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Fluorinated (dihydro)phenanthrene derivatives, and their use in
liquid-crystalline media

The present invention relates to liquid-crystalline fluorinated (dihydro)-
phenanthrene derivatives and to a liquid-crystalline medium, to the use
thereof for electro-optical purposes, and to displays containing this
medium.

Liquid crystals are used principally as dielectrics in display devices, since
the optical properties of such substances can be modified by an applied
voltage. Electro-optical devices based on liquid crystals are extremely well
known to the person skilled in the art and can be based on various effects.
Examples of such devices are cells having dynamic scattering, DAP
(deformation of aligned phases) cells, guest/host cells, TN cells having a
twisted nematic structure, STN (supertwisted nematic) cells, SBE (super-
birefringence effect) cells and OMI (optical mode interference) cells. The
commonest display devices are based on the Schadt-Helfrich effect and
have a twisted nematic structure.

The liquid-crystal materials must have good chemical and thermal stability
and good stability to electric fields and electromagnetic radiation. Further-
more, the liquid-crystal materials should have low viscosity and produce
short addressing times, low threshold voltages and high contrast in the
cells.

They should furthermore have a suitable mesophase, for example a
nematic or cholesteric mesophase for the above-mentioned cells, at the
usual operating temperatures, i.e. in the broadest possible range above
and below room temperature. Since liquid crystals are generally used as
mixtures of a plurality of components, it is important that the components
are readily miscible with one another. Further properties, such as the
electrical conductivity, the dielectric anisotropy and the optical anisotropy,
have to satisfy various requirements depending on the cell type and area
of application. For example, materials for cells having a twisted nematic
structure should have positive dielectric anisotropy and low electrical
conductivity.
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For example, for matrix liquid-crystal displays with integrated non-linear
elements for switching individual pixels (MLC displays), media having large
positive dielectric anisotropy, broad nematic phases, relatively low bire-
fringence, very high specific resistance, good UV and temperature stability
and low vapour pressure are desired.

Matrix liquid-crystal displays of this type are known. Non-linear elements
which can be used for individual switching of the individual pixels are, for
example, active elements (i.e. transistors). The term “active matrix” is then
used, where a distinction can be made between two types:

1. MOS (metal oxide semiconductor) or other diodes on a silicon wafer as
substrate.

2. Thin-film transistors (TFTs) on a glass plate as substrate.

The use of single-crystal silicon as substrate material restricts the display
size, since even modular assembly of various part-displays results in
problems at the joins.

In the case of the more promising type 2, which is preferred, the electro-
optical effect used is usually the TN effect. A distinction is made between
two technologies: TFTs comprising compound semiconductors, such as,
for example, CdSe, or TFTs based on polycrystalline or amorphous silicon.
Intensive work is being carried out world-wide on the latter technology.

The TFT matrix is applied to the inside of one glass plate of the display,
while the other glass plate carries the transparent counterelectrode on its
inside. Compared with the size of the pixel electrode, the TFT is very small
and has virtually no adverse effect on the image. This technology can also
be extended to fully colour-capable displays, in which a mosaic of red,
green and blue filters is arranged in such a way that a filter element is
opposite each switchable pixel.

The TFT displays usually operate as TN cells with crossed polarisers in
transmission and are illuminated from the back.
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The term MLC displays here covers any matrix display with integrated non-
linear elements, i.e., besides the active matrix, also displays with passive
elements, such as varistors or diodes (MIM = metal-insulator-metal).

MLC displays of this type are particularly suitable for TV applications (for
example pocket TVs) or for high-information displays for computer appli-
cations (laptops) and in automobile or aircraft construction. Besides prob-
lems regarding the angle dependence of the contrast and the response
times, difficulties also arise in MLC displays due to insufficiently high
specific resistance of the liquid-crystal mixtures [TOGASHI, S.,
SEKIGUCHI, K., TANABE, H., YAMAMOTO, E., SORIMACHI, K.,
TAJIMA, E., WATANABE, H., SHIMIZU, H., Proc. Eurodisplay 84, Sept.
1984: A 210-288 Matrix LCD Controlled by Double Stage Diode Rings,

p. 141 ff, Paris; STROMER, M., Proc. Eurodisplay 84, Sept. 1984: Design
of Thin Film Transistors for Matrix Addressing of Television Liquid Crystal
Displays, p. 145 ff, Paris]. With decreasing resistance, the contrast of an
MLC display deteriorates, and the problem of after-image elimination may
occur. Since the specific resistance of the liquid-crystal mixture generally
drops over the life of an MLC display owing to interaction with the interior
surfaces of the display, a high (initial) resistance is very important in order
to obtain acceptable service lives. In particular in the case of low-volt mix-
tures, it was hitherto impossible to achieve very high specific resistance
values. It is furthermore important that the specific resistance exhibits the
smallest possible increase with increasing temperature and after heating
and/or UV exposure. The low-temperature properties of the mixtures from
the prior art are also particularly disadvantageous. It is demanded that no
crystallisation and/or smectic phases occur, even at low temperatures, and
the temperature dependence of the viscosity is as low as possible. The
MLC displays from the prior art thus do not meet today’s requirements.

There thus continues to be a great demand for MLC displays having very
high specific resistance at the same time as a large working-temperature
range, short response times even at low temperatures and low threshold
voltage which do not have these disadvantages, or only do so to a reduced
extent.



10

15

20

25

30

35

-4 -

In TN (Schadt-Helfrich) cells, media are desired which facilitate the follow-
ing advantages in the cells:

smaller layer thicknesses (higher An) for faster response times

- extended nematic phase range (in particular down to low temperatures)

the ability to switch at extremely low temperatures (outdoor use, auto-
mobile, avionics)

increased resistance to UV radiation (longer service life).

The media available from the prior art do not allow these advantages to be
achieved while simultaneously retaining the other parameters.

In the case of supertwisted (STN) cells, media are desired which enable
greater multiplexability and/or lower threshold voltages and/or broader
nematic phase ranges (in particular at low temperatures). To this end, a
further widening of the available parameter latitude (clearing point,
smectic-nematic transition or melting point, viscosity, dielectric parameters,
elastic parameters) is urgently desired.

The invention has the object of providing media, in particular for MLC, TN
or STN displays of this type as well as for IPS displays, which do not have
the above-mentioned disadvantages or only dosoto a reduced extent,
and preferably simultaneously have very high specific resistances and low
threshold voltages.

It has now been found that this object can be achieved if the liquid-
crystalline (dihydro)phenanthrene derivatives according to the invention
are used in quuid-crystalline media.

The invention thus relates to liquid-crystalline (dihydro)phenanthrene
derivatives of the formula |
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in which

R

is an alkyl or alkenyl radical having up to 15 carbon atoms which is
unsubstituted, monosubstituted by CN or CF; or at least
monosubstituted by halogen, where, in addition, one or more CH,
groups in these radicals may be replaced by -O-, -S-, -C=C-, -OC-O-
or -O-CO- in such a way that O atoms are not linked directly to one
another,

A a) isa1,4-cyclohexenylene or 1,4-cyclohexylene radical, in which
one or two non-adjacent CH, groups may be replaced by -O- or
-S-, or

b) a1,4-phenylene radical, in which one or two CH groups may be
replaced by N,

where the radicals a) and b) may be monosubstituted or

polysubstituted by fluorine,

Z is -CO-0-, -O-CO-, -CF20-, -OCF2-, -CH,0-, -OCH,-, -CH,CH,-,
-C2F4-, -CH=CH-, -C=C- or a single bond,

Y is H, F, Cl, CN, SF5, NCS, SCN or an alkyl, alkenyl, alkenyloxy
or alkoxy radical having up to 5 carbon atoms which is mono-
halogenated or polyhalogenated,

G is -CH2CH,-, -CH=CF- or -CH=CH-,

L, L2 L8

L*and L° are each, independently of one another, H or F, and
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m is0, 10r2.

The invention furthermore relates to liquid-crystalline media which
comprise the (dihydro)phenanthrene derivatives according to the invention.

The compounds of the formula | have a broad range of applications.
Depending on the choice of substituents, these compounds can sefrve as
base materials of which liquid-crystalline media are predominantly
composed; however, it is also possible to add compounds of the formula |
to liquid-crystalline base materials from other classes of compound in
order, for example, to modify the dielectric and/or optical anisotropy of a
dielectric of this type and/or in order to optimise its threshold voltage
and/or its viscosity.

In the pure state, the compounds of the formula | are colourless and form
liquid-crystalline mesophases in a temperature range which is favourably
located for electro-optical use. In particular, the compounds according to
the invention are distinguished by their high clearing point. They are stable
chemically, thermally and to light.

The invention relates in particular to the compounds of the formula | in
which R is an alkyl radical having from 1 to 10 carbon atoms or an alkenyl
radical having from 2 to 10 carbon atoms.

Particular preference is given to compounds of the formula | in which L’
and/or L2 are fluorine. m is preferably 0. 7' is preferably a single bond,
furthermore -CF,0-, -OCF2-, -C2Fs-, -CH,0-, -OCH>- or -COO-.

If R is an alkyl radical and/or an alkoxy radical, this may be straight-chain
or branched. It is preferably straight-chain, has 1,2, 3,4, 5, 6 or 7 carbon
atoms and accordingly is preferably methyl, ethy!, propyl, butyl, pentyl,
hexyl, heptyl, ethoxy, propoxy, butoxy, pentoxy, hexyloxy or heptyloxy,
furthermore octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyi,
pentadecyl, methoxy, octyloxy, nonyloxy, decyloxy, undecyloxy,
dodecyloxy, tridecyloxy or tetradecyloxy.
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Oxaalkyl is preferably straight-chain 2-oxapropyl (= methoxymethyl), 2- (=
ethoxymethyl) or 3-oxabutyl (= 2-methoxyethyl), 2-, 3- or 4-oxapentyl, 2-,
3-, 4- or 5-oxahexyl, 2-, 3-, 4-, 5- or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or
7-oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl, or 2-, 3-, 4-, 5-, 6-, 7-, 8- or
9-oxadecyl.

If R is an alkenyl radical, this may be straight-chain or branched. It is
preferably straight-chain and has from 2 to 10 carbon atoms. Accordingly,
itis in particular vinyl, prop-1- or -2-enyl, but-1-, -2- or -3-enyl, pent-1-, -2-,
-3- or -4-enyl, hex-1-, -2-, -3-, -4- or -5-enyl, hept-1-, -2-, -3-, -4-, -5- or
-6-enyl, oct-1-, -2-, -3-, -4-, -5-, -6- or -7-enyl, non-1-, -2-, -3-, -4-, -5-, -6-,
-7- or -8-enyl, or dec-1-, -2-, -3-, -4-, -5-, -6-, -7-, -8- or -9-enyl.

If R is an alkyl radical in which one CH, group has been replaced by -O-
and one has been replaced by -CO-, these are preferably adjacent. These
thus contain an acyloxy group -CO-0O- or an oxycarbonyl group -O-CO-.
These are preferably straight-chain and have from 2 to 6 carbon atoms.

Accordingly, they are in particular acetoxy, propionyloxy, butyryloxy,
pentanoyloxy, hexanoyloxy, acetoxymethyl, propionyloxymethyl, butyryl-
oxymethyl, pentanoyloxymethyl, 2-acetoxyethyl, 2-propionyloxyethyl,
2-butyryloxyethyl, 3-acetoxypropyl, 3-propionyloxypropyl, 4-acetoxybutyl,
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl,
pentoxycarbonyl, methoxycarbonylmethyl, ethoxycarbonyimethyl, propoxy-
carbonylmethyl, butoxycarbonylmethyi, 2-(methoxycarbonyl)ethyl,
2-(ethoxycarbonyl)ethyl, 2-(propoxycarbonyl)ethyl, 3-(methoxycarbonyi)-
propyl, 3-(ethoxycarbonyl)propyl or 4-(methoxycarbonyl)butyl.

If R is an alky! or alkenyl radical which is monosubstituted by CN or CF;,
this radical is preferably straight-chain. The substitution by CN or CF3is in
any desired position.

If R is an alkyl or alkenyl radical which is at least monosubstituted by
halogen, this radical is preferably straight-chain, and halogen is preferably
F or Cl. In the case of polysubstitution, halogen is preferably F. The
resultant radicals also include perfluorinated radicals. In the case of
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monosubstitution, the fluorine or chlorine substituent may be in any
desired position, but is preferably in the o-position.

Compounds of the formula | containing branched wing groups R may
occasionally be of importance owing to better solubility in the conventional
liquid-crystalline base materials, but in particular as chiral dopants if they
are optically active. Smectic compounds of this type are suitable as
components of ferroelectric materials.

Compounds of the formula | having Sa phases are suitable, for example,
for thermally addressed displays.

Branched groups of this type generally contain not more than one chain
branch. Preferred branched radicals R are isopropyl, 2-butyl (= 1-methyl-
propyl), isobutyl (= 2-methylpropyl), 2-methylbutyl, isopentyl (= 3-methyl-
butyl), 2-methylpentyl, 3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, iso-
propoxy, 2-methylpropoxy, 2-methylbutoxy, 3-methylbutoxy, 2-methyl-
pentoxy, 3-methylpentoxy, 2-ethylhexyloxy, 1-methylhexyloxy and
1-methylheptyloxy.

Y is preferably H, F, Cl, CN, CFs, CF,H, OCF3, OCF2H, OCFHCFs,
OCFHCFH,, OCFHCF2H, OCF2CHs, OCF,CFH2, OCF2CF.H,
OCF,CF>CF2H, OCF2CF2CFHz, OCFHCF2CF3, OCFHCF,CF2H,
OCFHCFHCF3, OCH2CF2CFs3, OCF,CF,CF3, OCF2CFHCFHz,
OCF,CH,CF,H, OCFHCF.CFHz, OCFHCFHCF2H, OCFHCHCFs3,
OCH,CFHCF3, OCH2CF2CF2H, OCF,CFHCH3, OCF2CH,CFHz,
OCFHCF,CH3, OCFHCFHCFHz, OCFHCH,CF3, OCH2CF2CFHz,
OCH,CFHCF2H, OCF2CH,CHa, OCFHCFHCH3, OCFHCH;CFHz,
OCH,CF>CHs, OCH2CFHCFHz, OCH,CH,CF2H, OCHCH,CHa,
OCH,CFHCH3, OCH2CH,CF2H, OCCIFCF3, OCCIFCCIF,, OCCIFCFHz,
OCFHCCI,F, OCCIFCF2H, OCCIFCCIF2, OCF>CCIHz, OCF2CClH,
OCE,CCI,F, OCF,CCIFH, OCF,CCIF», OCF,CF,CCIF2, OCF2CF2CCLF,
OCCIFCF,CF3, OCCIFCF,CF2H, OCCIFCF,CCIF2, OCCIFCFHCFs3,
OCCIFCCIFCF3, OCCI,CF2CFs3, OCCIHCF,CF3, OCCIFCF2CFs3,
OCCIFCCIFCF3, OCF2CCIFCFHz, OCF,CF,CCI>F, OCF,CCI.CF2H,
OCF,CH,CCIF,, OCCIFCF,CFHa, OCFHCF,CCIzF, OCCIFCFHCF2H,
OCCIFCCIFCF,H, OCFHCFHCCIF>, OCCIFCH2CF3, OCFHCCICF3,
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OCCI,CFHCF;, OCH,CCIFCF3, OCCI.CF2CF,H, OCH,CF,CCIF,,
OCF,CCIFCH;, OCF,CFHCCI>H, OCF,CCI,CFHz, OCF,CH,CCI,F,
OCCIFCF,CH3, OCFHCF,CCIH, OCCIFCCIFCFHs, OCFHCFHCCI,F,
OCCIFCH2CF3, OCFHCCI,CF3, OCCI,CF,CFH,, OCH,CF,CCI,F,
OCCI,CFHCF2H, OCCIHCCIFCF,H, OCF,CCIHCCIH,, OCF,CH,CCIH,
OCCIFCFHCH3, OCF,CCIFCClH, OCCIFCH,CFHz, OCFHCCI,CFHS,,
OCCI2CF2CHj;, OCH,CF>CCIH2, OCCl,CFHCFH,, OCH,CCIFCFCly,
OCH>CH>CF2H, OCCIHCCIHCF;H, OCH,CCl,CFoH, OCCIFCH,CHa,
OCFHCH,CClzH, OCCIHCFHCCIH,, OCH,CFHCCI;H, OCCLCH,CF,H,
OCHzCCI.CF2H, CH=CF», CF=CF;, OCH=CF,, OCF=CF,, CH=CHF,
OCH=CHF, CF=CHF or OCF=CHF, in particular H, F, Cl, CN, CFs, CF2H,
OCF3, OCF2H, OCFHCF3;, OCFHCFH,, OCFHCF,H, OCF,CH,
OCF2CFH2, OCF,CF2H, OCF,CF,CF;H, OCF,CF>CFH,, OCFHCF.CF3,
OCFHCF2CFzH, OCF,CF.CF3, OCF,CHFCF3 or OCCIFCF,CF3, very
particularly preferably F or OCF3.

Preference is also given to all compounds of the formula | and of all sub-
formulae in which A’ is a monosubstituted or disubstituted 1,4-phenylene.
These are, in particular, 2-fluoro-1,4-phenylene, 3-fluoro-1,4-phenylene,
2,3-difluoro-1,4-phenylene and 2,6-difluoro-1 ,4-phenylene.

Preferred smaller groups of compounds of the formula | are those of the
sub-formulae 11 to 127:



-10 -

14
15
16
i7
18
19

(T [T [V . L LL
[N L LL. L j. (5 L (U Lo
F“QHQF“Q “@F“QFHQF
o QF °F oF ° °F
x x hd o o o

10
15
20
25

110

OCF,

F“Q
o_..r
o

30

35




-11-

111

112

10

13

15

114

20

115

116

17

118



10

15

20

25

30

35

-12 -

A
eTI'I"I
n

The compounds of the formula | are prepared by methods known per se,
as described in the literature (for example in the standard works, such as

119

120

121

122

123

124

125

126

127



10

15

20

25

30

35

-13-

Houben-Weyl, Methoden der organischen Chemie [Methods of Organic
Chemistry], Georg-Thieme-Verlag, Stuttgart), to be precise under reaction
conditions which are known and suitable for the said reactions. Use can
also be made here of variants which are known per se, but are not
mentioned here in greater detail.
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Scheme 4
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Scheme 5
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The invention also relates to electro-optical displays (in particular STN or
MLC displays having two plane-parallel outer plates, which, together with a
frame, form a cell, integrated non-linear elements for switching individual
pixels on the outer plates, and a nematic liquid-crystal mixture of positive
dielectric anisotropy and high specific resistance which is located in the
cell) which contain media of this type, and to the use of these media for
electro-optical purposes.

The liquid-crystal mixtures according to the invention enable a significant
widening of the available parameter latitude.

The achievable combinations of clearing point, viscosity at low tempera-
ture, thermal and UV stability and dielectric anisotropy are far superior to
previous materials from the prior art.

The requirement for a high clearing point, a nematic phase at low tem-
perature and a high Ae has hitherto only been achieved to an inadequate
extent. Although commercial liquid-crystal mixtures such as, for example,
MLC-6847 (3.3 V driver) and MLC-13900-100 (5 V driver) (Merck KGaA,
Darmstadt, Germany) have comparable clearing points and low-
temperature stabilities, they have, however, much higher rotational
viscosities y1.

The liquid-crystal mixtures according to the invention, while retaining the
nematic phase down to -20°C and preferably down to -30°C, particularly
preferably down to -40°C, enable clearing points above 80°C, preferably
above 90°C, particularly preferably above 100°C, simultaneously dielectric
anisotropy values At of > 4, preferably > 6, and a low value for the rota-
tional viscosity to be achieved, enabling excellent STN and MLC displays
to be obtained. In particular, the mixtures are characterised by low
operating voltages. The TN thresholds are below 1.5 V, preferably below
1.3 V, particularly preferably < 1.0 V.

In particular owing to their relatively high optical anisotropy (An > 0.16), the
mixtures according to the invention are suitable for TFT applications with a
low layer thickness. Use in p-Si applications (for example low layer
thickness for projection displays) is furthermore possible.
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It goes without saying that, through a suitable choice of the components of
the mixtures according to the invention, it is also possible for higher clear-
ing points (for example above 110°) to be achieved at higher threshold
voltage or lower clearing points to be achieved at lower threshold voltages
with retention of the other advantageous properties. At viscosities corre-
spondingly increased only slightly, it is likewise possible to obtain mixtures
having greater At and thus lower thresholds. The MLC displays according
to the invention preferably operate at the first Gooch and Tarry transmis-
sion minimum [C.H. Gooch and H.A. Tarry, Electron. Lett. 10, 2-4, 1974,
C.H. Gooch and H.A. Tarry, Appl. Phys., Vol. 8, 1575-1584, 1975] where,
besides particularly favourable electro-optical properties, such as, for
example, high steepness of the characteristic line and low angle depend-
ence of the contrast (German Patent 30 22 818), a lower dielectric aniso-
tropy is sufficient at the same threshold voltage as in an analogous display
at the second minimum. This enables significantly higher specific resist-
ances to be achieved using the mixtures according to the invention at the
first minimum than in the case of mixtures comprising cyano compounds.
Through a suitable choice of the individual components and their propor-
tions by weight, the person skilled in the art is able to set the birefringence
necessary for a pre-specified layer thickness of the MLC display using
simple routine methods. In particular, use of the mixtures according to the
invention in the An region > 0.09 is preferred.

The flow viscosity vz of the mixtures according to the invention at 20°C is
preferably < 60 mm?s™, particularly preferably < 50 mm?*s™. The nematic
phase range is preferably at least 90°, in particular at least 100°. This
range preferably extends at least from -30° to +80°.

The values for the rotational viscosities of the mixtures according to the
invention are preferably in the range from 100 to 200 mPa-s and are
particularly preferably <130 mPa-s.

Measurements of the capacity holding ratio (HR) [S. Matsumoto et al.,
Liquid Crystals 5, 1320 (1989); K. Niwa et al., Proc. SID Conference, San
Francisco, June 1984, p. 304 (1984); G. Weber et al., Liquid Crystals 5,
1381 (1989)] have shown that mixtures according to the invention com-
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prising compounds of the formula | exhibit a significantly smaller decrease
in the HR with increasing temperature than analogous mixtures comprising

cyanophenylcyclohexanes of the formula R CN or esters of

0 F
| I _
the formula R@ c-0 —@ CN instead of the compounds of the

formula |.

The UV stability of the mixtures according to the invention is also consider-
ably better, i.e. they exhibit a significantly smaller decrease in the HR on
exposure to UV.

The media according to the invention are preferably based on a plurality of
(preferably two, three or more) compounds of the formula 1, i.e. the propor-
tion of these compounds is 5-95%, preferably 10-60% and particularly pre-
ferably in the range 20-50%.

The individual compounds of the formulae | to IX and their sub-formulae
which can be used in the media according to the invention are either
known or they can be prepared analogously to the known compounds.

Preferred embodiments are indicated below:

- Medium comprises compounds of the formula | in which R is prefer-
ably methyl, ethyl and/or propyl, furthermore butyl or pentyl. Com-
pounds of the formula | having short side chains R have a positive
effect on the elastic constants, in particular K4, and result in mixtures
having particularly low threshold voltages.

- Medium additionally comprises one or more compounds selected
from the group consisting of the general formulae Il to IX:
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in which the individual radicals have the following meanings:

R° is n-alkyl, oxaalkyl, fluoroalkyl, alkenyloxy or alkenyl, each
having up to 9 carbon atoms,

x° is F, Cl, halogenated alkyl, alkenyl, alkenyloxy or alkoxy
having up to 6 carbon atoms,

2° is -CoHs-, ~CaF 4-, -CHo0-, -OCHg-, -CF20-, -OCF2- or -COO-,
Y', Y?

Y? and are each, independently of one another, H or F, and

r is0, 1or2.

The compound of the formula IV is preferably

F
F

F
e~y
F F
OO0
F

F F
F F
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or

F F
F

- Medium additionally comprises one or more compounds of the

formulae

E F
DD~ o, (5
v N

F

F
and/or R° F
F

F

F



10

15

20

25

30

35

- 28 -

in which R® and Y? are as defined above.

- Medium additionally comprises one or more compounds selected

from the group consisting of the general formulae X to XVI:

, .
R OS02020
Y2
Y1
RO OO
Y2
Y? Y!
D000
Y* Y?
Y1
OO OSOS
Y2

Y‘l
e y-on—{ra)
Y1
e (-
Y2

Y’ Y Y'
RO OO
\4 Y?

Xl

Xi

X1

XV

XVI
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in which R%, X°, Y',Y2 Y%, Y* and Y® are each, independently of one
another, as defined in Claim 7. X’ is preferably F, Cl, CF5, OCF, or
OCHF,.R%is preferably alkyl, oxaalkyl, fluoroalkyl, alkenyl or
alkenyloxy, each having up to 6 carbon atoms.

- The prbportion of compounds of the formulae | to 1X together in the
mixture as a whole is at least 50% by weight.

- The proportion of compounds of the formula | in the mixture as a
whole is from 5 to 50% by weight.

- The proportion of compounds of the formulae || to IX in the mixture
as a whole is from 30 to 70% by weight.

4 F F
—@-x° is preferably —@F, ‘@F, ‘@’F,
Y? F

F F
_@.ocps, ‘@OCFS, -@ooa, —@_Cps,
F
F F F
—<: CF,, ——<:>-CF3, —@-OCHF?_, — :}—OCHF,‘,,
F

F F F

—(0)-ocHF,, —o)-cN, _@CN, ‘@}CN,

F F
F

~(o)-c ‘@F-CI or —@a

F

- The medium comprises compounds of the formulae II, 111, IV, V, Vi,
VI, VIl and/or IX.

- R%is straight-chain alkyl or alkenyl having from 2 to 6 carbon atoms.
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The medium essentially consists of compounds of the formulae | to

XVL.

The medium preferably comprises four or more compounds from

Table B.

The medium preferably comprises 3-10% by weight, in particular

5-8% by weight, of each homologue of the compounds of the formula

The medium comprises further compounds, preferably selected from

the following group consisting of the general formulae XVII to XXII:

Y1
R’ CHZCHZ—@ X°

@ea

XVIi

XVI

XIX

XX
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in which R® and X° are as defined above, and the 1,4-phenylene rings may
be substituted by CN, chlorine or fluorine. The 1,4-phenylene rings are
preferably monosubstituted or polysubstituted by fluorine atoms.

The compounds of the formulae XVII to XXH are preferred co-components
for mixtures according to the invention having a An > 0.10, in particular
>0.15.

- The medium preferably comprises one, two, three or more ester
compounds of the formulae E1 to EQ:

F
F
F
F
F F
F F
F
F
R"—@—@coo @ OCF, E6
F

R olele) —@ OCF, =7
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F
F

in which
R° is as defined above.

- The medium preferably comprises one or more dioxane compounds
of the formulae D1 and/or D2

Y’I
0 D1
RZ— : Y : —x°
O 2
Y

Y1
O D2
RSO
YZ

in which

R®. X°, Y' and Y2 are as defined above. Y', Y* and X° are preferably
fluorine. Preference is furthermore given to dioxane compounds in
which X% is OCFa, Y' is fluorine and Y? is fluorine or hydrogen.



N 6 &Y

- -33 -

- The medium optionally comprises further compounds, preferably
selected from the following group consisting of the formulae Rl to
RVIII:

Do
R"—@—@* Alkenyl Rl
10
Alkenylw Alkenyi* RIill
ROl

15
SO0 "
F
20
won -y
Y1
25 Alkenyl CHZO ‘@Alkyl* RVil
Alkenyl o o (O)Alkyl* Rvill
30
in which
R? is n-alkyl, oxaalkyl, fluoroalkyl, alkenyloxy or alkenyl, each having

35 up to 9 carbon atoms,
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b is0,1or2,
Y isHorF,
Alkyl and Alkyl*
are each, independently of one another, a straight-chain alkyl
radical having up to 9 carbon atoms, and
Alkenyl and Alkenyl*
are each, independently of one another, an alkenyl radical having

up to 9 carbon atoms.

- The medium preferably comprises one or more compounds of the

formula CnHsz (n=1-9)

- The medium preferably comprises one or more compounds of the

formulae
CnH2n+1—®—®—CmH2m+1 Rla

Cnsz—@-—@—\\ Rila
A O\ s
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in which n and m are each an integer from 1 to 9.

- The |: (Il + H + 1V +V + VI + VIl + Vili +1X) weight ratio is preferably
from1:10t010: 1.

- The medium essentially consists of compounds selected from the
group consisting of the general formulae | to XV.

It has been found that even a relatively small proportion of compounds of
the formula | mixed with conventional liquid-crystal materials, but in parti-
cular with one or more compounds of the formulae II, I, v, Vv, Vi, VIi, Vi
and/or 1X, results in a significant lowering of the threshold voltage and in
low values of the rotational viscosity y+, with broad nematic phases with
low smectic-nematic transition temperatures being observed at the same
time, improving the shelf life. The compou nds of the formulae | to IX are
colourless, stable and readily miscible with one another and with other
liquid-crystal materials.

The term "Alkyl" or "Alkyl*"in the co-components covers straight-chain and
branched alkyl groups having 1-9 carbon atoms, in particular the straight-

chain groups methyl, ethyl, propyl, butyl, pentyl, hexyl and heptyl. Groups

having 2-5 carbon atoms are generally preferred.

The term "Alkenyl" or "Alkenyl*" in the co-components covers straight-
chain and branched alkenyl groups having up to 9 carbon atoms, in
particular the straight-chain groups. Particularly preferred alkenyl groups
are C,-Cr-1E-alkenyl, C4-C7-3E-alkenyl, Cs-C7-4-alkenyl, Ce-C7-5-alkenyl
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and C;-6-alkenyl, in particular C>-C7-1E-alkenyl, C4-C;-3E-alkenyl and
Cs-C,-4-alkenyl. Examples of preferred alkenyl groups are vinyl, 1E-
propenyl, 1E-butenyl, 1E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl,
3E-pentenyl, 3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-
hexenyl, 4Z-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups having
up to 5 carbon atoms are generally preferred.

The term "fluoroalkyl" preferably covers straight-chain groups having a
terminal fluorine, i.e. fluoromethyl, 2-filuoroethyl, 3-fluoropropyl, 4-fluoro-
butyl, 5-fluoropentyl, 6-fluorohexyl and 7-fluoroheptyl. However, other
positions of the fluorine are not excluded.

The term "oxaalkyl" preferably covers straight-chain radicals of the formula
CpHan+1-O-(CHz)m, in which n and m are each, independently of one
another, from 1 to 6. n is preferably = 1 and m is preferably from 1 to 6.

Through a suitable choice of the meanings of R? and X°, the addressing
times, the threshold voltage, the steepness of the transmission character-
istic lines, etc., can be modified in the desired manner. For example, 1E-
alkenyl radicals, 3E-alkenyl radicals, 2E-alkenyloxy radicals and the like
generally result in shorter addressing times, improved nematic tendencies
and a higher ratio of the elastic constants kas (bend) and k41 (splay) com-
pared with alkyl or alkoxy radicals. 4-Alkenyl radicals, 3-alkenyl radicals
and the like generally give lower threshold voltages and smaller values of
ksa/kq1 compared with alkyl and alkoxy radicals.

A -CH2CH2- group in Z' generally results in higher values of kaa/ki1 com-
pared with a single covalent bond. Higher values of kaa/kq facilitate, for
example, flatter transmission characteristic lines in TN cells with a 90° twist
(in order to achieve grey shades) and steeper transmission characteristic
lines in STN, SBE and OMI cells (greater multiplexability), and vice versa.

The optimum mixing ratio of the compounds of the formulae | and Il + il +
IV + V + VI + VIi + VIl + IX depends substantially on the desired proper-
ties, on the choice of the components of the formulae I, 11, 111, 1V, V, VI, VIi,
VIl and/or 1X, and on the choice of any other components that may be
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present. Suitable mixing ratios within the range given above can easily be
determined from case to case.

The total amount of compounds of the formuiae | to XV in the mixtures
according to the invention is not crucial. The mixtures can therefore com-
prise one or more further components for the purposes of optimising
various properties. However, the observed effect on the addressing times
and the threshold voltage is generally greater, the higher the total
concentration of compounds of the formulae | to XV.

In a particularly preferred embodiment, the media according to the inven-
tion comprise compounds of the formulae Il to IX (preferably |l and/or Ili) in
which X° is OCF3, OCHF, F, OCH=CF,, OCF=CF,, OCF,CHFCF; or
OCF2-CF2H. A favourable synergistic effect with the compounds of the
formula | results in particularly advantageous properties.

The construction of the MLC display according to the invention from
polarisers, electrode base plates and surface-treated electrodes corre-
sponds to the conventional construction for displays of this type. The term
"conventional construction” is broadly defined here and also covers all
derivatives and modifications of the MLC display, in particular including
matrix display elements based on poly-Si TFT or MIM.

A significant difference between the displays according to the invention
and the conventional displays based on the twisted nematic cell consists,
however, in the choice of the liquid-crystal parameters of the liquid-crystal
layer.

The liquid-crystal mixtures which can be used in accordance with the
invention are prepared in a manner which is conventional per se. In
general, the desired amount of the components used in the lesser amount
is dissolved in the components making up the principal constituent,
advantageously at elevated temperature. It is also possible to mix
solutions of the components in an organic solvent, for example in acetone,
chloroform or methanol, and to remove the solvent again, for example by
distillation, after thorough mixing.
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The dielectrics may also comprise further additives known to the person
skilled in the art and described in the literature, such as, for example, UV
stabilisers, antioxidants, as mentioned, for example, in Table D. Further-
more, 0-15% of pleochroic dyes or chiral dopants may be added to the
mixture.

C denotes a crystalline phase, S a smectic phase, Sc a smectic C phase,
N a nematic phase and | the isotropic phase.

V1, denotes the voltage for 10% transmission (viewing angle perpendicular
to the plate surface). t,n denotes the switch-on time and ty the switch-off
time at an operating voltage corresponding to 2.0 times the value of V4.
An denotes the optical anisotropy and n, the refractive index. Ae denotes
the dielectric anisotropy (Ae = g - £;, where g, denotes the dielectric con-
stant parallel to the longitudinal molecular axes and €, denotes the dielec-
tric constant perpendicular thereto). The electro-optical data were mea-
sured in a TN cell at the 1st minimum (i.e. atad - An value of 0.5 ym) at
20°C, unless expressly stated otherwise. The optical data were measured
at 20°C, uniess expressly stated otherwise.

In the present application and in the examples below, the structures of the
liquid-crystal compounds are indicated by means of acronyms, the trans-
formation into chemical formulae taking place in accordance with Tables A
and B below. All radicals CpHzn+q @nd CyHom+1 are straight-chain alkyl radi-
cals having n and m carbon atoms respectively. The coding in Table B is
self-evident. In Table A, only the acronym for the parent structure is
indicated. In individual cases, the acronym for the parent structure is
followed, separated by a dash, by a code for the substituents R1, R2, L1

and L2
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Code forR1, Rt R2 Lt L2
Rz, L1, L2

nm CaHon+1 CimBame+1 H H
nOm CrHazn+1 OCnHam+1 H H
nO.m OcpHon+1 CmHoms1 H H
n CnHan+ CN H H
nN.F CrHan+1 CN H F
nF ChnHaonss F H H
nOF OcpHan+1 F H H
nCl CnHan+1 Cl H H
nF.F CnHaznsq F H F
nF.F.F ChHans F F F
nCF; CnHane CF; H H
nOCF; CrHon+s OCF; H H
nOCF, CnHane1 OCHF, H H
nS CrHon+1 NCS H H
rvsN CHo-CH=CH-C;Hps- CN H H
rEsN CHor41-O-CoHos- CN H H
nAm ChHans COOC Hom+1 H H
nOCCF..F.F  C,Hauq OCH,CF.H F F

Preferred mixture components are shown in Tables A and B.



Table A:

L1
RGO
R 0 R
N . 2

PYP

L1
1 2
O 020%
L2

BCH

-40 -

L1
20 1
L2

CPTP

25 L'
LZ

” CEPTP

35 ECCP
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Table B:

e O aOa Ot

CBC-nm

CnHZn* OCmHZmH

PCH-nOm

F

FET-nClI

CP'“OCF3

CnHZnH_M- OCmH2m+1

CCH-nOm

F

BCH-n.Fm

CnH2n+1~® CZH4 CmH2m+1
F

Inm

Ot 1 0 )0 ot
F

CBC-nmF
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CnH2n+1—®'C2H4—@~CmH2mM CnH2n+1—®—®CHZO-CmH2mH

ECCP-nm CCH-n1EM
F F
CnH2n+1CmH2m+1
; e Oa OO
F
F
T-nFm CGU-n-F
10 F F F
CCP-nOCF3.F CGG-n-F
F F
15
(F) F
CCP-nOCF,.F(.F) CCP-nF.F.F
20
F F
F
25
CGU-n-O1DT
F
F
30 CCZU-n-F
CC-n-V1 CC-n-v

35
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CCP-nOCF;

F
F

BCH-nF.F.F

F F F
F

CGZU-n-F

F
CnH2n+1 COO—@—F
F

CUZP-n-F

CCP-nF.F

F F F
R OS0S0NEOS OO
F

CGU-1V-F

F

CGZP-n-F

F
F

CUZP-n-OT

CCG-V-F
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F F F F
S OSOSOSIEISOROS O
GGP-n-Cl PGIGI-n-F
5 ' F F
C.H,,.
F n' "2n+1 F
cCQU-n-F Dec-U-n-F
10
F O
ot D)
n’ 2n+1 F F
15 Nap-U-n-F 1S-9003
(o) Ot
e~ ~0)—~0) M Oathe
F
20
1S-8634 1S-8633
O O
(o)X o )
o5 F F
1S-9003 1S-8965
F F
: O
CnH2n+1 CnH2n+1 Q a
30 F F
C-Nap-nF.F.F P-Nap-nF.F.F

35
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Table C:

Table C indicates possible dopants which are generally added to the
mixtures according to the invention.

| I
CH, CH,
C15 CB 15
. o)
CGH13-CH-O—@—/(
oA
CH3 5 M
CM 21

o
C,H,;0 @— coo—@ COO-CH-C¢H,q

R/S 811

CH,

CM 44

[0 o)
i) ot

I

C,H, CHs

CM 45 CM 47
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F cH,

I
ek,

F

R/S 4011
F o
C,H, OCH-CH,
F
R/S 2011
Table D

Stabilisers which, for example, can be added to the mixtures according to
the invention are indicated below.

H
HO;@*CHZQ%OH HO;?S‘L‘%%OH
HO S OH
SORROS NN 00 N

Crtanes OH OH
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CnHZn-*‘IO‘@H H%}CHZ@H
O
}A@H Hy,C14-COO-C,H, OH
—0

O
HO OH

OH O
O/\/\/\l
O
O HO
0]
N\N
OH

OH
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(0]

M 5
| 0o M
0O 0
;N§

The following examples are intended to explain the invention without
restricting it. Above and below, percentages are per cent by weight. All
temperatures are given in degrees Celsius. m.p. denotes melting point,
cl.p. denotes clearing point. Furthermore, C = crystalline state, N = nematic
phase, S = smectic phase and | = isotropic phase. The data between

these symbols represent the transition temperatures. An denotes optical
anisotropy (589 nm, 20°C), the flow viscosity vop (mmz2/sec) was
determined at 20°C. The rotational viscosity y1 (mPa-s) was likewise
determined at 20°C.

"Conventional work-up” means that water is added if necessary, the
mixture is extracted with dichloromethane, diethyl ether, methyl tert-butyl
ether or toluene, the phases are separated, the organic phase is dried and
evaporated, and the product is purified by distillation under reduced pres-
sure or crystallisation and/or chromatography. The following abbreviations
are used:

n-BuLi 1.6 molar solution of n-butyllithium in n-hexane
DMAP 4-(dimethylamino)pyridine

THF tetrahydrofuran

DCC N,N'-dicyclohexylcarbodiimide
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Example 1

Step 1.1

" 1. n-BuLi/THF/n-hexane
. 3. HO/H*

OHC F
F

A solution of 46 mmol of 3,4,5-triﬂuoro-4‘-(4-propylcyclohexyl)biphenyl in
100 ml of dry tetrahydrofuran is cooled to -75°C, and 50 mmol of n-butyl-
lithium (1.6 M solution in n-hexane) are added dropwise under a
protective-gas atmosphere at such a rate that the internal temperature
does not exceed -75°C. The mixture is subsequently stirred at this
temperature for a further 2 hours. 60 mmol of N,N-dimethylformamide are
then likewise added dropwise at such a rate that the internal temperature
always remains below -75°C. When the addition is complete, the reaction
solution is allowed to thaw slowly and is hydrolysed at -10°C by transfer of
the reaction solution into ice-water. The mixture is acidified using
hydrochloric acid (pH = 3) and extracted with tert-butyl methyl ether. The
combined organic extracts are washed with water and saturated sodium
chloride solution and dried using sodium sulfate. After the solvent has
been removed under reduced pressure, the crude product is
chromatographed on silica gel with dichloromethane/n-heptane 1:1 as
eluent, giving 3,4,5—triﬂuoro-4‘-(4-propylcyclohexyl)biphenyl-2-
carbaldehyde in the form of slightly yellowish crystals; m.p. 62°C.
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Step 1.2
F MeOCH P(Ph)3CI/PhL|
cyclohexane/Et,0

.QQ
F

27 ml (48 mmol) of a 1.8 M solution of phenyllithium in cyclohexane/diethyl
ether (7:3) are added dropwise at -65°C to a solution/suspension of

45 mmol of methoxymethyltriphenylphosphonium chloride in 280 ml of dry
diethyl ether. The mixture is stirred at the same temperature for 30 min-
utes, then kept at -10°C for 30 minutes and subsequently re-cooled to
-50°C. 16 mmol of 3,4,5-trifluoro-4'-(4-propylcyclohexyl)bipheny! -2-carb-
aldehyde are added at this temperature. The reaction mixture is allowed to
thaw slowly, and stirring is continued at room temperature. Ice-water is
added to the reaction mixture, and the organic phase is separated off and
washed with cold water. After drying using sodium sulfate, the mixture is
evaporated under reduced pressure, and the residue is stirred with n-
heptane and filtered. The filtrate is chromatographed on silica gel (n-
heptane/ethyl acetate 98:2), giving 3,4,5-trifluoro-2-(2-methoxyvinyl)-4'-(4--
propylcyclohexyl)biphenyl (mixture of Z and E isomers).
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Step 1.3

MeO

v~ ) 6
CHCI

o
F

6.1 g of 3,4,5-trifluoro-2-(2-methoxyvinyl)-4‘-(4-propylcyclohexyl)biphenyl
are dissolved in 180 m! of dichloromethane, and 8.5 ml of methanesulfonic
acid are added at 0°C. After the reaction mixture has been stirred at 0°C
for 2.5 hours, it is added to ice-water and subjected to conventional work-
up. Chromatographic purification (silica gel, n-heptane) and recrystallisa-
tion from n-heptane gives 1,2,3-trifluoro-7-(4-propylcyclohexyl)phenan-
threne in the form of colourless crystals.

C124 N124.41; Ac =12.7; An = 0.1843;

The following compounds of the formula

are prepared analogously:
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R (A2 Y L' L2 ®

CHs —~ > H H H H

C2Hs — - H H H H

n-C3H;7 G H H H H c118N1345];
Ae=2.0;
An =0.2139

n-CaHo —~ H H H H

n-CsH1 ‘O- H H H H

n-CeHrs —~ H H H H

CHj -O— F H H H

CHs ~ F F H H

CHs — >~ F F F H

C2Hs —~ F H H H

CzHs — F F H H

CzHs —Q F F F H

n-CsHy ~ F H H H

n-CsH; _Q F F H H ci2aN17831
Ae =93
An =0.2027

n-CsHas —~ F H H H

n-CsH1q —O— F F H H

n-CsH ~O- F F F H
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R (A-Z ) Y I S
CH,=CH —O' F H H H
CH,=CH —~ - F F H H
CH,=CH 4<:>— F F F H
CH,;CH=CH 0 F H H H
CH,CH=CH — - F F H H
CHsCH=CH —( - F F F H
CH,=CHC,Hs —~ - F H H H
CH=CHCZHs — F F H H
CHp=CHC2Hs — - F F F H
CH3CH=CHCHs — - F H H H
CHsCH=CHCzHs — F F H H
CHyCH=CHC:H, —( - F F F H
CHs — - OCF3 H H H
CHj — - OCF3 F H H
CHa —( - OCF3 F F H
CoHs —O‘ OCF3 H H H
CoHs —( - OCF; F H H
CzHs ‘@ OCF3 F F H
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R (A"-ZY Y L' 23
n-CsHz @— OCF, H H H
n-CaHy —G OCF3 F H H
n-CsH; —O— OCF; F F H
n-CsHi1 @— OCF, H H H
n-CsHis ~<} OCF; F H H
n-CsHi1 G OCF; F F H
CH,=CH @— OCF; H H H
CH,=CH —O— OCF; F H H
CHo=CH —<} OCF; F F H
CH3CH=CH —O— OCF; H H H
CH3CH=CH *Q OCF; F H H
CH3CH=CH @— OCF; F F H
CH,=CHC;H, —O- OCF, H H H
CHz=CHC,H, —Q- OCF; F H H
CH,=CHCH, —O— OCF, F F H
CHsCH=CHCH, —Q OCF3 H H H
CH3CH=CHC,H; -Q— OCF; F H H
CH3CH=CHC,H, @- OCF; F F H
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R A2 Y R
CH;, —O— CF3 H H H
CHs —O‘ CFa F H H
CHs ‘O CF3 F F H
CaHs 0 CF3 H H H
CzHs @' CF3 F H H
CzHs ~<} CF3 F F H
n-CsHz ~<:>— CF3 H H H
n-CsHy —O— CF3 F H H
n-CsHy <<} CF3 F F H
n-CsH11 «G CF3 H H H
n-CsH11 —O— CF3 F H H
n-CsHhr —( >~ cR F F H
CH,=CH 0 CF3 H H H
CH,=CH '<} CFs F H H
CH,=CH *C% CF3 F F H
CH3CH=CH —Q- CF3 H H H
CH,CH=CH —Q CF3 F H H
CH3CH=CH ‘Q- CF3 F F H
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R A2 Y L' 1?2
CH,=CHCH, @- CFs H H H
CH,=CHCH, —O— CF3 F H H
CH,=CHC2H, ‘G CF3 F F H
CH3CH=CHCH,4 @— CFs H H H
CH3CH=CHC2Ha @— CFs F H H
CH3CH=CHC;H,4 @— CFs F F H
CHs —Q— SFs H H H
CHs —<} SFs F H H
CHs —O SFs F F H
C2Hs —O— SFs H H H
C2Hs {>— SFs F H H
C2Hs —O- SFs F F H
n-CaHy -O> SFs H H H
n-CsHy —O- SFs F H H
n-CsH; —O- SFs F F H
n-CsH11 —O— SFs H H H
n-CsH 1 —O— SFs F H H
n-CsH1q -O— SFs F F H
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R -(A'-Z ) Y L' L2 8
CH,=CH —O— SFs H H H
CH,=CH -O— SFs F H H
CH,=CH ‘Q— SFs F F H
CHsCH=CH ‘G SFs H H H
CH3CH=CH ‘<} SFs F H H
CHsCH=CH —Q— SFs F F H
CH,=CHCH, -O— SFs H H H
CH,=CHC;Hs {% SFs F H H
CH,=CHCzH, {% SFs F F H
CHsCH=CHC;H, -Q— SFs H H H
CHyCH=CHC2H, —O— SFs F H H
CHsCH=CHC2Hs 0 SFs F F H
CHs —Q— CH=CF, H H H
CHs —O- CH=CF, F H H
CHs —<} CH=CF; F F H
CoHs ~O— CH=CF; H H H
CzHs —Q' CH=CF, F H H
CaHs @— CH=CF, F F H
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R (A -Z"- Y L' 1?8
n-C3H; —O— CH=CF, H H H
n-CsH; —O— CH=CF, F H H
n-CsHy -O— CH=CF, F F H
n-CsHi4 —Q— CH=CF, H H H
n-CsHy1 —O— CH=CF; F H H
n-CsHi1 —O— CH=CF, F F H
CH,=CH —O— CH=CF, H H H
CH,=CH —O— CH=CF, F H H
CH,=CH —O- CH=CF; F F H
CH3CH=CH -O— CH=CF, H H H
CH3CH=CH O— CH=CF; F H H
CH3CH=CH —O— CH=CF, F F H
CH,=CHC,H, -G CH=CF; H H H
CH,=CHC,H, —O— CH=CF, F H H
CH,=CHC,H, —O— CH=CF, F F H
CH3CH=CHC;H, {}- CH=CF, H H H
CH3CH=CHC;H, —Q CH=CF, F H H
CH3CH=CHC,H, —Q— CH=CF, F F H



10

15

20

25

30

35

-62 -

R (A2 Y L' 2
CH3 —O— OCHFCF3 H H H
CHs ‘Q‘ OCHFCF3 F H H
CH3 —G OCHFCF3 F F H
CzHs {>’ OCHFCF3 H H H
CzHs —G OCHFCF; F H H
CoHs O OCHFCF; F F H
n-CsHy —O— OCHFCF; H H H
n-CaHz -—O— OCHFCF3 F H H
n-CaHz —Q~ OCHFCF; F F H
n-CsHi1 0 OCHFCF3 H H H
n-CsHa1 —O— OCHFCF3 F H H
n-CsH11 —O' OCHFCF3 F F H
CHp=CH {} OCHFCF3 H H H
CH,=CH 0 OCHFCF3 F H H
CH,=CH O OCHFCF3 F F H
CHsCH=CH —Q— OCHFCF3 H H H
CH3CH=CH ‘<} OCHFCF; F H H
CH3CH=CH —O' OCHFCF3 F F H



10

15

20

25

30

35

-63-
R «(A'-Z")- Y L' 128
CH,=CHC,H, —<} OCHFCF; H H H
CH2=CHCH, —O- OCHFCF; F H H
CH2=CH02H4 —O— OCHFCF; F F H
CH3CH=CHCH, —<} OCHFCF; H H H
CH3CH=CHCzH, —Q OCHFCF; F H H
CH3CH=CHC,H, 0 OCHFCF; F F H
CHs 0 OCF,CHFCF; H H H
CHs @— OCF,CHFCF; F H H
CH; —O~ OCF,CHFCF; F F H
C2Hs —O' OCF,CHFCF; H H H
C2Hs —O— OCF,CHFCF3 F H H
C2Hs {% OCF,CHFCF; F F H
n-CaHy 0 OCF,CHFCF3 H H H
n-CaHy O OCF,CHFCFs F H H
n-C3Hy —O' OCF,CHFCF; F F H
n-CsHi1 —O— OCF,CHFCF; H H H
n-CsHi1 {% OCF,CHFCF3; F H H
n-CsHa1 —O— OCF,CHFCF; F F H
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CH,=CH —G OCF,CHFCF; H H H
CH,=CH @— OCF,CHFCF; F H H
CH,=CH —O' OCF,CHFCF; F F H
CH3CH=CH —O— OCF,CHFCF; H H H
CHyCH=CH —O- OCF,CHFCF; F H H
CHsCH=CH —G OCF,CHFCF; F F H
CHz=CHC,H, —O— OCF,CHFCF; H H H
CH,=CHCzH, —O— OCF,CHFCF; F H H
CHo=CHCH, —Q- OCF,CHFCF; F F H
CH3CH=CHC2H, —Q OCF,CHFCF; H H H
CHsCH=CHC2H, ‘O- OCF,CHFCF; F H H
CHsCH=CHC2H,4 —Q OCF,CHFCF; F F H
CHs —<} H H H F
CoHs —Q H H H F
n-CzHy _G H H H F
n-CsHo 0 H H H F
n-CsH11 —<} H H H F
n-CeH3 _<___>" H H H F
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R (A2 )or- Y I T
CHs O— F H H F
CHs —O— F F H F
CHs —O- F F F F
CoHs @— F H H F
CaHs —<:>~ F F H F
CzHs *O— F F F F
n-CsH; O— F H H F
n-CsH; _O_ F F H F
n-CsH; _O_ F F F F C139N(116.9)1;
An = 0.1845;
Ag = 15.1
n-CsHi 1 —<} F H H F
n-CsHi 1 -O— F F H F
n-CsHi1 —Q— F F F F
CH,=CH —O- F H HF
CH,=CH —O— F F H F
CH,=CH O— F F F F
CHsCH=CH —O— F H HF
CH,CH=CH —O- F F H F
CH3CH=CH O— F F F F
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R (A7) Y L' 8
CH=CHCH, F H HF
CH,=CHCH: —< )—  F F HF
chp=cHCH, < —  F FFOF
CHsCH=CHCH, —_ ) F H HF
CHaCH=CHCoH: —_ ) F F H F
CHsCH=CHCH, — )~ F FFF
CHs —<} OCF3 H H F
CHs —Q‘ OCF3 F H F
CHs ~ - OCF; F F F
C2Hs —~ OCF4 HHF
CaHs -<} OCF3 F H F
CaHs —Q— OCF3 F F F
n-CsHy —~ OCF; H HF
n-CsHy ’O_ OCF; F H F
n-CsHz ~ - OCFs3 F F F
n-CsHr1 —~( OCF; HHF
n-CsHas ‘O’ OCF; F H F
n-CsH14 ‘O_ OCF; F F F
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R_ -(A-Z" ) Y L' 12 1°
CHz=CH 4<} OCF3 H H F
CHy=CH — >~ ocr F HE
CH;=CH ~ - OCF; F F F
CH3CH=CH —~ OCF; H HF
CH3CH=CH ~{ OCF; F HF
CHsCH=CH 4@’ OCF3 F F F
CH2=CHC,H,4 ‘O— OCF; H H F
CH=CHC2H, ~ - OCF3 F H F
CHCHCH:  —<()—  ocFy FFF
CHsCH=CHCH, —<_ )— OCF; H H F
CHaCH=CHCH, — )— OCF; F HF
CH3zCH=CHC2H4 ‘O— OCF; F F F
CHs _<:>_ CF3 H H F
CHs ‘<} CF3 F H F
CH, -Q CF3 F F F
CaHs ——O_ CFs H H F
C2Hs _O‘ CF3 F H F
C2Hs —Q' CF3 F F F
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R “(A'-Z") Y L2
n-C3Hy — CF3 H H F
n-CsHy ~ - CF3 F H F
n-CsHr ~ > cr F F F
n-CsH11 {}- CF, H H F
n-CsH1 G‘ CF3 F H F
n-CsH14 ‘O’ CF; F F F
CHz=CH _<} CF3 H H F
CHz=CH ~ = cR FoHF
CHz=CH ~ - R FoFoF
CH3CH=CH —( CF3 H H F
CH4CH=CH — > cr E H E
cHcH=cH <~ CR FoFF
CH,=CHCH, — CF3 H H F
cecHeH, <X CR FoHOF
CH,=CHC2H, —O- CF, F F F
CHyCH=CHCH, — )— CF3 H H F
CHCH=CHCH: —< )—  CFs E HF
CH3CH=CHCH, ~<:>— CF, F F F
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CH; ‘Q SFs H H F
CHj, —O— SFs F H F
CHj, —O— SFs F F F
CzHs {>— SFs H H F
CzHs —O— SFs F H F
CzHs O SFs F F F
n-CsHy ‘Q SFs H H F
n-CsHz -Q— SFs F H F
n-CsHy —O SFs F F F
n-CsHs 1 —Q— SFs H H F
n-CsHi+ {>— SFs F H F
n-CsHy4 _O‘ SFs F F F
CH,=CH —O— SFs H H F
CH,=CH —O— SFs F H F
CH,=CH —O— SFs F F F
CHsCH=CH ‘O— SFs H H F
CH3CH=CH —O— SFs F H F
CH3CH=CH -O- SFs F F F
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R A Z) Y L2 e
CH,=CHC2Ha4 _Q‘ SFs H H F
CH=CHCH:  —_)—  SFs F HF
CHz=CchH4 —<} SFs F F F
ChCH=CHCH: —_)—  SFs H H F
ChCH=CHCH: —_)—  SFs F HF
CHCH=CHCH, —< ) SFs FEFF
CH, ‘O— CH=CF2 H H F
CHy ~( ) cH=cF, FHF
Chy —~ »—  cH=CR FFF
CzHs ‘Q" CH=CF; H H F
CaHs — CH=CF, F HF
Cafts (> cH=cF,  F F F
n-CaHy —~ - CH=CF; H HF
n-CaHy — - CH=CF, F HF
n-CaHr — - CH=CF F F F
n-CaHis — - CH=CF. H HF
n-CsHs — CH=CF, F H F
n-CsH1 —<_—_>— CH=CF; F F F
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R (A7) Y L' 12 3
CH,=CH —<:>— CH=CF, H H F
CH,=CH —<} CH=CF, F HF
CH,=CH —Q— CH=CF, F F F
CH3CH=CH ‘Q— CH=CF, H HF
CH3CH=CH —O— CH=CF, F H F
CHsCH=CH ~ )~ cH=CR, FFF
CHo=CHC;H4 —O— CH=CF, H H F
CHz=CHC;H,4 —O- CH=CF, 'F H F
CH,=CHC;H, —@ CH=CF, F F F
CH3CH=CHCH, —<} CH=CF, H HF
CH3CH=CHC,H, —O~ CH=CF, F H F
CH3CH=CHC,H, —O— CH=CF, F F F
CHs ‘Q- OCHFCF, H H F
CHs —O— OCHFCF, F H F
CHs —Q— OCHFCF; F F F
C2Hs —<} OCHFCF3 H H F
CoHs —O— OCHFCF; F H F
CoHs {>— OCHFCF; F F F
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R «(A'-Z Y [
n-CsHy —O— OCHFCF; H H F
n-CsHy —O— OCHFCF; F H F
n-CsH7 —Q OCHFCF; F F F
n-CsHa1 @' OCHFCF; H H F
n-CsHa1 O OCHFCF; F H F
n-CsHa1 *(} OCHFCF3 F F F
CH,=CH —O' OCHFCF3 H H F
CH,=CH —Q- OCHFCFs3 F H F
CHo=CH 0 OCHFCF; F F F
CHsCH=CH 0 OCHFCF; H H F
CHsCH=CH —O— OCHFCF; F H F
CHsCH=CH @' OCHFCF; F F F
CH,=CHC2H, —Q OCHFCF3 H H F
CH,=CHCHs “C% OCHFCF3. F H F
CH»=CHCHs 0 OCHFCF; F F F
CH3CH=CHC;H, —Q— OCHFCF3 H H F
CH3CH=CHC,H, —G OCHFCF; F H F
CH3CH=CHCzHs 4@' OCHFCF3 F F F
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R (A-ZY)m- Y L' 12 8
CHs {>— OCF,CHFCF3 H H F
CHs -O— OCF,.CHFCF; F H F
CHs —D- OCF,CHFCFs F F F
CzHs —O— OCF,CHFCF3 H H F
CzHs —O— OCF,.CHFCF3 F H F
CaHs ‘O— OCF.CHFCF3 F F F
n-CsH; {>— OCF.CHFCFs H H F
n-CsHy —O— OCF,CHFCF; F H F
n-CsHy —Q— OCF.CHFCF; F F F
n-CsHi —D- OCF.CHFCF; H H F
n-CsHiq -Q OCF,.CHFCF; F H F
n-CsHiq —O— OCF,.CHFCF; F F F
CH,=CH —O— OCF,CHFCF; H H F
CH,=CH —O~ OCF,CHFCF; F H F
CH,=CH {>~ OCF,.CHFCF; F F F
CH3CH=CH —Q OCF.CHFCF3 H H F
CH3CH=CH —O— OCF,CHFCF3; F H F
CH3CH=CH O— OCF.CHFCF3 F F F
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R “(A"-Z)m Y R N
CH,=CHCHs4 ‘O’ OCF,CHFCF; H H F
CH,=CHCHs —Q— OCF,CHFCF; F H F
CH2=CHCéH4 —Q— OCF.CHFCF; F F F
CHsCH=CHC>H, —Q— OCF,CHFCF; H H F
CHsCH=CHC2H, —Q OCF.CHFCF; F H F
CHyCH=CHC2H, —Q— OCF,CHFCF; F F F
CH; —@— H H H H
CoHs @' H H H H
n-CsHy _@ H H H H
n-C4Hg —@— H H H H
n-CsH4 —@— H H H H
n-CeH1a —@ H H H H
CH, —@— F H H H
CHs —@— F F H H
CH, —@— F F F H
CoHs —@— F H H H
CoHs —@— F F H H
CoHs —@— F F F H
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R (A7) Y L' 12 3
n-CsH, —@- F H H H
n-CsHy —@— F F H H
n-CsH; _@_ F F H H c1315,143};
An =0.2816;
Ac = 16.1
n-CsH1q —@— F H H H
n-CsH1q —@~ F F H H
n-CsH1q —@— F F F H
CH,=CH @— F H H H
CH,=CH —@— F F H H
CH=CH —~(o)— F F F H
CH3sCH=CH —@- F H H H
CHsCH=CH —@— F F H H
CH3CH=CH @— F F F H
CH2=CHC:H, —@— F H H H
CH,=CHC;H, -@— F F H H
CH2=CHC,H —@ F F F H
CH3CH=CHC,H, —@— F H H H
CH3CH=CHC,H —@- F F H H
CH3CH=CHC,H, @ F F F H
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CHs —@— OCF3 H H H
CHs @— OCF3 F H H
CHs —@ OCF3 F F H
C2Hs ’@ OCF3 H H H
CoHs -@' OCF3 F H H
CaHs -@ OCF3 F F H
n-CsHy @- OCF3 H H H
n-CsHy —@— OCF3 F H H
n-CaHz —@- OCF; F F H
n-CsHi1 —@ OCF3 H H H
n-CsHi1 —@‘ OCF3 F H H
n-CsH11 —@ OCF3 F F H
CH,=CH —@ OCF3 H H H
CH,=CH —@ OCF3 F H H
CH,=CH —@ OCF; F F H
CH;CH=CH —@— OCF3 H H H
CH;CH=CH —@ OCF3 F H H
CH3CH=CH @- OCF; F F H
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R (A2 Y L' 23
CH,=CHCH, —@— OCF; H H H
CH,=CHC,H, —@— OCF; F H H
CH2=CH02H4 —@ OCFs3 F F H
CH3CH=CHC,H, ‘@— OCF; H H H
CH3CH=CHC,H,4 —@— OCF; F H H
CH3CH=CHC,H,4 @ OCF; F F H
CHs ~@- CF; H H H
CHs —o)— ¢ F H H
CH —@— CF3 F F H
CoHs —@~ CF3 H H H
CaHs —(o)— CFs3 F H H
C2Hs —(o)— CF3 F F H
n-CaHy —(0)— CF3 H H H
n-CsHz —(0)— CF3 F H H
n-CsHy '@ CF3 F F H
n-CsH1 @ CF3 H H H
n-CsH11 @ CF3 F H H
n-CsH11 —@— CF3 F F H
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R (A-Z ) Y L' 128
CHp=CH ~(0o)— CFa H H H
CHp=CH —(0)— CFa F H H
CHo=CH —(0)— CFs F F H
CH3sCH=CH —o)— CFs H H H
CHsCH=CH —(0)— CFs F H H
CHsCH=CH —~0)— CFs F F H
CH=CHCH,  —<O)— CFs H H H
CH=CHCHe  —O)— CFs F H H
CH=CHCH:  —O)— CFs F F H
CHsCH=CHCH, —0)— CFs H H H
CHsCH=CHCH: —0)— CFs F H H
CHsCH=CHCoH, —O)— CF, F F H
CHs —~0)— SFs H H H
CHa —(0)— SFs F H H
CHs —(o)— SFs F F H
CoHs ’@7 SFs H H H
CoHs —(0)— SFs F H H
CoHs —o)— SFs F F H
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n-CsH; -@— SFs H H H
n-CsHy —@ SFs F H H
n-CsHz —@— SFs F F H
n-CsH1q ‘@— SFs H H H
n-CsH1 —@- SFs F H H
n-CsH11 @-— SFs F F H
CH,=CH —@— SFs H H H
CH,=CH —@— SFs F H H
CH,=CH —@— SFs F F H
CH3CH=CH —@ SFs H H H
CH3CH=CH @— SFs F H H
CH3CH=CH —@— SFs F F H
CH,=CHC3H, —@— SFs H H H
CH,=CHC;H, —@— SFs F H H
CH,=CHC;H, —@— SFs F F H
CH3CH=CHC,H, ‘@ SFs H H H
CH3CH=CHC,H, —@— SFs F H H
CH3CH=CHC;H, @— SFs F F H
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R “(A'-Z" ) Y Lo e
CHa -@‘ CH=CF, H H H
CHs —@ CH=CF, F H H
CHs —@ CH=CF, F F H
CaoHs —@— CH=CF, H H H
CoHs —@— CH=CF, F H H
CoHs —@' CH=CF, F F H
n-CsHz ~@ CH=CF, H H H
n-CaHy —@— CH=CF, F H H
n-CaHz —@— CH=CF, F F H
n-CsH11 —@ CH=CF; H H H
n-CsHi1 —@— CH=CF; F H H
n-CsH11 —0)— CH=CF, F F H
CH,=CH @ CH=CF, H H H
CH,=CH @ CH=CF, F H H
CH,=CH —@' CH=CF; F F H
CHaCH=CH —@‘ CH=CF, H H H
CH3CH=CH —@ CH=CF, F H H
CHsCH=CH —@— CH=CF, F F H
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R ~(A"-Z" ) Y L' 2 °
CH,=CHC;H, —@- CH=CF, H H H
CH=CHC,H, —@— CH=CF, F H H
CHo=CHC,H,4 @— CH=CF, F F H
CH3CH=CHCHq —@ CH=CF, H H H
CH3CH=CHC,H, —@— CH=CF, F H H
CHsCH=CHC;H, @ CH=CF, F F H
CHs —@ OCHFCF; H H H
CHs ‘@— OCHFCF3 F H H
CHs —@— OCHFCF; F F H
CzHs —@— OCHFCF; H H H
C2Hs —@— OCHFCF; F H H
C2Hs —@ OCHFCF; F F H
n-C3Hy @‘ OCHFCF3 H H H
n-CaHy ‘@ OCHFCF3 F H H
n-CaHy *@— OCHFCF; F F H
n-CsHis —@— OCHFCF3 H H H
n-CsHi 1 @- OCHFCF3 F H H
n-CsHiy ‘@- OCHFCF3 F F H
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CH,=CH —@— OCHFCF; H H H
CH,=CH @— OCHFCF; F H H
CH,=CH @' OCHFCF3 F F H
CHsCH=CH —@‘ OCHFCF; H H H
CHsCH=CH —@- OCHFCF3 F H H
CHsCH=CH —@— OCHFCF3 F F H
CHp=CHC2H4 ’@* OCHFCF3 H H H
CH,=CHC2H,4 —@~ OCHFCF3 F H H
CH,=CHC2Ha —@' OCHFCF3 F F H
CH3CH=CHC,H, @— OCHFCF3 H H H
CH3CH=CHC2H, —@ OCHFCF3 F H H
CH3CH=CHC2H4 —@— OCHFCF3 F F H
CHa —@‘ OCF,CHFCF; H H H
CHa @‘ OCF,CHFCF; F H H
CHa —@— OCF,CHFCFs F F H
CoHs ‘@ OCF,CHFCF; H H H
CaHs —@- OCF,CHFCF; F H H
CzHs —@— OCF,CHFCF; F F H
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n-CsH7 —@~ OCF,CHFCF; H H H
n-CsHz —@— OCF,.CHFCF; F H H
n-CsH7 —@~ OCF,CHFCF; F F H
n-CsH11 @ OCF,CHFCF; H H H
n-CsH1 @— OCF,.CHFCF; F H H
n-CsH1 —@ OCF,.CHFCF; F F H
CH,=CH —@ OCF,CHFCF; H H H
CH,=CH —@% OCF,CHFCF; F H H
CHp=CH —(0)— OCF,CHFCF; F F H
CHsCH=CH —@— OCF,CHFCF; H H H
CHsCH=CH @— OCF,CHFCF; F H H
CH;CH=CH @— OCF,CHFCF; F F H
CH=CHC:H, —@ OCF.CHFCF; H H H
CH,=CHCzH,4 -@ OCF,CHFCF; F H H
CHp=CHC,H,4 —@— OCF.CHFCF; F F H
CHsCH=CHC,H, —@>— OCF,CHFCF; H H H
CH3CH=CHCH, —@ OCF,CHFCF; F H H
CH3CH=CHCH, —@— OCF,CHFCF; F F H
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CH, ‘@' NCS F F H

C,H NCS F F H c127N;
o —@ An =0.4475;

Ae=23.0

n-CsHy @_ NCS F F H

n-CaHo —@ NCS F F H
n-CsH11 @ NCS F F H
n-CeH13 @ NCS F F H

CH, —@ H H H F

CzHs —@ H H H F

n-CsHz _@ H H H F

n-C4Ho ‘@— H H H F
n-CsH11 —@ H H H F
n-CeH13 —@ H H H F

CHa @ F H H F

CHs @ F F H F

CHs —@— F F F F

CzHs @~ F H H F

CzHs —@ F F H F

CoHs —@— F F F F



-85-

R -(A'-Z Y- Y L' 12 8

n-C3H7
n-C3H7

F F F F C108S,109N
133.11;
An = 0.2832;
Ae=19.3

n-C3H7
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n-CsHi4

n-C5H11

n-C5H11

CH2=CH

CH>=CH

CH2=CH

CH3CH=CH

CH3;CH=CH

CH3CH=CH

CH2=CHC2H4

CH2=CHC,H,4

CHy=CHC2H,

CH3CH=CHC2H4

PPPPPPPPPO0000 9o ¢

CH3CH'—'CHCzH4



"

10

15

20

25

30

35

- 86 -

R (A-Z ) Y R
CHsCH=CHCH, —O)— F F F F
CHs —o)—  ocr H HF
CHa —~9)— OCF; F HF
CHs ~o)- OCFs F F F
C2Hs —@‘ OCF3 H H F
CaHs —9o)— OCFs F H F
CoHs —~9)— OCF; F F F
n-CsHy —~0)— OCF3 H HF
n-CsH7 —@‘ OCF; F H F
n-CsHy ‘@— OCF3 F F F
n-CsHu o) OCF; H HF
n-Cshhs (o) OCF F H F
n-CsHiy 4@_ OCF3 F F F
CH,=CH —~0)—  ocFs HOH F
CH,=CH —~9—  ocr F H F
CH2=CH —o)— OCF;, F F F
cHioH=cH  —<O)—  ock, HoHF
CHaCH=CH —~(0>—  ocF, EHF
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CH3CH=CH —(o)— OCF; F F F
CH=CHCH,  —<O)—  ocF, H HF
CH=CHCH,  —<O)— OCF; F H F
CH=CHC:H, <O~  ocF; FFF
CHiCH=CHCH, —O)— OCF; H HF
CHaCH=CHCH, —O)— OCF;, F H F
CHsCH=CHC,H, —O)— OCF;, F F F
CHs _@ CF; H H F
CHs _@7 CF3 F H F
CHs —~(9)—- CF3 F F F
CzHs —(0)— CFs H HF
C2Hs @_ CF3 F H F
CaHs —o—  cr FFF
n-CaHy —~o)~  cR H HF
n-CzH; @ CF; F H F
n-CsHy ‘@ CF; F F F
n-CsHs —(0)— CFs H H F
Nn-CsHa; —@_ CF3 F H F
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n-CsHuq ~o)- CF3 F F F
CHz=CH ~o)y-  cR H H F
CH,=CH @ CFs F H F
CHz=CH _@ CF3 F F F
CH3CH=CH —(o)— CF3 H H F
CH:CH=CH (o~ cFR EHF
CH:CH=CH O FEF
CH=cHoH, O~ CF3 H H F
cH=cHeH, <O~ CF3 F H F
CHsCHCH, <O~ CFs FOFF
CHCH=CHCH;  —(0)— CF3 H H F
CHCH=CHCH, —O)—  CFs FE HF
CH3CH=CHC2H,4 ‘@* CFs F F F
CHs ‘@7 SFs H H F
CHs ‘@' SFs F H F
CHs —@_ SFs F F F
CaHs ~o— s HOHF
CoHs 4@' SFs F H F
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CaHs @— SFs F F F
n-CsHz —@— SFs H H F
n-CsHz —@— SFs F H F
n-CsH7 —@— SFs F F F
n-CsH1q —@— SFs H H F
n-CsH11 —@— SFs F H F
n-CsH14 —@ SFs F F F
CH,=CH —@~ SFs H H F
CH,=CH —@— SFs F H F
CH,=CH —@ SFs F F F
CH3CH=CH @— SFs H H F
CHsCH=CH —@— SFs F H F
CH,CH=CH ~o)— SFs F F F
CHo=CHC;H, —@— SFs H H F
CH,=CHC;H, —@‘ SFs F H F
CH,=CHC;H, @~ SFs F F F
CH3CH=CHC,H, —@— SFs H H F
CH3CH=CHC,H, —@— SFs F H F
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CH.CH=CHCHe —O)—  SFs FFF
CHsy —(o)— CH=CF; HHF
CHs —~(0)— CH=CF; F HF
CHs {0y~  cHe«cF,  F F F
CaHs —@— CH=CF H H F
CoHs ~o)— CH=CF. F HF
CzHs —(o)— CH=CF, F F F
n-CaHy —(0)— CH=CF, H HF
n-CaHy —0)—  CcH=CF; F HF
n-CsHy @* CH=CF; F F F
n-Cabhy ~(0y—  cHcF, K HF
n-Cabhs (0~ cHcF,  F H F
n-CsH11 4@' CH=CF; F F F
CH,=CH —(0)— CH=CF; H HF
CH,=CH —~(0)— CH=CF; F HF
CH=CH —(0)—  cH=cF,  F F F
CHsCH=CH —(0)— CH=CF, H HF
choH=cn  —<O)—  cH<CF,  F H F



10

15

20

25

30

35

-91 -

R (A2 Y L' 28
CH3CH=CH @_ CH=CF, F F F
CH2=CHC,H, —@— CH=CF, H H F
CH2=CH02H4 @' CH=CF, F H F
CH»=CHC>H, —@— CH=CF, F F F
CHaCH=CHCH, —(O)— CH=CF, H H F
CHaCH=CHCH, —O)— CH=CF, F H F
CH3CH=CHC,H, @— CH=CF, F F F
CH3 @— OCHFCF; H H F
CH3 —o)— OCHFCF; F H F
CH3 —(o)— OCHFCF; F F F
C2Hs —@— OCHFCF; H H F
C2Hs —o)— OCHFCF; F H F
CzHs <@- OCHFCF; F F F
n-CaHy ‘@— OCHFCF; H H F
n-CsHy @— OCHFCF; F H F
n-CaHy —@— OCHFCF, F F F
n-CsHys @- OCHFCF; H H F
n-CsHqs —@— OCHFCF, F H F
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n-CsH1 —@— OCHFCF; F F F
CHz=CH —@— OCHFCF; H H F
CHp=CH —@— OCHFCF; F H F
CHp=CH @— OCHFCF3 F F F
CH3CH=CH @— OCHFCF3 H H F
CH3CH=CH ~@— OCHFCF; F H F
cHicH=cH ~ —<O)—  OCHFCFs F F F
CH2=CHCH, —@ OCHFCF3 H H F
CHz=CHC2H, @— OCHFCF3 F H F
CH,=CHC2H, -@— OCHFCF; F F F
CH3CH=CHC,Hs —@ OCHFCF3 H H F
CH3CH=CHC,H, —@ OCHFCF3 F H F
CHaCH=CHCZH, @— OCHFCF3 F F F
CH3 @— OCF,CHFCF; H H F
CH; @— OCF,CHFCF; F H F
CH3 —@— OCF,CHFCF; F F F
CoHs @— OCF,CHFCF; H H F
CzHs —@ OCF,CHFCF; F H F
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CoHs —@— OCF,.CHFCF; F F F
n-CsH; —@— OCF,CHFCF; H H F
n-CsHy —@- OCF,CHFCF; F H F
n-CsH; —@- OCF,CHFCF; F F F
n-CsH11 @— OCF,CHFCF; H H F
n-CsHi 1 —@~ OCF,CHFCF; F H F
n-CsHi —@ OCF,CHFCF; F F F
CHo=CH —@ OCF,CHFCF; H H F
CH,=CH ~@— OCF,.CHFCF; F H F
CH,=CH | @— OCF,.CHFCF; F F F
CH3CH=CH @— OCF,CHFCF; H H F
CH3sCH=CH —@— OCF,.CHFCF; F H F
CH3sCH=CH —@ OCF,CHFCF; F F F
CHo=CHC,H, —@ OCF,.CHFCF; H H F
CH,=CHC;H, @ OCF,.CHFCF; F F F
CH,=CHC2H, @— OCF,CHFCF; F H F
CH3CH=CHC;H, —@ OCF,.CHFCFs H H F
CH3CH=CHC;H, —@— OCF,CHFCF; F H F
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CHCH=CHCH: —O)—  OCF,.CHFCF; F F F

CHs ‘Q-CFZO- H H H H

CoHs —OCFZO- H H H H

n-CsHz —QCFZO- H H H H

n-CsHo —QCon- H H H H

n-CsHi1 OCFZO- H H H H

n-CeH13 —QCFzO- H H H H

CHs _QCFzO' F F H H

CaHs —QCFZO- F H H H

CaHs —Q“CFZO- F F H H

CoHs — oo F F F H

n-CsHz —OCFZO- F H H H

n-CsHy —O'CFZO- F F H H

n-CsH7 _QCFZO_ F F F H c8sN120L
An = 0.1526;
Ae =123

n-CsHi1 —QCFZO- F H H H

n-CsHi1 —QCFZO- F F H H
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n-CsHi 1 —OCFzO- F F F H
CH,=CH —OCFzO- F H H H
CH,=CH —QCFZO- F F H H
CH,=CH —O_Con‘ F F F H
CH3CH=CH —OCon- F H H H
CH3CH=CH —QCFZO- F F H H
CH3CH=CH @-C%O- F F F H
CH2=CHCH, OCFZO- F H H H
CH2=CHC2H4 OCFZO- F F H H
CH2=CHC2H4 ‘QCF& F F F H
CH3CH=CHC2H, —O_Con‘ F H H H
CH3CH=CHC,H, OCFQO- F F H H
CH3CH=CHC2H, —QCFZO- F F F H
CH;, —QCFZO- OCF; H H H
CHs OCFZO- OCF; F H H
CHj _O'Con' OCF; F F H
CzHs OCFZO- OCF; H H H
CzHs ‘QCFZO- OCF; F H H
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CzHs OCFZO- OCF; F F H
n-CsHy —QCFZO- OCF3 H H H
n-CsHy —-<:>-CF20— OCF3 F H H
n-CsH7 OCFZO- OCF3 F F H
n-CsHi —QCFZO- OCF; H H H
n-CsHa1 —_»cFO- OCF; F H H
n-CsH1 —QCFZO- OCF; F F H
CH,=CH %}C&O— OCF3 H H H
CH,=CH —(_»-CF0- OCF, F H H
CH,=CH —( »-CF,0-  OCF; F F H
CH3CH=CH —QCFZO- OCF; H H H
CHyCH=CH —QC&O— OCF3 F H H
CHyCH=CH —QCFZO- OCF3 F F H
CHy=CHC2H, —QCon- OCF; H H H
CHy=CHC2Ha —O-CFZO- OCF3 F H H
CH,=CHCHa OCFZO- OCF3 F F H
CH3CH=CHC,H, —QCFZO- OCF3 H H H
CH3CH=CHC,H, —<}CF20— OCF3 F H H
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CH3CH=CHC;H, —QCFZO— OCF, F F H
CHj ‘QCFZO- CF, H H H
CHj —QCFZO- CF, F H H
CHjs —O—C%O- CF, F F H
CzHs -O—CFzO‘ CF, H H H
CaHs ~_cro- cR F H H
CoHs —QCFZO- CF3 F F H
n-CsHy —QCFZO- CF3 H H H
n-CsH; OCFZO- CF; F H H
n-CsH; {}CFZO- CF3 F F H
n-CsHiq ~<}CF20- CF3 H H H
n-CsHyq —QCon- CF3 F H H
n-CsHy1 —QCon- CF3 F F H
CH,=CH —QCFZO- CF3 H H H
CH,=CH ‘QCon- CF; F H H
CH,=CH —QCFZO- CF3 F F H
CH3CH=CH —QCFZO- CF3 H H H
CH3CH=CH —<}0on- CF, F H H
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CH3CH=CH GCFZO CF3 F F H
CHz=CHC:Hs —QCFZO- CF; H H H
CHy=CHC;H, —QCFZO— CF3 F H H
CH,y=CHC2Hs —OCFZO- CF3 F F H
CH3CH=CHC>Hs —QCFZO— CF3 H H H
CH3CH=CHCzHs —QCFZO- CFs F H H
CHsCH=CHC2Hs OCFZO- CF3 F F H
CHa —OCFZO— SFs H H H
CHa —QCFZO- SFs F H H
CHs {}C&O- SFs F F H
CoHs ~<}0on- SFs H H H
C2Hs —O-CFZO- SFs F H H
CzHs OC%O- SFs F F H
n-Cty —QC%O- SFs H H H
n-CsHy —OCFZO- SFs F H H
n-CaHy *QC&O- SFs F F H
n-CsHis {}CF:O- SFs H H H
n-CsH11 —QC&O— SFs F H H
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n-CsHi 1 —QCFZO- SFs F F H
CH,=CH —QCFZO- SFs H H H
CH,=CH —QCFZO- SFs F H H
CH2=CH —QCFZO- SFs F F H
CH3CH=CH —OCon— SFs H H H
CH3CH=CH —QCF?_O— SFs F H H
CH3CH=CH —QCFZO- SFs F F H
CH2=CHC_H, —O'CFzO‘ SFs H H H
CHy=CHC_H, ‘QCFZO- SFs F H H
CH2=CHC,H, ‘QC&O- SFs F F H
CH3CH=CHC,H, %}C&O— SFs H H H
CH3CH=CHC,H, —QCFZO- SFs F H H
CH3CH=CHC,H,4 —QC%O- SFs F F H
CH3 —QCFZO- CH=CF, H H H
CHj3 —QCFZO- CH=CF, F H H
CHs OCFZO- CH=CF, F F H
C2Hs -OCon- CH=CF, H H H
CzHs —D—CFzO- CH=CF, F H H
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CoHs @”CF@- CH=CF, F F H
n-CsHz —QCFZO- CH=CF; H H H
n-CaHz -QCFZO- CH=CF; F H H
n-CaHz —QCFZO- CH=CF, F F H
n-CsH11 —QCFZO- CH=CF H H H
n-CsH11 —QCFZO- CH=CF, F H H
n-CsH11 —OCFZO— CH=CF; F F H
CH,=CH *QC%O— CH=CF, H H H
CH,=CH ‘QCFZO- CH=CF> F H H
CH,=CH —QCFZO- CH=CF; F F H
CH3;CH=CH —QCFZO— CH=CF; H H H
CH3CH=CH ‘QCF:L’O“ CH=CF F H H
CH3CH=CH —QCFZO- CH=CF; F F H
CH,=CHC2H4 —QCFZO- CH=CF, H H H
CH,=CHC2Ha4 'OCFZO- CH=CF F H H
CH,=CHC2Ha4 OCon- CH=CF; F F H
CH3,CH=CHC2H —OCon- CH=CF, H H H
CH3CH=CHC>H, —QC&O- CH=CF F H H
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CH3CH=CHC,H, _O'Con‘ CH=CF, F F H
CHs CF,0-  OCHFCF; H H H
CHs OCFZO- OCHFCF; F H H
CHs —QCFZO- OCHFCF; F F H
CoHs —QCFZO- OCHFCF; H H H
CoHs —QCFZO- OCHFCF; F H H
CoHs %}C%O— OCHFCF; F F H
n-CsH; %}CFP- OCHFCF; H H H
n-CsH; ~<:>—CF20- OCHFCF; F H H
n-CsH; —OCFZO- OCHFCF3 F F H
n-CsH14 —QCFZO- OCHFCF; H H H
n-CsH14 {}CFZO- OCHFCF; F H H
n-CsH11 {}Con- OCHFCF; F F H
CH.=CH —QCFZO- OCHFCF; H H H
CH,=CH OCFZO- OCHFCF; F H H
CH,=CH —QCFZG OCHFCF3 F F H
CH3CH=CH —QCFZO- OCHFCF; H H H
CH3sCH=CH ‘QC&O- OCHFCF3 F H H
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CH3CH=CH —QCFZO- OCHFCF; F F H
CH,=CHC2H, ‘QCFZO- OCHFCF;3 H H H
CH2=CHCZH4 —QCFZO- OCHFCF; F H H
CH,=CHC2H, —QCFZO* OCHFCF; F F H
CH3CH=CHC,H, -QCFzO- OCHFCF3 H H H
CH3CH=CHCzH, —<}CF20- OCHFCF; F H H
CH3CH=CHC2H, —QCFZO- OCHFCF3 F F H
CH; "OCon' OCF,CHFCF; H H H
CHs —QCFZO- OCF,CHFCF; F H H
CHs OCFZO- OCF,CHFCF; F F H
CzHs —QC&O- OCF,CHFCF; H H H
CoHs ‘QCon- OCF,CHFCF; F H H
CoHs —QC%O- OCF,CHFCF; F F H
n-CaHy —QCon- OCF,CHFCF; H H H
n-CaHy —OCFZO- OCF,CHFCF; F H H
n-CaHy —O-Con- OCF,CHFCF; F F H
n-CsH1 -QCFZO- OCF,CHFCF; H H H
n-CsH1 —QCFZO- OCF,CHFCF; F H H
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n-CsH1 ‘O—CFZO- OCF.CHFCF; F F H
CHz=CH ~QCF20- OCF.CHFCF; H H H
CHp=CH OCFZO- OCF,.CHFCF; F H H
CHo=CH —QCFZO- OCF,CHFCF3; F F H
CH3CH=CH —QCFZO- OCF.CHFCF; H H H
CH3CH=CH —QCFZO— OCF.CHFCF; F H H
CH3CH=CH OCFZO- OCF,CHFCF; F F H
CHo=CHC,H, —O—CF20- OCF,CHFCF; H H H
CHp=CHC,H, OC&O— OCF,CHFCF; F H H
CHy=CHC,H, —QCFZO- OCF,CHFCF; F F H
CH3CH=CHC,H, —QCFZO-, OCF,CHFCF; H H H
CH3CH=CHC,H, ‘QC&O- OCF.CHFCF; F H H
CH3CH=CHC,H, —QCFZO- OCF,CHFCF; F F H
CHa OC&O— H H H F
CzHs {>—CF20— H H H F
n-CsHy — »cro- H H H F
n-C4Ho OCFZO- H H H F
n-CsHss ‘QCFZO- H H H F
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n-CeH1a —O-CFZO- H H H F
CHs —QCFZO— F H H F
CHs, —QCFZO- F F H F
CHs OCon' F F F F
CoHs OCF"’O' F H H F
CoHs _QCon’ F F H F
CoHs —QCFZO- F F F F
n-CaHy —QCFZO- F H H F
n-CsHz OCFZO- F F H F
n-CsHi1 —QCFZO- F H H F
n-CsH11 —OCF;,O- F F H F
n-CsH11 OCF?C' F F F F
CH,=CH —QCF20~ F H H F
CH,=CH ~QCFZO- F F H F
CH,=CH —QCFZO- F F F F
CH3CH=CH —QCFZO- F H H F
CHsCH=CH __<:>_CF20' F F H F
CH3CH=CH OCFZO— F F F F
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CH=CHCH,  — CFO- F H H F
CH;=CHCH, —( »oro- F H F
CH=CHCHs  —_)—CFo- F FFF
CHCH=CHC,H, —_ )-CF0- F H H F
CHCH=CHC,H, — »-CFo- F FE H F
CHiCH=CHC,H, — )-CFo- F F F F
CHs —~ R0 ocF, H HF
CHs ~cR0- oCF, F HF
CHs ‘OCFzO- OCF; F F F
CzHs —~rcro- ock, H HF
C2Hs ~cro- ocr, F H F
CoHs ~-cro- ocH, F F F
n-CsHy —(rcro- ocF, H H F
n-CaHy ~rcro- ocr, F HF
n-CsHy “QCFZO- OCF3 F F F
n-CsH11 ~_ e ocr, H H F
n-CsHs ~cro- ocr, F HF
n-CsHq _OCFzO‘ OCF; F F F
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CH,=CH —O*Con- OCF3 H HF
CH,=CH -QCFZO- OCF; F H F
CH,=CH —OCBO- OCF; F F F
CH3sCH=CH —OCFZO- OCF; H H F
CH3CH=CH —QCFZO- OCF3 F H F
CH3sCH=CH OCFZO- OCF; F F F
CHo=CHC2H4 —QCFZO- OCF3 H H F
CH2=CHC2Hs -OCFZO- OCF3 F H F
CHo=CHC2H4 —QCFZO- OCF3 F F F
CH3sCH=CHCzH4 cho_ OCF; H H F
CH3CH=CHC:H4 -QCFZO- OCF; F H F
CH3CH=CHC:Ha —QCFZO- OCF; F F F
CHs; OCFZO- CF3 H H F
CHs OCFZO- CF3 F H F
CoHs —QC&O— CF3 H H F
CoHs {}CFZO- CF3 F H F
CoHs OCFZO- CF3 F F F
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n-CsHz -O’CFzO' CFs HHF
n-CaH7 —QCFZO- CF, F HF
n-CsH7 “QCFzO- CF3; F F F
n-CsH11 OCFQO- CF3 H HF
n-CsH11 —QCFZO- CFs F HF
n-CsH14 _‘QCFzO‘ CFs F F F
CH,=CH ~QCF20- CF; H HF
CH,=CH —QCFZO- CF3 F H F
CH,=CH —~( »cro- cF, FE F
CH3sCH=CH —QCon- CF3 H HF
CH3sCH=CH OCFZO- CF3 F H F
CH3;CH=CH —QCFZO- CFs F F F
CH,=CHC2H, ‘QCFZO- CF4 H HF
CH,=CHC2H, —OC%O- CF3 F H F
CH=CHCH,  —_ )»CFo- GF, FE F
CH3CH=CHC,H, ‘QCFZO- CF, H H F
CH3CH=CHC;H, —QCon- CF3 F HF
CH3CH=CHC;H, —O—Con- CF F F F
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CHs ~rcro sFs H H F
CHs ‘QCFzO‘ SFs F H F
CHs ~)oro- sFs F F F
CoHs —OCFZO- SFs H H F
CoHs —OCFZO- SFs F H F
C2Hs oo sFs F F F
-CaHy ~Ororo s HoHOF
n-CaHz ~ oo sFs F H F
n-CaHr —~(yoro- sFs FFF
n-CsH11 —( ycro- sFs H H F
n-CsH11 *QCFZO- SFs F H F
n-CsH1 — )cFO-  SFs F F F
CH,=CH —QC%O— SFs H H F
CH,=CH _O—Con' SFs F H F
CHz=CH —~_roFo- sFs F F F
CH;CH=CH 'O‘ CF0-  SFs H H F
CHicHeoH  X_roRo SR FoHF
cHicHeCH )OO SFs FEF
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CH=CHCH,  —_ )»CFO- sF, HHF
CH=CHCH,  — )-CFO- SFs F H F
CH=CHCH,  — )»CFO- sFs F E F
CHiCH=CHCH, — )~CF0- SFs H H F
CHiCH=CHC,H; — )-CFO- SF, F H F
CHiCH=CHCH, —_)-CF.0- sFq FFEF
CH, —~( »-cFo- CH=CF, H HF
CH; —~(_CF.0-  CH=CF, F H F
CHs _<}0on‘ CH=CF F F F
CzHs —( »-cF0-  CH=CF, H H F
CaHs — »-cF,0- CH=CF, F H F
CaHs —~(cro- cH=CR FFF
n-CaHr ~(_)-CRO- CH=CF; H OHF
n-CaHyr ~_-eF.0- CH=CF, F HOF
n-CsHy _O'CF 20-  CH=CF, F F F
n-CsHs —_CF0- CH=CF, H H F
n-CsHaq 'OCFzO' CH=CF, F H F
n-CsHq4 ‘QCon- CH=CF, F F F
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CHo=CH —( )»cF0- CH=CF, H H F
CH,=CH —~_oF0- ch=CF, F H F
cecn < om0 cHeoR,  F F F
CHACH=CH —( )-cFo- CH=CF, H HF
CH3CH=CH _OCFzO' CH=CF, F H F
CHCH=cH ~ —X_)~CF.0-  CH=CF, FFF
CH,=CHC2H, _QCon' CH=CF, H H F
CH=CHCH,  —<_)CF:O-  CH=CF, FOHF
CH=CHCH, ~ —_)™CFO- CH=CF FFF
CHaCH=CHCH; —_)-CF.0- CH=CF, H HF
CHiCH=CHCoH, —_)~CF.0-  CH=CF, F H F
CHyCH=CHCH, —_)~CF:O-  CH=CF, F F F
CHs “O‘CFzO- OCHFCF; H H F
CHs ‘O_Con' OCHFCF; F H F
CHs ‘OCFzO- OCHFCF; F F F
CoHs —(_)-cF0-  OCHFCF; H H F
CHs —_)-CF,0-  OCHFCF; F H F
CoHs ‘OCFzO- OCHFCF3 F F F
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n-CaHy _<}CF20' OCHFCF3 H H F
n-CsH —QCFZO- OCHFCF34 F H F
n-CsH7 —QCFZO- OCHFCF3 F F F
n-CsHq OCFZO- OCHFCF3 H H F
n-CsHaq —QCFZO- OCHFCF; F H F
n-CsH1q {}CF:O- OCHFCF3 F F F
CH2=CH -QCFZO- OCHFCF3 H H F
CHz=CH —OCFZO- OCHFCF3 F H F
CH,=CH —@CFZO- OCHFCF3 F F F
CH3CH=CH —®CF20- OCHFCF3 H H F
CHsCH=CH —<E>—CF20- OCHFCF3 F H F
CH3CH=CH —@CFZO- OCHFCF3 F F F
CH2=CHC3H, *@CFZO- OCHFCF3 H H F
CH,=CHC2H, —@-0%0- OCHFCF3 F H F
CH,=CHC2H, -®~CFZO- OCHFCF3 F F F
CH3CH=CHC,Hj, —®CFZO- OCHFCF3 H H F
CH3CH=CHC;H, —®CFZO- OCHFCF, F H F
CH3CH=CHC,H;4 —®CFZO- OCHFCF3 F F F
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CHs —@0%0- OCF,CHFCF3 H H F
CHs -@CFZO- OCF,CHFCFs F H F
CHs —@0"20- OCF,CHFCFs F F F
CzHs —@CFZO- OCF,CHFCFs H H F
CHs —G}-CFQO- OCF,CHFCFs F H F
CoHs -®CFZO- OCF,CHFCFs F F F
n-CsHy —@CFZO- OCF,CHFCF; H H F
n-CaHy —@050- OCF,CHFCF; F H F
n-CsHz @CFQO- OCF,CHFCF; F F F
n-CsHa ’@CFzO- OCF,CHFCF3 H H F
n-CsH1 —®CF20— OCF,CHFCFs F H F
n-CsHa1 —@-CF20- OCF,.CHFCFs F F F
CH,=CH ‘@CFZO- OCF,CHFCF3 H H F
CH,=CH @CFZO- OCF,CHFCF3 F H F
CH,=CH ‘®-CFZO- OCF,CHFCF; F F F
CH3CH=CH —@0"20- OCF,CHFCF; H H F
CHsCH=CH ‘@C&O- OCF,CHFCF; F H F
CH3CH=CH @CFZO- OCF,CHFCF; F F F
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CH2=CHC,H, —(H)»-CFO- OCF,CHFCF; H H F
CH2=CHC2H,4 —®CF20' OCF,CHFCF; F H F
CH2=CHC2H4 _®"3on' OCF,CHFCF; F F F
CH3CH=CHC;H —@CFZO- OCF.CHFCF; H H F
CH3CH=CHC2H4 —@—Con‘ OCF2CHFCF3 F H F
CH3CH=CHC2H4 _®CF20‘ OCFQCHFCF:; F F F
CH30 - F F F H
CoHs0 - F F F H
n-C3H;O - F F F H c12i
n-C;sHqsO - F F F H cr751;
An = 0.1666;
Ae =141
n-CanO - F F F H
n-CsH130 - F F F H
CH2=CHCH,0 - F F F H cos
An =0.1291;
v1=15.3
CH3s - F H H H
CHs - F F H H
CHs - F F F H coog
An =0.1550;
Age =151
C2Hs - F H H H
CzHs - F F H H
CoHs - F F F H cs83i
n-CzH; - F H H H
n-CsH; - F F H H
n-CzH; - F F F H crsy
An =0.1415;

Ae =122
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n-CsHqq - F H H H
n-C5H11 - F F H H
n-CsHq4 - F F F H ce3;
An=0.1323;
Ae=11.0
CH,=CH - F H H H
CH,=CH - F F H H
CH2=CH - F F F H
CH3;CH=CH - F H H H
CHsCH=CH - F F H H
CH3;CH=CH - F F F H
CHo=CHC2H4 - F H H H
CH>=CHC2H4 - F F H H
CH2=CHC2H4 - F F F H csr7i
An =0.1430;
Ae =85
CHsCH=CHCHs - F H H H
CH3CH=CHC;Hs4 - F F H H
CH3CH=CHCzHs - F F F H
CH3 - OCF3 H H H
CH; - OCF3; F H H C101S.(88);
An = 0.1662;
Ae =156
CH3 - OCF3; F F H c1s581
CoHs - OCF3 H H H
CoHs - OCF; F H H c14y
An = 0.1533;
Ae =136
CoHs - OCF3 F F H c1481
n-C3H7 - OCF3 H H H
n-CaH7 - OCF; F H H c1o1y
An =0.1590;
A =13.0
n-CzHz - OCF3 F F H c12
n-C5H11 - OCF3 H H H
n-CsH11 - OCF3; F H H
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n-CsH11 - OCF3 F F H
CH>=CH - OCF; H H H
CHy=CH - OCF; F H H
CH=CH - OCF3 F F H
CH3CH=CH - OCF3 H H H
CH3CH=CH - OCF; F H H
CH3CH=CH - OCF3; F F H
CH2=CHC2H4 - OCF3 H H H
CH2=CHC2H4 - OCF3 F F H
CH3CH=CHC:H; - OCF3 H H H
CH3CH=CHCQH4 - OCF3 F H H
CH30H=CHC2H4 - OCF3 F F H
CH; - CF3 H H H
CH3 - CF; F H H
CHs - CF; F F H
CzHs - CF3 H H H
CoHs - CF; F H H
CoHs - CF; F F H
n—C3H7 - CF3 H H H
n-CsHy - CF3 F H H
n-CsHy - CF3; F F H
n-C5H11 - CF3 H H H
n-CsHy1 - CF3; F H H
n-CsHﬂ - CF3 F F H
CHx=CH - CF; H H H
CH>=CH - CF; F H H
CHz=CH - CF3 F F H
CH3CH=CH - CF3 H H H
CH3;CH=CH - CF; F H H
CH3CH=CH - CF3 F F H
CH2=CHC,H, - CF; H H H
CH2=CHC2H4 - CF3 F H H
CH2=CHC2H4 - CF3 F F H
CH3CH=CHCH; - CF3 H H H
CH3CH=CHC;H; - CF; F H H
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CH3CH=CHC2H,4 - CFs F F H
CHs - SFs H H H
CHs - SFs F H H
CHs - SFs F F H
CoHs - SFs H H H
C:Hs - SFs F H H
C.Hs - SFs F F H
n-CsH7 - SFs H H H
n-CaHz - SFs F H H
n-CzH7 - SFs F F H
n-CsH11 - SFs H H H
n-CsH14 - SFs F H H
n-CsHq4 - SFs F F H
CH,=CH - SFs H H H
CH,=CH - SFs F H H
CH2=CH - SFs F F H
CH3CH=CH - SFs H H H
CH3CH=CH - SFs F H H
CH3CH=CH - SFs F F H
CH>=CHC2H4 - SFs H H H
CH2=CHC2H4 - SFs F H H
CH2=CHC2H,4 - SFs F F H
CH3CH=CHCzH, - SFs H H H
CH3CH=CHCzH4 - SFs F H H
CH3CH=CHCzH4 - SFs F F H
CH3 - CH=CF2 H H H
CHs - CH=CF; F H H
CH3 - CH=CF, F F H
CoHs - CH=CF, H H H
CoHs - CH=CF» F H H
C.Hs - CH=CF, F F H
n-C3H7 - CH=CF2 H H H
n-CsH7 - CH=CF> F H H
n-CsHz - CH=CF> F F H
n-CsH11 - CH=CF2 H H H
n-C5H11 - CH=CF; F H H
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n-CsH14 - CH=CF F F H
CH,=CH - CH=CF2 H H H
CH2=CH - CH=CF F H H
CHy=CH - CH=CF, F F H
CH3CH=CH - CH=CF»> H H H
CH3CH=CH - CH=CF; F H H
CH3CH=CH - CH=CF, F F H
CH,=CHC;H,4 - CH=CF> H H H
CH2=CHC2H4 - CH=CF, F H H
CHy=CHC2H,4 - CH=CF; F F H
CH3CH=CHC;Hs - CH=CF, H H H
CH3CH=CHCHs - CH=CF, F H H
CH3CH=CHC;H, - CH=CF, F F H
CHs - OCHFCF3 H H H
CHas - OCHFCF3 F H H
CH3 - OCHFCF3 F F H
CoHs - OCHFCF3 H H H
CaHs - OCHFCF3 F H H
CaHs - OCHFCF3 F F H
n-C3H7 - OCHFCF3 H H H
n-CaH7 - OCHFCF3 F H H
n-CsHy - OCHFCF3; F F H
n-C5H11 - OCHFCF3 H H H
n-CsHi1 - OCHFCF; F H H
n-CsHi1 - OCHFCF3; F F H
CH,=CH - OCHFCF3 H H H
CHz=CH - OCHFCF; F H H
CH>=CH - OCHFCF3 F F H
CH;CH=CH - OCHFCF3 H H H
CH3CH=CH - OCHFCF; F H H
CHs;CH=CH - OCHFCF3 F F H
CHy=CHC,H,4 - OCHFCF3; H H H
CH2=CHC2H4 - OCHFCF; F H H
CHy=CHC2H4 - OCHFCF3 F F H
CH3CH=CHC:Hs - OCHFCF3 H H H
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CH3CH=CHC2H4 - OCHFCF3 F H H
CH3CH=CHC2H4 - OCHFCF3 F F H
CHs - OCF,CHFCF; H H H
CH;s - OCF,CHFCF; F H H
CH; - OCF,CHFCF; F F H
C2Hs - OCF,CHFCF; H H H
C:Hs - OCF,CHFCFz; F H H
CoHs - OCF,CHFCF; F F H
n-CsHz - OCF,CHFCF; H H H
n-CsHz - OCF,CHFCF; F H H
n-CsHy - OCF,CHFCF; F F H
n-CsH14 - OCF,CHFCF; H H H
n-C5H11 - OCFQCHFCF3 F H H
n-C5H11 - OCFQCHFCF;; F F H
CH.=CH - OCF,CHFCF; H H H
CH,=CH - OCF,CHFCF; F H H
CH,=CH - OCF,CHFCF; F F H
CH;CH=CH - OCF,CHFCF3 H H H
CH,;CH=CH - OCF,CHFCFz; F H H
CH;CH=CH - OCF,CHFCF; F F H
CHy=CHC2H4 - OCF,CHFCFz H H H
CH,=CHC2H4 - OCF,CHFCF; F H H
CHy=CHC2H4 - OCF,CHFCF3; F F H
CH3CH=CHC2H4 - OCF,CHFCF; H H H
CH3CH=CHC2H4 - OCF,CHFCF; F H H
CH3CH=CHC2H4 - OCF,CHFCF; F F H
CH;0 - F F F F
C.HsO - F F F F c1251
n-CsH;0 - F F F F
n-C4HeO - F F F F cr8y
An = 0.1610;
Ae =175
n~C5H11O - F F F F
n-CeH130 - F F F F
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m
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CH2=CHCH,0 C941;
An = 0.1610;

Ae =183

I
m

CHs _ - F H
CHs -
CHs - F F

T
-n
m T
m

C114 1

An = 0.1505;
Ae =188
CzHs -
CaHs -
CzHs -
n-CsHy -
n-C3H7 -
n-C5H11 -
n-CsHi4 -
n-CsHyq -
CH2=CH -
CH,=CH -
CHy,=CH -
CH3CH=CH -
CH3CH=CH -
CH3CH=CH -
CHy=CHC2H,4 -
CH2=CHC2H4 -
CH2=CHC2H, -
CH3CH=CHC,H4
CH3CH=CHC2H4
CH3CH=CH02H4
CHs -
CHs -
CHs; - OCF3;

T AT T T T MTTTTT AT T 170"

O O
00
BAEL
©w w
M T M7 T T TNTATTMTTT T TMMTT N M7

'ﬂﬂI'ﬂ'ﬁI'ﬂﬂI'ﬂ'ﬂIT'ﬂI'ﬂ"ﬂI'ﬂI'ﬂ'ﬂI
MI I MTIIMIITMIITMTIIMIIIITNIIT

c1101;
An = 0.1490;
Ag =207

xI
m

C2H5 - OCF3 H
CaHs - OCF3;
CaHs - OCF3 F F F

-n
XI
M
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n-CsH7 - OCF3 H H F
n-CsHy - OCF3 F H F
n-C3Hy - OCF3 F F F
n-CsHa1 - OCF3 H H F
n-CsH11 - OCF3 F H F
n-CsH11 - OCF3 F F F
CH,=CH - OCF3 H H F
CH,=CH - OCF3 F H F
CH,=CH - OCF3 F F F
CH3CH=CH - OCF3; H H F
CH3CH=CH - OCF3 F H F
CHsCH=CH - OCF3 F F F
CH>=CHC2H,4 - OCF3 H H F
CH2=CHC2H4 - OCF3 F H F
CH>=CHC2H4 - OCF3 F F F
CHaCH=CHCzH4 - OCF3 H H F
CH3CH=CHC:Ha4 - OCF3 F H F
CH3CH=CHCzH4 - OCF; F F F
CHs - CF3 H H F
CHa - CFs F H F
CHa - CF3 F F F
CaoHs - CF3 H H F
CoHs - CF3 F H F
CoHs - CF3 F F F
n-CsH7 - CF3 H H F
n-CsHy - CFs F H F
n-CsHz - CF3 F F F
n-CsH14 - CF3 H H F
n-CsH11 - CFs F H F
n-CsHi4 - CF3 F F F
CH,=CH - CFs H H F
CH,=CH - CF3 F H F
CHo=CH - CF3 F F F
CH3CH=CH - CF3 H H F
CH3CH=CH - CF3 F H F
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CH3CH=CH - CF3 F F F
CH2=CHCQH4 - CF3 H H F
CH2=CHC2H4 - CF3 F H F
CH,=CHC,H, - CF3 F F F
CH3CH=CHC,Hs - CF3 H H F
CH3CH=CHC,H,s - CF3 F H F
CH3CH=CHC,Hs - CFs F F F
CHs - SFs H H F
CH3 - SFs F H F
CHa - SFs F F F
CoHs - SFs H HF
C2Hs - SFs F H F
CoHs - SFs F F F
n-C3H7 - SF5 H H F
n-CaH7 - SFS F H F
n-CgH7 - SFs F F F
n-CsH14 - SFs H H F
n-CsHq1 - SFs F H F
n-CsH4 - SFs F F F
CH>=CH - SFs H H F
CH>=CH - SFs F H F
CHo=CH - SFs F F F
CH3CH=CH - SFs H H F
CH5CH=CH - SFs F H F
CH3CH=CH - SFs F F F
CH=CHC2Hj - SFs H HF
CH2=CHC2H4 - SF5 F H F
CH2=CHCH; . SFs F F F
CHsCH=CHCH, - SFs H H F
CH3aCH=CHC,Hs - SFs F H F
CH3CH=CHCQH4 - SF5 F F F
CHs - CH=CF, H HF
CHa - CH=CF, F H F
CHs - CH=CF, F F F
CoHs - CH=CF, H H F
C2Hs - CH=CF; F H F



10

15

20

25

30

35

-122 -

R «(A'-Z")p- Y I S
C2Hs - CH=CF, F F F
n-C3H7 - CH=CF2 H H F
n-CzHz - CH=CF> F H F
n-C3Hz - CH=CF; F F F
n-CsH11 - CH=CF, H H F
n-CsHqq - CH=CF2 F H F
n-C5H11 - CH=CF2 F F F
CH,=CH - CH=CF; H H F
CH,=CH - CH=CF, F H F
CH=CH - CH=CF; F F F
CH3;CH=CH - CH=CF H H F
CH;3;CH=CH - CH=CF2 F H F
CH3CH=CH - CH=CF F F F
CHy=CHC2H,4 - CH=CF2 H H F
CH,=CHC2H,4 - CH=CF2 F H F
CH,=CHCzH,4 - CH=CF; F F F
CH3CH=CHCQH4 - CH=CF2 H H F
CH;CH=CHC2Hs - CH=CF» F H F
CH3CH=CHC2H4 - CH=CF2 F F F
CHs - OCHFCF3 H H F
CHs - OCHFCF3 F H F
CHa - OCHFCF3 F F F
CaHs - OCHFCF3 H H F
CoHs - OCHFCF3 F H F
C:Hs - OCHFCF3 F F F
I"I-C3H7 - OCH FCF3 H H F
n-CsHy - OCHFCF3 F H F
n-CsHz - OCHFCF3 F F F
n-CsHq4 - OCHFCF3 H H F
n-CsH11 - OCHFCF3 F H F
n-CsH11 - OCHFCF3 F F F
CH,=CH - OCHFCF3 H H F
CH,=CH - OCHFCF3 F H F
CH,=CH - OCHFCF3; F F F
CH;CH=CH - OCHFCF3 H H F
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CH3CH=CH - OCHFCF; F H F
CH3CH=CH - OCHFCF3 F F F
CH2=CHC3H,4 - OCHFCF; H H F
CH2=CHCV2H4 - OCHFCF3 F H F
CHy=CHCzH4 - OCHFCF3 F F F
CH3CH=CHC,H,4 - OCHFCF3 H H F
CH3CH=CHC2H4 - OCHFCFs F H F
CH3CH=CHC,H, - OCHFCF3 F F F
CHa . OCF,CHFCF; H H F
CHs . OCF,.CHFCF; F H F
CHs - OCF,.CHFCF; F F F
CoHs - OCF,CHFCF; H H F
CoHs i OCF,.CHFCF; F H F
CoHs . OCF,.CHFCF; F F F
n-CsHy . OCF,CHFCF; H H F
n-CsHy . OCF,CHFCF; F H F
n-CsHy . OCF,.CHFCF; F F F
n-CsHq4 - OCF.CHFCF; H H F
n-CsHq4 - OCF,CHFCF; F H F
n-Can - OCFQCHFCF3 F F F
CH2=CH - OCF,CHFCF; H H F
CH2=CH - OCF,CHFCF3 F H F
CHz=CH - OCF,CHFCF; F F F
CH3CH=CH - OCF.CHFCF; H H F
CH;CH=CH - OCF.CHFCF; F H F
CH3;CH=CH - OCF.CHFCF; F F F
CHy=CHC2H, - OCF,CHFCF; H H F
CHy=CHCyH4 - OCF.CHFCF; F H F
CHy=CHC2H4 - OCF.CHFCF; F F F
CH3CH=CHC3H,4 - OCF,.CHFCF3 H H F
CH3;CH=CHC,H4 - OCF,CHFCF; F H F
CH3;CH=CHC,H, - OCF.CHFCF; F F F
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CCP-3F.F.F
CCP-30CFs.F
CCP-30CF3
CCP-40CF3;
CCP-50CF3;
CGU-2-F
CGU-3-F
CGU-5-F
BCH-3F.F.F
CC-5-V
CCzZP-2-0T
1S-8633
1S-8634

Example M2

CC-5-V
CCG-V-F
CCP-2F.F.F
CCP-30CF3
CCP-50CF3
BCH-2F.F
BCH-3F.F
BCH-5F.F.F
CBC-33F
CCP-V-1
PCH-7F
IS-8633
1S-8634

5.0%
12.0%
8.0%
8.0%
8.0%
10.0%
10.0%
2.0%
12.0%
8.0%
10.0%
3.0%
4.0%

10.0%
15.0%
3.5%
8.0%
8.0%
8.0%
8.0%
7.5%
3.0%
18.0%
4.0%
4.0%
3.0%

-124 -

Clearing point [°C]:
An [589 nm, 20°C]:
Ae [1 kHz, 20°C]:

v1 [mPa - s, 20°C}:

Clearing point [°C]:
An [589 nm, 20°C]:
Ae [1 kHz, 20°C]:

v+ [mPa - s, 20°C}:

91.0
0.1092
10.2
176

110.0
0.1101
5.2
150
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Example M3

CC-5-v
CCG-V-F
CCP-2F.F.F
CCP-30CF3
CCP-50CF3
BCH-2F.F
BCH-3F.F
BCH-5F.F.F
CBC-33F
CCP-V-1
IS-8633
1S-8634

Example M4

BCH-3F.F
BCH-5F.F
ECCP-30CF;
ECCP-50CF3
CBC-33F
CBC-53F
CBC-55F
PCH-6F
PCH-7F
CCP-20CF3
CCP-30CF3
CCP-40CF3
CCP-50CF3
PCH-5F
1S-9003

20.0%
5.5%
2.5%
8.0%
8.0%
5.5%
8.0%

16.0%
3.5%

17.0%
3.0%
3.0%

10.81%
9.01%
4.51%
4.51%
1.80%
1.80%
1.80%
7.21%
5.41%
7.21%

10.81%
6.31%
9.91%
9.01%
9.89%

-125 -

Clearing point [°C]: 108.6
An [589 nm, 20°C]:  0.1092
Ae [1 kHz, 20°C}: 5.3
y1[mPa - s, 20°C]: 139

Clearing point [°C]:  79.6
v1 [mPa - s, 20°C]: 112
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Example M5

BCH-3F.F 10.80% Clearing point [°C}: 79
BCH-5F.F 9.00% An [589 nm, 20°C]:  0.1010
ECCP-30CF3 4.50% Ae [1 kHz, 20°C]: 6.0
ECCP-50CF3 4.50%

CBC-33F 1.80%

CBC-53F 1.80%

CBC-55F 1.80%

PCH-6F 7.20%

PCH-7F 5.40%

CCP-20CF3 7.20%

CCP-30CF3 10.80%

CCP-40CF3 6.30%

CCP-50CF3 9.90%

PCH-5F 9.00%

I1S-9003 9.99%

Example M6

CCP-20CF3 8.0% S - N[°CL <-40
CCP-30CF3 8.0% Clearing point [°C]:  78.5
CCP-40CF3 3.0% An [589 nm, 20°C]:  0.1018
PGU-2-F 10.0% v1 [mPa-s, 20°C]: 88
1S-9003 9.0% d-An [pm]: 0.5
CGZP-2-0T 11.0% Twist [°]: 90
CGZP-3-0T 9.0% Vio [V]: 1.35
CCZU-2-F 4.0%

CCZU-3-F 14.0%

CC-3-V 19.0%

CC-3-V1 5.0%
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Example M7 (4 V driver)

F
CgH; o QQ F 10.0%

L aat) QQ £ 80%
CsH; 0 .. o £ 10.0%

2.6%

F
F F
caH—(H) .@ (oyr 65%
F

Clearing point [°C]:
An [589 nm, 20°C}:

Ae [1 kHz, 20°C]:
y1 [mPa - s, 20°C]:

87.0
0.0940
6.3
119
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Example M8 (3.3 V driver)

F Clearing point [°C]: 70.0
CHs a - 10.0%

An [589 nm, 20°C]: 0.1113

F F Ae [1 kHz, 20°C]: 8.9
CoHs 5.2%
Q ° F y1 [MPa -s, 20°C]:  135.7
F
F
O OSOF SR
F F
C.Hs % ° - 10.0%
F
° 10.0%

OCF,
F F
Gy . () (o) 8.0%
F
F

10.0%

F
0
F
0,
i 10.7%
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Example M9

GGP-5-Cl
PGIGI-3-F
BCH-2F.F
BCH-3F.F
BCH-5F.F
CGU-2-F

BCH-3F.F.F

PGU-2-F
PGU-3-F

CCGU-3-F

BCH-32
CBC-33F
CBC-53F
1S-9003
IS-8965

16.00%

5.00%
8.00%
8.00%
7.00%
4.00%

10.00%

8.00%
7.00%

11.00%

5.00%
3.00%
2.00%
3.00%
3.00%

- 129 -

10.0%

Clearing point [°C]:
An [589 nm, 20°C]:
Ag [1 kHz, 20°C]:
y1 [mPa-s, 20°C]:
Vio.20 [VI:

+97.5
0.1800
+12.7
304
1.07
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A liquid-crystalline (dihydro)phenanthrene derivative of the formula |

in which

R is an alkyl or alkenyl radical having up to 15 carbon
atoms which is unsubstituted, monosubstituted by CN or
CF, or at least monosubstituted by halogen, where, in
addition, one or more CH, groups in these radicals may
be replaced by -O-, -S-,
-C=C-, -OC-O- or -O-CO- in such a way that O atoms
are not linked directly to one another,

A' a) is a1,4-cyclohexenylene or 1,4-cyclohexylene
radical, in which one or two non-adjacent CH;

groups may be replaced by -O- or -S-, or

b) a 1,4-phenylene radical, in which one or two CH
groups may be replaced by N,

where the radicals a) and b) may be monosubstituted or
polysubstituted by fluorine,

7' is -CO-O-, -O-CO-, -CF20-, -OCF2-, -CH20-, -OCH>-, -
CH,CHa-, -CoFs-, -CH=CH-, -C=C-or a single bond,

Y is H, F, Cl, CN, SFs, NCS, SCN or an alkyl, alkenyl,
alkenyloxy or alkoxy radical having from 1 to 5 carbon

atoms which is monohalogenated or polyhalogenated,

G is -CH,CH,-, -CH=CF- or -CH=CH-,
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L, L3 L3
L*and L® are each, independently of one another, H or F,
and

m is0,1or2.

A liquid-crystalline (dihydro)phenanthrene derivative according to
Claim 1, wherein R is a straight-chain alkyl radical having from 1 to
10 carbon atoms or an alkenyl! radical having from 2 to 10 carbon
atoms.

A liquid-crystalline (dihydro)phenanthrene derivative according to
Claim 1 or 2, wherein

Y is H, F, Cl, CN, CF3, CF,H, OCF3, OCF,H, OCFHCF,,
OCFHCFH,, OCFHCF2H, OCF,CH3, OCF,CFH,,
OCF2CF2H, OCF2CF,CF,H, OCF,CF,CFH,,
OCFHCF,CF3, OCFHCF,CF3H, OCF,CF,CF3,
OCF,CHFCF3 or OCCIFCF,CFs.

A liquid-crystalline (dihydro)phenanthrene derivative according to
one of Claims 1 to 3, wherein m = 0.

A liquid-crystalline (dihydro)phenanthrene derivative of the sub-
formulae 11 to 127:
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110

11

112

113

114

115

116
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(O~
R0 )0 )0 )+
126
‘ F
(O
R
(o )~<0)~o )~
in which
R is as defined in Claim 1.

6. A liquid-crystalline (dihydro)phenanthrene derivative as hereinbefore
described in the foregoing examples.

7. Aliquid-crystalline medium comprising at least two mesogenic
70 compounds, wherein it comprises at least one (dihydro)phenanthrene
derivative according to Claim 1.

8. A liquid-crystalline medium according to Claim 7, wherein it
additionally comprises one or more compounds selected from the

15 group consisting of the general formulae 1, 11, IV, V, VI, VI, VIil and
IX:

Y1
(o ..
r
Y2

Y3 \4
0
(Do (T (e
\'a Y?
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Y? Y!
000 :
r
| \a Y?
Y1
0 0 0
SO R0S0% :
Y2
Y1
OO OCINE
r YZ
Y' VI
(- {(y=o}¢
Y2
Y1
0 0
ey "
Y2
F Y'
R OS0=0% :
Y2

in which the individual radicals have the following meanings:

R® is n-alkyl, oxaalkyl!, fluoroalkyl, alkenyloxy or
alkenyl, each having up to 9 carbon atoms,
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X° is F, Cl, halogenated alkyl, alkeny! or alkoxy
having from 1 to 6 carbon atoms,

Z° is -C2Hy-, -CoF4-, -CH,0-, -OCH,-, -CF,0-, -

5 ' OCF;- or -COO-,
Y, v?
Y?and Y* are each, independently of one another, H or F,

and

10

r is 0 or 1.
9. A liquid-crystalline medium as hereinbefore described in

examples M1 to M9.
15
10. A medium according to Claim 7 or 9, wherein the
proportion of compounds of the formulae | to IX in the mixture
as a whole is at least 50% by weight.

20 11. A medium according to one of Claims 7 to 10, wherein it additionally
comprises one or more compounds of the formulae RI to RVIII

RO‘@@\(O)-AIWI* RI
RO‘@——@Alkenyl Rl
Alkenylw Alkeny!* Rill
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i Doe

Y1

AIkenyl@-@* ’—®Alkyl* RVII
Alkenyl o o (O)Alkyt* RV

in which

R? is n-alkyl, oxaalkyl, fluoroalkyl, alkenyloxy or alkenyl,
each having up to 9 carbon atoms,

b is0,1or2,
\'A is Hor F,
Alkyl and Alky!*

are each, independently of one another, a straight-
chain alkyl radical having up to 9 carbon atoms, and

Alkenyl and Alkenyl*
are each, independently of one another, an alkenyl
radical having up to 9 carbon atoms.

A medium according to one of Claims 8 to 11, wherein X%is F or
OCF3, and Y?is Hor F.

Use of a liquid-crystalline medium according to Claim7 for electro-
optical purposes.

An electro-optical liquid-crystal display containing a liquid-crystalline
medium according to Claim 7.
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