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Nematic Thiophenes for STN-LCDS and 
Flexoelectric LCDS 

KEVIN BARTLE~, NEIL CAMP BELL^, WARREN L. DUFFY~, 
STEPHEN M. KELLYb, VICKI MINTER', MARY O'NEILLa and 

RACHEL P. TUFFIN' 

"Depurtment of Physics, The University of Hull, Hull HU6 7RX, UK, bDepart- 
ment of Chemistry, The University of Hull, Hull HU6 7RX. UK and 'Defence 

Evuluution and Research Agency, St. Andrews Rd, Malvern, WOKS., WR14 3PS, UK 

We report anew class of liquid crystals incorporating a 2.5-disubstituted thiophene ring and 
one or two conjugated rruns-carbon-carbon double bonds in the terminal chain for use as 
components of nematic mixtures for TN-LCDs and STN-LCDs. The combination of these 
molecular elements contribute towards generating a high birefringence, a high nematic clear- 
ing point as well as a low viscosity for these materials. Several of these compounds exhibit a 
melting point below room temperature. This is the first time a room temperature nematic 
phase has been reported for phenyl thiophene derivatives. The new thiophene compounds can 
be used to induce a high birefringence in nematic mixtures for LCDs with short response 
times. 

Kevword.7: nematics; thiophenes; high birefringence 

INTRODUCTION 

Most commercially available instruments with a liquid crystal display 
(LCD) utilise the Twisted Nematic (TN)-LCD'821 or Super Twisted 
Nematic (S"N)-LCDM with active matrix addressing or multiplex 
addressing!68q These types of elecho-optical device use nematic liquid 
crystals to produce light, largearea, flat-panel displays with a high 
contrast ratio, grey-scale (full colour), fast response times and wide 
operating temperatures. These LCD types q u i r e  nematic mixtures of 
positive dielectric anisotropy in order to operate at low voltage with short 
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response times. Furthermore. a low viscosity and appropriate values of 
the elastic constauts (especially k are required in order to 
further reduce the response times. A' low mk!ng point (T, < -50 "C) and 
a high clearing point (Tpl > 80 "C -120 "C) are also essential 
requirements for commemal applications. Nematic mixtures of high 
birefringence enable thin cells to be used, since the product of the 
birefringence and the cell gap (And) is fixed for operation in the first or 
second transmission minimum. A high birefingence CM also give rise to 
short switching times, since both the switch-on and switch-off times are 
d i d y  proportional to the square of the cell gap. The nematic mixtures 
used in LCDs are comprised of a mixhue of polar and apolar components 
to generate the appropriate combination of property values." Liquid 
crystals incorporating the 2.5-disubstituted ring have already been 
prepared."'*' However, the noncoaxial nature of the substituents in the 
2- and Spositions usually requires a molecular structure with a minimum 
of three rings in order for these materials to be mesomorphic. This is due 
to the large an e between the bonds at the 2- and Spositions. This 
reduces the d ective length-to-breadth d o  and the anisotropy of 
polarisability. Most of these three-ring com unds exhibit smectic 
phases, especially the smectic C phase.['rTwo-ring thiophene 
derivatives with only one other ring in the molecular core, which exhibit 
M enantiotropic nematic phase, are not known to the authors. We have 
synthesised a new class of apolar compounds suitable for TN-LCDs and 
STN-LCDs, incorporating a 25disubstituted thiophene ring and one or 
two frm-carbon-carbon double bonds. These compounds fulfil many of 
the specifications for use in LCDs. These materials were designed so that 
they would exhibit a low melting point, a high clearing point, a wide 
nematic phase , a high birefringence and a low viscosity. They have also 
been screened for use in the Zenithal Bistable Display (ZBD) using 
flexoelectric nematic liquid crystals.[131 

and 

SYNTHESIS 

The esters 1-26 and ethers 27-32 shown in the tables 1-6 were prepared 
from a range of 2-n-alkyl-5-(4hy~x~henyl)thiophenes, see reaction 
scheme 1. The 2-n-alkyl-5-(4hydroxyphenyl)thiophenes were prepared by 
brominating commercially available 5-n-alkylthiophenes using NBS.'"] The 
resultant aryl bromides were reected with Qmethoxyphenyl boronic acid in a 
S u u k i  aryI-aryI cross coupling reacti0n.I'~ The mdtant 2-n-ak~I-5(4- 
methoxypheny1)thiophenes were dealkylated in the usual way" using 
borontribmmide to yield the desired phenols. The esters 1-26 were 
p repad  in the usual wayt1" using the cammercidy availaMe alkcnoic 
acids, (E)-n-alk-2-enoic acids and (E,E)-hexa-2,4-dienioc acid. The 
corresponding ethers 27-32 were prepared from (E,E)-hexa-2,4dien-l-01 
and the appropriate 2-n-alkyl-5(4hydroxyphenyl)thiophenes in a 
Mitsunobu alkylation reaction.['B1 
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Scheme 1 
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RESULTS AND DISCUSSION 

The structures and transition temperatures of 2-propyl-5-(4 
[hexanoyloxy]phenyl)thiophene 1 and the analogous 2-pmpyl-5-(4 
[hexenoyloxy]phenyl)thiophenes 2-5 are collated in Table 1. It is clear from 
the thermal data that only the 2-propyl-5-(4[(E)-hex-2- 
enoyloxy]phenyl)thiophene 2 is mesomorphic. Indeed, this ester exhibits a 
nematic phase at room temperature as well as a high clearing point. The 
melting point is the lowest of the series. However, the other esters can be 
supercooled to room temperature without the appearance of a liquid 
crystalline phase. It was decided, therefore, to synthesise a series of 
homologues of ester 2 with a transcarbon-carbon double bond in the 2- 
position of the terminal alkenoyloxychain. The liquid crystal transition 
temperatures for the 2-n-alkyl-5-(4[(E)-hex-2-enoyloxy]phenyl)thiophenes 
2 and 6-1 2 are listed in Table 2. The clearing point shows a clear odd-even 
effect. However, the cleating point is remarkably independent of chain 
length. In contrast there are wide differences in the melting points for 
individual homologues with no apparent trends. Only the propyl and ethyl 
homologues 2 and 7, respectively, exhibit an enantiotropic nematic phase. 
The thermal data for 2-(4-[(E)-alk-2enoyloxy]phenyl)-S-propylthiophenes 
2 and 13- 16 are collated in Table 3. These esters were prepared in order to 
establish the optimum length of the (E)-alk-2-enoyloxy chain having already 
determined that the combination of a pmpyl hornologue with a (0-hex-2- 
enoyloxy chain produced a nematic phase at room temperature. Three 
homologues 2, 15 and 16 of the esters exhibit a melting point below mom 
temperature and an enantiotropic nematic phase. The corresponding data for 
the 2-(4[(E)-alk-2-enoyloxy]phenyl)-S-pentylthiophenes 9 and 17-20 are 
listed in Table 4. Only one homologue 20 possesses an enantiotropic 
nematic phase. However, its melting point is relatively high and the nematic 
temperature range is narrow. The presence of a conjugated mumcarbon- 
carbon double bond in the 2-position is clearly responsible, at least to a large 
extent, for the advantageous liquid crystalline transition temperatures of 
these esters. Therefore, it was decided to investigate the effect of the 
presence of two conjugated trons-carbon-carbon double bonds in similar 
compounds. The liquid crystal, transition temperatures for the (E,E)-2-n- 
alkyl-5(4[hexa-2,4dienoyloxy]phenyl)thiophmes 2 1-26 are listed in 
Table 5. All of the esters prepared exhibit an enantiotmpic nematic phase at 
elevated temperatures. It was also decided to prepare the analogous ethers 
27-32 to the esters 21-26 in an attempt to produce similar materials, but 
with a lower viscosity. The thermal data for the corresponding 2-n-alkyl-5- 
(4-[(E,E)-hexa-2,4-dienyloxy]phenyl)thiophenes 2 7-3 2 are collated in 
Table 6. The first three homologues 27-29 of the series exhibit an 
enantiotmpic nematic phase. However, a smectic A phase is observed from 
the second homologue 28 of the series. This transition temperature 
increases with chain length and the smectic A phase displaces the nematic 
phase from the hexyl homologue 30 onwards. 
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NEMATIC THIOPHENE LIQUID CRYSTALS 885 

TABLE 1. Transition temperatures (“C) for the compounds below: 

Compound R Cr N i 

TABLE 2. Transition temperatures (“C) for the compounds below: 

Compound n Cr N 1 

6 1 . 8 7  - 0  

2 2 0 4 3 . 4 4 .  
7 3 1 6 .  4 2 0  
8 4 * 3 9 ( . 3 7 ) .  
9 5 47 (0  46) 
10 6 S7 (* 42) 
11 7 * 5 9 ( . 4 9 ) .  
12 8 * 6 5 [ . 4 7 ] *  

( ) Represents a monotro ‘c transition temperarum 
[ ] Represents an extra&ted ‘virtual’ transition temperature 

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 



886 KEVIN BARTLE et al. 

TABLE 3. Transition temperatuns (“C) for compounds below: 

Compound n Cr N i 

13 1 . 3 7 .  4 7 .  
14 2 32 ( 0  17) 
2 3 1 6 .  42 
15 4 1 7 .  2 9 .  
16 5 0 2 1 .  4 2 0  

( ) Represents a monotropic transition temperature 

TABLE 4. Transition temperatums (“C) for compounds below: 

Compound n Cr N 1 

17 1 0 6 6  - 0 

18 2 . 6 4  - 0 

9 3 47 + 46) 
19 4 37 @ 36) 
20 5 . 4 4 . 4 9 .  

( ) Represents a m m ~ p i c  transition temprature 

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 
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TABLE 5. Transition temperatures ("C) for the esters below: 

ComDound n Cr N I 

21  3 . 75 . 136 
22 4 . 80 . 122 
23 5 . 75 0 125 
24 6 . 79 . 116 
25 7 . 86 . 117 
26 8 0 82 . 111 . 

TABLE 6. Transition temperatures ("C) for the ethen below: 

ComDound n Cr SmA N I 

27 3 . 8 5  - . g s .  
28 4 . 8 1  * 9 2 * % *  
29 5 gs (. 9 7 ) * 1 0 0 .  
30 6095.990-• 
31 7 95 101 - 0  

32 8 0 8 6  1 0 0 .  - 0  

( ) Represents a monotmpic transition temperature 

Physical data for some of the new materials have been measuted 
for 10 96 of the compound doped in the host nematic mixhue DOpO17. 
They indicate that even small concentrations of the new materials can 
increase the birefringence of the host nematic mixture significantly 
without increasing the response times or the cleating point of the 

ethers 27-32 give rise to especially large increases. The extrapolated 
birefringence for the new compounds at room temperatme is high (0.2 < 
An c 0.3). 

resUltant nematic mixtUre PrOportiOnatdy. The dienes esters 2 1-26 Md 
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888 KEVIN BARTLE er al. 

Provisional evaluation of the flexalechic coefficients of these 
and other thiophenas suggest that a bent shape does not lead 
automatidy to an incnape in the flexaelechic coefficients of a polar host 
nematic mixture (E7) as expected. The value of q+e,/K for compound 2 
measured in the pure state at mom temperame is lower (0.12 C N’ rn-I) 
than that of E7 at the same temperatm (0.76 C N’ m-). However, the 
elastic constant value K may differ to some degree. The value 
extrapolated for compound 2 fnnn mixtures with E7 a p  well with that 
measured for the pure compound. 

Acknowled ents 
We @ef& acknowledge the EPSRC for support of an Advanad 
Fellowship (SMK) and postgraduate studentshi (KB and GIT). DERA 
are also thanked for postgraduate studentships &D and NC). 

This paper is published with permission of Her Britannic Majesty’s 
stationary Wlce. 

References 

[I] M. Schadt, and W. Helfrich,Appl. Phys. Lerr . ,  18. 127 (1971). 

[2] M. Schadt, Annu. Rev. Muter: Sci., 27,305 (1997). 

[3] T. J. Scheffer and J. Nehring, Appl. Phys. Len., 45, 1021 (1984). 

[4] C. M. Waters, E. P. Raynes and V. Brimmel. Proc. SID ‘84,25.261 (1984). 

[5] N. Kando, T. Nakagomi and S. Hasagawa, German Par. Appl., DE 3403259 (1985). 

[6] T. J. Scheffer and J. Nehring, Annu. Rev. Marer: Sci.. 27,555 (1997). 

[7] W. E. Howard, Proc. S1D ‘86,313 (1986). 

181 G. W. Gray and S. M. Kelly, J. Marer: Chem., 9,2037 (1999). 

[9] H. Schubert. 1. Sagildinov and J.V. Svetkin, Z.  Chem., 15,223 (1975). 

[I01 J. W. Brown, D. J. Byron, D. J. Hanvood, R. C. Wilson and A. R. Tajbaksh, Mol. Crysr. 
Liq. Cryst., 173, 1667 (1989). 

[Il l  G. Kossmehl and F. D. Hoppe, Liq. Crysr., 15,383 (1993). 

[ 121 A. J. Seed, K. J. Toyne and I. W. Goodby, J .  Muter: Chem., 5,653 (1995). 

[I31 G. P. Bryan-Brown, C. V. Brown, J. C. Jones, E. L. Wood, 1. C. Sage, P. Brett and J. 
Rudin, Pmc. SID ‘97 Digesr, 37 (1997). 

[I41 V. Ramanathan andR. LevineJ. Org. Chem., 27, 121 (1962). 

[I51 A. Suzuki. Pure Appl. Chem., 66,213 (1994). 

[I61 J. F. McOmie, M. L. Watts and D. E. West, Tetrahedron, 24,2289 (1968). 

[I71 0. Mitsunobu, Synrhesis, l(1981). 

[ 181 B. Neises and W. Steglich, Angew. Chem. lnr. Ed. Engl., 17,522 (1978). 

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 


