C1)F4E-TP was obtained as colourless crystal by using C8(3, 7C1)F4A as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.90 (d, J = 6.5 Hz, 36H), 0.92 (d, J = 6.5 Hz, 18H), 1.19−1.1.25 (m, 

18H), 1.29−1.40 (m, 18H), 1.52-1.66 (m, 12H), 1.71 (m, J = 6.5 Hz, 6H), 1.89 (sextet, J =7.6 Hz, 6H), 4.40 

(sextet, J =5.3 Hz, 12H), 8.20 (s, 6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –138.7 (s, 12F), −158.0 (s, 12F); 

Anal. Calc. for C120H132F24O18: C, 62.17; H, 5.74; F, 19.67 %. Found: C, 62.34; H, 5.63; F, 19.71 %. 

 

 

1-3. Results and discussion 

1-3-1. DSC measurement 

The DSC curves of all compounds, expect for the branched derivatives are shown in Figure 1-2~1-9. In 

the DSC curve of C16F4E-TP (Figure 1-9), two endothermic peaks were observed at 49.0 °C and 273 °C 

with the phase transition enthalpies (∆H) of 136 and 19.2 kJmol-1 on the first heating run, respectively. On 

the first cooling run, two exothermic peaks were observed at 267 °C and 41 °C (∆H: 13.4 and 134 kJmol-1, 

respectively), and two endothermic peaks were observed at 48 °C and 267 °C with the phase transition 

enthalpies (∆H) of 130 and 15.3 kJmol-1 on the second heating run. The difference of the transition 

temperatures and enthalpies for the peaks around 300 °C between the first and second heating runs were 

probably due to a thermal decomposition. C6F4E-TP, C12F4E-TP and C14F4E-TP (see Figure 1-2, 

Figure 1-7 and Figure 1-8) also shown the similar behaviour. 
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Figure 1-2 DSC curve of C6F4E-TP (Rate: 5 °Cmin-1) 
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Figure 1-3 DSC curve of C7F4E-TP (Rate: 5 °Cmin ) 
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Figure 1-4 DSC curve of C8F4E-TP (Rate: 5 °Cmin-1) 

 

Figure 1-5 DSC curve of C9F4E-TP (Rate: 5 °Cmin-1) 
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Figure 1-6 DSC curve of C10F4E-TP (Rate: 5 °Cmin-1) 

 

-1

-50 0 50 100 150 200 250 300 350

H
ea

t f
lo

w
 / 

ar
b.

 u
ni

t

Temperature / °C

6.4 °C

∆H=50.7 kJmol-1
291 °C

∆H=20.1 kJmol-1

286 °C

∆H=15.6 kJmol-1

10 °C

∆H=49 kJmol-1

1st Cooling

1st Heating

3.8 °C

∆H=52.2 kJmol-1
285 °C

∆H=15.6 kJmol-1

2nd Heating
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Figure 1-8 DSC curve of C14F4E-TP (Rate: 5 °Cmin-1) 

 

Figure 1-9 DSC curve of C16F4E-TP (Rate: 5 °Cmin-1) 
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On the other hand, in the DSC curves of C10F4E-TP, two peaks were observed at 109 °C and 309 °C 

with ∆H of 5.1 and 26.2 kJmol-1 on the first heating runs, respectively. However on first cooling, there was 

only one peak at 299 °C (∆H: 16.0 kJmol-1), and a peak corresponding the recrystallization point 

disappeared. On second heating process, it is same situation that only one peak was observed around 

294 °C with the transition enthalpy of 16.0 kJmol-1. Additionally, on the cooling run after the first heating 

runs to 150 °C there is no peak and this is the same situation to that seen on the 2nd heating run. POM 

observations of the optical texture indicated the mesophase is frozen to be a glassy solid on cooling though 

the Tg could not be detected on the DSC curves. C7F4E-TP, C8F4E-TP and C9F4E-TP (see Figure 1-3 

Figure 1-4 and Figure 1-5) also shows the similar behaviour. There results indicate that in these 

homologues, the crystallization tends to take place with the longer chain derivatives. This may indicate that 

the benzoyloxytriphenylen moiety could be bulky for the packing to each and the shorter chains could not 

occupy their space in a way of crystalline solid on cooling. It is also indicative that tetrafluorophenyl 

groups peripherally attached to a triphenylene core intrinsically extend the central rigid core area due to the 

strong interaction. 

The DSC curves of all compounds, which have peripheral branched alkyl chains are shown in Figure 

1-10~1-12. 
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Figure 1-10 DSC curve of C7(1C1)F4E-TP (Rate: 5 °Cmin-1) 
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Figure 1-12 DSC curves of C8(3,7C1)F4E-TP (Rate: 5 °Cmin-1) 

In the DSC curve of C7(1C1)F4E-TP (Figure 1-10), three endothermic peaks were observed at 11.7 °C, 

55.2 °C and 273 °C with 6.6, 7.1 and 27.5 kJmol-1 of the phase transition enthalpies (∆H) on the first 

heating run, respectively. On the first cooling run, two exothermic peaks were observed at 309 °C and 

2.8 °C (∆H: 19.2 and 0.4 kJmol-1, respectively), and two endothermic peaks were observed at 48 °C and 

267 °C with 130 and 15.3 kJmol-1 of the phase transition enthalpies (∆H) on the second heating run. The 

difference of the transition temperature and enthalpies for the peaks around 300 °C between the first and 

second heating runs were probably due to a thermal decomposition, and the transition behaviors on the low 

temperature region were different between 1st and 2nd heating runs. 

On the other hand in C6(2C2)F4E-TP and C8(3,7C1)F4E-TP (Figure 1-11 and Figure 1-12), the 

endothermic peak with a large transition enthalpy (>50 kJmol-1) was observed after the isotropic liquid 

transition on the 1st heating, and their peaks are probably derived from the thermal decomposition. 
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1-3-2. Polarized optical microscope observation 

The polarized optical microscopic images of C10F4E-TP and C16F4E-TP are shown in Figure 1-13 

Both compounds exhibit dendric textures containing in part with dark domains, indicating these 

mesophases are of optical uniaxiality. 

   

Figure 1-13 Optical textures of mesophases for C10F4E-TP (left; at 280 °C) and C16F4E-TP (right;

at 238 °C). 

1-3-3. X-ray diffraction patterns 

X-ray diffraction patterns of the mesophase for all compounds (for a non-aligned sample), having the 

peripheral n-alkyl chains are shown in Figure 1-14~1-21. The XRD of C16F4E-TP at 160 °C shows 

several reflection peaks having spacings of 32.7, 18.9, 16.4, 12.4, 11.0, 9.1, 8.2, 7.5 and 7.1 Å (Figure 1-21), 

corresponding to a set of the spacing ratio, 1 : 1/√3 : 1/2 : 1/√7 : 1/3 : 1/√13 : 1/4 : 1/√19 : 1/ √21, which are 

an evidence of a hexagonal arrangement of molecularly stacking columns. Futhermore, two halos at 4.7 and 

3.5 Å were observed in the wide angle region and the former is just comparative the molecular width of a 

tetrafluorophenylene moiety (the molecular width ca. 5Å), and the latter is assigned to be of the π-π 

stacking distance of triphenylene cores in a column. These halos at 4.7 Å and 3.5 Å are overlapped on the 

broad halo originated from the molten alkyl chains which comes up around 4.2 Å,[14] indicated in Figure 

1-21. 
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Figure 1-14 X-ray diffraction patterns of C6F4E-TP at 180 ºC. 
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Figure 1-15 X-ray diffraction patterns of C7F4E-TP at 180 ºC. 
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Figure 1-16 X-ray diffraction patterns of C8F4E-TP at 180 ºC. 

 

Figure 1-17 X-ray diffraction patterns of C9F4E-TP at 180 ºC. 
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Figure 1-18 X-ray diffraction patterns of C10F4E-TP at 180 ºC. 
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Figure 1-19 X-ray diffraction patterns of C12F4E-TP at 180 ºC. 
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Figure 1-20 X-ray diffraction patterns of C14F4E-TP at 120 ºC. 
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Figure 1-21  X-ray diffraction patterns of C16F4E-TP at 160 ºC. 
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In a X-ray diffraction pattern of the mesophase at 180 °C for C10F4E-TP, one can see the reflections in 

the small angle region having same set of spacing ratio of 1 : 1/√3 : 1/2 : 1/√7 : 1/3 : 1/√13, meaning the 

mesophase has a hexagonal arrangement of columns Two halos at 4.7 and 3.5 Å were also observed. It was 

clearly shown that the π-π stacking of C10F4E-TP in the Colh mesophase is more ordered as compared 

with that of C16F4E-TP, probably correlating to the peripheral chain length. The X-ray reflection patterns 

in the Colh mesophase for the homologues with n-alkyl chains also show the several reflection peaks 

corresponding to a set of spacing ratio, which is an evidence of a hexagonal packing of columns.    

X-ray diffraction patterns of the mesophase for compounds having branched alkyl chain (for a 

non-aligned sample) are shown in Figure 1-22~1-24. A X-ray diffraction of the mesophase at 180 °C for 

C6(2C2)F4E-TP revealed the several reflections in the small angle region have the similar set of spacing 

ratio of 1 : 1/√3 : 1/2 : 1/√7 : 1/3 : 1/√13 : 1/4 : 1/√19, indicating the mesophase is a hexagonal arrangement 

of columns, and two halos at 4.8 and 3.5 Å were also observed. In X-ray reflection of the other compound 

having branched alkyl chains, the several reflection patterns, corresponding to a set of spacing ratio 

meaning an evidence of a hexagonal packing were also observed. 

The results of X-ray diffractions of the non-branched and branched alkyl chain compound are 

summarized in Table 1-1~Table 1-4. In the compounds having non-branched alkyl chains their hexagonal 

lattice constant (ahex.) slightly increases with the elongation of the peripheral chains, and show the similar 

correlation to those of other triphenylene hexagonal columnar mesogens that the observed a ahex. is almost 

60-80 % of the molecular diameters evaluated by the molecular model using AM-1.  

On the other hand, ahex of the branched alkyl chain derivatives indicate almost similar values of the 

corresponding non-branched peripheral chain homologues.   
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Figure 1-22 X-ray diffraction patterns of C7(1C1)F4E-TP at 180 °C. 
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Figure 1-23 X-ray diffraction patterns of C6(2C2)F4E-TP at 180 °C. 
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Figure 1-24 X-ray diffraction patterns of C8(3,7C1)F4E-TP at 120 °C. 
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Table 1-1 X-ray diffraction parameters for the mesophase of C6F4E-TP~C9F4E-TP. 

dhkl/Å 
Compound 

Lattice 

constant / Å 

Molecular  

Diameters†† /Å 
hlk 

Observed Calculated 

C6F4E-TP Colh 37.5 100 26.8 26.8 

(180 ºC) 30.9  110 15.2 15.5 

 Z=0.5†  200 13.1 13.4 

    4.7 (br)†††  

    3.9 (br)  

    3.5 (br)  

C7F4E-TP Colh 39.6 100 27.1 27.1 

(180 ºC) 31.3  110 15.4 15.6 

 Z=0.5†  200 13.3 13.6 

    4.8 (br)  

    4.1 (br)  

    3.5 (br)  

C8F4E-TP Colh 41.5 100 27.8 27.8 

(180 ºC) 32.1  110 15.9 16.1 

 Z=0.5†  200 13.7 13.9 

   210 10.5 10.5 

    4.8 (br)  

    4.0 (br)  

    3.5 (br)  

C9F4E-TP Colh 43.9 100 28.7 28.7 

(180 ºC) 33.1  110 16.1 16.6 

 Z=0.5†  200 14.2 14.4 

   210 10.7 10.8 

    4.7 (br)  

    4.0 (br)  

    3.5 (br)  
†: Calculated from the lattice constants a, correlation length along the c-axis (3.5 Å) and 

the postulated density ρ (1.0 g cm-3);††: calculated by AM-1; †††: br=Broad. 
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Table 1-2 X-ray diffraction parameters for the mesophase of C10F4E-TP~C14F4E-TP. 

dhkl/Å 
Compound 

Lattice 

constant / Å 

Molecular 

diameters /Å † hlk 
Observed Calculated 

C10F4E-TP Colh 46.0 100 29.2 29.2 

(180 ºC) 33.7  110 16.5 16.9 

 Z=0.5  †  200 14.3 14.6 

   210 10.9 11.0 

   300 9.7 9.7 

   310 8.5 8.4 

    4.8 (br)  †††  

    4.1 (br)  

    3.5 (br)  

C12F4E-TP Colh 50.8 100 30.2 30.2 

(180ºC) 34.9  110 17.6 17.4 

 Z=0.5  †  200 15.2 15.1 

   210 11.5 11.4 

    4.7 (br)  

    3.9 (br)  

    3.5 (br)  

C14F4E-TP Colh 56.3 100 31.5 31.5 

(120ºC) 36.4  110 18.2 18.2 

 Z=0.5†  200 15.8 15.8 

   210 11.9 11.9 

   300 10.5 10.5 

   220 9.1 9.1 

   310 8.7 8.7 

   400 7.9 7.9 

   320 7.2 7.2 

   410 6.9 6.9 

    4.7 (br)  

    3.8 (br)  

    3.4 (br)  
†: Calculated from the lattice constants a, correlation length along the c-axis (3.5 Å) 

and the postulated density ρ (1.0 g cm );-3 ††: calculated by AM-1; †††: br=Broad. 
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Table 1-3 X-ray diffraction parameters for the mesophase of C16F4E-TP, C7(1C1)F4E-TP and 

C6(2C2)F4E-TP 

dhkl/Å 
Compound 

Lattice 

constant. /Å

Molecular 

diameters††/Å
hlk 

Observed Calculated 

C16F4E-TP Colh 61.2 100 32.7 32.7 

(160 ºC) 37.8  110 18.9 18.9 

 Z=0.5†  200 16.5 16.3 

   210 12.4 12.4 

   300 11.0 10.9 

   310 9.1 9.1 

   400 8.2 8.2 

    4.7 (br)†††  

    4.0 (br)  

    3.5 (br)  

C7(1C1)F4E-TP Colh 40.7 100 26.9 26.9 

(180 °C) 31.1  110 15.5 15.5 

 Z=0.5†  200 13.5 13.5 

   210 10.1 10.2 

   300 9.0 9.0 

   220 7.7 7.77 

   310 7.4 7.5 

    4.8 (br)  

    3.8 (br)  

    3.5 (br)  

C6(2C2)F4E-TP Colh 37.7 100 27.1 27.1 

(180ºC) 31.3  110 15.6 15.6 

 Z=0.5†  200 13.6 13.6 

   210 10.2 10.2 

   300 9.0 9.0 

   310 7.5 7.5 

   400 6.8 6.8 

   320 6.2 6.2 

   330 5.2 5.2 

    4.8 (br)  

    3.5 (br)  
†: Calculated from the lattice constants a, correlation length along the c-axis (3.5 Å) and 

the postulated density ρ (1.0 g cm-3);††: calculated by AM-1; †††: br=Broad. 
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Table 1-4 X-ray diffraction parameters for the mesophase of C8(3,7C1)F4E-TP. 

dhkl/Å 
Compound 

Lattice 

constant. /Å

Molecular 

diameters††/Å
hlk 

Observed Calculated 

8(3,7C1)F4E-TP 33.3 42.5 100 28.8 28.8 

(120ºC) Z=0.5†  110 16.6 16.6 

   200 14.4 14.4 

   210 11.0 10.9 

    4.6 (br)†††  

    3.7 (br)  

    3.4 (br)  

alculated from the lattice constants a, correlation length along the c-axis (3.5 Å) and the

tulated density ρ (1.0 g cm-3);††: calculated by AM-1; †††: br=Broad. 
mparison of the mesomorphism 

 transition parameters of 4-alkoxy-2,3,5,6-tetrafluorobenzoyloxytriphenylenes are summarised 

1-5, with those of the correspounding non-fluorinated homologues.[13] All 

koxytetrafluorobenzoyloxy)triphenylenes having several peripheral chains (non-branched and 

xhibit only a Colh mesophase, though the corresponding non-fluorinated homologue exhibit a 

atic (ND) phase accompanied with a Colr phase in the lower temperature region. And all 

show relatively higher clearing points (over 250 °C) from those of the triphenylene discotic 

l compounds. Additionally, the transition enthalpies of clearing points are much larger (over 

/mol) than usual ones of Colh phase shown by other triphenylene derivatives (<10 kJ/mol).[15] 

ing points of non-branched derivatives slightly decrease as the increase of peripheral chain 

e those of CnH4E-TPs decrease with the elongation of peripheral chain. This invariant thermal 

 the peripheral chain length also suppors a triphenylene plays a role of the large core part 

e peripheral tetrafluorophenyl moieties and indicate a strong interaction works among the 

lecules.  

ult to think that there is a significant interaction between the tetrafluorophenyl and triphenylene 
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Table 1-5 Phase transition temperature of CnF4E-TPs (non-branched and branched) and 

CnH4E-TPs (non-fluorinated homologues). 

Compound Phase transition temperature / °C (∆H: kJmol-1) 

C6F4E-TP Cr1 130 (1.9) Cr2 157 (3.6) Colh 301 (25.4) Iso 

C7F4E-TP Cr 144 (5.7) Colh 308 (26.4) Iso 

C8F4E-TP Cr 133 (6.2) Colh 308 (28.4) Iso 

C9F4E-TP Cr 122 (5.2) Colh 306 (24.6) Iso 

C10F4E-TP Cr 109 (5.1) Colh 302 (26.2) Iso 

C12F4E-TP Cr 6.4 (50.7) Colh 288 (23.7) Iso 

C14F4E-TP Cr 32.6 (93.0) Colh 281(18.0) Iso 

C16F4E-TP Cr 48.2 (141.4) Colh 266 (14.2) Iso 

  

C7(1C1)F4E-TP Cr 59.2 (5.2) Colh 285 (9.2) Iso 

C6(2C2)F4E-TP Cr 167 (26.1) Colh 348 (30.5) Iso 

C8(3,7C1)F4E-TP Cr1 11.7 (6.6) Cr2 55.2 (7.1) Colh 314 (27.5) Iso 

  

C6H4E-TP [12] Cr (9.5) Colt
† 193 ND

† 274 Iso 

C7H4E-TP [12] Cr 168 (9.4) ND
† 253 Iso 

C8H4E-TP [12] Cr 152 (19.2) Colr
† 168 ND

† 244 Iso 

C9H4E-TP [12] Cr 154 (13.6) Colr
† 183 ND

† 227 Iso 

C10H4E-TP [12] Cr 142 (34.9) Colr
† 191 ND

† 212 Iso 

C12H4E-TP [12] Cr 146 (6.1) Colr
† 174 Iso 

†: Colt: tetragonal columnar phase, Colr: rectangular columnar phase, ND: 
discotic nematic phase. 

moieties such as hexafluorobenzene-benzene interaction[10-12] on its column order by the XRD result. 

Therefore, it is reasonable to think that tetrafluorophenylene moiety could have strong interactions to each 

other. 

In mesomorphism of C7(1C1)F4E-TP, C6(2C2)F4E-TP and C8(3,7C1)F4E-TP having branched 

peripheral chains, the introduction of branched structures into the chains give no change in the type of 

mesomorphism, every compound exhibit only a Colh mesophase. In comparison with the corresponding 

non-branched peripheral chain homologues, the Colh phase for C6(2C2)F4E-TP and C8(3,7C1)F4E-TP 
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were stabilized. Especially clearing points of C6(2C2)F4E-TP was about 50 °C higher than C6F4E-TP. 

For the introduction of branched structures to the peripheral chains in discotic liquid crystals, it was 

reported that thermal stabilities of mesomorphism in phthalocyanine mesogens having branched peripheral 

chains were much lower than those for the corresponding non-branched peripheral chain homologues 

owing to the excluded volume effect of branched chains.[16] The enthalpy changes for the clearing points of 

C6(2C2)F4E-TP and C8(3,7C1)F4E-TP also are much larger than those for the corresponding 

non-branched peripheral chain homologues. These enhancements of mesophase stability are quite new and 

interesting.  

In branched peripheral chain systems, the peripheral tetrafluorophenyl moieties also behave as core part 

with triphenylene rings, and indicate a strong interaction works among the stacking molecules. Therefore, 

the branched peripheral chain may fill the space of intercolumns in the Colh phase, and the thermal 

stabilities of mesomorphism are more stable than non-branched peripheral chain homologues. 

 

1-4. Conclusions 

A homologue series of a novel 2,3,6,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy)- 

triphenylenes having non-branched and branched peripheral chains were synthesized and investigated on 

the mesomorphic behavior.  

All compounds exhibit Colh phase with higher thermal stabilities which have relatively higher clearing 

points (>270 °C) with large transition enthalpies, while the corresponding non-fluorinated homologue 

exhibit predominantly discotic nematic (ND), and their clearing point are relatively invariable for elongation 

of peripheral chain.  

In these homologues it was found that columnar phase is induced by introduction of tetrafluoro phenyl 

moiety on peripheral position exhibits extraordinaly large transition enthalpy of TColh-Iso. The clearing point 

of CnF4E-TPs indicate weak dependence on the peripheral chain length. Consequently, the peripheral 

tetrafluorinated phenyl groups thought to be involved in the rigid core part of discogen. 
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Chapter 2 

Aromatic fluorination effect on the mesomorphic properties of 

discotic liquid crystals of alkoxybenzoyloxytriphenylenes 



2-1. Introduction 

In Chapter 1, it is reported that hexakis (4-alkoxybenzoyloxy) triphenylene derivatives having 

tetrafluorophenylene moieties on the peripheral positions exhibit a hexagonal columnar (Colh) mesophase 

with the higher thermal stability, while the corresponding non-fluorinated homologues predominantly 

exhibit a discotic nematic (ND) phase.[1] 

Therefore, in chapter 2, hexakis (4-octyloxybenzoyloxy) triphenylene derivatives with mono- or 

di-fluorinated at the inner (2- and/or 6- [C8(2F)E-TP, C8(2F6F)E-TP]), outer (3- and/or 5- [C8(3F)E-TP, 

C8(3F5F)E-TP]) or inner and outer (2- and 5- [C8(2F5F)E-TP] ) positions in the peripheral aromatic rings 

were synthesised (Figure 2-1), and investigated on the mesomorphic behaviour to reveal the alteration of 

fluorinated positions in the phenyl rings leads to a drastic change of the mesomorphism involving the 

thermal stability in comparison with corresponding non-fluorinated homologue (C8H4E-TP) and fully 

fluorinated homologue (C8F4E-TP).  

The identification of these compounds was carried out by 1H-NMR, 19F-NMR, FT-IR, elemental analyses 

and, TOF-MS. And the mesomorphic behavior was investigated by polarized optical microscopy (POM), 

DSC measurement and X-ray diffraction technique. 
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Figure 2-1 chemical structures of fluorinated hexakis (4-alkoxybenzoyloxy) triphenylene derivatives.
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Scheme 2-3 Synthetic route of C8(3F)E-TP: i) C8H17Br, K2CO3, TBAB, MEK, reflux; ii) Mg, THF,

reflux; iii) CO2(S), -78 °C; iv) 3M-HClaq, rt.; v) 2,3,6,7,10,11-hexahydroxytriphenylene, DCC, DMAP,

CH2Cl2, rt. 

 

 

Scheme 2-2 Synthetic route of C8(2F6F)E-TP: i) C8H17Br, K2CO3, TBAB, MEK, reflux; ii)

n-BuLi/Hexane, THF, -78 °C; iii) CO2(S), -78 °C; iv) 3M-HClaq, rt.; v)

2,3,6,7,10,11-hexahydroxytriphenylene, DCC, DMAP, CH2Cl2, rt. 

 

Scheme 2-1 Synthetic route of C8(2F)E-TP: i) C8H17Br, K2CO3, TBAB, MEK, reflux; ii) Br2; iii)

n-BuLi/Hexane, THF, -78 °C; iv) CO2(S), -78 °C; v) 3M-HClaq, rt.; vi)

2,3,6,7,10,11-hexahydroxytriphenylene, DCC, DMAP, CH2Cl2, rt. 

 59



5

F

F

i), ii), iii)

6

F

F

(HO)2B

7

F

F

HO
iv) v)

C8(3F5F)Br

F

F

C8H17O

8

F

F

HO

Br

Br
vi)

vii), viii), ix)

C8(3F5F)A

F

F

C8H17O
OH

O x)
C8(3F5F)E-TP

 

Scheme 2-4 Synthetic route of C8(3F5F)E-TP: i) n-BuLi/Hexane, THF, -78 °C; ii) B(OiPr)3, -78 °C;

iii) 3M-HClaq, rt.; iv) H2O2, THF; v) Br2, Fe, CH2Cl2; vi) C8H17Br, K2CO3, TBAB, MEK, reflux; vii)

Mg, THF, reflux; viii) CO2(S), -78 °C; ix) 3M-HClaq, rt.; x) 2,3,6,7,10,11-hexahydroxytriphenylene,

DCC, DMAP, CH2Cl2, rt. 
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Scheme 2-5 Synthetic route of C8(2F5F)E-TP: i) Mg, THF, reflux; ii) B(OCH3)3, -78 °C;

iii) 3M-HClaq, rt.; iv) H2O2, THF; v) C8H17Br, K2CO3, TBAB, MEK, reflux; vi) Br2; vii)

CuCN, DMF; viii) DIBAL-H, CH2Cl2, -78 °C; ix) Jone’s reagent, acetone, rt.; x)

2,3,6,7,10,11-hexahydroxytriphenylene, DCC, DMAP, CH2Cl2, rt. 
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2-2. Experimental 

2-2-1. General measurement 

1H-NMR spectra were observed at 500.0 MHz on JEOL ECA500 FT-NMR spectrometer using CDCl3 as 

solvent. Tetrametylsilane was used internal standard.19F-NMR spectra were observed at 470.6 MHz on the 

same spectrometer, Mass spectra were obtained on JEOL Accu TOF spectrometer. IR spectra were 

measured on Bio-Rad FTS6000 FT-IR spectrometer for the KBr pellet. 

2-2-2. Measurement of mesomorphism 

The phase transition temperatures and enthalpies of the compounds were measured by differential scanning 

calorimetry min (DSC, TA instrument DSC2920) for 5-10 mg samples of freshly recrystallised materials at 

a scanning rate of 5 °Cmin-1 or 3 °Cmin-1. Microscopic observation of the optical texture of mesophase was 

observed by a polarized microscope (Olympus BH2) equipped with hot stage (Mettler FP90). The 

mesophases were identified by X-ray diffraction (Rigaku,  RINT-2000) for non-arraigned sample in the 

mesophase temperature ranges. 

 

2-2-3. Synthesis 

2-2-3-1. 3-fluorooctyloxybenzene (C8(2F)) 

K2CO3 22.2 g (160.6 mmol), tetrabutylammonium bromide 5.2 g (16.1 mmol) and the solution of 

bromooctane 31.0 g (160.6 mmol) in 2-butanone (40 mL) were added into the solution of 3-fluorophenol 

(2) 15.0 g (133.8 mmol) in 2-buanone (80 mL). The suspension mixture was refluxed for 4 h. The reaction 

mixture was cooled down and distilled water (100 mL) and diethyl ether were added at room temperature. 

The separated organic layer was washed with brine (100 mL) and dried over anhydrous MgSO4. The 

solvent was removed under reduced pressure and the residue was purified by column chromatography on 

silica gel (300 g), eluting with hexane to yield 29.7 g (132.5 mmol) of C8(2F) as colourless liquid, yield 

99.0 %. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 7.3 Hz, 3H), 1.28−1.35 (m, 8H), 1.43 (quintet, J 

= 7.0 Hz, 2H), 1.77 (quintet, J = 6.6 Hz, 2H), 3.90 (t, J = 6.5 Hz, 2H), 6.57-6.63 (m, 2H), 6.65 (dd, 3JHF = 
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8.6 Hz, 4J = 2.1 Hz 1H), 7.17 (dd, J = 6.9 Hz, 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –112.4 (d, 

3JFH = 10.9 Hz, 1F). 

2-2-3-2. 4-octyloxy-2-fluorobromobenzene (C8(2F)Br) 

Bromine 21.1 g (132.5 mmol) was slowly added into C8(2F) 29.7 g (132.5 mmol) at 0 °C under vigorous 

stirring, and the reaction mixture was continuously stirred for 1 h at the same temperature. Distilled water 

and diethyl ether were added into the mixture, and the separated organic layer was washed with saturated 

aqueous solution of sodium sulfite, brine (100 mL) and dried over anhydrous MgSO4. The solvent was 

removed under reduced pressure and the residue was purified by column chromatography on silica gel (300 

g), eluting with hexane to yield 36.0 g (118.8 mmol) of C8(2F)Br as colourless liquid, yield 89.7 %.  

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.8 Hz, 3H), 1.28−1.34 (m, 8H), 1.43 (sextet, J = 7.8 Hz, 

2H), 1.76 (quintet, J = 8.1 Hz, 2H), 3.89 (t, J = 6.6 Hz, 2H), 6.58 (dd, 3J = 8.7 Hz, 4JHF = 1.5 Hz 1H), 6.67 

(dd, 3JHF = 10.5 Hz, 4J = 2.9 Hz 1H), 7.37 (t, J = 8.5 Hz, 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–106.0 (t, 3JFH = 10.9 Hz, 1F). 

2-2-3-3. 2-fluoro-4-octyloxybenzoic acid (C8(2F)A) 

89 mL (142 mmol) of n-BuLi hexane solution (1.60 molL-1) was added into the solution of 

4-octyloxy-2-fluorobromobenzene (C8(2F)Br) 36.0 g (118.7 mmol) in dry THF (250 mL) at –78 ºC, and 

the reaction mixture was stirred for 2 h at –78 ºC. A solidified CO2 (Dry Ice) was added into the reaction 

mixture at –78 ºC, and it was stirred for 1h at –78 ºC and further at room temperature over night. 

3M-HClaq (100 mL) and diethyl ether (200 mL) were added to the reaction mixture at 0 ºC, and the 

separated organic layer was washed with brine (100 mL) and dried over anhydrous MgSO4. The solvent 

was removed under reduced pressure and the purified by recrystallization using n-hexane to yield 8.4 g 

(31.3 mmol) of C8(2F)A as colourless crystal (yield=26.4 %). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 

(t, J = 6.6 Hz, 3H), 1.29−1.34 (m, 8H), 1.45 (quintet, J = 8.0 Hz, 2H), 1.80 (quintet, J = 6.9 Hz, 2H), 4.00 (t, 

J = 6.4 Hz, 2H), 6.64 (dd, 3JHF = 12.5 Hz, 4J = 2.3 Hz 1H), 6.73 (dd, 3J = 8.30 Hz, 4JHF = 2.3 Hz 1H), 8.00 

(t, J = 8.3 Hz, 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –105.3 (t, 3JFH = 10.9 Hz, 1F). 
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2-2-3-4. 2,3,6,7,10,11-hexakis(4-octyloxy-2-fluorobenzoyloxy)triphenylene (C8(2F)E-TP) 

4-dimethylaminopyridine 1.50 g (12.24 mmol) was added into the solution of 2-fluoro-4-octyloxybenzoic 

acid (C8(2F)A) 4.38 g (16.32 mmol) and 2,3,6,7,10,11-hexahydorxytriphenylene (0.40g, 1.36 mmol) in 

CH2Cl2 (60 mL) and stirred for 1h at rt. N,N-dicyclohexylcarbodiimide (DCC) 2.53 g (12.24 mmol) in 

CH2Cl2 (20 mL) was then added, and the reaction mixture was stirred overnight at rt. The resulting mixture 

was filtrated and the filtrate was poured to brine and stirred for 1 h and the separated organic layer was 

washed with 3M-HClaq, NaHCO3aq and brine (50 mL, for each), and dried over anhydrous MgSO4. The 

solvent was removed under reduced pressure to give a residue which was purified by column 

chromatography on silica gel (300 g), with n-hexane/ ethyl acetate=3/1 as eluent. Further purification was 

carried out by recrystallization using toluene (50 mL) and EtOH (450 mL) solution to yield 1.41 g (0.77 

mmol) of C8(2F)E-TP as colourless crystaline solid (yield=56.6 %). 1H-NMR (CDCl3, TMS, 500.0 MHz) 

δ 0.90 (t, J = 7.0 Hz, 18H), 1.30−1.34 (m, 48H), 1.44 (quintet, J = 7.9 Hz, 12H), 1.76 (quintet, J = 8.0 Hz, 

12H), 3.89 (t, J = 6.6 Hz, 12H), 6.42 (d, 3JHF = 12.5 Hz, 6H), 6.49 (d, J = 9.0 Hz, 6H), 7.90 (t, J = 8.7 Hz, 

6H), 8.33 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –104.9 (d, 3JFH = 10.9 Hz, 6F); MS m/z = 

1826.3 (Calc. 1826.1 for C108H126F6O18); FTIR (KBr, cm−1) 2929, 2856, 1750, 1622, 1511, 1468, 1422, 

1343, 1243, 1179, 1123, 1043, 1022, 961, 905, 839 ; Anal. Calc. for C108H126F6O18: C, 71.03; H, 6.95; F, 

6.24%. Found: C, 70.94; H, 6.91; F, 6.25 %.  

2-2-3-5. 3,5-difluoro-1-octyloxybenzene (C8(2F6F)) 

Following the method employed for the synthesis of C8(2F), 28.6 g (118.0 mmol, yield=99.5 %) of 

C8(2F6F) was obtained as colourless liquid by use of 3,5-difluorophenol (2) as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 7.3 Hz, 3H), 1.29−1.36 (m, 8H), 1.43 (quintet, J = 7.9 

Hz, 2H), 1.76 (quintet, J = 8.1 Hz, 2H), 3.90 (t, J = 6.7 Hz, 2H), 6.35-6.42 (m, 3H); 19F-NMR (CDCl3, 

CFCl3, 470.0 MHz), δ –110.1 (d, 3JFH = 10.9 Hz, 2F). 

2-2-3-6. 2,6-difluoro-4-octyloxybenzoic acid (C8(2F6F)A) 

C8(2F6F)A was synthesised by following the procedure described in the synthesis of C8(2F)A, 17.9 g 
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(62.4 mmol, yield=52.9 %) of C8(2F6F)A was obtained as colourless crystal by using C8(2F6F) as the 

starting material. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.8 Hz, 3H), 1.29−1.33 (m, 8H), 1.44 

(quintet, J = 6.8 Hz, 2H), 1.79 (quintet, J = 7.8 Hz, 2H), 3.97 (t, J = 6.7 Hz, 2H), 6.49 (d, 3JHF = 11.0 Hz 

2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –106.0 (d, 3JFH = 10.9 Hz, 2F). 

2-2-3-7. 2,3,6,7,10,11-hexakis(2,6-difluoro-4-octyloxybenzoyloxy) triphenylene (C8(2F6F)E-TP) 

C8(2F6F)E-TP was synthesised by following the method employed for the synthesis of C8(2F)E-TP, 

1.50 g (0.78 mmol, yield=57.4 %) of C8(2F6F)E-TP was obtained as colourless crystal by using 

C8(2F6F)A as the starting material. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.90 (t, J = 7.2 Hz, 18H), 

1.30−1.35 (m, 48H), 1.45 (quintet, J = 8.0 Hz, 12H), 1.80 (quintet, J = 7.9 Hz, 12H), 4.00 (t, J = 6.6Hz, 

12H), 6.50 (d, 3JHF = 10.6 Hz, 12H), 8.52 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –105.5 (d, 3JFH 

= 10.9 Hz, 12F); MS m/z = 1834.4 (Calc. 1834.1for C108H120F12O18); FTIR (KBr, cm−1) 2928, 2856, 1756, 

1636, 1578, 1511, 1469, 1449, 1421, 1356, 1313, 1249, 1199, 1164, 1124, 1079, 1049, 1023, 949, 904, 839, 

775; Anal. Calc. for C108H120F12O18: C, 67.07; H, 6.25; F, 11.79%. Found: C, 67.10; H, 6.27; F, 11.88 %. 

2-2-3-8. 4-octyloxy-3-fluorobromobenzene (C8(3F)Br) 

24.0 g (79.2 mmol, yield=99.6 %) of C8(3F)Br was obtained as colourless liquid by using 

2-fluoro-4-bromophenol (4) as the starting material under following the procedure employed for the 

synthesis of C8(2F). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.88 (t, J = 6.8 Hz, 3H), 1.28−1.33 (m, 8H), 

1.44 (quintet, J = 7.2 Hz, 2H), 1.80 (quintet, J = 6.5 Hz, 2H), 3.90 (t, J = 6.6 Hz, 2H), 6.81 (t, J = 8.7 Hz, 

1H), 7.15 (td, 3J = 9.00 Hz, 4JHF = 1.3 Hz, 1H), 7.20 (dd, 3JHF = 10.6 Hz, 4J = 2.3 Hz, 1H); 19F-NMR 

(CDCl3, CFCl3, 470.0 MHz), δ –131.7 (d, 3JFH = 10.9 Hz, 1F). 

2-2-3-9. 3-fluoro-4-octyloxybenzoic acid (C8(3F)A) 

The solution of 4-octyloxy-3-fluorobromobenzene (C8(3F)Br) 24.0 g (79.2 mmol) in dry THF (200 mL) 

was added into Mg 2.31 g (95.0 mmol) dried up in Ar, and the reaction mixture refluxed for 1 hr, and the 

reaction mixture was cooled down to –78 ºC, and solidified CO2 (Dry Ice) was added into the mixture at 

–78 ºC, and was stirred for 1h at –78 ºC followed by at room temperature over night. 3M-HClaq (100 mL) 
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and diethyl ether (200 mL) were added to the reaction mixture at 0 ºC, and the separated organic layer was 

washed with brine (100 mL) and dried over anhydrous MgSO4. The solvent was removed under reduced 

pressure and the reside was purified by recrystallization using n-hexane to yield 16.4 g (61.0 mmol) of 

C8(3F)A as colourless crystal (yield=77.0 %). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.9 Hz, 

3H), 1.28−1.37 (m, 8H), 1.47 (quintet, J = 7.9 Hz, 2H), 1.85 (quintet, J = 7.3 Hz, 2H), 4.01 (t, J = 6.5 Hz, 

2H), 6.98 (t, J = 8.5 Hz, 1H), 7.79 (dd, 3JHF = 11.5 Hz, 4J = 1.8 Hz, 1H), 7.87 (td, 3J = 8.6 Hz, 4JHF =1.2 Hz, 

1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –134.3 (t, 3JFH = 10.9 Hz, 1F). 

2-2-3-10. 2,3,6,7,10,11-hexakis(2,6-difluoro-4-octyloxybenzoyloxy) triphenylene (C8(3F)E-TP) 

Following the procedure described in the synthesis of C8(2F)E-TP, 0.64 g (0.35 mmol, yield=25.8 %) of 

C8(3F)E-TP was obtained as colourless crystal by using C8(3F)A as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 7.1 Hz, 18H), 1.30−1.34 (m, 48H), 1.45 (quintet, J = 7.9 Hz, 12H), 

1.81 (quintet, J = 8.0 Hz, 12H), 3.96 (t, J = 6.8 Hz, 12H), 6.65 (t, J = 8.0 Hz, 6H), 7.48 (dd, 3JHF 11.5 Hz, 4J  

= 1.8 Hz, 6H), 7.65 (d, 3J = 8.8 Hz, 6H), 8.21 (s, 6H); 19F (CDCl3, CFCl3, 470.0 MHz) δ –134.5 (d, J = 8.1 

Hz 6F); MS m/z = 1826.4 (Calc. 1826.1 for C108H126F6O18); FTIR (KBr, cm−1) 2955, 2927, 2857, 1741, 

1617, 1519, 1469, 1437, 1425, 1286, 1253, 1193, 1141, 1123, 1071, 931, 893, 750 ; Anal. Calc. for 

C108H126F6O18: C, 71.03; H, 6.95; F, 6.24%. Found: C, 71.09; H, 6.93; F, 6.31%. 

2-2-3-11. 2,6-difluorophenylboronic acid (10) 

123.3 mL (197.3 mmol) of n-BuLi hexane solution (1.60 molL-1) was added into the solution of 

1,3-difluorobenzene (9) 25.0 g (164.4 mmol) in dry THF (250 mL) at –78 ºC, and the reaction mixture was 

stirred for 2 h at –78 ºC, and a solution of 2-propyl borate 61.8 g (328.8 mmol) in dry THF 60 mL was 

added into the reaction mixture at –78 ºC, and it was stirred for 1h at –78 ºC and further at room 

temperature over night. 3M-HClaq (100 mL) and diethyl ether (200 mL) were added into the reaction 

mixture at 0 ºC, and the separated organic layer was washed with brine (100 mL) and dried over anhydrous 

MgSO4. The solvent was removed under reduced pressure to yield 31.9 g of 10 as colourless liquid, which 

was used without further purification. 

 65



2-2-3-12. 2,6-difluorophenol (11) 

Hydrogen peroxide (30 %, aqueous solution) 37.3 g (328.8 mmol) was slowly added into the solution of 

2,6-difluorophenylboronic acid (10) 31.9 g in THF (150 mL) under 30 ºC, and the reaction mixture was 

stirred for 2 h at rt. A saturated aqueous solution of sodium sulfite (100 mL) and diethyl ether (200 mL) 

were added to the reaction mixture at 0 ºC, and the separated organic layer was washed with a saturated 

aqueous solution of sodium sulfite and brine (100 mL) and dried over anhydrous MgSO4. The solvent was 

removed under reduced pressure and the residue was purified by distillation under reduced pressure, b. p. 

65 °C at 11.3 kPa to yield 18.4 g (141.7 mmol) of 11 as colourless liquid (yield=86.2% from 9). 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 6.76 (tt, 3JHF =6.9 Hz, 4J =1.8 Hz, 1H), 6.85 (td, 3JHF =7.1 Hz, 4J =1.1 Hz, 

2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –135.9 (s, 2F). 

2-2-3-13. 4-bromo-2,6-difluorophenol (12) 

Bromine 23.7 g (148.5 mmol) was slowly added into a suspension mixture of 2,6-difluorophenol (11) 

18.4 g (141.4 mmol) and Fe (powdered) 1.0 g, and the reaction mixture was stirred at refluxed for 8 h. The 

reaction mixture was poured into ice water and extracted with CH2Cl2, and the separated organic layer was 

washed with a saturated aqueous solution of sodium sulfite and brine (100 mL) and dried over anhydrous 

MgSO4. The solvent was removed under reduced pressure to yield 27.6 g (132.2 mmol) of 12 as colourless 

liquid (yield=93.5%), which was used without further purification. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 

7.04 (d, 3JHF =6.9 Hz, 2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –132.9 (s, 2F). 

2-2-3-14. 4-octyloxy-3,5-difluorobromobenzene (C8(3F5F)Br) 

Following the method described in the synthesis of C8(2F) 25.3 g (79.0 mmol, yield=82.5 %) of 

C8(3F5F)Br was obtained as colourless liquid by using 4-bromo-2,6-difluorophenol (8) as the starting 

material. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.92 (t, J = 6.7 Hz, 3H), 1.32−1.35 (m, 8H), 1.46 (quintet, 

J = 5.4 Hz, 2H), 1.77 (quintet, J = 8.1 Hz, 2H), 4.13 (t, J = 6.7 Hz, 2H), 7.08 (d, 3JHF = 7.4 Hz, 2H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –126.4 (d, 3JFH = 10.9 Hz, 1F). 

2-2-3-15. 2,6-difluoro-4-octyloxybenzoic acid (C8(3F5F)A) 
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Following the method showed in the synthesis of C8(3F)A, 9.0g (31.4 mmol, yield=40.4 %) of 

C8(3F5F)A was obtained as colourless crystal by using C8(3F5F)Br as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.7 Hz, 3H), 1.29−1.33 (m, 8H), 1.46 (quintet, J = 7.2 Hz, 2H), 

1.78 (quintet, J = 7.1 Hz, 2H), 4.27 (t, J = 6.6 Hz, 2H), 7.63 (d, 3JHF =8.2 Hz 2H); 19F-NMR (CDCl3, CFCl3, 

470.0 MHz), δ –127.1 (d, 3JFH = 10.9 Hz, 2F). 

2-2-3-16. 2,3,6,7,10,11-hexakis(3,5-difluoro-4-octyloxybenzoyloxy) triphenylene (C8(3F5F)E-TP) 

1.75 g (0.91 mmol, yield=66.5 %) of C8(3F5F)E-TP was obtained as colourless crystal on following the 

procedure employed for the synthesis of C8(2F)E-TP, by using C8(3F5F)A as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.90 (t, J = 7.0 Hz, 18H), 1.30−1.34 (m, 48H), 1.46 (quintet, J = 8.0 

Hz, 12H), 1.76 (quintet, J = 8.0 Hz, 12H), 4.19 (t, J = 6.6Hz, 12H), 7.38 (d, 3JHF = 7.8 Hz, 12H), 8.06 (s, 

6H); 19F (CDCl3, CFCl3, 470.0 MHz), δ –127.0 (s, 12F), MS m/z = 1934.4 (Calc. 1934.1 for 

C108H120F12O18); FTIR (KBr, cm−1) 2957, 2928, 2857, 1744, 1622, 1583, 1516, 1436, 1350, 1254, 1205, 

1123, 1035, 1002, 947, 890, 751 ; Anal. Calc. for C108H120F12O18: C, 67.07; H, 6.25; F, 11.79%. Found: C, 

67.15; H, 6.34; F, 11.87 %. 

2-2-3-17. 2,5-difluorophenylboronic acid (10) 

19.6g of 10 was obtained as colourless liquid by following the method employed for the synthesis of 

2,6-difluorophenylboronic acid (6) with 2,5-difluorobromobenzene (9) as the starting material. 

2,5-difluorophenylboronic acid (10) was used without further purification. 

2-2-3-18. 2, 5-difluorophenol (11) 

On following the method employed for the synthesis of 2,6-difluorophenol (7), 11.3 g (86.9 mmol, 

yield=66.8 %) of 2,5-difluorophenol (11) was obtained as colourless liquid by using 

2,5-difluorophenylboronic acid (10) as the starting material. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 6.51 (tt, 

3JHF = 8.3 Hz, 4JHF = 3.3 Hz, 1H), 6.70 (ddd, 3JHF = 7.3 Hz, 3J = 5.3 Hz, 4JHF = 3.3 Hz, 1H), 7.00 (dt, 3JHF = 

9.6 Hz, 3J = 5.2 Hz 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –117.7 (d, 3JFH = 9.5 Hz, 1F), –146.0 (s, 

1F). 
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2-2-3-19. 2,5-difluoro-1-octyloxybenzene (C8(2F5F)) 

Following the way employed for the synthesis of C8(2F), 14.4 g (59.2 mmol, yield=68.1 %) of 

C8(2F5F) was obtained as colourless liquid by using 2,5-difluorophenol (11) as the starting material. 

1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 7.5 Hz, 3H), 1.29−1.37 (m, 8H), 1.46 (quintet, J = 7.5 

Hz, 2H), 1.80 (quintet, J = 6.4 Hz, 2H), 3.98 (t, J = 6.7 Hz, 2H), 6.54 (tt, 3JHF = 7.7 Hz, 4JHF = 3.3 Hz, 1H), 

6.67 (ddd, 3JHF = 6.8 Hz, 3J = 6.2 Hz, 4JHF = 2.9 Hz, 1H), 6.98 (dt, 3JHF = 9.9 Hz, 3J = 5.6 Hz 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –117.4 (t, 3JFH = 16.3 Hz, 1F), –141.0 (s, 1F). 

2-2-3-20. 2,5-difluoro-4-octyloxybromobenzene (C8(2F5F)Br) 

Following the way described in the synthesis of C8(2F)Br, 17.0 g (52.9 mmol, yield=89.4 %) of 

C8(2F5F)Br was obtained as colourless liquid by using 2,5-difluoro-1-octyloxybenzene (C8(2F5F)) as the 

starting material. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.92 (t, J = 6.2 Hz, 3H), 1.32−1.36 (m, 8H), 1.48 

(quintet, J = 7.6 Hz, 2H), 1.84 (quintet, J = 7.4 Hz, 2H), 4.00 (t, J = 6.4 Hz, 2H), 6.78 (t, 3JHF = 7.7 Hz, 1H), 

7.26 (dd, 3JHF = 10.2 Hz, 3J = 6.9 Hz 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –111.3 (t, 3JFH = 13.1 

Hz, 1F), –138.0 (dd, 3JFH = 20.7 Hz, 4JFH = 12.2 Hz 1F). 

2-2-3-21. 2,5-difluoro-4-octyloxybenzonitryl (C8(2F5F)CN) 

5.8g (65.0 mmol) of Copper cyanide (I) was added into the solution of 2,5-difluoro-4-octyloxybenzene 

(C8(2F5F)Br) 17.4 g (54.2 mmol) in DMF (50 mL). The reaction mixture was refluxed for 4h. The 

reaction mixture was poured into an aqueous ammonia (100 mL) and diethyl ether, and the separated 

organic layer was washed with brine (100 mL) and dried over anhydrous MgSO4. The solvent was removed 

under reduced pressure and the residue was purified by column chromatography on silica gel (300 g), 

eluting with the mixture of CH2Cl2 and n-hexane (1:1) to yield 10.3 g (38.5 mmol) of C8(2F5F)CN as 

colourless liquid, yield 71.0 %. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.92 (t, J = 6.8 Hz, 3H), 1.31−1.40 

(m, 8H), 1.50 (quintet, J = 7.8 Hz, 2H), 1.88 (quintet, J = 7.9 Hz, 2H), 4.09 (t, J = 6.8 Hz, 2H), 6.81 (dd, 

3JHF = 10.3 Hz, 3J = 6.8 Hz, 1H), 7.30 (dd, 3JHF = 9.8 Hz, 3J = 6.1 Hz, 1H); 19F-NMR (CDCl3, CFCl3, 470.0 

MHz), δ –108.7 (t, 3JFH = 13.6 Hz, 1F), –137.2 (t, 3JFH = 13.6 Hz, 1F). 
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2-2-3-22. 2,5-difluoro-4-octyloxybenzaldehyde (C8(2F5F)Ald) 

38.5 mL (57.8 mmol) of diidobutylalminium hydride (DIBAL-H) toluene solution (1.5 molL-1) was 

added into a solution of 2,5-difluoro-4-octyloxybenonitryl (C8(2F5F)CN) 10.3 g (38.5 mmol) in CH2Cl2 

(150 mL) at 0 °C. After stirring for 1h at rt., the reaction mixture was poured into 3M-HCl aq (200 mL), 

and extracted with diethyl ether. The separated organic layer was washed with brine (100 mL) and dried 

over anhydrous MgSO4. The solvent was removed under reduced pressure to yield 9.83 g (38.5 mmol) of 

C8(2F5F)Ald as colourless liquid, yield 82.8 %. 2,5-difluoro-4-octyloxybenzaldehyde (C8(2F5F)Ald) was 

used for the next reaction without further purification. 

2-2-3-23. 2,5-difluoro-4-octyloxybenzoic acid (C8(2F5F)A) 

Jones reagent (Chromic oxide (IV) sulfuric acid solution) 20 mL was added into a solution of 

2,5-difluoro-4-octyloxybenzaldehyde (C8(2F5F)Ald) 9.8 g (36.4 mmol) in acetone (30 mL) at 0 °C, and 

reaction mixture was stirred over night at rt. A saturated aqueous sodium sulfite was poured into the 

reaction mixture and extracted with diethyl ether. The separated organic layer was washed with brine (100 

mL) and dried over anhydrous MgSO4. The solvent was removed under reduced pressure and the residue 

was purified by recrystallization using n-hexane to yield 5.9 g (20.7 mmol) of C8(2F5F)A as colourless 

crystal (yield=57.0 %). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.7 Hz, 3H), 1.29−1.38 (m, 8H), 

1.47 (quintet, J = 7.9 Hz, 2H), 1.86 (quintet, J = 8.0 Hz, 2H), 4.06 (t, J = 6.5 Hz, 2H), 6.71 (dd, 3JHF = 11.6 

Hz, 3J = 6.5 Hz, 1H), 7.71 (dd, 3JHF = 11.2 Hz, 3J = 6.8 Hz, 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ 

–109.1 (s, 1F), –139.4 (t, 3JFH = 16.4 Hz, 1F). 

2-2-3-24. 2,3,6,7,10,11-hexakis(2,5-difluoro-4-octyloxybenzoyloxy) triphenylene (C8(2F5F)E-TP) 

Following the procedure showed in the synthesis of C8(2F)E-TP, 1.24 g (0.64 mmol, yield=47.1 %) of 

C8(2F5F)E-TP was obtained as colourless crystal by using C8(2F5F)A as the starting material. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.90 (t, J = 6.8 Hz, 18H), 1.30−1.35 (m, 48H), 1.47 (quintet, J = 7.9 Hz, 12H), 

1.83 (quintet, J = 7.9 Hz, 12H), 3.96 (t, J = 6.7 Hz, 12H), 6.50 (dd, 3JHF = 11.6 Hz, 3J = 6.7 Hz, 6H), 7.56 

(dd, 3JHF = 11.3 Hz, 3J = 6.8 Hz, 6H), 8.23 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –108.2 (s, 6F), 
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–139.7 (s, 6F); Anal. Calc. for C108H120F12O18: C, 67.07; H, 6.25; F, 11.79%. Found: C, 66.98; H, 6.23; F, 

11.78 %. 

 

 

2-3. Results and discussion 

2-3-1. Mesomorphic properties 

The DSC curves on heating of the C8(2F)E-TP and C8(2F6F)E-TP for which the peripheral phenylene 

groups are fluorinated at the inner position are shown in Figure 2-2 and 2-3. These exhibit enantiotropic 

mesomorphism. For C8(2F)E-TP, four endothermic peaks were observed at 82.3, 120, 150 and 213 ºC on 

the first heating run with the phase transition enthalpies (∆H), 12.5, 27.3, 28.3 and 0.83 kJmol-1, 

respectively. On the first cooling run, however five exothermic peaks were observed at 212, 139, 141, 55.9 

and 30.2 ºC (∆H: 0.97, 17.6, 9.7, 7.9 and 5.5 kJmol-1, respectively). On the first heating run, 

C8(2F6F)E-TP shows three peaks at 53.2, 116 and 176 ºC (∆H: 18.1, 60.9 and 23.0 kJ/mol, respectively). 

On the first cooling run, three peaks were observed at 173, 103 and 65.2 ºC with 20.8, 26.5 and 12.7 kJ/mol 

of ∆H, respectively. The microscopic texture observation of C8(2F)E-TP revealed the former two on the 

first heating runs are crystal-crystal transitions, and the latter two are the melting and clearing points, 

respectively. A typical Schlieren texture was observed for the mesophase of C8(2F)E-TP (as show in 

Figure 2-4), and thus it could be identified to be a discotic nematic (ND) mesophase, also supported by the 

DSC results.  

C8(2F6F)E-TP shows a solid-like texture in the mesophase (see in Figure 2-4), and it is a highly viscous 

state to indicate this phase is a highly ordered mesophase. This is also supported by the X-ray diffraction 

results (as shown in Figure 2-5). 
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Figure 2-2 DSC curves of C8(2F)E-TP (rate: 5 °C min-1). 

-50 0 50 100 150 200 250

H
ea

t f
lo

w
 / 

ar
b.

 u
ni

t

Temperature / °C

53.2 °C

∆H=18.1 kJmol-1

116 °C

∆H=60.9 kJmol-1 176 °C

∆H=23.0 kJmol-1

173 °C

∆H=20.8 kJmol-1
103 °C

∆H=26.5 kJmol-1

65.2 °C

∆H=12.7 kJmol-1

1st Heating1st Cooling

 

-1
Figure 2-3 DSC curves of C8(2F6F)E-TP (rate: 5 °C min ). 
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Figure 2-4 Optical textures of mesophases for C8(2F)E-TP (left: at 200 ºC) and

C8(2F6F)E-TP (right: at 155 ºC). 
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Figure 2-5 X-ray diffraction pattern of C8(2F6F)E-TP at 140 °C. 
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On the other hand, the DSC curves of C8(3F)E-TP and C8(3F5F)E-TP, in which the outer positions (3/ 

3 and 5 sites) of the phenyl rings are fluorinated are shown in Figure 2-6 and 2-7. These also exhibit 

enantiotropic mesomorphism. For C8(3F)E-TP four endothermic peaks were observed at 56.1, 196, 210 

and 237 ºC with the phase transition enthalpies (∆H), 3.6, 3.1, 0.61 and 0.67 kJmol-1, respectively. 

C8(3F5F)E-TP shows only two peaks at 14.7 ºC and 140 ºC (∆H: 5.3 kJ/mol and 11.1 kJmol-1, 

respectively).  

In the microscopic texture observation up to 420 ºC, the clearing points of C8(3F)E-TP and 

C8(3F5F)E-TP could not definitively be detected. Both compounds only show thermal decomposition 

below the isotropisation temperature. For example, thermal stability of mesomorphism for C8(3F)E-TP is 

much larger than one of corresponding positional isomer C8(2F)E-TP. These drastic enhancements of 

mesomorphism induced by the only difference of the position for fluorination are quite new and interesting. 

It is noteworthy that fluorination at the outer positions of the peripheral groups (semi-flexible/ semi-rigid 

core part) drastically enhance the thermal stability of columnar mesophase. 

 In the X-ray diffraction patterns of the mesophase of C8(3F)E-TP at 205 ºC (for the non-aligned samples), 

several reflection peaks were detected, which have the spacing of 26.4 Å, 24.5 Å, 15.6 Å, 13.3 Å and 9.9 Å 

(Figure 2-8), and this mesophase was assigned to be a Colr phase with C2/m symmetry. Almost invariable 

situation of the diffraction patterns was observed for the three mesophases above 196 ºC, indicating these 

mesophases are classified to be Colr phases with a tiny change of the molecular order to each (as shown in 

Figure 2-8). Between 205 °C and 220 °C, only the lattice constant was slightly changed and symmetry of 

molecular order (C2/m) was kept. However, molecular formation was changed from C2/m to P21/a between 

220 °C and 250 °C. 
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Figure 2-6 DSC curve of C8(3F)E-TP (Heating rate 5 °C min-1). 
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Figure 2-7 DSC curve of C8(3F5F)E-TP (Heating rate: 5 °Cmin ). 
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Figure 2-8 XRD patterns and molecular positions of C8(3F)E-TP at each temperature. 
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Table 2-1 X-ray diffraction parameters for the mesophase of C8(3F)E-TP (205 °C, 220 °C and 

250 °C) and C8(3F5F)E-TP. 

dhkl / Å 
Compound Temperature 

Lattice constant 

 / Å 
hkl 

Observed Calculated 

C8(3F)E-TP 205 °C Colr 200 26.4 26.4 

  (C2/m) 110 24.5 24.5 

  a=52.9 310 15.6 14.9 

  b=27.7 400 13.3 13.2 

  Z=2† 510 9.9 9.9 

    4.5 (br)††  

    3.5 (br)  

 220 °C Colr 200 26.3 26.3 

  (C2/m) 110 24.8 24.8 

  a=52.6 400 13.2 13.1 

  b=28.1 510 10.0 9.8 

  Z=2†  4.6 (br)  

    3.6 (br)  

 250 °C Colr 200 26.3 26.3 

  (P21/a) 110 25.2 25.2 

  a=52.6 310 15.2 15.0 

  b=28.7 410 11.8 12.0 

  Z=2† 510 10.1 9.9 

    4.7 (br)  

    3.5 (br)  

C8(3F5F)E-TP 160 °C Colh 100 26.9 26.9 

  a=31.1 110 15.5 15.5 

  Z=0.5† 200 13.6 13.5 

   210 10.1 10.2 

   300 9.1 9.0 

   220 7.8 7.8 

    4.5 (br)  

    3.5 (br)  
†: Calculated from the lattice constants a and b, correlation length along the c-axis (3.5 Å) and the 

postulated density ρ (1.0 g cm-3); ††: br = Broad. 
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The X-ray diffraction pattern of C8(3F5F)E-TP at 160 ºC (for the non-aligned samples) shows the small 

number of reflections as shown in Figure 2-9. The reflections in the small angle region have a spacing ratio 

of 1:1/√3:1/2, which is an evidence of a hexagonal arrangement of molecularly stacked columns. 

Furthermore, three halos of which spacing are 4.5 and 3.5 Å were observed in the wide-angle region. The 

halo centered at 4.5 Å could be assigned to the averaged diameter of molten alkyl chain[2] and the π−π 

staking distance of triphenylene cores in a column gives a reflection at 3.5 Å. The X-ray diffraction 

parameters of C8(3F)E-TP and C8(3F5F)E-TP are summarised in Table 2-1. 
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Figure 2-9 X-ray diffraction pattern of C8(3F5F)E-TP at 160 °C. 
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Furthermore, the DSC curve of C8(2F5F)E-TP, in which the inner and outer positions (2 and 5 sites) of the 

phenyl rings are fluorinated is shown in Figure 2-10. C8(2F5F)E-TP also exhibits enantiotropic 

mesomorphism. Two endothermic peaks were observed for C8(2F5F)E-TP at 90.0 ºC and 157 ºC on first 

heating run with the phase transition enthalpies (∆H), 21.8 and 10.2 kJmol-1, respectively. On the first 

cooling run, C8(2F5F)E-TP shows two peaks at 252 ºC and 63.3 ºC (∆H: 8.1 kJmol-1 and 20.2 kJmol-1, 

respectively). 

The X-ray diffraction pattern of C8(2F5F)E-TP at 160 ºC (for the non-aligned samples) shows several 

reflection peaks having the spacing of 25.8 Å, 22.5 Å, 16.4 Å, 13.4 Å, 10.1 Å and 9.3 Å (Figure 2-11), and 

this mesophase was assigned to be a Colr phase of which packing of columns is C2/m. Furthermore, three 

halo spacing of 4.5 Å observed in the wide-angle region. The halo centered at 4.5 Å could be assigned to 

the averaged diameter of molten alkyl chain.[2] The X-ray diffraction parameters of C8(2F5F)E-TP is 

summarised in Table 2-2. 

 

-50 0 50 100 150 200 250 300

H
ea

t f
lo

w
 / 

ar
b.

 u
ni

t

Temperature / °C

90.0 °C

∆H=21.8 kJmol-1
257 °C

∆H=10.2 kJmol-1

252 °C

∆H=8.1 kJmol-1
63.3 °C

∆H=20.2 kJmol-1

1st Heating

1st Cooling

 
-1
Figure 2-10 DSC curve of C8(2F5F)E-TP (rate: 3 °C min ). 
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Figure 2-11 X-ray diffraction pattern of C8(2F5F)E-TP at 140 °C. 

 

Table 2-2 X-ray diffraction parameters for the mesophase of C8(2F5F)E-TP. 

dhkl / Å 
Compound Lattice const. / Å hkl 

Observed Calculated 

C8(2F5F)E-TP Colr 110 25.8 26.5 

(140 °C) (C2/m) 200 22.5 22.5 

 a=45.0 020 16.4 16.4 

 b=32.8 310 13.4 13.7 

 Z=2† 130 10.9 10.6 

  420 9.3 9.2 

   4.4 (br) ††  
†: Calculated from the lattice constants a and b, correlation length along 

the c-axis (3.5 Å) and the postulated density ρ (1.0 g cm-3); ††: br = Broad. 
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2-3-2. Comparison of the mesomorphic behaviours 

The phase transition parameters of C8(2F)E-TP, C8(2F6F)E-TP, C8(3F)E-TP, C8(3F5F)E-TP and 

C8(2F5F)E-TP are summarized in Table 2-3 and Figure 2-12, with those of C8H4E-TP[1] and C8F4E-TP 

as the control. These results show the variation of the position and the number of fluorine atoms on the 

peripheral phenyl rings leads to a drastic change of mesomorphism. Especially, the thermal stability of the 

columnar mesophase are extremely stabilized over 400 ºC in C8(3F)E-TP and C8(3F5F)E-TP, for which 

peripheral phenylene groups are fluorinated at the outer positions, while the corresponding inner 

fluorinated homologues exhibit relatively low thermal stability of mesomorphism. It is quite interesting that 

mesomorphic properties are drastically change by the tiny difference of the position in fluorination on 

peripheral aromatic rings. Those results strongly indicate that a certain attractive force works around the 

fluorinated phenylene moieties. However, it is difficult to think that there is significant interactions between 

intra-columnar by XRD result of C8(3F)E-TP and C8(3F5F)E-TP. Therefore, it is reasonable to think that 

these highly stability of mesomorphism for C8(3F)E-TP and C8(3F5F)E-TP were induced by very strong 

inter-columnar interaction owing to fluorination at outer position on peripheral phenyl moieties.  

Thermal stability of mesophase over 400 ºC has been reported only for the compounds having a large 

π-conjugation systems, such as hexabenzocolonenes,[3-4] carbonatious mesophase,[5-12] and 

metarophtalocyanines.[13] However, in calamitic liquid crystals, no report has been seen such that 

fluorination of aromatic rings so drastically enhances the mesomorphic thermal stability.[14-19] Therefore, 

these results indicate other factors affected by such fluorination should be considered rather than the change 

of electronic state.  
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Table 2-3 Phase transition properties of C8(2F)E-TP, C8(2F6F)E-TP, C8(3F)E-TP, 

C8(3F5F)E-TP, C8(2F5F)E-TP, C8H4E-TP and C8F4E-TP. 

Compound Phase transition temperature / °C (∆H / kJmol-1) 

C8(2F)E-TP Cr1 82.3 (12.6) Cr2 120 (15.0) Cr3 150 (28.3) ND 213 (0.8) Iso 

C8(2F6F)E-TP Cr1 53.2 (18.1) Cr2 116 (60.9) M 176 (23.0) Iso 

C8(3F)E-TP Cr1 56.1 (3.6) Cr2 196 (3.1) Colr1 210 (0.6) Colr2 237 (0.7) Colr3 400< Dec†  

C8(3F5F)E-TP Cr1 14.7 (5.3) Cr2 140 (11.1) Colh 400< Dec† 

C8(2F5F)E-TP Cr 90.0 (21.8) Colr 25.7 (10.2) Iso 

  

C8H4E-TP Cr 149 (21.7) Colr 170 (7.2) ND 242 (0.3) Iso 

C8F4E-TP Cr 133 (6.2) Colh 308 (28.4) Iso 

†: Dec: Decomposition. 
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Figure 2-12 The mesomorphic behavior of C8(2F)E-TP, C8(2F6F)E-TP, C8(3F)E-TP,

C8(3F5F)E-TP, C8(2F5F)E-TP, C8H4E-TP and C8F4E-TP. 
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On the other hand, the thermal stabilities of the mesophases for C8(2F)E-TP and C8(2F6F)E-TP, for 

which peripheral phenylene groups are fluorinated at the inner positions are decreased in comparison with 

C8H4E-TP and C8F4E-TP, which are non-fluorinated or fully-fluorinated homologues. This lower 

thermal stability may be due to the non-coplanarity of the phenyl ring to the carbonyl sp2 plane probably 

derived from an electrostatic repulsive force between the strongly electro-negative fluorine and carbonyl 

oxygen atoms. However, C8(2F6F)E-TP exhibits a highly ordered mesophase from XRD measurement. 

These results indicate that a certain interaction is brought by di-fluorinated phenyl moiety at inner position. 

The thermal stability of the mesophase for C8(2F5F)E-TP, for which peripheral phenylene groups are 

fluorinated at the inner and the outer positions locate between the inner (C8(2F)E-TP and C8(2F6F)E-TP) 

and outer (C8(3F)E-TP and C8(3F5F)E-TP) derivatives.  

Mesomorphic summaries indicate that the fluorination at peripheral phenylene rings of 

2,3,6,7,10,11-hexakis(4-alkoxybenzoyloxy)triphenylenes induce columnar mesophase or highly ordered 

mesophase, without C8(2F)E-TP, while the corresponding non-fluorinated homologue (C8H4E-TP) 

shows a strong tendency to form a ND phase accompanied with a Colr phase. These results of 

mesomorphism strongly indicate that there is a certain attractive interaction between intra- or inter- 

columns owing to fluorination on peripheral aromatic rings. 

  

 

2-4. Conclusion 

Hexakis (4-octyloxybenzoyloxy) triphenylene derivatives with mono- or di-fluorinated at the inner (2- 

and/or 6- [C8(2F)E-TP, C8(2F6F)E-TP]), outer (3- and/or 5- [C8(3F)E-TP, C8(3F5F)E-TP]) or inner 

and outer (2- and 5- [C8(2F5F)E-TP] positions in the peripheral aromatic rings were synthesised and 

investigated on the mesomorphic behaviour to reveal the alteration of fluorinated positions in the phenyl 

rings leads to a drastic change of the mesomorphism involving the thermal stability.  

Their mesomorphism show the variation of the position and the number of fluorine atoms on the 
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peripheral phenyl rings leads to a drastic change of mesomorphism. Especially, the thermal stability of the 

columnar mesophase are extremely stabilized over 400 ºC in C8(3F)E-TP and C8(3F5F)E-TP, for which 

peripheral phenylene groups are fluorinated at the outer positions. On the other hand, the thermal stabilities 

of the mesophases for C8(2F)E-TP and C8(2F6F)E-TP, for which peripheral phenylene groups are 

fluorinated at the inner positions are decreased in comparison with C8H4E-TP and C8F4E-TP, which are 

non-fluorinated or fully-fluorinated homologues. 
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Chapter 3 

Mesomorphic properties of 

4-alkoxy-2,3,5,6-tetrafluorobenyloxytriphenylens 



3-1. Introduction 

In Chapter 1, it is reported that the fluorination on the peripheral phenyl groups for hexakis 

(4-alkoxybenzoyloxy) triphenylene derivatives induces a remarkable change of mesomorphism, for 

example inducement of columnar mesophase, drastic enhancement of thermal stability and so on, while the 

corresponding non-fluorinated homologues predominately exhibit a discotic nematic (ND) phase.[1] 

For the further studies of fluorination effect for discotic liquid crystals, hexakis (4-alkoxybenzyloxy) 

triphenylene derivatives (CnF41O-TPs, as shown Figure 3-1), of which the methyleneoxy linkage is less 

bulky and more flexible in comparison to the ester one, were synthesised (as shown Scheme 3-1) and 

investigated on the mesomorphic behaviour to reveal the alteration of molecular structure leads to a change 

of the mesomorphism and thus the corresponding ester homologues were compared in mesomorphism. The 

identification of these compounds was carried out by 1H-NMR, 19F-NMR, FT-IR and elemental analyses. 

And the mesomorphic behaviour was investigated by texture observations with a polarized optical 

microscopy (POM), DSC measurements and a X-ray diffraction technique. 

O
O

O
O

O

O

R
F

F

F

F
F

F
R

F
F

F
F

F
F

RF

F

F

F
R

F
F

R

F
F F

F

R
F

F

C6F41O-TP: R=-OC6H13

C8F41O-TP: R=-OC8H17

C10F41O-TP: R=-OC10H21

 

Figure 3-1 Chemical structure of CnF41O-TP. 
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Scheme 3-1 Synthetic route of CnF41O-TP (n= 6, 8, 10): i) RBr, K2CO3, TBAB, MEK, reflux; ii)

n-BuLi/Hex., THF, -78 °C; iii) EtOCHO, -78 °C; iv) Na2CO3aq, rt.; v) Me2NH-BH3, AcOH, rt.; vi)

PBr3, Et2O; vii) 2,3,6,7,10,11-hexahydroxytriphenylene, K2CO3, TBAB, MEK, reflux. 
. Experimental 

3-2-1. General measurement 

H-NMR spectra were observed at 500.0 MHz on JEOL ECA500 FT-NMR spectrometer using CDCl3 as 

vent. Tetrametylsilane was used internal standard.19F-NMR spectra were observed at 470.6 MHz on the 

e spectrometer. 

3-2-2. Measurement of mesomorphism 

he phase transition temperatures and enthalpies of the compounds were measured by differential 

nning calorimetry (DSC, TA instrument DSC2920) for 5-10 mg samples of the freshly recrystallised 

terials at a scanning rate of 5 °Cmin-1. Microscopic observations of the optical texture of mesophase 

re observed by a polarized microscope (Olympus BH2) equipped with hot stage (Mettler FP90). The 

sophases were identified by a X-ray diffraction (Rigaku,  RINT-2000) for the non-arraigned sample in 

 mesophase temperature ranges. 

3-2-3. Synthesis 

-3-1. 2,3,5,6-tetrafluorohexyloxybenzene (C6F4) 

 solution of bromohexane 14.9 g (90.3 mmol) in 2-butanone (40 mL) was added into the suspension 

xture of K2CO3 12.5 g (90.3 mmol), 2,3,5,6-tetrafluorophenol (1) 15.0 g (90.3 mmol) and 
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tetrabutylammonium bromide 2.9 g (9.0 mmol) in 2-buanone (80 mL), and it was stirred and at refluxed for 

4 h. Distillated water (100 mL) and diethyl ether were added to the reaction mixture at room temperature, 

and the separated organic layer was washed with brine (100 mL) and dried over anhydrous MgSO4. The 

solution removed under reduced pressure and the residue was purified by column chromatography on silica 

gel (eluate: hexane) to yield 21.6 g (86.3 mmol) of C6F4 as colourless liquid, yield 95.6 %. 1H-NMR 

(CDCl3, TMS, 500.0 MHz) δ 0.92 (t, J = 7.0 Hz, 3H), 1.27−1.36 (m, 4H), 1.47 (quintet, J = 7.5 Hz, 2H), 

1.78 (quintet, J = 8.0 Hz, 2H), 4.22 (t, J = 6.5 Hz, 2H), 6.74 (tt, 3JHF = 10.0 Hz, 4JHF = 3.0 Hz 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –140.8 (dd, 3JFF = 14.8 Hz, 4JFF = 8.9 Hz, 2F), –157.6 (td, 3JFF = 

13.6 Hz, 4JFF = 7.1 Hz 2F). 

3-2-3-2. 4-hexyloxy-2,3,5,6-tetrafluorobenzaldehyde (C6F4Ald) 

90 mL (144 mmol) of n-BuLi hexane solution (1.60 molL-1) was added into the solution of 

3-hexyloxy-1,2,4,5-tetrafluorobenzene (C6F4) 30.0 g (120.0 mmol) in dry THF (120 mL) at –78 ºC, and 

the reaction mixture was stirred for 2 h at –78 ºC. Ethyl formate 17.8 g (240 mmol) was added into reaction 

mixture and it was warmed up to room temperature. A saturated aqueous solution of sodium carbonate (100 

mL) and diethyl ether (100 mL) were added into the reaction mixture, and the separated organic layer was 

washed with brine (100 mL) and dried over anhydrous MgSO4. The solvent was removed under reduced 

pressure to yield 36.9 g of residue containing C6F4Ald as colourless liquid, which was used without 

further purification. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.88 (t, J = 7.0 Hz, 3H), 1.28−1.36 (m, 4H), 

1.46 (quintet, J = 7.6 Hz, 2H), 1.81 (quintet, J = 7.9 Hz, 2H), 4.41 (t, J = 6.6 Hz, 2H), 10.2 (s, 1H); 

19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –146.8 (dd, 3JFF = 25.8 Hz, 4JFF = 10.9 Hz, 2F), –157.7 (dd, 3JFF 

= 23.2 Hz, 4JFF = 10.9 Hz 2F). 

3-2-3-3. 4-hexyloxy-2,3,5,6-tetrafluorophenylmethanol (C6F41OH) 

Borane dimethylamine complex 8.5 g (144 mmol) was added into a solution of 36.9 g of the residue 

containing C6F4Ald in acetic acid (300 mL) at room temperature, and the reaction mixture was stirred for 

2 h at room temperature. The solvent was removed under reduced pressure, and CHCl3 (100 mL) was 
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added into the residue. The organic layer was washed with saturated aqueous solution of sodium 

bicarbonate (100 mL) brine (100 mL) and dried over anhydrous MgSO4. The solvent was removed under 

reduced pressure to yield 42.5 g of residue containing C6F41OH as colourless liquid, which was used 

without further purification. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.91 (t, J = 7.3 Hz, 3H), 1.32−1.36 (m, 

4H), 1.46 (quintet, J = 7.9 Hz, 2H), 1.77 (quintet, J = 8.0 Hz, 2H), 2.33 (s, OH), 4.22 (t, J = 6.8 Hz, 2H), 

4.76 (s, 2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –146.5 (dd, 3JFF = 21.8 Hz, 4JFF = 10.9 Hz, 2F), 

–157.8 (dd, 3JFF = 21.8 Hz, 4JFF = 10.9 Hz 2F). 

3-2-3-4. 4-hexyloxy-2,3,5,6-tetrafluorophenylbromomethane (C6F41Br) 

A solution of phosphorus tribromide 32.5 g (120 mmol) in diethyl ether 25 mL was added into a solution 

of 42.5 g of the residue containing C6F41OH in diethyl ether (100 mL) at 0 °C, and the reaction mixture 

was stirred for 1 h at room temperature. The reaction mixture was poured into an ice water, and the 

separated organic layer was washed with saturated aqueous solution of sodium bicarbonate (100 mL) brine 

(100 mL) and dried over anhydrous MgSO4. The solution removed under reduced pressure and the residue 

was purified by column chromatography on silica-gel (eluate; hexane:CH2Cl2=1:1) to yield 25.9 g (75.5 

mmol) of C6F41Br as colourless liquid, yield 62.9 % (from C6F4). 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 

0.91 (t, J = 6.3 Hz, 3H), 1.32−1.35 (m, 4H), 1.47 (quintet, J = 8.0 Hz, 2H), 1.78 (quintet, J = 7.9 Hz, 2H), 

4.24 (t, J = 6.3 Hz, 2H), 4.50 (s, 2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –144.9 (dd, 3JFF = 23.2 Hz, 

4JFF = 8.2 Hz, 2F), –157.4 (dd, 3JFF = 21.8 Hz, 4JFF = 10.9 Hz 2F). 

3-2-3-5. 2,3,6,7,10,11-hexakis(4-hexyloxy-2,3,5,6-tetrafluorobenzyloxy)triphenylene 

(C6F41O-TP) 

A solution of 4-hexyloxy-2,3,5,6-tetrafluorophenylbromomethane (C6F41Br) 10.3 g (30.0 mmol) was 

added into a suspension mixture of 2,3,6,7,10,11-hexahydorxytriphenylene (1.0g, 3.0 mmol), K2CO3 8.3 g 

(60.0 mmol) and tetrabutylammonium bromide 0.97 g (3.0 mmol) in 2-buanone (100 mL) and it was stirred 

at refluxed for 24 h. Distillated water (100 mL) and diethyl ether were added to the reaction mixture at 

room temperature, and the separated organic layer was washed with brine (100 mL) and dried over 
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anhydrous MgSO4. The solution removed under reduced pressure and the residue was purified by column 

chromatography on silica gel (eluate: CHCl3 followed by recrystallization using toluene (200 mL) and 

2-propanol (800 mL) to yield 2.5 g (1.32 mmol) of C6F41O-TP as colourless crystaline solid 

(yield=43.9 %).  1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 6.8 Hz, 18H), 1.31−1.35 (m, 24H), 

1.45 (quintet, J = 8.0 Hz, 12H), 1.77 (quintet, J = 8.1 Hz, 12H), 4.23 (t, J = 6.5 Hz, 12H), 5.40 (s, 12H), 

7.97 (s, 6H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –144.7 (dd, 3JFF = 20.4 Hz, 5JFF = 6.8 Hz, 12F), 

–157.7 (td, 3JFF = 21.8 Hz, 5JFF = 9.6 Hz, 12F); Anal. Calc. for C96H96F24O12: C, 60.76; H, 5.10; F, 24.03 %. 

Found: C, 60.99; H, 5.09; F, 23.80 %. 

3-2-3-6. 3-octyloxy-1,2,4,5-tetrafluorobenzene (C8F4) 

 Following the method employed for the synthesis of C6F4, 32.9 g (118.5 mmol, yield=98.4 %) of C8F4 

was obtained as colourless liquid by using 1-bromooctane as the starting material. 1H-NMR (CDCl3, TMS, 

500.0 MHz) δ 0.80 (t, J = 6.8 Hz, 3H), 1.26−1.38 (m, 8H), 1.46 (quintet, J = 7.5 Hz, 2H), 1.78 (quintet, J = 

6.6 Hz, 2H), 4.21 (t, J = 6.4 Hz, 2H), 6.74 (tt, 3JHF = 10.2 Hz, 4JHF = 2.9 Hz 1H); 19F-NMR (CDCl3, CFCl3, 

470.0 MHz), δ –140.9 (dd, 3JFF = 24.6Hz, 5JFF = 13.6 Hz, 2F), –157.7 (td, 3JFF = 30.0 Hz, , 5JFF = 19.1 Hz 

2F). 

3-2-3-7. 4-octyloxy-2,3,5,6-tetrafluorobenzaldehyde (C8F4Ald) 

C8F4Ald was synthesised by following the method described in the synthesis of C6F4Ald, 37.1 g of 

residue containing C8F4Ald was obtained as colourless liquid by using 

3-octyloxy-1,2,4,5-tetrafluorobenzene (C8F4) as the starting material. It was used without further 

purification. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J = 7.3 Hz, 3H), 1.26−1.34 (m, 8H), 1.46 

(quintet, J = 7.9 Hz, 2H), 1.81 (quintet, J = 6.6 Hz, 2H), 4.41 (t, J = 6.4 Hz, 2H), 10.2 (s, 1H); 19F-NMR 

(CDCl3, CFCl3, 470.0 MHz), δ –146.8 (dd, 3JFF = 21.8 Hz, 4JFF = 10.9 Hz, 2F), –157.7 (d, 3JFF = 24.5 Hz, 

2F). 

3-2-3-8. 4-octyloxy-2,3,5,6-tetrafluorophenylmethanol (C8F41OH) 

 Following the procedure employed for the synthesis of C6F41OH, 43.7 g of residue containing 
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C8F41OH was obtained as colourless liquid by using 4-octyloxy-1,2,4,5-tetrafluorobenzaldehyde 

(C8F4Ald) as the starting material. It was used without further purification. 1H-NMR (CDCl3, TMS, 500.0 

MHz) δ 0.89 (t, J =6.8 Hz, 3H), 1.29−1.33 (m, 8H), 1.46 (quintet, J = 6.6 Hz, 2H), 1.77 (quintet, J = 7.7 Hz, 

2H), 2.33 (s, OH), 4.21 (t, J = 6.6 Hz, 2H), 4.76 (d, J = 5.5 Hz, 2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), 

δ –146.9 (d,  3JFF = 21.8 Hz, 2F), –157.7 (dd, 3JFF = 21.8 Hz, 5JFF = 10.9 Hz 2F). 

3-2-3-9. 4-octyloxy-1,2,4,5-tetrafluorophenylbromomethane (C8F41Br) 

 Following the method described in the synthesis of C6F41Br, 33.6 g (90.4 mmol, yield=76.3% from 

C8F4) of C8F41Br was obtained as colourless liquid by using 

4-octyloxy-1,2,4,5-tetrafluorophenylmethanol (C8F41OH) as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.89 (t, J = 8.2 Hz, 3H), 1.29−1.34 (m, 8H), 1.46 (quintet, J = 7.0 Hz, 2H), 1.78 

(quintet, J = 8.0 Hz, 2H), 4.24 (t, J = 6.4 Hz, 2H), 4.50 (d, J = 1.10 Hz, 2H); 19F-NMR (CDCl3, CFCl3, 

470.0 MHz), δ –144.9 (dd, 3JFF = 21.8 Hz, 5JFF = 10.9 Hz, 2F), –157.4 (dd, 3JFF = 21.8 Hz, 5JFF = 10.9 Hz 

2F). 

3-2-3-10. 2,3,6,7,10,11-hexakis(4-octyloxy-2,3,5,6-tetrafluorobenzyloxy)triphenylene 

(C8F41O-TP) 

 Following the procedure described in the synthesis of C6F41O-TP, 4.01 g (1.94 mmol, yield=64.7%) of 

C8F41Br was obtained as colourless crystalline solid by using 

4-octyloxy-1,2,4,5-tetrafluorophenylbromomethane (C8F41Br) as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 7.4 Hz, 18H), 1.27−1.31 (m, 48H), 1.45 (quintet, J = 6.5 Hz, 12H), 1.77 

(quintet, J =7.7 Hz, 12H), 4.22 (t, J = 6.5 Hz, 12H), 5.40 (s, 12H), 7.98 (s, 6H); 19F-NMR (CDCl3, CFCl3, 

470.0 MHz), δ –144.6 (dd, 3JFF = 20.4 Hz, 5JFF = 9.5 Hz, 12F), –157.7 (d, 3JFF = 20.5 Hz, 12F) ; Anal. Calc. 

for C108H120F24O12: C, 62.78; H, 5.85; F, 22.07 %. Found: C, 63.03; H, 6.04; F, 22.09 %. 

3-2-3-11. 3-decyloxy-1,2,4,5-tetrafluorobenzene (C10F4) 

 Following the method shown in the synthesis of C6F4, 36.8 g (120.0 mmol, yield=99.2 %) of C10F4 was 

obtained as colourless liquid by using 1-bromooctane as the starting material. 1H-NMR (CDCl3, TMS, 
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500.0 MHz) δ 0.89 (t, J = 7.0 Hz, 3H), 1.28−1.37 (m, 12H), 1.46 (quintet, J = 8.0 Hz, 2H), 1.78 (quintet, J 

= 7.0 Hz, 2H), 4.22 (t, J = 6.0 Hz, 2H), 6.74 (tt, 3JHF = 10.0 Hz, 4JHF = 4.5 Hz 1H); 19F-NMR (CDCl3, 

CFCl3, 470.0 MHz), δ –140.9 (dd, 3JFF = 18.8 Hz, 3JHF = 14.1 Hz, 2F), –157.7 (dd, 3JFF = 23.5 Hz, 3JHF = 

14.1 Hz, 2F).  

3-2-3-12. 4-decyloxy-2,3,5,6-tetrafluorobenzaldehyde (C10F4Ald) 

 Following the procedure shown in the synthesis of C6F4Ald, 41.2 g of residue containing C10F4Ald was 

obtained as colourless liquid by using 3-decyloxy-1,2,4,5-tetrafluorobenzene (C10F4) as the starting 

material. It was used without further purification. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.88 (t, J = 7.0 Hz, 

3H), 1.28−1.34 (m, 12H), 1.46 (quintet, J = 7.6 Hz, 2H), 1.81 (quintet, J = 7.9 Hz, 2H), 4.41 (t, J = 6.5 Hz, 

2H), 10.2 (s, 1H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –146.8 (dd, 3JFF = 25.8 Hz, 4JFF = 10.9 Hz, 2F), 

–157.7 (dd, 3JFF = 23.2 Hz, 4JFF = 10.9 Hz, 2F). 

3-2-3-13. 4-decyloxy-2,3,5,6-tetrafluorophenylmethanol (C10F41OH) 

 C10F41OH was synthesised by the method employed for the synthesis of C6F41OH, 49.1 g of residue 

containing C10F41OH was obtained as colourless liquid by using 

4-octyloxy-1,2,4,5-tetrafluorobenzaldehyde (C10F4Ald) as the starting material. It was used without 

further purification. 1H-NMR (CDCl3, TMS, 500.0 MHz) δ 0.89 (t, J =6.8 Hz, 3H), 1.29−1.33 (m, 12H), 

1.46 (quintet, J = 6.6 Hz, 2H), 1.77 (quintet, J = 7.7 Hz, 2H), 2.33 (s, OH), 4.21 (t, J = 6.6 Hz, 2H), 4.76 (d, 

J = 5.5 Hz, 2H); 19F-NMR (CDCl3, CFCl3, 470.0 MHz), δ –146.9 (d, 3JFF = 21.8 Hz, 2F), –157.7 (dd, 3JFF = 

21.8 Hz, 5JFF = 10.9 Hz 2F). 

3-2-3-14. 4-decyloxy-1,2,4,5-tetrafluorophenylbromomethane (C10F41Br) 

 Following the way employed for the synthesis of C6F41Br, 25.5 g (63.9 mmol, yield=53.2 % from 

C10F4) of C10F41Br was obtained as colourless liquid by using 

4-decyloxy-1,2,4,5-tetrafluorophenylmethanol (C10F41OH) as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 6.6 Hz, 3H), 1.28−1.35 (m, 12H), 1.45 (quintet, J = 7.7 Hz, 2H), 1.77 

(quintet, J = 7.9 Hz, 2H), 4.24 (t, J = 6.5 Hz, 2H), 4.49 (s, J = 1.10 Hz, 2H); 19F-NMR (CDCl3, CFCl3, 
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470.0 MHz), δ –144.9 (dd, 3JFF = 21.8 Hz, 5JFF = 10.9 Hz, 2F), –157.4 (dd, 3JFF = 21.8 Hz, 5JFF = 10.9 Hz 

2F). 

3-2-3-15. 2,3,6,7,10,11-hexakis(4-decyloxy-2,3,5,6-tetrafluorobenzyloxy)triphenylene 

(C10F41O-TP) 

 Following the way shown in the synthesis of C6F41O-TP, 3.67 g (1.64 mmol, yield=54.7 %) of 

C10F41O-TP was obtained as colourless crystalline solid by using 

4-decyloxy-1,2,4,5-tetrafluorophenylbromomethane (C10F41Br) as the starting material. 1H-NMR (CDCl3, 

TMS, 500.0 MHz) δ 0.88 (t, J = 6.8 Hz, 18H), 1.27−1.34 (m, 72H), 1.44 (quintet, J = 7.8 Hz, 12H), 1.77 

(quintet, J =8.0 Hz, 12H), 4.23 (t, J = 6.5 Hz, 12H), 5.40 (s, 12H), 8.00 (s, 6H); 19F-NMR (CDCl3, CFCl3, 

470.0 MHz), δ –144.6 (d, 3JFF = 19.1 Hz, 12F), –157.6 (d, 3JFF = 20.4 Hz, 12F) ; Anal. Calc. for 

C108H120F24O12: C, 62.78; H, 5.85; F, 22.07 %. Found: C, 63.03; H, 6.04; F, 22.09 %. 

 

 

3-3. Results and discussion 

3-3-1. DSC measurement 

The DSC curves of all homologues synthesised are shown in Figure 3-2~3-4. In the DSC curves of 

C6F41O-TP (Figure 3-2), two endothermic peaks were observed on the first heating run at 8.9 °C and 

198 °C with phase transition enthalpies (∆H) of 2.7 and 54.7 kJmol-1, respectively. However on the first 

cooling run, there comes up only one exothermic peak at 195 °C (∆H: 48.1 kJmol-1), and a peak 

corresponding to the melting point disappeared. On the second heating process, there were two 

endothermic peaks at 4.2 and 196 °C with the transition enthalpies of 0.73 and 50.5 kJ/mol, respectively. 

POM observations of the optical texture indicated the mesophase might be frozen glassy solid on cooling, 

though the Tg could not be detected on the DSC curves.  

In the DSC curves of C8OF41O-TP, two endothermic peaks were observed at 4.9 °C and 190 °C (4.9 

and 55.4 kJmol-1, respectively) on the first heating run, and two exothermic peaks were observed on the 
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first cooling run at 189 °C and -1.1 °C with the phase transition enthalpies (∆H) of 51.3 and 1.3 kJmol-1, 

respectively.  

For C10F41O-TP, one peak (at 186 C: ∆H =56.4 kJmol-1) and one inflection point (at 1.8 °C) were 

observed on the first heating runs. It is the same situation that one peak and one inflection point were 

observed at 183 °C (∆H: 50.0 kJmol-1) and -1.2 °C. These inflection points show a glass transition takes 

place. This may indicate that the peripheral decyloxy groups could be bulky for packing, and these could 

not fix their position in a way of crystalline solid on cooling. 

On the result of DSC measurement for all homologues, it is difficult to observe distinct transition 

behavior of crystalline state. Therefore, these results indicate that CnF41O-TP (n=6, 8, 10) tend not to 

form a crystalline state. 
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Figure 3-2 DSC curves of C6F41O-TP (rate: 5 °C min-1). 
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Figure 3-3 DSC curves of C8F41O-TP (rate: 5 °C min-1). 

 

Figure 3-4 DSC curves of C10F41O-TP (rate: 5 °C min-1). 
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Figure 3-5 Optical textures of the mesophase for C6F4E-TP (left; at 180 °C) and C8F41O-TP

(right; at 180 °C). 

3-3-2. Polarized optical microscope observation 

The polarized optical microscopic images of C6F41O-TP and C8F41O-TP are shown in Figure 3-5. 

Both compounds exhibit a dendric texture containing dark domains, indicating an optical uniaxiality of 

mesophase. 

 

3-3-3. X-ray diffraction patterns 

X-ray diffraction patterns of the mesophase for all compounds (for the non-aligned sample) are shown in 

Figure. 3-6, 3-7 and 3-8. For C6F41O-TP, several sharp reflections are shown at 160 °C having the 

spacing of 26.6, 15.0, 13.0, 9.7, 8.6, 7.4, 7.1 and 6.4 Å (Figure 3-6), corresponding to a set of the spacing 

ratio, 1 : 1/√3 : 1/2 : 1/√7 : 1/3 : 1/√12 : 1/√13 : 1/4, which are an evidence of a hexagonal arrangement of 

molecularly stacking columns. Furthermore, two halos at 5.1, 4.2 and 3.6 Å were observed in the 

wide-angle region. These halos centered at 5.1 Å could be assigned to the averaged molecular width of a 

tetrafluorophenyl moiety, according to the estimated molecular width of the molecular model (4.7-5.1 Å) 

by calculation using Chem3D (AM1),[2] and the halos at 4.2 Å 3.5 Å could be related to the averaged 

diameter of molten alkyl chains[3] and the π-π stacking distance of triphenylene cores in a column, 

respectively. 

For the mesophases at 160 °C of C8F41O-TP and C10F41O-TP the same sets of sharp reflections were 

shown which have a spacing ratio of 1 : 1/√3 : 1/2 : 1/√7 : 1/3 : 1/√12 : 1/√13 : 1/4, meaning the mesophase 
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has a hexagonal arrangement of columns. And their halos at 5.1, 4.3 and 3.6 Å were also observed in the 

wide-angle region. These halos at 5.1 Å could be assigned to be the averaged molecular width of a 

tetrafluorophenyl moiety, and 4.3 Å could be related to the averaged diameter of molten alkyl chains, and 

the halo at 3.5 Å is derived from the π-π stacking periodicity of triphenylene cores in a column.  

The XRD measurements of all compounds show sharp reflection peaks in the small angle region, which 

imply a tight long-range arrangement of columns, probably due to the rigid column structures.  

The results of X-ray diffraction measurements of CnF41O-TPs are summarized in Table 3-1~Table 3-3. 

The hexagonal lattice constants (ahex.) slightly increase with the elongation of the peripheral chains and 

show the similar correlation to those of other triphenylene mesogens exhibiting a hexagonal columnar 

phase and the observed ahex. are almost 70-80 % of the molecular diameters evaluated by the molecular 

models using AM-1.  

5 10 15 20 25 30 3

In
te

ns
ity

 / 
ar

b.
 u

ni
t

2θ / °
5

d
100

 26.6 Å

d 11
0 1

5.
0 

Å

d
200

 13.0 Å

d 21
0 9

.7
 Å

d 30
0 8

.6
 Å

d 22
0 7

.4
 Å

d 31
0 7

.1
 Å

d 40
0 6

.4
 Å

4.2 Å
3.6 Å

5.1 Å

 

Figure 3-6 X-ray diffraction pattern of C6F41O-TP at 160 ºC. 
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Figure 3-8 X-ray diffraction pattern of C10F41O-TP at 160 ºC. 

 

Figure 3-7 X-ray diffraction pattern of C8F41O-TP at 160 ºC. 
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Table 3-1 X-ray diffraction parameters for the mesophase of C6F41O-TP. 

dhkl/Å 
Compound 

Lattice 

constant / Å 

Molecular 

diameters / Å†† hlk 
Observed Calculated 

C6F41O-TP 30.0 36.2 100 26.6 26.0 

(160 °C) Z=0.5†  110 15.0 15.0 

   200 13.0 13.0 

   210 9.7 9.8 

   300 8.6 8.7 

   220 7.4 7.5 

   310 7.1 7.2 

   400 6.4 6.5 

    5.1 (br) †††  

    4.2 (br)  

    3.6 (br)  
†: Calculated from the lattice constants a, correlation length along the c-axis (3.5 Å) 

and the postulated density ρ (1.0 g cm-3);††: calculated by AM-1; †††: br=Broad. 

Table 3-2 X-ray diffraction parameters for the mesophase of C8F41O-TP. 

dhkl/Å 
Compound 

Lattice 

constant / Å 

Molecular 

diameters / Å† hlk 
Observed Calculated 

C8F41O-TP 32.2 40.1 100 28.5 27.9 

(160 °C) Z=0.5†  110 16.1 16.1 

   200 13.9 14.0 

   210 10.4 10.5 

   300 9.2 9.3 

   220 7.9 8.1 

   310 7.6 7.7 

   400 6.8 7.0 

    5.1 (br)†††  

    4.3 (br)  

    3.6 (br)  
†: Calculated from the lattice constants a, correlation length along the c-axis (3.5 Å) 

and the postulated density ρ (1.0 g cm-3);††: calculated by AM-1; †††: br=Broad. 
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Table 3-3 X-ray diffraction parameters for the mesophase of C10F41O-TP. 

dhkl/Å 
Compound 

Lattice 

constant / Å 

Molecular 

diameters / Å† hlk 
Observed Calculated 

C10F41O-TP 34.4 45.0 100 30.7 29.8 

(160 °C) Z=0.5†  110 17.2 17.2 

   200 14.8 14.9 

   210 11.1 11.2 

   300 9.7 9.9 

   220 8.4 8.6 

   310 8.1 8.3 

   400 7.2 7.4 

   320or

230 
6.7 6.8 

    5.1 (br) †††  

    4.3 (br)  

    3.6 (br)  
†: Calculated from the lattice constants a, correlation length along the c-axis (3.5 

Å) and the postulated density ρ (1.0 g cm-3);††: calculated by AM-1; †††: br=Broad. 

Table 3-4 Phase transition temperatures of CnF41O-TPs. 

Compounds Phase transition temperature / °C (∆H: kJmol-1 [∆S: Jmol-1K-1])  

C6F41O-TP Cr 8.9 (2.7 [9.6]) Colh 198 (54.7 [116]) Iso 

C8F41O-TP Cr 4.9 (4.6 [16.5]) Colh 190 (55.4 [119]) Iso 

C10F41O-TP G 1.8 Colh 186 (56.4 [122]) Iso 

  

C6F4E-TP Cr1 130 (1.9 [4.7]) Cr2 157 (3.6 [8.4]) Colh 301 (25.4 [44.2]) Iso 

C8F4E-TP Cr 133 (6.2 [15.3]) Colh 308 (28.4 [48.9]) Iso 

C10F4E-TP Cr 109 (5.1 [13.3]) Colh 302 (26.2 [45.6]) Iso 
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3-3-4. Comparison of the mesomorphism 

The phase transition parameters of 4-alkoxy-2,3,5,6-tetrafluorobenzyloxytriphenylenes (CnF41O-TPs) 

are summarised in Table 3-4 with those of the corresponding ester homologues (CnF4E-TPs). All 

compounds exhibit only a Colh mesophase and this is the similar mesomorphism of the corresponding ester 

homologues (CnF4E-TPs). The clearing points of CnF41O-TPs slightly decrease as the peripheral chain 

length increases, while those for CnF4E-TPs exhibit almost an independent property of the peripheral 

chain length. The isotropifization temperatures of CnF41O-TPs are decreased in comparison with 

CnF4E-TPs. This destabilization of the Colh phase is probably due to the higher flexibility of ether linkage 

than ester one. However, the phase transition enthalpies of the clearing points for CnF41O-TPs are larger 

(over almost 50 kJmol-1) than those of CnF4E-TPs. Furthermore, the phase transition entropies of the 

clearing point are much larger (over almost 100 Jmol-1K-1) than those of CnF4E-TPs. For example, ∆H of 

clearing point for hexabenzocoronenes[4] and metallophthalocyanines[5-7] having large π-conjugation 

systems were determined to be 7.8 and 9.6 kJmol-1, respectively. Additionally, it have been reported that 

isotropifization enthalpy (∆H) of discotic plastic crystalline (Colp) phase which have three dimensional 

order alignment of columns is 18.9 kJmol-1.[8-11] So these highly value of transition enthalpy (∆H) and 

entropy (∆S) show that column structures of Colh phase for CnF41O-TPs are probably rigid. Furthermore, 

the XRD measurements of CnF41O-TPs, which show sharp reflection peaks in the small angle region, also 

support that the molecular dynamics in Colh phase of CnF41O-TPs may be restrained. Therefore, these 

result indicate that a triphenylene play a role of the core part involving the peripheral tetrafluorophenyl 

moieties and show a strong interaction works among the stacking molecules in the Colh mesophase. It is 

difficult to observe that there is significant interactions between the tetrafluorophenyl and triphenylene 

moieties such as hexafluorobenzene-benzene interaction[12-16] on its column order by the XRD result. 

However, it is reasonable to consider that tetrafluorophenylene moiety could have strong interaction to each 

other. 

In comparison with ester homologues, the improvement of molecular order in Colh phase for 
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CnF41O-TPs may be caused by the change of electric state for tetrafluorophenyl groups owing to the 

alteration of linkage group ester to ether, though the thermal stabilities of mesomorphism are decrease. 

 

 

3-4. Conclusions 

A homologue series of novel 2,3,6,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzyloxy)triphenylenes 

were synthesized and investigated on the mesomorphic behavior. All compounds exhibit Colh phase, 

similarly the corresponding ester homologues (CnF4E-TPs) show only a Colh phase. The phase transition 

enthalpy and entropy of clearing point for CnF41O-TPs are much larger (∆H: over almost 50 kJmol-1, ∆S: 

over almost 100 Jmol-1K-1) than those of CnF4E-TPs as corresponding ester homologues, although the 

isotropic temperature of CnF41O-TPs are lower thane these of CnF4E-TPs. This indicate that the 

hexagonal columnar (Colh) phase of CnF41O-TPs have a very higher ordered arrangement of molecules 

than these of CnF4E-TPs, which is supported by the X-ray diffraction result.  
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Chapter 4 

Charge transport properties of the discotic liquid crystals of 

triphenylene mesogens peripherally attached with fluorinated 

phenyl rings 



4-1. Introduction 

Columnar structures formed by molecular stacking are one of the important features of molecular orders 

for liquid crystalline semiconductors based on discotic liquid crystals. In 1994, Haarer et al. reported a first 

discovery of liquid crystalline semiconductors of which carrier mobility reaches to almost 0.1 cm2V-1s-1 

comparable to amorphous silicon[1] for a plastic columnar mesophase having a 3-dimentional order with a 

helical structure.[2, 3] Also indicated that the higher ordering within the columns in both orientational and 

dynamical aspects is essentially important for efficient charge transport in an electronic process (charge 

hopping among molecules).[4] Increasing the fluctuation modes of molecules in mesophase surely leads to 

decreasing the efficiency, that is the lower carrier mobility is recalled.[5-7]  

In Chapter 1 and Chapter3, it is reported that full fluorination on peripheral aromatic rings of discotic 

liquid crystals induces columnar structures on the mesomorphism and enhances the thermal stability of 

mesophase with highly order structures. For further studies, a homologues series of 

2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy)triphenylene (CnF4E-TP: n=12, 14, 16) and 

2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzyloxy)triphenylene (CnF41O-TP: n=6, 8, 10) were 

evaluated as organic semiconductor by a Time-Of-Flight (TOF) technique,[8] which is a strong tool to 

estimate the drift mobility. A carrier mobility is most important property in the consideration of device 

applications. 

Furthermore, the spectroscopic properties of these compounds were measured using a UV-Vis 

spectrometer and a photoelectron spectrometer surface analyzer, and their energy levels, which are 

important values for TOF measurements were estimated with these results. 
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4-2. Experimental 

4-2-1. Measurement of spectroscopic properties 

The UV-Visible spectra were measured by a UV-Visible spectrometer (Shimadzu UV2500pc) for the 

~10-5 molL-1 of cyclohexane solution. The photoelectron spectra were measured by photoelectron 

spectrometer surface analyzer (Riken Keiki AC-2) for the film samples on ITO glass. 

4-2-2. Measurement of charge transport properties 

For CnF4E-TPs, the sample cell was prepared using an ITO-coated glass and a TiO2-coated ITO glass as 

electrodes, the TiO2 layer is expected to behave as a charge generation layer. For CnF41O-TPs, the sample 

cell was prepared using ITO-coated glasses as electrodes. The electrodes are separated with polyimide 

films (12.5 µm-thick) as a spacer and fixed with silicon cement. The photoresponse of the symmetrical and 

asymmetrical cells were undetectable. The thickness was determined by an interferometry using a 

UV-Visible spectrometer (Shimadzu UV2500pc). The effective area of electrode was adjusted to 0.25 cm2 

by etching the ITO thin film. The samples were injected into the cell gap by capillarity action at the 

isotropic temperatures, then carefully cooled down to room temperature. The carrier mobility was measured 

by a TOF method. A N2 pulse laser (λ=337 nm; pulse width of 800 ps; Laser Phototyping Inc. LP1000) was 

used for the photo excitation of compounds. An electric field in the cell was created using a DC power 

supply (NF electronics instrument, WF1941). The transient photocurrents were detected by a digital 

oscilloscope (HP, infinum) with the help of a wide band preamplifer (NF electronics instrument, BX-31A). 

The mobility µ was calculated from the equation, µ= d2 / (Vτs), where d, V, τs are the sample thickness, the 

applied bias and the transit time. The transit time of photogenerated carriers were determined in the 

inflection point on the double-lograithmic plots of photocurrent decay curves. The experimental apparatus 

of TOF measurement are schematically shown in Figure 4-1. 
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4-3. Results and discussion 

4-3-1. Electronic energy levels of the thin films 

4-3-1-1. UV-Visible spectra 

The UV-Vis. spectra of CnF4E-TPs are shown in Figure 4-2, with those of C12H4E-TP as the 

non-fluorinated homologue of C12F4E-TP for cyclohexane solutions. 

One can see the absorptions of CnF4E-TPs and C12H4E-TP in the shorter wavelength region. The 

maximal absorption maxima for CnF4E-TPs are commonly observed at 253.5 nm, though 269.5 nm for 

non-fluorinated homologue. The UV-Vis. spectrum of hexakis-(4-dodecyloxybenzoyloxy)triphenylene is 

slightly shifted to the shorter wavelength by 16 nm due to the fluorination of the peripheral aromatic rings.  

The UV-Vis. spectra of CnF41O-TPs are shown in Figure 4-3, with those of the ester homologue 

CnF4E-TPs for cyclohexane solution. 
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Figure 4-2 UV-Vis. spectra of CnF4E-TPs and C12H4E-TP. 
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Figure 4-3 UV-Vis. spectra of CnF41O-TPs and CnF4E-TPs. 

sorption maxima for CnF41O-TPs commonly observed at 276 nm, though 253.5 nm for ester 

e. This result indicates that the UV-Vis. spectrum of 4-hexakis-(4-alkoxybenzoyloxy)triphenylene 

 to the shorter wavelength by the alteration of linkage group ester to ether for triphenylene 

s. 

3-1-2. Electronic energy diagram of thin films 

rgy diagram of CnF4E-TPs and CnF41O-TPs is shown in Figure 4-4, with the work function of 

iO2 on ITO used as the electrode and charge generation layer. The highest occupied molecular 

OMO) energies of each compound were measured by a photoelectron spectrometer surface 

The energy bandgaps (Eg) were estimated using the absorption edges of UV-Vis spectra, and the 

noccupied molecular orbital (LUMO) energies were calculated from the equation 

OMO-Eg. 
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Figure 4-4 Energy diagram of CnF4E-TPs, CnF4E-TPs, ITO and TiO2 on ITO. 

The HOMO levels of CnF41O-TPs are relatively shallower than those of CnF4E-TPs. These changes 

were caused by the change of electronic contribution of tetrafluorophenyl groups owing to the alteration of 

linkage group, ester to ether. On TOF measurements, there may be not so large barrier for hole injection 

from ITO to CnF4E-TPs. CnF4E-TPs have deeper HOMO levels from that of ITO, although there is 

probably small barrier for hole injection to CnF4E-TPs, because TiO2 is used for carrier generation layer, 

of which HOMO level lies more deeply (-5.64 eV).    
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4-3-2. Carrier transport properties 

4-3-2-1. TOF measurements of CnF4E-TPs 

The transient photocurrent decay curves for the positive carrier detected in the Colh phase at 220 °C 

under different applied bias are shown in Figure 4-5, 4-6 and 4-7.  

 The transient photocurrent of C12F4E-TP shown well-defined non-dispersive transits. Furthermore, the 

inflection points of photocurrent decay curves could be also clearly determined on the double-logarithmic 

plots as shown in the inset of Figure 4-5. For C14F4E-TP and C16F4E-TP, the similar non-dispersive 

curves were observed in the transient photocurrent. The hole mobility was determined to be 2.6×10-3 

cm2V-1s-1 in 5~1×104 Vcm-1. C14F4E-TP and C16F4E-TP also exhibited the same order of carrier 

mobility in the Colh phase at 220 °C (C14F4E-TP: 3.9×10-3 cm2V-1s-1; C16F4E-TP: 3.0×10-3 

cm2V-1s-1).The carrier mobility of CnF4E-TPs are almost independent of the electric field in the range 5~1 

Vcm-1, as shown in Figure 4-8. These field independent properties of carrier mobility are of typical for 

liquid crystalline semiconductors.[9]  
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Figure 4-5 The transient photocurrents in the Colh phase of C12F4E-TP at 220 °C for the 

positive carriers. The double logarithmic plots of the transient photocurrents in the variant 

electric field are shown in the inset. The sample thickness was 16.25 µm.  
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Figure 4-7 The transient photocurrents in the Colh phase of C16F4E-TP at 220 °C for the 

positive carriers. The double logarithmic plots of the transient photocurrents in the variant 

electric field are shown in the inset. The sample thickness was 13.28 µm. 

 
Figure 4-6 The transient photocurrents in the Colh phase of C14F4E-TP at 220 °C for the 

positive carriers. The double logarithmic plots of the transient photocurrents in the variant 

electric field are shown in the inset. The sample thickness was 15.60 µm.  
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Figure 4-8 Electric field dependence of the carrier mobility of CnF4E-TPs at 220 °C. 

 

4-3-2-2. Temperature dependence of carrier mobility for CnF4E-TPs 

The temperature dependence of the positive carrier mobility for C12F4E-TP is shown in Figure 4-9. The 

positive carrier mobility of C12F4E-TP falls with the decrease of temperature and saturated, in the higher 

temperature region from 200 to 140 °C. The temperature dependence of carrier mobility, however, is 

changed at 140~150 °C and the carrier mobility more greatly falls with the decrease of temperature. The 

positive carrier mobility of C12F4E-TP is in order of 10-3 cm2V-1s-1 in the higher temperature region 

(220-100 °C), and in order of 10-4 cm2V-1s-1 in the lower (90-60 °C) temperature one. In C16F4E-TP and 

C14F4E-TP, almost the same temperature dependence was found (see Figure 4-10 and 4-11). The positive 

carrier mobility of CnF4E-TPs is to the similar order of that reported for the Colh phase of 

hexaalkoxytriphenylenes.[10] 
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Figure 4-10 Temperature dependence of the positive carrier mobility for 

C14F4E-TP under the electric field of 5.0×104 Vcm-1. 

 
Figure 4-9 Temperature dependence of the positive carrier mobility for 

C12F4E-TP under the electric field of 5.0×104 Vcm-1. 
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Figure 4-11 Temperature dependence of the positive carrier mobility for 

C16F4E-TP under the electric field of 5.0×104 Vcm-1. 

The Arrhenius plots of carrier mobility for CnF4E-TPs are shown in Figure 4-12, 4-13 and 4-14. For 

C12F4E-TP, two activation energies could be seen for the higher and lower temperature regions. The 

activation energy in the higher temperature region is 0.10 eV, which changes to 0.27 eV in the lower 

temperature one. The inflection points are commonly observed at ca. 140 °C. There are the similar 

behaviours in the Arrhenius plot of carrier mobility for C14F4E-TP and C14F4E-TP. For the 

perfluoroalkylated triphenylene mesogens, it was reported that activation energy for the carrier mobility of 

the Colh phase is strongly affected by the perfluorinated chain length and a few regimes in temperature 

could be seen for the variant activation energy.[11] 

Any significant transitions weren’t observed in the DSC and XRD measurement. This indicates the 

activation energy change observed is not due to the structural deformations of mesophase time-averaged 

orders. The activation energy in the higher temperature region is the similar values to these observed the 

Colh phases, which shows a slight change of mobility on temperature. Therefore, one has to consider the 
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change of charge transport mechanism takes place at ca. 140 °C. The variant temperature dependences of 

carrier mobility in the Colh temperature range for CnF4E-TPs is, as one possibility to explain, caused by 

change of the core order.  

The charge transport of negative carrier were undetectable for CnF4E-TPs, whilst alkoxytriphenylenes 

are reported to be anbipolar.[12]   
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Figure 4-12 Arrhenius plot of the positive carrier mobility for 

C12F4E-TP under the electric field of 5.0×104 Vcm-1. 
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Figure 4-13 Arrhenius plot of the positive carrier mobility for 

C14F4E-TP under the electric field of 5.0×104 Vcm-1. 
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Figure 4-14 Arrhenius plot of the positive carrier mobility for 

C16F4E-TP under the electric field of 5.0×104 Vcm-1. 
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4-3-2-3. TOF measurements of CnF41O-TPs 

The transient photocurrent decay curves for the positive carrier detected in the Colh phase of 

CnF41O-TPs at 170 °C under different applied bias are shown in Figure 4-15, 4-16 and 4-17.  

 A well-defined non-dispersive transit of C6F41O-TP was observed to give clear inflection points in the 

photocurrent decay curves of the double-logarithmic plots as shown the inset of Figure 4-15. For 

C8F41O-TP and C10F41O-TP, the similar non-dispersive transients and reasonable decay curves were 

observed in the transient photocurrents. The hole mobility was determined to be 4.9×10-2 cm2V-1s-1 in the 

field, 20000~5000 Vcm-1. C8F41O-TP and C10F41O-TP also show the same order of carrier mobility in 

the Colh phase of at 170 °C (C8F41O-TP: 4.5×10-2 cm2V-1s-1; C10F41O-TP: 2.1×10-2 cm2V-1s-1). The 

carrier mobility of CnF41O-TPs are almost independent of the electric field in the range 20000~5000 

Vcm-1 as shown in Figure 4-18.   
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 The transient photocurrents in the Colh phase of C6F41O-TP at 170 °C for the 

rs. The double logarithmic plots of the transient photocurrents in the variant 

re shown in the inset. The sample thickness was 18.28 µm. 
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Figure 4-17 The transient photocurrents in the Colh phase of C10F41O-TP at 170 °C for 

the positive carriers. The double logarithmic plots of the transient photocurrents in the variant 

electric field are shown in the inset. The sample thickness was 17.09 µm. 

 

Figure 4-16 The transient photocurrents in the Colh phase of C8F41O-TP at 170 °C for the 

positive carriers. The double logarithmic plots of the transient photocurrents in the variant 

electric field are shown in the inset. The sample thickness was 17.65 µm. 
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Figure 4-18 Electric field dependence of the carrier mobility of CnF41O-TPs at 170 °C. 

4-3-2-4. Temperature dependence of carrier mobility for CnF41O-TPs 

The temperature dependence of the hole mobility for C6F41O-TP in the range 180 to 30 °C is shown in 

Figure 4-19. The positive carrier mobility of C6F41O-TP rises with the decrease of temperature and 

saturated in the higher temperature region from 180 to 120 °C. The temperature dependence of carrier 

mobility however is changed at ca. 120 °C and the carrier mobility falls slowly with the decrease of 

temperature. The positive carrier mobility of C6F41O-TP was in order of 10-2 cm2V-1s-1 in the range 180 to 

30 °C, and it shows the maximum value of 7.8×10-2 cm2V-1s-1 on 110 °C. In C8F41O-TP and 

C10F41O-TP, the similar order and temperature dependence of positive carrier mobility were observed as 

shown in Figure 4-20 and 4-21. These temperature dependences of carrier mobility are different from the 

case of ester homologues CnF4E-TPs. The drift mobility of positive carrier for CnF41O-TPs (>5.0×10-2 

cm2V-1s-1) were faster than that in the conventional Colh phase[6, 12-16] and the Colp phase[2, 17-18] having the 

three dimensional alignment. In the X-ray diffraction patterns of CnF41O-TPs, there are lots of sharp 

peaks in the small angle region, indicating the more highly order of molecules as intercolumnar manners, 

 120



though any significant reflection peaks due to three dimensional order of molecules isn’t observed (see 

Chapter 3). The high carrier mobility of CnF41O-TPs is probably due to their high inter-columnar 

alignment, which is induced by strong interactions working among the peripheral tetrafluorophenyl moiety. 

Furthermore, the carrier mobility of CnF41O-TPs decreases with elongation of the peripheral chain 

length. This temperature dependence of the carrier mobility is probably due to the increase of excluded 

volume effect with elongation of the peripheral chain length.            

The Arrhenius plots of carrier mobility for CnF41O-TPs are shown in Figure 4-22, 4-23 and 4-24. For 

C6F41O-TP, two activation energies could be observed the activation energy of -0.15 eV in the high 

temperature region, which change to 0.09 eV in the lower temperature one. In addition, a sign of the 

activation energy is changed positive to negative with decrement of temperature. There are the similar 

behaviour in the Arrhenius plot for C8F41O-TP and C10F41O-TP. The inflection points are observed 

around 120 °C in common.   

Any significant transitions could no be observed around 120 °C in the DSC and XRD measurement. So, 

this change of activation energy is not due to the structural deformations of mesophase time-averaged 

orders. Therefore, these result indicate that the change of the molecular fluctuation take place around 

120 °C, so the inclination of temperature dependence of carrier mobility may be changed.  

The variant temperature dependences of carrier mobility in the Colh temperature range for CnF41O-TPs 

is probably caused by change of the core dynamics, implying intermolecular specific interaction could be 

an important factor to control the dynamical situations of ordered fluid state as mesophase. 
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Figure 4-20 Temperature dependence of the positive carrier mobility for 

C8F41O-TP under the electric field of 1.0×104 Vcm-1. 

 
Figure 4-19 Temperature dependence of the positive carrier mobility for 

C6F41O-TP under the electric field of 1.0×104 Vcm-1. 

 
 122



10-3

10-2

10-1

1

0 50 100 150 200

C
ar

rie
r m

ob
ilit

y 
/ c

m
2 V

-1
s-1

Temperature / °C

10-3

10-2

10-1

1

2.2 2.4 2.6 2.8 3 3.2 3.4

C
ar

rie
r m

ob
ilit

y 
/ c

m
2 V-1

s-1

1/T / 10-3 K-1

E
a
=0.09 eV

E
a
=-0.15 eV

 
Figure 4-22 Arrhenius plot of the positive carrier mobility for 

C6F41O-TP under the electric field of 1.0×104 Vcm-1. 

 

 
Figure 4-21 Temperature dependence of the positive carrier mobility for 

C10F41O-TP under the electric field of 1.0×104 Vcm-1. 
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Figure 4-24 Arrhenius plot of the positive carrier mobility for 

C10F41O-TP under the electric field of 1.0×104 Vcm-1. 

 
Figure 4-23 Arrhenius plot of the positive carrier mobility for 

C8F41O-TP under the electric field of 1.0×104 Vcm-1. 
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4-4. Conclusion 

Drift mobility of a homologues series of 2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy)- 

triphenylene (CnF4E-TP: n=12, 14, 16) and 2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzyloxy)- 

triphenylene (CnF41O-TP: n=6, 8, 10) were evaluated by Time-Of-Flight (TOF) technique. Furthermore, 

the spectroscopic properties of these compounds were measured using UV-Vis spectrometer and 

photoelectron spectrometer surface analyzer, and the their electronic energy levels were estimated. 

The absorption maxima for CnF4E-TPs and CnF41O-TPs located at the same wavelength of 253.5 nm 

and 276 nm, respectively. The highest occupied molecular orbital (HOMO) energy of CnF4E-TPs and 

CnF41O-TPs were -5.77~-5.81 eV and -5.56~-5.65 eV, respectively, and the lowest unoccupied molecular 

orbital (LUMO) of each compounds were -1.81~-1.87 eV (CnF4E-TPs) and -1.68~ -1.81 eV, respectively. 

In TOF measurements, the transient photocurrent showed well-defined non-dispersive transits. The 

positive carrier mobility of CnF4E-TPs were determined to be in the order of 10-3 cm2V-1s-1 in the higher 

(220-100 °C), and in order of 10-4 cm2V-1s-1 in the lower (90-60 °C) temperature regions, respectively. In 

the Arrhenius plots of carrier mobility for CnF4E-TPs, it is observed that the activation energy change at 

ca. 140 °C. The variant temperature dependences of carrier mobility in the Colh temperature may be caused 

by change of the core order. 

On the other hand, the positive carrier mobility of CnF41O-TPs, which are determined to be more than 

5.0×10-2 cm2V-1s-1 in the range of Colh phase were relatively fast as carrier mobility of discotic liquid 

crystal. The high carrier mobility of CnF41O-TPs may be due to their high inter-columnar order, which is 

induced by strong interactions working among the peripheral tetrafluorophenyl moiety. In the Arrhenius 

plot of carrier mobility for CnF41O-TPs, two activation energies could be observed, and the inflection 

points are commonly observed around 120 °C.  

This result indicate that tetrafluorophenyl moiety on the peripheral aromatic ring of CnF41O-TPs has 

very strong interactions of inter-column ways, and this is very interesting property of new molecular design 

concept for liquid crystalline organic semiconductors of discotics.[19-20] 
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Concluding Remarks 



In this thesis, fluorinated phenyl groups are introduced to discotic liquid crystal molecules aiming the 

induction of molecular level segregation, which is expected to show in a columnar order by strong 

attractive interactions. Three types of discotic liquid crystals, which are fluorinated on the peripheral 

aromatic rings, were synthesized and the mesomorphic and charge transport properties was investigated. 

A homologue series of novel 

2,3,6,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy)triphenylenes having non-branched and 

branched peripheral chains were synthesized to study the aromatic fluorination effect on the mesomorphic 

properties of discotic liquid crystals in Chapter 1; All compounds exhibit Colh phase with higher thermal 

stabilities which have relatively higher clearing points (>270 °C) with large transition enthalpies. In 

non-branched homologues, their clearing points were slightly decreased with elongation of peripheral chain 

length. On the other hand for branched homologues, their clearing points were higher than corresponding 

non-branched peripheral chain homologues. These results indicated strong interaction among cores with the 

peripheral tetrafluorophenylene groups.  

Hexakis (4-octyloxybenzoyloxy) triphenylene derivatives with mono- or di-fluorinated at the inner (2- 

and/or 6-), outer (3- and/or 5-) or inner and outer (2- and 5-) positions in the peripheral aromatic rings were 

synthesised and investigated on the mesomorphic behaviour to reveal the alteration of fluorinated positions 

in the phenyl rings leads to a drastic change of the mesomorphism involving the thermal stability in 

Chapter 2; Their mesomorphism show the variation of the position and the number of fluorine atoms on 

the peripheral phenyl rings leads to a drastic change of mesomorphism. Especially, the thermal stability of 

the columnar mesophase are extremely stabilized over 400 ºC in the homologues, for which peripheral 

phenylene groups are fluorinated at the outer positions. Thermal stability of mesophase above 400 ºC has 

been reported only for compounds having large π-conjugation systems, such as hexabenzocoronenes, and 

carbonaceous mesophase. It is quite interesting that mesomorphic properties drastically change by the tiny 

difference of the position in fluorination on peripheral aromatic rings.  

The results of Chapter 1 and Chapter 2 strongly show that a certain attractive force works around the 
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fluorinated peripheral phenylene moieties, so a triphenylene plays a role of the large core part involving the 

peripheral fluorinated phenyl rings and indicate a strong interaction works among the stacking molecules. 

A homologue series of novel 2,3,6,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzyloxy)triphenylenes 

were synthesised to investigate a change of mesomorphic behaviour by the alteration of linkage group, and 

investigated on the mesomorphic behavior in Chapter 3; All compounds exhibit Colh phase, similarly the 

corresponding ester homologues show only a Colh phase. The phase transition enthalpies and entropies of 

clearing point for these homologues are much larger (∆H: over 50 kJmol-1, ∆S: over 100 Jmol-1K-1) than 

these of not only the corresponding ester homologues but also conventional discotic liquid crystals. In 

comparison with ester homologues, the improvement of molecular order in the Colh phase may be caused 

by the change of electric state for tetrafluorophenyl groups owing to the alteration of linkage group ester to 

ether, though the thermal stabilities of mesomorphism are decrease. 

A homologues series of 2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzoyloxy)triphenylene and 

2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzyloxy)triphenylene were evaluated as organic 

semiconductor with Time-Of-Flight (TOF) technique in Chapter 4; The positive carrier mobility of the 

benzoyl homologues were in order of 10-3 cm2V-1s-1 on the higher (220-100 °C), and in order of 10-4 

cm2V-1s-1 on the lower (90-60 °C) temperature regions, respectively. On the other hand, the positive carrier 

mobility of the benzyl homologues which are more than 5.0×10-2 cm2V-1s-1 were very fast as carrier 

mobility in discotic liquid crystalline phase. The high carrier mobility of the benzyl homologues may be 

due to their highly inter-columnar alignment, which is induced by tetrafluorophenyl moiety. The 

homologues series of 2,3,5,7,10,11-hexakis(4-alkoxy-2,3,5,6-tetrafluorobenzyloxy)triphenylene should be 

useful materials for liquid crystalline organic semiconductor. 

 Therefore in this thesis it was successfully clarified that new strategies of molecular design for liquid 

crystalline semiconductor by fluorination on peripheral aromatic rings of discotic liquid crystals is possible 

and the fluorination effect on the peripheral aromatic rings of discotic liquid crystals gives stabilized 

columnar structure with the higher molecular order.  
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