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( Received July 19, 1984)

The elastic constants k|, k,;, k13, the bulk and rotational viscosities, the birefringence,
the static dielectric and electro-optical properties in TN-LCDs of new, positive dielec-
tric and electro-optical properties in TN-LCDs of new, positive dielectric nematic liquid
crystals, namely polar alkenyls, are reported. The molecules comprise a double bond in
their hydrocarbon side chain as well as different rigid cores, namely directly- and
ethane linked PCH-cores as well as heterocyclic (dioxane) cores. Despite their dielectric
and conformational similarity, large variations of the elastic constants depending on
the position of the alkenyl double bond are shown to result in alkenyls with PCH cores.
This leads to variations of ky3/k,; and x = k|| + (k33 — 2ky,)/4 among different
alkenyls with the same chain length of almost a factor of 2 at constant reduced
temperature (7,-10°C). From molecular modelling follow rod-shaped van der Waals
conformations with constant length/width ratio L/ W for all directly linked alkenyls.
Therefore, and due to ky3/k;, # constant, nematic hard-rod models neglecting mo-
lecule-specific interactions and implying k3,/k,, o« L/ W are qualitatively shown to be
inadequate to explain the elastic ratios of nematics. Despite up to 30% larger optical
anisotropies the response times of some alkenyls in TN-LCDs are ~30% shorter than
those of PCHs. This result is not primarily due to the low rotational viscosity y, of
alkenyls but rather due to their low visco-elastic ratios y,/«. The fast response and the
wide range of elastic properties render the stable polar alkenyls applicable for highly
multiplexed as well as fast responding LCDs.

1. INTRODUCTION

Polar nematic liquid crystals comprising molecules with structural
elements leading to strong longitudinal permanent dipole moments

tPaper presented at the 10th International Liquid Crystal Conference, York, 15th—
21st July 1984,

241



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:04 20 February 2013

242 M. SCHADT et al.

exhibit the positive dielectric anisotropy Ae = (¢, — €, ) that is re-
quired for most LCD applications. From correlations of material
properties with molecular structures of polar and nonpolar representa-
tives of the same liquid crystal class we found that polar groups not
only determine Ae but also strongly affect the elastic constants and
the viscosity of nematics. Thus, in structurally comparable liquid
crystals the bend/splay elastic ratio ks;/k,, decreases within a given
class when reducing the polarity and thus Ae of the molecules.'
Moreover, k3;/ k,, is affected by the type of ring structures of which
the rigid part of the molecules consists.! As a consequence, and
especially in cases where heterocyclic rings are involved, low elastic
ratios ki;/k,, and therefore steep electro-optical characteristics in
twisted nematic displays (TN-LCDs) can be achieved. Apart from Ae
and specific structural elements, k;,/k,, of nematics is also affected
by the number of carbon atoms in alkyl side chains. De Jeu et al. who
investigated a homologous series of nonpolar azoxybenzenes found
ky3/ky, to decrease with increasing chain length.? An analogous
behaviour was reported® for polar phenylcyclohexanes* (PCHs). As
the dielectric and elastic properties, the bulk viscosity 7>® as well as
the rotational viscosity y,” are also affected by polar groups. Thus,
nematics with Ae > 0 exhibit in general considerably larger viscosities
than their nonpolar counterparts.

Regrettably, there seem to be no theoretical model calculations in
the literature extending mean-field theories as those of Maier and
Saupe,® Priest’® or Straley'® which would take into account specific
molecular interactions, i.e. induced dipole-dipole or permanent dipole
interactions. From the calculations of Priest’ and Straley'® who in-
cluded higher order terms in the intermolecular mean-field potential
of the Onsager hard rod model which holds for extremely long rods,
one is temped to conclude'! that ks3/k,, increases in nematics with
increasing length to width ratio L/ W of the (short) nematic rods
and/or with increasing L/ W ratio of hypothetical sterical units.'”
However, the above cited experiments'** performed with dielectri-
cally and structurally distinct but comparable classes indicate that
geometrical considerations alone are inadequate to predict the impor-
tant elastic ratios of nematic liquid crystals. Molecular-specific inter-
actions have to be taken into account.

In the following the properties of five new polar nematic liquid
crystal families with rather unusual elastic and viscous behaviour
synthesized in our laboratories are presented, namely cyano alkenyls.
The classes differ from each other with respect to the position of the
alkenyl double bond in the hydrocarbon side chain and/or with
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respect to their rigid core which consists either of a PCH ring system,
an ethane linked ring system or a phenyl-dioxane ring system. The
elastic ratio k,;/k,, as well as the elastic expression k = ky, + (k33 —
2ky,)/4 of polar alkenyls are shown to depend strongly on the
position of the double bond; i.e. on a seemingly minor structural
modification. Moreover, their low rotational viscosities are also shown
to depend on alkenyl position. From the low viscoelastic ratios v,/k
of some alkenyls, response times of TN-LCDs result which are up to
30% lower than those of the fast responding PCHs. We show that the
large range over which k; of the dielectrically and sterically similar
new compounds varies is incompatible with the constant L/ W ratio
of their rod shaped van der Waals radii determined with an interac-
tive molecular graphics modelling system.

2. EXPERIMENTAL

2.1. Structures of nematics

The upper part of Table I depicts the cyano alkenyls chosen for our
investigations. For comparison the lower part shows cyano com-
pounds exhibiting the same rigid core as the alkenyls, namely PCHs,*
ethanes'? and dioxanes;'* also included is a biphenyl."”® To avoid
effects caused by different hydrocarbon chain lengths, the chains of
all individual components are identical, they comprise five carbon
atoms. Table I shows three different PCH type alkenyls namely
34,CP, 1d,CP and @d,CP. The only difference among them lies in the
position of the alkenyl bond d, where x denominates the position of
the double bond from the respective cyclohexane ring C (c.f. nomen-
clature in caption of Table I). For the investigation of monotropic or
barely nematic compounds, binary mixtures were made of compo-
nents whose number of chain carbon atoms differ by 1. To allow
comparisons with earlier reported investigations' on other LC-classes
molar proportions of (60/40) were used (Tab. I). The positional
influence of the alkenyl double bond was investigated with mixtures
m,—m, exhibiting comparable nematic temperature ranges T, ... 7,
(Tab. I). m, comprises alkenyls in 1-position only, whereas m, is a
combination between position 1 and 3; m, is a pure 3-alkenyl mixture
and m, combines position 1 with 4. The directly linked and the ethane
linked 3-position alkenyl mixtures m; and ms are used to study the
influence of the (flexible) ethane linkage on alkenyls.
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TABLE I

Single components (100%) and binary mixtures (60% mol/40%) with their
respective melting and nematic-isotropic transition temperatures T, and T.
The following nomenclature is used for the structural elements:

C = cyclohexane ring, P = phenyl ring, B = biphenyl, D = dioxane ring,

A = ethane linkage and d, = alkenyl double bond with x defining its position
in the chain (increasing x corresponds to a shift of the double bond away from
the rigid core). The numbers in front of d, are those of the carbon atoms
attached to the double bond. In case of alkyl side chains they denominate the
total number of carbon atoms in the chain,

3d,CAP 100% 7 7.5
1 CN %4
1d,CAP 100%

3 ‘\—/_O\—Q—CN 4 655

m, =(3d,CP,24,CP) (60,40 sy <5 522
m,=(3d,CPBdLP (60,40} ~ o <5 508
w682

m, =(3d,CPBY,CP)  (60,40) i P -5 380
A Onm25 577

0
mg=l4d, OP,3d, DP)  (60,40) R_,{(J)—@-CN -35 453

_\_I-O
_\J'O'
my=(d,CRAGLP)  (60,40) ~~ .
‘_\_IO'
O

mg =(1d;CARBA.CAP) (60,40)

PCHS (25CP) 100 %

;

SCAP 100%

;

COMPOSITION | MOL.PROP STRUCTURE 141 [ 1.tect | Rer
3d,cP 100% —~r<O-O-en 16 585
1d,CP 100% X >-O-en 60 737
0
Bd,CP 100% -~ >-O-en 00102 v
e
|

KI5  (25B) 100% c~ 26 348 N3}

30 548 14

3t 8258 2l

0
m,:(DRSDP)  (60,40) R PO-en - wes

a-—-ca - —

N -0 I O

—
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2.2. Dielectric, elastic and viscous properties
of binary alkenyl mixtures

Figure 1 shows the temperature dependence of the static dielectric
constants €, and Ae of alkenyl mixtures m,—m;. For comparison,
measurements of the cyano biphenyl K15 are included. The results
show—except for a more pronounced temperature dependence Ae (7')
of m, which approaches that of K15—no significant variations of
either €| or Ae among m;—m;.

In Figure 2 the temperature dependences of the splay (k;;) twist
(k,,) and bend (k;) elastic constants of mixtures m,—m; are depicted.
The lack of smectic pretransitional increases' of k; in Figure 2 with
decreasing temperature proves that mixtures m,~ms are indeed ne-
matic in the temperature range studied. From Figure 2 follows that all
three elastic constants strongly depend on the position of the alkenyl
double bond. When shifting the double bond from position 1 >3 —>4
the following order results:

ki(mg) < ky(my) < ky(my) < ky(my) < ky(my).

Thus, a shift of the double bond from position 13 causes k,,, k,,
and k,; to strongly increase. The increase is least pronounced for k,,
and strongest for ks, (c.f. m;—m, in Fig. 2). The incorporation of an
ethane linkage in the rigid core of 3-alkenyls, further pronounces this

T T ¥ T L 1 L T T ! v,

15 M, =134, CPL8Y,CP) K15
L \

nlad 3

-88 90 92 -94 96 98 1
Normalized Temperature T/Tc

FIGURE | Temperature dependence of the static dielectric constants €, , Ae = (¢ —
€, ) of alkenyl mixtures m ,—-ms and of the biphenyl K15.
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kyg [10712N)

kaz [10712N]

20n T

mo=(3d,CP/8dCP)
m, =(3d,CP/2d,CP)

92 96 1
Normalized Temperature T/T¢

FIGURE 2 Temperature dependence of the splay (k))), twist (k;;) and bend (k33)
elastic constants of alkenyl mixtures m;-ms.
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trend (cf. my and mg in Fig. 2). On the other hand the results
obtained for m, and m, in Figure 2 show that shifting the double
bond from 1—>4 causes k; to strongly decrease. Preliminary experi-
ments performed with monotropic 2-alkenyls indicate that position 2
affects k; similarly to position 4. The positional dependent variations
of k,; that follow from Figure 2 for pentyl alkenyls exceed 300%. To
our knowledge such a broad k;-range has so far not even been
reached when comparing markedly different polar LC-classes' such as
pyrimidines, PCHs, esters, Schiff’bases, etc.

From Figure 2 follow two consequences which are important from
a practical point of view as well as for a better understanding of
structure-property relationships of nematics, namely: large variations
of ky3/k,, and of k = k;, + (k33 — 2k,,)/4. This is shown in Figure 3
where the temperature dependences of k;,/k,, and of k of mixtures
m,-my are depicted. From Figure 3 follows that the elastic ratio
k+3/k,, (i) increases when shifting the alkenyl double bond from
1-3 (c.f. mj, m,, m; and m,) and (ii) decreases for a 1 —> 4 shift (c.f.
m, and my). Thus, for T < T k33/ k,, varies between 1.5 and 3, i.e. by
a factor of 2 (Fig. 3). The upper part of Figure 3 shows the analogous
position-dependent behaviour of the elastic expression «, i.e. x in-
creases by a factor of 2 when shifting the alkenyl double bond from
positon 13 (c.f. m|, m; and my).

Figure 4 shows the temperature dependence of the rotational vis-
cosities y, of mixtures m,-m,. From Figure 4 follows that y,(T) can
be qualitatively described at T< T, by

¥ ozexp(A/kT), Q)

where A4 = activation energy. This finding agrees with v,(7)-
measurements’ as well as with measurements of the bulk viscosity’
7(T) made with other polar liquid crystals. Like the elastic constants,
v, also depends on the position of the alkenyl double bond. When
disregarding for the moment differences of activation energies, Figure
4 shows that y, increases when shifting the double bond from 1—3
(c.f. m; and m,). Incorporating the ethane linkage into the rigid core
causes v, to increase still further (c.f. m; and mg). On the other hand a
shift from position 1 >4 leads to a remarkable reduction of y, (c.f. m,
and m,).

For a direct comparison of single components, Figure 5 shows the
temperature dependence of the rotational viscosity of the two 1-
position alkenyls 3d,CP and 3d,CAP as well as y,(T) of the respec-
tive structurally related PCHS and 5CAP. Also included in Figure 5 is
K15.
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20
15 | .
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i +.
o \;\
o~
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£ 5f 4
u *~
=
0 1 1 I 1 1 1 1 1 i ] 1
30 -
mq =(1d3CP/8dyCP)
mg ={1d3CAP/8d3CAP)
251 m, =(3d, CP/8Y,CP) =
_ . /m, =(3d1CP/2dICF’)
=
B
XX
20+ .
/m‘ =(3d,CP/8d,CP) \
—_—— a O—
15 ¢ ] ! ) 1 { | ) ) ! 1
.88 92 96 |

Normalized Temperature T/T.

FIGURE 3 Temperature dependence of the elastic ratio k43/k,, and of k= k|, +
(k33 — 2kyy)/4 of alkenyl mixtures m;—m;.
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F m 5:(1d3CAPIE'd3C AP}

ms=|ld3CP/8'd3CP)\

Rotational Viscosity Y, [Poise]

m‘ 2 l3d‘CP/2d1CP)

m2 =(3d,CP/8YCPI
22°C
R ! 1 i L

m‘ = (3dICP/8'dLCP)

Nl

[ |

1

3.0 33

Temperature 1/T (10'3°K"1

249

FIGURE 4 Temperature dependence of the rotational viscosities y, of alkenyl mix-

tures m;-ms.

3. COMPARISONS BETWEEN ALKENYLS
AND OTHER NEMATICS

3.1. LC-materlal parameters and electro-optical performance

of TN-LCDs

The electro-optical measurements in TN-LCDs were made at vertical
light incidence in d =8 um spaced, polymer aligned, low bias tilt,
« /4-twisted displays. The LCD-response times were measured at
driving voltages V' =2.5 V,(T), where V,(T)= optical threshold
voltage at temperature 7 corresponding to 10% transmission; ¢
= decay time corresponding to a change of transmission from 100%

- 10% following the turn-off of V.

From relating numerically calculated electro-optical characteristics
with LC-material parameters and from the performance of materials
in TN-LCDs we have shown earlier' that the slope of the transmission
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Rotational Viscosity Y [Poise)

3.0 33 36
Temperature 1/T [103°K")

FIGURE 5 Temperature dependence of the rotational viscosities y, of alkenyl com-
ponents 3d,CP, 3d,CAP and of reference compounds PCHS, SCAP and K15.

characteristics of low bias tilt TN-LCDs can be approximated at
vertical light incidence and around the second Mauguin transmission
minimum by

ks And \?
p_a+b(E l)+c(1nT). )

The experimentally determined constants a, b and ¢ depend on the
specific TN-LCDs used i.e. on the technology such as the surface
aligning technique. For our display a =0.119, b =0.035 and c=
0.135 hold. Approximation (2) shows that small elastic ratios k;;/k/,
are most crucial for achieving small slope parameters p = (V5, — V)
/ V1o which—according to N =[(p + 1)* + D}/[(p + 1)’ — ’—are a
prerequisite to reach large multiplexing ratios N. Other material
parameters like k,,/k,, (which should be large to lower p)'* and
Ae/e€, (which should be small in case of small optical path differ-
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ences And)'® are—due to their minor importance at the second
Mauguin minimum—neglected in (2).

Because of the increase of the select voltage with increasing multi-
plexing ratio, materials are required not only having steep electro-
optical characteristics but also exhibiting optical thresholds low en-
ough to remain CMOS-compatible. The optical threshold of TN-
LCDs at vertical light incidence can be approximated by''®

2
V1o Vil 088 = 002k by~ 1) - 004(m G4V 3)
where,
Vio =V [2044 — 1.044/ (k33 / k), + 1))

[1+0123{(8e/e, )¢~ 1] -[1 +0.1321n 8424 ]

and the threshold for the mechanical deformation of the helical
structure of the TN-LCD is

V.= v?[x/eer]'/z.

From approximation (3) follows that both, the dielectric anisotropy
Ae as well as the elastic expression k essentially determine ¥, of
TN-LCSD.

Because of the similar k-values of the so far most frequently used
polar nematics' it was often possible to relate directly the differences
among different decay times of TN-LCDs to the different viscosities
of the LC-materials. However, with compounds such as alkenyls
exhibiting large k-variations this approach leads to wrong conclusions
about the dynamics of TN-LCDs. Thus, if complex numerical calcu-
lations such as those of Berreman'” are avoided, at least the heuristic
expression derived by Jakeman and Raynes'® which relates small
angles of deformations of the nematic director to the decay time ¢, of
TN-LCDs should be used:

ty < y/K G

where y is an undefined viscosity for which bulk viscosities 7>¢ and
recently also rotational viscosities y,’ were inserted. The small angle
approximation (4) is not really applicable to the large director defor-
mations corresponding to (practical) LCD turn-off times #,’. All the
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same it will be interesting to relate ¢, of (4) qualitatively with y,, y,/x
and ..

3.2. Materlal properties and siructures

Table II summarizes the material properties of the alkenyl compo-
nents and mixtures of Table I as well as those of the reference
compounds. Comparisons of the elastic, dielectric and optical proper-
ties are made at constant reduced temperature (T, — 10°C), whereas
viscosities and viscosity related properties are compared at T = 22°C
= constant. The data belonging to (T, — 10°C) in Table II are
depicted in the upper line of the respective compound; the lower line
refers to 22°C.

Except for the optical anisotropy An and the mesomorphic temper-
ature range which are both larger in case of 3d,CP, a comparison
between the l-alkenyl 3d,CP and PCHS5 shows that the two com-
pounds are quite similar (Tab. I, II). Shifting the double bond from
position 1—3 causes—in analogy to mixtures m, ... ms—« to in-
crease strongly. An of 1d,CP is about 30% larger than that of PCHS3.
The different An-values of 1d,CP and 3d,CP indicate that the angle
of the double bonds paralle] to the nematic director depends on bond
position. From the data of the ethane linked components 3d,CAP and
SCAP in Table II follows that the ethane linkage causes x as well as
ky3/k,, to increase compared with 3d,CP and PCHS.

From the similar data of the dioxane mixtures mg and m, in Table
IT and from the data of 3d,CP follows that the double bond in
1-position hardly affects the elastic or dielectric properties. However,
in agreement with our earlier findings' the data of kyy/k,, of mixtures
m, and m, show that heterocyclic rings in the rigid part of molecules
lead to a reduction of k43/k,,.

The striking dependence of k,;/k), on alkenyl position led us to
investigate semi-quantitatively whether rod-like and strain-free
alkenyl conformations exist and whether the length /width ratio of the
rods changes upon shifting the double bond. This was done with the
Roche molecular modellings system (Roche Interactive Molecular
Graphics RIMG)? designed to determine equilibrium structures and
conformations of complex molecules based on inter- and intramolec-
ular van der Waals interactions and conformational torsional poten-
tials. To obtain the rod-like structures assumed by theory®'® we
imposed the following boundary conditions: the strain-free conforma-
tions of the alkenyls have to fit into a cylindrically shaped frame in
such a way that no unusual stress or strain bonding energies result.
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TABLEII

Elastic constants ky;, Kyy, k33, & = ky; + (k33 — 2k,;)/4, static dielectric
constants € |, Ae = (¢, — € )} and optical constants ng, An = (n, — ng)
determined at the respective temperatures (7, ~ 10°C) (upper lines) and
T = 22°C (bottom lines). The dot in the bottom line of SCAP indicates that
the data are extrapolated to 22°C.

LC k“ kzz |(33 k3/k‘ " E.L Ae An Ng
3d’CP 622 390 3.4 213 75 570 1094 016 1490
940 615 228 242 120 502 1303 0136 1493
ld3CP 9-41 ST 241 256 12-6 502 1393 0130 1483
3d1CAP 918 528 185 202 n.2 496 1048 0N8 1486
1122 657 243 217 140 461 1143 0129 1487

K15 {58} 637 38 860 135 66 663 1333 0178 1532
712 408 9.82 138 75 646 1382 0185 1533

PCH5 (5CP) 607 348 105 .73 7.0 559 1028 0.099 1485
898 473 183 2.03 12 4.85 1222 0-119 1487

5CAP 885 460 169 1.82 106 488 977 0101 1486
01205 665 240 1.99 147 440 1080 0116 1483

my=3d,cP2dcrl 565 342 107 130 66 577 162 017 1492
783 475 174 222 98 520 1389 0138 1494

m2=(3d1CPIEd3CP) 6-10 392 nae 193 71 556 1149 0115 1493
820 522 187 228 103 500 1357 0435 1495

M =0d,CPAE,CP) 8.08 465 207 256 109 501 1238 0127 1487
1229 680 365 297 18.0 440 1510 0153 1493

m), =(34,CP/&4,CP) 490 280 750 153 54 618 10.80 0105 1498
552 3.20 860 156 61 603 1123 0108 1500

m5=(163CAP/Bd30AP)10~25 595 243 2.37 134 464 NT74 0122 1485
13.80 8.00 379 275 193 417  13.37 0139 1486

Mg = l4d, DP/39,0P) 480 3.00 634 1.28 4.8 9.75 1562 0.099 149

M, =(4OP/5DP) 473 308 643 136 48 10.58 1527 0.089 1.488
588 399 8.4 143 6.0 9-99 17.06 000 1487

The cylindrical frame was defined by the rod-shaped van der Waals
volume resulting from the rotation of a tricyclic bicyclooctane struc-
ture around its long axis. At one end of the cylinder a benzene ring
was attached which had favourably to coincide with the benzene ring
P of the alkenyl fitted into the cylinder.
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FIGURE 6 Energetically relaxed molecular conformations of polar alkenyls (red
structures) fitted by molecular modelling into a cylindrically shaped bicyclooctane
frame (blue-white structure) to which a benzene ring is attached on the right. The
following alkenyls are fitted into the frame 4d,CP (upper left), 2d,CP (upper right),
1d,CP (lower left) and 2d,CAP (lower right). See Color Plate 1x located in the final
volume of these Conference Proceedings.

Figure 6 shows the calculated equilibrium structures of 4d,CP,
2d,CP, 1d,CP and 2d;CAP (red molecules) in the rotationally sym-
metric bicyclooctane cylinder. The position of the alkenyl double
bond is indicated with two red dots, the cyano end group pointing to
the right (red dot connected to benzene ring). From Figure 6 follows
that even the bulky ethane-linked alkenyl 2d;CAP fits well into the
cylinder if a dislocation of its benzene ring from the benzene ring of
the frame is allowed. The resulting strain-free conformations in Fig. 6
show that the length/width ratios of the directly linked alkenyls
are—independently of the position of the double bond—identical, i.e.
L/ W = constant. Therefore, we see no reason to relate the constant
length /width ratio L / W of alkenyls with the strongly different elastic
ratios 1.5 < k;3/k,;, < 2.6 of 3d,CP, 1d,CP and m, (Table IT). Besides,
although L/ W of the rod formed by 1d;CAP increases due to the
ethane linkage its k,;/ k|, does not increase (Tab. IT).

By analogy to the above, Figure 7 shows the long and short axis of
the rod-shaped van der Waals radii of the strain-free conformation of
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FIGURE 7 van der Waals radit of bicyclooctane cylinder frame (blue-white dots)
incorporating 2d,CP (red dots). The lower picture shows the rod-shaped long cylinder
axis whereas the upper part is a projection of the alkeny! side chain along the long
cylinder axis showing its fit into the bicyclooctane frame. See Color Plate X located in
the final volume of these Conference Proceedings.

2d,CP of Figure 6 within the bicyclooctane frame. Figure 7 shows
that the rod-like van der Waals shapes of polar alkenyls indeed fit
well into the cylindrically shaped bicyclooctane van der Waals frame.
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3.3. The dynamics of alkenyls

From the rotational viscosities depicted in Figures 4 and 5 one would
expect 1,4-alkenyl mixture m, to exhibit a faster electro-optical re-
ponse than either PCHS or the 3-alkenyl mixture m,. However, their
visco-elastic ratios @ = y,/x depicted in Figure 8 indicate that this is
not the case. Figure 8 shows that not only the course of the tempera-
ture dependence of y,/x changes compared with y, (Fig. 4) but also
the respective order of increasing y, and v,/ «. Thus, although y,(m,)
< v,(PCHS) < v,(m,) it follows from the x-values of Figure 3 that
v,/ x(m) > v,/k(PCHS) > v,/k(m;). Therefore, and provided ap-
proximation (4) holds, m; is expected to exhibit considerably faster
decay times than the less viscous mixture m, or PCHS.

10_ T T T T T T]
C N
L m, = (34,CP/&d, CPI~__
m1=(3d,cwza,cm\7
= (3d,CP/84LP) i
= L m2 { 1 P~ ’/
&
(=]
e
o
I+ \m5=nd3cAszd3CAP.L
2 L -
> =
1] \
s r M= (dLPIBCP)
L J
22°C
01 1 1 L L L 1
30 33 36

Temperature 1/T [10-30K-1)

FIGURE 8 Temperature dependence of the visco-elastic ratio v,/ of alkenyl mix-
tures m,—ms. Also included is PCHS (5CP).
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200 T T T 1 T
m, = (34CP/E4,CP)

100: ]
= L ]
E | i
3 sof .
g T PCH5 i
= L i
> m, = (34,CP/ 24/CP) M= (1dyCPIALP)

[¢)
Ca; 20 4
22°C

10 1 N I 1 1 Il

30 3.2 3.4 36

Temperature 1/7 | 10-3 ek -1)

FIGURE 9 Temperature dependence of the decay time 7, of TN-LCDs comprising
alkenyl mixtures m;, m;, m, and PCHS respectively.

Figure 9 shows that the activation energies of the decay times
A(typ) at T< T, are comparable to those of the visco-elastic ratios

A(y,/x) of Figure 8 but smaller than A (y,). The data are summarized
in Table I11.

Moreover, the order of increasing . is the same as that found for
v,/« (Fig. 8 and 9). Thus, the simple approximation (4) can be
used—together with y,/k—to predict qualitatively the decay times of
TN-LCDs at least over the rather small temperature ranges investi-
gated here.

TABLE 111

Activation energies A of the rotational viscosity y;.
the visco-elastic ratio y;/« and the TN-LCD
decay time 1, (100%— 10%) at T< 7.

A(y) A(y,/x) Aty)
[eV] [eV] [eV]
m, 0.51 0.39 0.36
m, 0.42 0.35 0.32
PCHS 0.43 0.35 0.32

m, 0.41 032 032
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TABLE IV

Rotational (y;) and bulk viscosities (1), activation energy 4(y,) of v,,
visco-elastic ratio « = y, /k as well as normalized visco-elastic ratios
a(LC)/ a(5CP) and TN-LCD decay times #,{LC)/ ,;(5CP) normalized with
respect to PCHS. V|, = optical threshold voltage of TN-LCDs. All
measurements made at 22°C.

Le Y, Aty asil E(L—C,,; " off :(’Lt:) Vio
[Poise) [ev] [1010m?s) [Poise] (ms)  OffEP )

3dyCP 1.34 43 mnm 87 221 40 93 158
3dCAP 1.70 41 121 106 .228 38 -88 1.89
K15 SB) 1-01 54 135 118 2863 55 128 113
PCHS (5CP) 128 43 114 100 215 43 .00 155
S5CAP 180 42 122 107 224 43 100 200
M =3d, CP/2d,CP} 121 42 123 108 .228 42 98 147
M= (3d|CP/Ed ACP) 118 .42 15 101 209 37 -86 162
M 3={1d,CP/&rd CP) 150 .41 -83 .73 90 32 74 209
m,, =13d,CP/gd CP) 97 81 159 138 278 67 156 113
Mg =(1d3CAPIBCAPY | 215 .43 HII -98 - 29 67 2.29

Table IV shows measurements made at 22°C of the rotational and
bulk viscosities y, and 7 of alkenyls and reference compounds. Also
shown are their activation energies 4(y,), the viscoelastic ratios, the
decay times and the optical threshold voltages. Because of their
comparable dielectric anisotropies (Tab. II) and in agreement with
approximation (3), the compounds with large k-values also exhibit
high optical thresholds ¥V,, (Tab. IV). Table IV shows that y, of m,
and K15 are considerably lower than those of m; or PCHS. However,
the decay times of m, and K15 are—due to their large visco-elastic
ratios—more than 30% larger than ¢_; (PCHS5). On the other hand the
response of the 3-alkenyl mixture m; is 26% faster than that of PCHS
(Tab. IV, Fig. 9). From the k-values in Table II and the bulk
viscosities n depicted in Table IV follows that n/k and ¢ correlate
not as well as y,/k and ;. The discrepancy becomes most pro-
nounced when comparing the low y, compounds K15 and m, with
the other compounds in Table IV. This finding confirms our earlier
results obtained with other LC-classes’. From the above follows that
even qualitative electro-optical response considerations cannot be
based on viscosity data alone, the elastic properties must be consid-
ered too.
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4. CONCLUSIONS

From investigations into the dielectric, birefringence, viscous, electro-
optical and all three elastic constants we have shown that the new,
low viscous polar nematic alkenyls synthesized in our laboratories
cover an unusually wide range of elastic properties rendering them
applicable in LCDs requiring fast response as well as high multip-
lexability. With sterically and dielectrically comparable representa-
tives of five different alkenyl classes it was found that the elastic ratio
ki3/k, as well as the elastic expression k = k|, + (ky; — 2k,,)/4
strongly depend on the position of the alkenyl double bond in the
hydrocarbon side chain. By means of molecular modelling, the rod-
like van der Waals structure of directly—as well as ethane linked
alkenyls was verified and shown that the length /width ratio L/ W of
the rods is constant. On the other hand k,,/k,, # constant. There-
fore, and since steric considerations alone do not suggest the postula-
tion of hypothetical steric units either whose L/ W-ratio may (or may
not) change, we conclude that hard-rod models that disregard specific
molecular interactions and which imply L/ W o k;,/k,, are inade-

Y, 5%
=< s < e <t < O
y]/u;to"
o <A O U< e < s
Kool
33"11[
= <~ < < A

An

< ar* < <

TABLE V

_\_I'{(;)_

Summary and schematic representation of the influence of alkenyl double
bond position on y,, k, ¥,/ &, t, k33/ k|, and An. Directly linked alkenyls
with PCH-core are depicted with their alkenyl side chains only. In case of the
ethane-linked (1d;CAP) and the dioxane (3d,DP) alkenyl, the rings attached to
the alkeny! side chain are included. Also included in the schematic is PCHS
(saturated chain).
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quate to describe the elastic ratios of nematics. Because of the low
rotational viscosities and the large x-values of 3-alkenyls, low visco-
elastic ratios y,/x result. As a consequence, 3-alkenyls exhibit re-
sponse times in TN-LCDs that are ~30% shorter than those of
comparable PCHs while their optical anisotropy An is larger than An
of PCHs. By analogy with our earlier findings with other liquid
crystal classes, rigid cores of alkenyls comprising heterocyclic rings
are shown to exhibit lower elastic ratios k,;/k,, than non-heterocyclic
compounds.

Table V summarizes schematically our findings of the positional-
dependent influence of the alkenyl double bond on kj3/k,), «, v,
v/« and An. Also shown is the influence of the dioxane ring on
k+3/ k,, and the effect of the ethane linkage in the ‘rigid’ core. Due to
the dependence of An on double bond position, the average angle of
the bond with respect to the nematic director is—contrary to the
schematic in Table V—position dependent.
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