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High birefringence and wide nematic range bis-tolane liquid crystals
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Several dialkyl and fluoro bis-tolane liquid crystals were synthesized and their physical properties
evaluated. These highly conjugated liquid crystals exhibit a wide nematic range, small heat fusion
enthalpy, high birefringence, and relatively low viscosity. Their excellent compatibility with
commercial cyano mixtures makes these liquid crystals attractive for many electro-optic
applications. ©1999 American Institute of Physids$S0003-695(99)02103-9

Liquid crystals(LCs) with low melting and high clearing CHj3
temperature are particularly attractive for automobile and ¢_H,, ., or F—@—CEC CEC_Q_CmHZm+1
outdoor display applications. Inside a car or at outdoor envi-
ronment, temperature could vary wildly depending on theFor simplicity, these alkyl-alkyl and fluoro-alkyl compounds
geographic locations. Generally speaking, the nematic rangare abbreviated as PT3Me)TP-nm and PTEB-Me)TP-Fm,
of a single LC substance is rather limited. Forming eutectiaespectively; here P stands for the phenyl ring, T for the
mixture is a common approach for lowering the meltingcarbon—carbon triple bond, and3Me) for the middle phe-
point. From the Schroder—Van Laar equatidnthe indi-  nyl ring with a methyl group sticking out at the 3 position.
vidual LC components possessing a low meltiig,() and  The general synthesis schemes can be found in Refs. 8—10,
high clearing point, and small heat fusion enthal@H) are  and the detailed synthetic procedures for the described bis-
better candidates for widening the nematic range of the euolanes will be published elsewhe're.
tectic mixture. The phase transition temperature and heat fusion en-
In addition to wide nematic range, high birefringence thalpy of these bis-tolane LCs are listed in Table I. A com-
(An) is also desirable for cholesteric LC displysid opti-  pound (PTPTP-26 without the methyl group in the middle
cal phased arrays for laser beam steefifi@r a cholesteric phenyl ring is also included for comparison. From Table I,
display using Bragg reflectiohhigh An widens the reflec- e find several intriguing phase transition phenomena:
tion bandwidth and improves the display brightness. For a

LC-based optical phased arrdysigh An helps to shorten
TABLE |. Phase transition temperaturés °C), heat fusion enthalpyAH,

response time throug.h thlnner cell ga.p requirement. The bIi-n kcal/mol), and extrapolatein E63 host dielectric anisotropyAe) of the
ref”.ngen.ce Of_an LC IS ma'nly determined by theelectron  giaikyl and fluoro PTE3-Me)TP liquid crystals. Here, 26 stands for
conjugation, differential oscillator strength, molecular shapepTPTP-26 LC; no methyl group in the middle phyenyl group.

and order paramet@rThus, a more linearly conjugated LC

would exhibit a larger optical anisotropy. A general problem PTR3-Me)TP- Tmp Te AH Ae
of these highly conjugated molecules is that their melting 12 143.2 192.4 7.37
temperature is usually very high. 13 139.1 187.4 6.64
Dialkyl diphenyl-diacetylene LCsare found to possess 14 120.2 184.6 5.34
a highAn, low melting temperature, and small heat fusion ig 1%;_? igg:; g:g?
enthalpy. They are excellent candidates for making eutectic 21 136.5 189.6 712
mixtures, except their dielectric anisotropy is a little too 22 144.5 186.4 6.33
small (Ae~0.8). To reduce operation voltage, some polar 32 1153 190.0 5.38
compounds need to be added. When these LCs are mixed 42 722 1rr4 4.19
with more than 10% cyano-biphenyls, they tend to form 1:1 2; gi‘g Egi g'gg
complexes and limits the solubility of the polar compouhds. 33 123.4 200.4 503
Polytolané=1%is another interesting series of high bire- 34 98.5 191.2 5.27
fringence LC. A major problem of polytolane is its high 35 86.2 182.8 3.61
melting point. In this letter, we report a new series of bis- 36 7.9 170.0 3.75
tolane LCs with wide nematic range, higin, low viscosity, ;Z 3;'2 igz'g gi?
and excellent compatibility with commercial cyano mixtures. 06" 133.6 1911 361

More than 20 dialkyl and fluoro bis-tolanes with molecular 63 57.3 168.7 3.28 ~1
structures shown below were synthesized. F3 130.2 196.4 5.74

F5 88.1 174.0 5.78 ~6
F6 82.7 157.4 8.14
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(1) These bis-tolane possess a very high clearing temper: 0.5 . o e
ture ranging from 160 to 200°C. Some homologues - E63df' ,f"”’ ,,’2°/° £30%
[e.g., PTR3-Me)TP-52, 62, and 6Beven exhibit a rela- Eo0.4 - K J y r
tively low melting point(~60 °C) and small heat fusion L ¥ i 4
enthalpy(<4 kcal/mo). Thus, these compounds are very (ZD 0.3 b ¥ 4 i g
useful for formulating eutectic mixtures with a wide % o J s
nematic range. O 02 L S ’ P

(2) The asymmetric compound generally shows a muct ™ s s
lower melting point than the symmetric one. From Table% i s ¥
I, the T,,,, of PTR3-Me)TP-33 is 123.4°C. Keeping the & ®' [ LA Sy
total side-chain carbon number unchanged except breal i LuF o
ing their symmetry leads to a much low®f,,. For in- °'°0_9' 1*;' ' 1‘1 I B R a—
stance, the.Tmp of PTR3-Me)TP-42 is reducedi to VOLTAGE (Vrms)
72.2°C. This effect was also clearly observed in the
diphenyl diacetylene system as V\/%IHowever, if one FIG.1. The voltage—depen(_ie_nt phase change of four homogeneous LC cells:
side has a too short alkyl chain, such as in FBFP E63 alone, and E63 containing 10%, 20%0, and 30% of (BIWe)TP-63.

. . A=633 nm,f=2 kHz sine waves, an@i=22 °C.
Me)TP-15, then the advantage is not obvious. Thigp
of PTR3-Me)TP-15 remains as high as 111.3 °C.

(3) Since the methyl group is sticking out at the 3 position 0f63, the mixture’s clearing temperature increases in propor-
the middle phenyl ring, it is more favorable to have ation to the dopant concentration. For example, adding a 30%
longer alkyl chain on the left-hand side than on the right.of PTR3-Me)TP-63 to E63 increases the mixture’s clearing
This is demonstrated in tH®TR3-Me)TP-52 and -2§ point to 103.3 °C while preserving the desirable low melting
and [PTR3-Me)TP-62 and -2§ pairs. The T, of  temperature.

PTR3-Me)TP-52 and -62 homologues is 36 and 13°C  To characterize the threshold voltage, we prepared a ho-
lower than that of PT®-Me)TP-25, and -26 homo- mogeneous cell and measured its voltage-dependent phase
logues, respectively. retardation at voltages slightly above the threshold. A HeNe

(4) The middle methyl group plays an important role in low- laser withA =633 nm was used for this study. The indium-
ering the melting point. For example, th€,, of tin-oxide coated glass substrates were evaporated with SiO
PTPTP-26 is 133.6°C while theT,, of PTR3- layers to produce uniform homogeneous LC alignment with
Me)TP-26 drops to 73.9 °C. This is because the methypretilt angle of~2°. The cell gap was controlled to be6
group slightly increases the width of the molecule andu«m. Experimental data were collected at every 10 mV
then decreases the molecular packing density. As a refhe sine wave frequency of 2 kHz was set for all the mea-
sult, the required temperatures to melt and to clear théurements reported here. Results are depicted in Fig. 1 for
LC clusters are both lower. If we replace the methyl with E63 mixture alone, and E63 containing 10%, 20%, and 30%
an ethyl group, the melting point will further decrease.of PTR3-Me)TP-63 dopant. In the vicinity of threshold, the

However, its viscosity will slightly increase. phase retardation is linearly proportional to the applied volt-

The dialkyl bis-tolanes are nonpolar so that their dielec-29¢ @S expected from thedryThrough a linear extrapola-

tric anisotropy is small £e~1). A small Ae applies to a tion, the threshold voltage is determined as shown in Fig. 1.

high operation voltage, as the Freedericksz transition thresrﬁi,nCe P,TRB—Me)TP—63 has a much smalléve than E63, the
old voltagé? of a homogeneous cell is determined by the Mixture’s threshold voltage increases as the dopant concen-

dielectric anisotropy and splay elastic constaigg) of the tration increases. As shown in Fig. 2, ﬂd@,.of E@S is 1.01
LC asVy=m[Ky1/€oAe]¥2 To lower V,, one can either Vime As the PTR3-Me)TP-63 concentration increases to
use fluoro compounds shown in Table | or mix the nonpolar
bis-tolane compounds with commercial polar mixtures. The 1.3 30
extrapolatedAe of fluoro bis-tolane is about 6. However,
their melting temperature is relatively high so that their solu-
bility in a dialkyl bis-tolane mixture is limited te-10%. For
such a low concentration, its contributionA@ enhancement
is limited. Thus, we have selected to mix dialkyl bis-tolanes
with a Merck cyano-biphenyl mixture, E63. The most im-
pressive feature of E63 is that is does not freeze 4D °C.
Its clearing temperature is87 °C,An~0.21 atA =589 nm
and T=22°C, andAe~14.6 atf=2 kHz sine wave fre-
quency.

In experiment, we have mixed 10%, 20%, and 30% of
PTR3-Me)TP-63 to the host E63 mixture and evaluated their 109 . . 10
clearing point, threshold voltage, visco-elastic coefficient, ) 10 20 30
and birefringence. The phase transition temperatures of the CONCENTRATION, (%)
mixtures were measured using a Mettler differential scanning. 2. concentration effect of PTRMe)TP-63 on the threshold voltage
calorimeter. Due to the high clearing point of RBRMe) TP- (left) and visco-elastic coefficieritight) of the E63 cells.
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FIG. 3. Birefringence dispersion of E63 and B620% PTR3-Me)TP-63. [, 4. The UV absorption spectra of PBPMe)TP-63 and PTTP-24. LC
T=22°C. host=ZLI-2359; Cell gap=6 um and dopant concentratieri%.

30%, the mixture’'sVy, increases to 1.21 Vs Me)TP-63 has a slightly longer absorption edge than
Using the same cell, we are able to measure the mixPTTP-24 due to its longer molecular conjugation. The longer
ture’s visco-elastic coefficientyf; /Kq;) through the time- absorption alone is insufficient to explain the observed
dependent phase decay methddResults are plotted in the higher birefringence of bis-tolane. The molecular packing
right-hand side of Fig. 2. From Fig. 2, the visco-elastic co-density and absorption anisotropy all play important réles.
efficient of the mixtures is-15% lower than that of the E63 In addition, the slightly longer absorption does not necessar-
host indicating that the viscosity of PT3Me)TP-63 is ily imply that bis-tolanes should have a poorer photostability
lower than that of E63. This result is encouraging becauséhan diacetylenes.
for such highly conjugated LC molecules, their viscosity  In conclusion, we have synthesized many asymmetric
would be normally quite high>'® The observed low viscos- bis-tolane LC compounds which possess high birefringence,
ity makes these compounds very attractive for many electroOw Viscosity, low melting and high clearing temperatures,
optic applications. and small heat of fusion enthalpy. These compounds are
The refractive indices of E63 and three mixtures containcompatible with commercial cyano mixtures. Mixing RBP
ing 10%, 20%, and 30% of PT8Me)TP-63 were measured Me)TP-63 LC to E63 mixture enhances the mixture’s clear-
using the Jelly—Leitz refractometer. The birefringence ofing temperature and birefringence while reducing its visco-
such guest-host system can be approximated @s;)n elastic coefficient. The trade-off is in its slightly increased
=X(Ngo)gt (1—X)(Neo)n; Wherex is the concentration of threshold voltage.
the guest dopant, ang, andn, are the refractive indices for The HRL group is indebted to W. H. Smith, Jr. for the
the extraordinary and ordinary rays, respectively. By measurechnical assistance.
ing E63’s refractive indices, the refractive indices of P3P
Me)TP-63 can be extrapolated. And the results ang:
=1.889,n,=1.507, or An=0.382 atA=589 nm andT
=22°C. This high birefringence originates from the linear ,
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