
This article was downloaded by: [University of California, San Diego]
On: 11 August 2012, At: 10:42
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Infrared Spectral Studies
of Triphenylene Mesogens
Possessing Terminal Functional
Groups in the Peripheral Chains
for Hydrogen-Bond Interaction
Yoshihiro Setoguchi a , Hirosato Monobe b , Wen Wan
b , Naohiro Terasawa b , Keniji Kiyohara b , Naotake
Nakamura a & Yo Shimizu b
a Department of Chemistry, Graduate School of
Science and Engineering, Ritsumeikan University,
Kusatsu, Shiga, Japan
b Mesophase Technology RG, Special Division for
Human Life Technology, National Institute of
Advanced Industrial Science and Technology, AIST-
Kansai, Ikeda, Osaka, Japan

Version of record first published: 18 Oct 2010

To cite this article: Yoshihiro Setoguchi, Hirosato Monobe, Wen Wan, Naohiro
Terasawa, Keniji Kiyohara, Naotake Nakamura & Yo Shimizu (2004): Infrared Spectral
Studies of Triphenylene Mesogens Possessing Terminal Functional Groups in the
Peripheral Chains for Hydrogen-Bond Interaction, Molecular Crystals and Liquid
Crystals, 412:1, 9-18

To link to this article:  http://dx.doi.org/10.1080/15421400490430742

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400490430742


Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

42
 1

1 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


INFRARED SPECTRAL STUDIES OF TRIPHENYLENE

MESOGENS POSSESSING TERMINAL FUNCTIONAL

GROUPS IN THE PERIPHERAL CHAINS FOR

HYDROGEN-BOND INTERACTION

Yoshihiro Setoguchi

Department of Chemistry, Graduate School of Science and

Engineering, Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu,

Shiga 525-8577, Japan

Hirosato Monobe, Wen Wan, Naohiro Terasawa, and Keniji Kiyohara

Mesophase Technology RG, Special Division for Human Life

Technology, National Institute of Advanced Industrial Science and

Technology, AIST-Kansai, 1-8-31 Midorigaoka, 10 Ikeda,

Osaka 563-8577, Japan

Naotake Nakamura

Department of Chemistry, Graduate School of Science and

Engineering, Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu,

Shiga 525-8577, Japan

Yo Shimizu

Mesophase Technology RG, Special Division for Human Life

Technology, National Institute of Advanced Industrial Science and

Technology, AIST-Kansai, 1-8-31 Midorigaoka, 10 Ikeda,

Osaka 563-8577, Japan

Temperature dependence of infrared spectra for three homologues of the

triphenylene mesogens with two terminal carboxylic acids was measured.

These mesogens show Colh mesophase. These results revealed the existence of

some hydrogen bonding interactions in the isotropic, mesomorphic as well

as solid phases. The increase of the dimeric C=O (ca. 1712 cm
�1
) and the
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decrease of the monomeric C=O (ca. 1740 cm
�1
) were observed at the isotropic

to Colh phase transition on cooling. The absorption intensity of the dimeric

C=O stretching band in Colh phase is larger than that in the isotoropic phase.

It was indicated that for the explanation of Colh thermal stability for these

homologues molecular rotational fluctuation around the columnar axis in Colh

is significantly suppressed by the hydrogen bonding interaction and the

suppression depends on the spacer length in their homologues, considering

that the thermal stability of Colh phase is related to both the rotational fluctu-

ation and the instability of hexagonal packing of molecules and these could

be operated by hydrogen bond interaction.

Keywords: columnar mesophase; discotic; hydrogen bond; IR spectra; liquid crystal;

triphenylene

INTRODUCTION

Rotational fluctuation around the columnar axis is an important factor for
the occurrence of columnar mesophase. Some spectroscopic studies
revealed that the rotational fluctuations are of msec to lsec in time scale
and the allowance of rotation is strictly related to the intermolecular inter-
action through the peripheral chains. Indeed, a twin discotic mesogen in

FIGURE 1 Possible model for the superstructure of hexagonal lattice of n ¼ 4.

10=[1620] Y. Setoguchi et al.
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which two rigid cores are linked at the end of one peripheral chain shows
narrower angle for the allowance and the thermal stability of columnar
phase increases [1,2].

Recently, we reported that a homologous series of a triphenylene meso-
gen which has two carboxylic acids at the end of the adjacent two aliphatic
tails show a columnar mesophase with a dimeric superstructure (Fig. 1)
in addition to the hexagonal arrangement of columns caused by the
intermolecular hydrogen bonding interaction [3]. Furthermore, it was found
that the strength of the hydrogen bonding interaction is essentially impor-
tant for the thermal stability of columnar phase as well as for the occur-
rence of columnar mesophase [4].

In this work, the temperature dependence of three homologous which
have a different length of the spacer connecting a carboxylic acid and
the mesogenic core were measured and the effect of the hydrogen bonding
interaction on the mesomorphism is discussed.

EXPERIMENTAL

Synthesis

The compounds (1, 2 and 3) were synthesized according to the literature
with slight modification [5,8].

Measurement

The phase transition temperatures and enthalpies were obtained using
a Differential Scanning Calorimeter ( TA Instrument, 2920 MDSC) and

SCHEME

Infrared Spectral Studies of Triphenylene Mesogens 11=[1621]
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the textures of mesophases were observed by a polarizing microscope
(Olympus, BH-2) equipped with a hot stage (Mettler, FP80HT).

The temperature dependent FT-IT spectra were measured using a FT-
IT spectrometer (Bio-Red FTS 6000) with a hot stage (Mettler, FP90HT).
The measurements were performed with temperature cooling at 5�C=min.
The compound was sandwiched by two BaF2 crystal plates for the
measurement using silica beads with 2 mm-diameter for adjusting the
sample thickness.

RESULTS AND DISCUSSION

Mesophase Behavior

The thermodynamic data of the homologues used in this study are summar-
ized in Table 1. Two homologous 1 and 3 showed a monotropic mesophase
with hexagonal columnar arrangements. Compound 2 gives an enantio-
tropic Colh phase.

The comparison with the corresponding symmetrical triphenylene meso-
gen, 2,3,6,7,10,11-hexahexyloxytriphenylene (C6OTP), which shows Colh
phase between 70�C and 100�C [9], revealed that the clearing temperatures
decrease in the following order, 1 > 2 > C6OTP > 3.

IR Spectra

The hydrogen bonds interaction working among carboxylic groups in some
organic compounds have been studied by IR spectroscopy to show that the

TABLE 1 Transition Temperatures and Enthalpies of Carboxylic Acid Derivatives

Compound Phase transition Temperature=(�C) DH (kJ=mol)

1: n ¼ 3 Cr! I 130 55.8

ðColh ! IÞa (117.4) 4.8

2: n ¼ 4 Cr!Colh 94.0 51.8

ðColh ! IÞ 105.3 6.1

3: n ¼ 5 Cr! I 103.2 74.3

ðColh ! IÞa (80.6) b

C6OTP Cr!Colh 70c –

ðColh ! IÞ 100c –

a : Parenthesis indicate monotoropic phase transition.
b : The phase transition enthalpy was not determined because of the recrystalization on

cooling.
c : Ref. [9].

12=[1622] Y. Setoguchi et al.
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cyclic dimer mainly exists in the pure liquid and solid states. An alternative
structure of organic acids in the condensed states is a long polymeric chain
of hydrogen-bonded carboxylic acids groups. In concentrated solutions,
pure liquid and crystalline states, the existence of several associations of
acetic acids are proposed, namely cyclic dimer, open dimer, ‘‘free’’ monomer
and ‘‘sideways’’ acid dimer as shown in Figure 2 [10–14].

In these studies, it was reported that in the carbonyl stretching region
(1600–1800 cm�1), the signature of the open and cyclic dimer is an infrared
band at ca. 1710 cm�1. The C=O stretching band at ca., 1740 cm�1 is
characteristic of the free monomer.

The temperature dependence of infrared spectra was measured for the
carbonyl stretching and O�H stretching regions for the homologues.

Figure 3 shows the temperature-dependent infrared spectra of 2 in the
region of 1800 to 1650 cm�1 on cooling in the isotoropic, mesomorphic and
crystal phases. The strong carbonyl stretching vibration around 1710 cm�1

is assigned to the carboxylic acid cyclic=open dimer, while the free car-
boxylic acids shows a weak band for the carbonyl stretching vibration at
1740 cm�1.

A remarkable change could be observed at the phase transition from the
isotropic to columnar mesophase and from the columnar mesophase to
crystal.

As the temperature is decreased, the dimeric carboxylic acid
(1712 cm�1) group increases at the isotoropic-columnar phase transition
on cooling. A large amount of hydrogen-bonded pairs of the acid groups
is formed in the Colh phases.

FIGURE 2 Four possible forms of carboxylicacids groups in the condensed

phase (a) cyclic dimer, (b) open dimer, (c) ‘‘sideways’’ acid dimer, (d) free

monomer.

Infrared Spectral Studies of Triphenylene Mesogens 13=[1623]
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The absorption at 1740 cm�1 derived from the monomeric carboxylic
acids can be seen only in the isotropic and Colh phases and decreases in
magnitude with decreasing temperature. This behavior is the same as for
the O�H stretching band at ca. 3550 cm�1. This band at 3550 cm�1 is
assigned to the O�H stretching vibration of the ‘‘free’’ monomer. The inten-
sity of this band decreases at the isotoropic-columnar phase transition on
cooling.

In the spectra a very broad band centered at ca. 3300 cm�1 is observed
and this is assigned to the O�H stretching vibration in a hydrogen bonding
cyclic dimer. In the spectra of the columnar phase, a broad shoulder at
3300 cm�1 is enhanced and it is probably due to the formation of an open
dimer of the acids.

The temperature dependence of infrared spectra on cooling for 1 and 3

shows the similar behavior to that of 2. These are shown in Figures 4 and 5.
The intensities of the dimeric C=O stretching band are larger than those

in the isotoropic phase for these homologues. This may indicates the forma-

FIGURE 3 Temperature dependence of IR absorption of C=O stretching mode on

cooling for n ¼ 4.

14=[1624] Y. Setoguchi et al.
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tion of mesophase is initiated by hydrogen bonding interaction. Indeed, the
phase transition behavior of the homologue 2 shows strong dependence of
the cooling rate from the isotoropic phase.

A large amount of hydrogen-bond pairs of the acids group is formed in
the Colh phase. It could be reasonably thought that hydrogen bond interac-
tion leads to the increase of the thermal stability of Colh phase due to the
less rotational fluctuation, which causes the increase of intermolecular
interactions.

The fact that the thermal stability of Colh phase for 2 (n ¼ 4) is higher
than that for C6OTP is probably due to the less rotational fluctuation in a
normal hexagonal packing of Colh phase by hydrogen bond interaction as
schematically are shown in Figure 6(b).

However, the shorter and longer spacer lengths are thought to cause the
instability of hexagonal packing of columns and these correspond to the
cases of 1 (n ¼ 3) and 3 (n ¼ 5). These are also shown in Figure 6(a)
and (c). Thus, it is thought that hydrogen bond interaction among

FIGURE 4 Temperature dependence of IR absorption of C=O stretching mode on

cooling for n ¼ 3.

Infrared Spectral Studies of Triphenylene Mesogens 15=[1625]
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carboxylic acid groups causes less fluctuation around columnar axis to
elevate the thermal stability of Colh phase and on the other hand, the insta-
bility of packing decreases the thermal stability of columnar arrangement.
In the case of 1, the shorter spacer provides more rigid situation, that is, far
less fluctuations which is disadvantageous for the thermal stability of
mesophase.

CONCLUSION

Considering the hydrogen boding interaction among discotic molecules
relates to the rotational fluctuation and columnar packing in the meso-
phase, it is reasonable to think that the molecular rotational fluctuation
around the columnar axis is significantly suppressed by the hydrogen bond-
ing interaction to make the intermolecular interaction stronger and the
spacer length relates to the instability of columnar packing in a hexagonal

FIGURE 5 Temperature dependence of IR absorption of C=O stretching mode on

cooling for n ¼ 5.

16=[1626] Y. Setoguchi et al.
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way. Therefore, it was indicated in this work that these factors affect the
stability of columnar mesophase.
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