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Synthesis and Characterization of 
Biphenylethynylbenzene Qpe Discotic Liquid 

Crystal 

DAISUKE SUZUKI and NAOYUKI KOIDE 

Department of Chemistry, Faculty of Science, Science University of Tokyo 
1-3 Kagurazaka, Shinjuku-ku, Tokyo 162-8601 JAPAN 

Novel discotic liquid crystalline compound containing five rigid biphenyl moieties was syn- 
thesized by coupling reaction using palladium catalyst. Thermal and optical properties of the 
obtained compound were examined. We also examined the mesomorphic properties for the 
mixtures of the synthesized disk-shaped mesogen doped with 2,4,7-trinitrofluoren-9-on 
(TNF). The synthesized discotic liquid crystalline compound with a hydroxy group exhibited 
a schlieren texture characteristic of nematic phase, while the mixtures of the disk-shaped 
compound with TNF displayed a focal conic fan or a broken fan texture. The charge transfer 
absorption band of the mixture was observed about 550 nm by UV-vis absorption spectros- 
copy measurements. Furthermore, we examined thermal and optical properties of novel dis- 
cotic liquid crystalline polymers prepared by photopolymerization. 

Keywords: discotic liquid crystal; diphenylethynylbenzene; charge transfer complex; pho- 
topolymerization; discotic liquid crystalline polymer 

INTRODUCTION 
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636 DAISUKE SUZUKI and NAOYUKI KOIDE 

Discotic liquid crystals are usually composed of disk-like molecules con- 
taining a rigid flat or nearly flat cores, such as triphenylenes "], benzenes 
[*I, phthalocyanines or phenylacetylene derivatives surrounded by six or 
eight, or sometimes four, flexible alkyl chain substituents. Moreover, disk- 
like molecules have considerable interests in their mesomorphic proper- 
ties and their unique molecular arrangements. Recently, a discotic colum- 
nar phase is important for turning their electrical properties such as the 
rapid carrier mobility. 13-'1 

The vast majority of discotic materials exhibit columnar phases, 
some additionally show the discotic nematic (NJ phase, and very few 
exhibit only the N, phase. The generation of the N, phase requires that 
the intermolecular attractions between molecules are weakened, corre- 
lated with the balance of the intermolecular force of rigid cores and flex- 
ible terminal chains. '" 

Only a few examples of discotic mesogens are known containing 
one terminal reactive function for the synthesis of the discotic side group 
polymers. For example, they are based on the monoacetates of a 

hexahydroxytriphenylene derivative with penta-ether groups, and they can 
be obtained in relatively low chemical yield. "I 

On the other hand, disk-shaped compound containing an electron 
donor unit can be doped with an acceptor molecule to form the charge 
transfer complexes. Using even a non-liquid-crystalline disk-shaped elec- 
tron donor molecule, the columnar mesophase would be induced by such 
doping. "I Moreover, a columnar hexagonal mesophase can be induced 
from N, phase. '*'Recently, it was found that a few disk-shaped materials 
generated a columnar nematic (N,) phase.'91 The N, phase consists of 
short columns of a few molecules adopted a discotic nematic packing 
arrangement. 

In this study, we synthesized a novel disk-shaped mesogen con- 
taining one terminal reactive function and novel polymers containing disk- 
shaped molecule. Their thermal and optical properties are demonstrated. 
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NOVEL DISCOTIC LIQUID CRYSTAL 637 

In addition, we also examined the mesomorphic properties for the mix- 
tures of the synthesized disk-shaped mesogenic compound with TNF. 
Previously, Wendorf€ and coworkers reported a disc-shaped donor me- 
sogen exhibiting the Ncphase doped with TNF. 17'91 However, in our study, 
the novel discotic compound itself exhibited the Nc phase. 

EXPERIMENTAL 

Materials 
Synthesized novel disk-shaped polymers were shown in Scheme 1. 

& T 
The CT complexes were prepared by mixing the H 1 1 PBP 1 2 with the 2,4,7- 
trinitrofluoren-9-one (TNF) (recrystallized from ethyl acetate) at the vari- 
ous molar ratios in chloroform solution. AAer shaking and allowing the 
mixture to stand for a few minutes, the solvent was removed in vucuo to 
give CT complexes as a dark red solid. 

CharacteruallQn 
'H-NMR spectra were recorded with JNM-LA400(500). IR spectra were 

obtained with JEOL JIR7000. The physical properties of the samples were 
examined by using optical microscopy, differential scanning calorimetry 
(DSC) and X-ray diffraction. Transition temperatures were measured with 
a Mettler DSC2O system. In all cases the data from the second heating 
scan were taken. The textures were observed using a Nikon OPTIPHOTO- 
POL polarizing microscope equipped with a Mettler FP-82 hot stage and 
Mettler FP-80 thermal controller. For X-ray diffraction measurements, 
RIGAKU RMT-2500 was used. The samples were prepared in quartz 
capillaries. 

UV-vis absorption spectra were measured by HITACHI U-34 10 

. .  
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638 DAISUKE SUZUKI and NAOYUKI KOIDE 

Mahacryloyl chloride 
Triahylamine 

THF 
R=C12H23 (H1 lPBPl2) 
R=C&Ii, ( H I  IPBP6) 

Polymerization - PllPBPl2 
W 

R=Ci2H25 MI lPBPl2 

- PAHBPl I 
Polymerizntion 

W 

AHBPI1 
SCHEME 1 Synthesis of disk-like polymers 
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NOVEL DISCOTIC LIQUID CRYSTAL 639 

spectrophotometer. Samples were prepared as a chloroform (spectroscopic 
grade) solution, a cast film and a thin film obtained by spin coating on a 
quartz plate. 

Fluorescent spectra were obtained by HITACHI F-4500 fluorescence 
spectrophotometer. Samples were prepared as chloroform solution and 
cast film on a quartz plate. 

RESULTS AND DISCUSSION 

The synthesized low molecular discotic liquid crystalline compound was 
highly soluble in organic solvents such as chloroform and tetrahydrofb- 
ran. 

Thermal properties 
was summarized in Table 
1. Hl lPBPl2 exhibited a 
nematic columnar phase 
due to a schlieren texture 
(Figure 1 (a)) and X-ray dif- 
fraction pattern (Figure 
2(a)). In the X-ray difbc- 
tion pattern of HlIPBP12, 
a broad peak was observed 
in the small angle region. 

TABLE I Phase transition temperatures 
of discotic mesogens. 

Compounds phase transition wnpraturcs (OC) 

HlLPBPI2 Cr -93- N c T  I 134 158 

HIIPBM Cr + N~+# I 
133 I93 

AHBPl I C - W D + N T I  
MllPBPlZ C ~ + N - I  143 

142 
~~~ ~ 

Cr: crystal. Nc: nematic columnar, ND: nematic discotic. 
I: Isotropic, D: discotic columnar p h ,  N: nematic phase 

In the wide angle region, a diffuse and broad reflection peak was ob- 
served, and the peak was assigned to an intracolumnar reflection. The 
phase structure of H 1 1 PBPl2 was the nematic columnar (N,) phase. 

On the other hand, in the X-ray pattern of H 1 1 PBP6, no peak was 
observed in the small angle region. As a result, the phase structure of 
H 1 1 PBP6 was assigned to the nematic discotic phase. The difference of 
the phase structure between HllPBPl2 and HllPBP6 may be attributed 

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

 0
2:

40
 1

6 
A

ug
us

t 2
01

2 



640 DAISUKE SUZUKI and NAOWKI KOIDE 

(c) ( 4  
FIGURE 1 Textures of HI lPBPl2 and mixtures:(a) H1 lPBPl2  at 
153.2% on cooling, (b) TNF 50mol% mixture at 134.7% on cooling, 
(c) TNF 50 mol% mixture at 1 1  1.6% on cooling, (d) TNF 70 mol% 
mixture at 11 1.3% on cooling. 

to the difference of phase transition enthalpy. 
The mixtures of H 1 1 PBP 12 with TNF were a dark red solids. Fig- 

ure 3 showed the phase diagram of the mixtures. Only the N, phase was 
found in a concentration range between 10 and 40 mol% TNF. When the 
TNF ratio was 50 mol% and 60 mol%, both schlieren (Figure I@)) and 
broken fan textures (Figure l(c)) were observed. The TNF 50mol% mix- 
ture at 130°C (Figure 2(c)) showed similar results to the X-ray diffraction 
pattern for the nematic columnar type of mesophase (a broad intercolum- 
nar spacing of 36.8 a (28=2.40)). The TNF 50mol% mixture at 1 10 'C 
displayed a sharp reflection in the small angle region with an intercolum- 
nar spacing of 40.1 a (28=2.20) (Figure 2(d)). This induced mesophase 
was identified as the discotic hexagonal disordered type (Dhd). It was con- 
sidered that H 1 1 PBP 12 formed charge transfer complexes with TNF and 
that the energy of the complexed system was stabilized. Thus, with in- 
creasing interaction between disk type molecules, the columnar arrange- 
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NOVEL DISCOTIC LIQUID CRYSTAL 641 

1 
0 5 10 I5 20 25 30 35 

20 I degree 28 I degree 

FIGURE 2 X-ray diffraction pat- 
terns of HI 1 P B P l 2  and 
mixtures,(a)Hl IPBP12 at 145"c, 

.- zm 0 B (b)HIIPBP12 at rt, (c)TNF 
50mol% at 13OoC, (d)TNF 0 - 50mol% at 1 OO°C,(e)TNF 
80molYO at 105°C. 

0 5 10 IS 20 25 30 35 
20 I degree 

ment was induced. 
When the TNF ratio was above 70 mol%, a schlieren texture was 

not observed under polarized microscope and a new focal conic fan tex- 
ture was observed (Figure l(d)). The X-ray diffraction pattern of the TNF 
80 mol% at 105°C (see 
Figure 2(e)) displayed a 

slightly broad intercolum- 
nar reflection in the small 
angle region with an inter- 
columnar spacing of 39.2 
a (28=2.25) and a small I- 60 

s h o u l d e r  a t  5 6 . 9  a 0 20 40 60 80 100 
(28=1.55). In the wide 
angle region, a d i f i s  and 

served' and this peak 
would be originated from clarified) 

80 . 

40 

TNF ratio / mol% 

FIGURE 3 Phase diagram of H 1 1 PBP 12 

nar; I, isotropic; D,,, discotic columnar hex- 
agonal; D, discotic columnar (type not yet 

broad reflection was ob- and mixtures: cr, N, nematic COlUm- 
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642 DAlSUKE SUZUKI and NAOYUKl KOIDE 

the intracolumnar reflection. The weak and sharp reflections on the amor- 
phous halo, as shown in Figure 2(e), in the wide angle region were due to 
crystallized TNF, because phase separation occurred for the mixtures at 
high concentration of TNF. Therefore, a small peak in the small angle 
region may be due to crystallization of TNF or an exhibition of discotic 
columnar rectangular phase. 

Table 2 showed ther- 
mal properties of poly- 
mers. Two kinds of poly- 
mer were prepared by 
photopolymerization. A 
schlieren texture was ex- 
hibited for PllPBP12, 
while birefringence was 
observed for PAHBP 1 1. 
P11PBP12 was soluble in 

TABLE 2 Thermal properties and molecular 
weight of polymers. 

g: glrssy. N: nematic. I isotropic. M: mesophase. 
hmp. : themd decomposition 

a) insoluble in chlomfonn or THF 

common organic solvents like chloroform and tetrahydrofuran. PAHBP 1 1 
was insoluble in organic solvents because of network structure of 
PAHBP 1 1, formed by crosslinking of aryl groups. 

8 Figure 4 shows W-vis absorp- 
tion spectra of H 1 1 PBP 12 and 

.E! mixtures with cast film. The mix- g 
tures with TNF exhibited weak 2 
broad absorption bands near 550 
nmcomparedwithHllPBP12. 400 450 500 550 600 650 
This absorption band was due to 
charge transfer complexes. "'I 

F i n  5 shows UV-vis ab- 

Wavelength I nm 

FIGURE 4 UV-vis spectra of H 1 I PBP I 2 
and mixtures, (a)Hl lPBPI2(film), (b) 
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NOVEL DISCOTIC LIQUID CRYSTAL 643 

D 
Wavelength / nm 

FIGURE 5 UV-vis spectra of HIIPBPIZ, 
(a)chlorofolm solution, (b) film, (c) film an- 
nealed at 130°C. 

TABLE 3 UV-vis absorption maxima of com- 
pounds. 

Compounds CHCI, solution (run) Film (nm) 

HI lPBPl2 342 

HI 1PBP6 339 
M 1 IPBP 12 347 

PllPBPl2 353 

AHBPl I 342 

350 

343 
353 

364 

3 60 

365 - a) PAHBPll 

a) insoluble in chlorofolm 

different sample preparations (chloroform solution, spincoated film and 
heated film in the liquid crystalline state (1 30°C)). In the liquid crystal- 
line state, a shoulder peak shifted to about 420 nm. The shift of the shoul- 
der peak would be originated from the intermolecular interaction formed 
between discotic molecules in the liquid crystalline state. Similar ten- 
dency about a red shift of the shoulder peak was observed for the mixture 
of HI lPBPl2 with TNF, that exhibited a columnar phase. W-vis absorp- 
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644 DAISUKE SUZUKI and NAOWKI KOIDE 

400 450 500 550 600 650 
Wavelength / nm 

FIGURE 6 Fluorescence spectra of 
PI 1PBPI2, (a) chlorofolm solution, (b) film, 
(c) film annealed at 130°C. 

TABLE 4 Emission maxima of discotic com- 
pounds. 

Compounds C H C l 3  solution (nm) Film (nm) 

HIIPBPIZ 434 412 
HIIPBP6 458 411 

MllPBPl2 445 469 

Pl lPBPll  449 415 

AHBPl 1 431 416 

480 PAHBPI I a) - 
a) insoluble in chloroform 

tion maxima of discotic compounds were summarized in Table 3. 
Synthesized discotic compounds had a strong fluorescence prop- 

erty. Figure 6 shows fluorescence spectra of P 1 1 PBP 12. The fluorescence 
spectrum of the P1 lPBPl2 film was shifted to longer wavelength about 
25 nm than that of chloroform solution. This result indicated that the 
strong intermolecular interaction would be formed compared to that in 
chloroform solution due to overlapping of x electron orbit for the discotic 
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NOVEL DISCOTIC LIQUID CRYSTAL 645 

molecule in the film. However, the fluorescence intensity in chloroform 
solution was much larger than that of the film. In particular, the fluores- 
cence intensity decreased in the liquid crystalline state because concen- 
tration quenching would occur in the liquid crystalline state, and because 
temperature was high when these discotic molecules exhibited the liquid 
crystalline phase. Emission maxima of discotic compounds were summa- 
rized in Table 4. The emission maxima of the film for discotic compound 
is longer wavelength than that of chloroform solution. 
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