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The effect of perfluoro(alkoxy)alkyl groups on the appearance of the mesophases and their physico —
chemical properties in achiral liquid crystalline ester derivatives is discussed and compared with that
of the corresponding (alkoxy)alkyl groups.
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1. INTRODUCTION

Over the past two decades there has been shown much interest in the design and
synthesis of liquid crystalline ester derivatives,!-1% particularly per-
fluoro(alkoxy)alkyl substituted ones owing to their remarkable physico-chemical
and electro-optical propenies.(16'24) As a part of our systematic studis of the
structure-property relations in liquid crystals {see, for example our previous pub-
lications which discuss the effects of perfluoroalkylation in one-ring ester deriva-
tivesU%23} we present here our results of the study on the effect
perfluoro(alkoxy)alkyl groups in two- and three-ring ester derivatives on their
mesomorphism and the physico — chemical properties. The results of this study
will be compared with those of the corresponding derivatives having
(alkoxy)alkyl groups.

* Author for correspondence. Present address: LC Works, 6/68 Brinsley Road, Camberwell, VIC.
3124, Australia.
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2. PHYSICO - CHEMICAL PROPERTIES

The phase transition temperatures of some perfluoro(alkoxy)alky!l substituted
ester derivatives and the corresponding (alkoxy)alkyl substituted reference com-
pounds are summarized in tables I-VII, where Cr, SmA, SmB, SmC, N and I are
the crystalline, smectic A, smectic B, smectic C, nematic and isotropic phase,
respectively.

TABLE I Mesomorphic properties of liquid crystals: y Z

No. Y VA Phase transitions, °C Ref.
1-1 CeFi3 H Créegl (25)
1-2  C¢4F,3C,H,C00 H Cr 80.5 SmA 11321 (26)
1-3  CgF;3C,H,00C H Cr70.5 SmA 721 @n
14 CeFi3 CN Cr1011 (25)
1-5§  C¢F3C,H,CO0 CN Cr92 SmA 161 1 (26)
1-7  CgF43CH,00C OCgH,; Cr85SmC 109 SmA 1161  (30)
1-8  HCgF,,CH,00C OCgH 4 Cr74.3 SmA 81.21 @31
1-9 CgH,,00C OCgH,; Cr80SmA 801 (32)
1-11 CgH {70 00C _<:>_ OCF, Cr114 SmB 140 SmA 2171 (8)
1-12 CgH;,0 ooc—< >— OCH, Cri123N 2181 ®
1-13 CgH,70 ooc—@— CFy Cr134SmB 152SmA 2171  (8)
1-14 CgH,,0 ooc—@—- CH, Cri3IN1951 ®)
1-15 CgH,40 coo—@— CF; Cr132SmB 142 SmA 2171 (8)
110) SmA 184 N
1-16  CgH,;0 Coo—-< >— cu,  CrHISmBOID Sm ®)

It is evident from table I that the perfluoroalkylation of the biphenyl fragment
does not creates the mesophases {compound 1-1 and the reference®}. The
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smectic phases can be formed in these derivatives by attaching the perfluoroalkyl
group to the biphenyl core through the ester connector (compounds 1-2, 1-3)
and other connectors.?82% The importance of the orientation of ester groups,
which form the connectors, is illustrated by comparing the phase transition tem-
peratures of compounds 1-2 and 1-3, with a higher efficiency observed for the
former compound containing C,H4COO connector. Similar results have been
found for 4, 4'-disubstituted biphenyl derivatives presented in table I (com-
pounds 14 and 1-5; 1-6 and 1-9; 1-7, 1-8 and 1-10). Perfluorohexyl substi-
tuted derivatives 1-6 and 1-7 exhibit higher smectic A thermostabilities and
higher (compound 1-6) and lower (compound 1-7) melting temperatures in
comparison with those of the corresponding alkyl substituted derivatives 1-9 and
1-10, respectively. While decreasing the fluorination content of compound 1-7
lowers the melting and clearing points (compound 1-8). Interestingly, comparing
the phase transition temperatures of compounds 1-8 and 1-10 in terms of fluori-
nation content of their terminal substituents, we can point out that increasing the
fluorination content leads to decreasing the melting and clearing temperatures.

As can be seen from table I, increasing the length of the connectors results in
increasing the crystal — smectic C, smectic C — smectic A, smectic A — isotropic
phase transition temperatures (compounds 1-6 and 1-7).

TABLE II Mesomorphic properties of liquid crystals: y _@_ coo _@_ CN

No. Y Phase transitions, °C Reference
2-1 C3F; Cr931 (33)
2-2 C4Fg Cr 82.5Sm (80) I (33)
2-3 CsFy, Cr100Sm 1231 (33)
24 CeF 13 Cr100Sm 1241 (34)
2-5 CyF 5 Cr104Sm 1361 (33)
2-6 CF;C,H, Cr99 Sm (571 (35)
2-7 CF;3C3H, Cr741 (35
2-8 C3H, Crl03.5N (5141 (n
2-9 C4Hqg Cr66.1 N414)1 1)
2-10 CsHy, Cr64.4 N (554)1 (1)
2-11 CeH 3 Cr444N 4861 n
2-12 CiH5 Cr44N56.51 (1)
2-13 C4FgO Cr80Sm 1281 (34)
2-14 C4FgHO Cr74Sm941 (34)
2-15 C3;F,CH,0 158 SmA 43 Cr (36)

2-16 C4HgO Cro2N 1041 10
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TABLE III Mesomorphic properties of liquid crystals: Y—O— A— COO —O— Z

No. Y A z Phase transitions, °C Ref.
31 C4Fo - CN Cr84Sm991 (33)
32 CsF)y - CN Cr92Sm 1181 (33)
33 CeF1a - CN Cr 101 Sm 151 [ 33)
34 CiF)s - CN Cr101 Sm 153 1 (33)
35 CFCH - CN Cr621 35)
36 C4Ho - CN Cr547N699 1 37)
37 CsHy, . CN Cr474N7951 37)
3-8 CeHy3 - CN Cr495N771 (38)
39 C/Hys - CN CrS4N825I (38)
310 CFys - OCgH, Cr 104 Sm 120.3 SmA 145.6 1 39)
311 CoHys - OCgH;; Cr44SmG (15)SmB 65.5SmA 77 N8OS (40)
312 CFFCH00C - CgHyy Cr 55 SmA (53) 1 (18)
3113 CgH,300C ; CgHys Cr39SmA (371 (18)
3-14 CsHy, @ OCF, Cr 106 SmB (84) SmA 131 N 16791  (46)
3-15 CsHy, @ OCF,H Cr 87 SmB (69) SmA 96 N 177.91 (46)
3-16 CsHy, @ OCH, Cri122.5N 2121 “7)

Tables II-1V present the phase transition temperatures of two-ring derivatives
with ester linking groups. It is evident from tables II, Il and the reference®* that
the perfluoro(alkoxy)alkylation of the 4-cyanophenyl derivatives increases
(compounds 2-2 and 2-9, 2-3 and 2-10, 2—4 and 2-11, 2-5 and 2-12, 3-1 and
3-6, 3-2 and 3-7, 3-3 and 3-8, 3—4 and 3-9) the clearing and melting points,
decreases (compounds 2-1 and 2-8) the clearing and melting temperatures and
increases the clearing points and lowers the melting temperatures (compounds 2—
13 and 2-16). It is important to note that the perfluoro(alkoxy)alkylation of the
cyano derivatives, showed in tables II, III and the reference,**) leads to the dis-
appearance of the nematic phases and creation of only smectic phases. Particu-
larly, the perfluoroalkylation results in the disappearance of odd-even effect in
the clearing points (compounds 2-2 ~ 2-5 and 2-9 — 2-12, 3-1 — 34 and 3-6 -
3-9), and enhances the smectic thermostability with increasing the length of per-



Downloaded by [University of California, San Diego] at 02:45 16 August 2012

PERFLUORO(ALKOXY)ALKYL GROUPS 127

fluoroalkyl groups. Decreasing the fluorination content of perfluoro(alkoxy)alkyl
groups increases (compounds 2-1 and 2—6) and lowers (compounds 2-13 and 2-
14, 2-15) the clearing points, and leads to the disappearance of the mesophases
(compounds 2-2 and 27, 3—1 and 3-5, compare with the corresponding nematic
derivatives 2-9, 3-6). As it has been shown for alkoxy and alkyl substituted
4-cyanophenyl benzoates,!-?) perfluoroalkoxy substituted cyano derivatives
exhibit higher clearing temperatures in comparison with those of the correspond-
ing perfluoroalkyl substituted cyano derivatives {compounds 2-2 and 2-13, the
references 3334 }.

TABLE [V Mesomorphic properties of liquid crystals: y _O_ COO_O_ Z

No. Y V4 Phase transitions, °C Reference
41 CyF;C,H,0 OCeH,3 Cr 106 SmC 131 SmA 1691 41)
4-2 CoH,,0 OC,H,C4Fy 1114 SmA 79 SmC 56 Cr (36)
43 CyoH,,0 OCH,CsF |, 193 SmA 78 SmC 53 Cr (36)
44 CyoH, O OCgH,3 Cr 62.5 SmE (38) SmB (44.5) SmC 77.5 (40)
SmA 833N 8891
4-5 CoF2 OCg¢H,; Cr 134 SmA 1431 (42)
4-6 CoHy; OCH,CsF|; 182 SmA 59 SmC 47 Cr (36)
4-7 CygHy, OCgH )3 Cr44.1 SmB (33.6) SmA 47. 7N 59 1 (43)
4-8 CF4 OCgH 3 Crg41 (16)
4-9 CH; OCg¢H,; Cr8l1 (16)
410 CF;0 OCgH 3 Cr43Sm 110N 1381 (16)
4-11 HCF,0 OCgH;3 Cr56 N5S81 (16}
4-12 CH;0 OCgH 3 Cr55N791 (16)
4-13 C,FsO OCgH 3 Cr61 Sm94 N 1021 (16)
4-14  CF;CH,0 OCgH,3 [88 SmA 82 Cr (36)
4-15 C,H;0 OCgH 3 Cr83IN98I (16)

Similar results have been found for weakly polar derivatives which show the
enhanced clearing and melting points and reduced number of the mesophases for
perfluoroalkyl substituted derivatives 3-10, 4-5 in comparison with those of the
corresponding alkyl substituted compounds 3-11, 4-7. While increasing the
fluorination content of the terminal groups increases (compounds 4-1 — 4-3 and
4-4, 4-6 and 4-7, table IV) and lowers (compounds 4-2 and 4-3) the clearing
temperatures. The melting temperatures show similar increasing (compounds 4-
1 and 44, 4-6 and 4-7) and decreasing behavior (compounds 4-2, 4-3 and 4~
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4). Interestingly, the partial fluorination of one of two terminal substituents of
compound 4-4 lowers the number of the mesophases (compounds 4-1 — 4-3).
The thermal data collated in table IV reveals that the replacement of hydrogen
atoms by fluorine atoms in the terminal methyl group of compound 4-9 to give
trifluoromethyl substituted derivative 4-8 does not change its non-mesomorphic
behavior, leading to an increase of the melting point.

TABLE V Mesomorphic properties of liquid crystals: Y_O_ COO_O_ Z

No. Y ¥4 Phase transitions, °C Ref.
5-1 CgH,;,0 COOCH,C,F5 Cr48 SmC 68 SmA 84 1 (18)
5-2 CgH;;,0 COOCH,C,F;H Cr 76 SmC (37) SmA (58) 1 (18)
5-3 CgH ;0 COOC3H; Cr52.2SmA 79.81 (40)
54 CgH,,0 COOC,H,C,Fy Cr71 SmC 109 SmA 1111 (18)
5-5 Cy4H ;0 COOCgH 3 Cr51 SmA 691 (18)
5-6 CgH ;0 COOCH,C¢F 3 Cr 71 SmC 107 SmA 1201 (18)
5-7 CygH,;;0 COOC,H,C¢F 3 Cr88 SmC 122 SmA 1291 (18)
5-8 C4FyC4HgO COOC,H,C¢F 3 Cr 126.3 SmC (114.7) SmA (118.5) 1 (44)
5-9 CgH ;0 COOCH,C4FgH Cr 61 SmC (59) SmA 68 1 (18)
5-10 C4FoC4HO COOCH,C,FgH Cr 90.1 SmC (65) SmA (76.2) 1 (44)
5-11 CgH ;0 COOCsHy, Cr528SmA 691 (40)
5-12 C4FyC,H,00C OCgH 4 Cr87SmA 961 19
5-13 CeH,;3,00C OCgH 4 Crs71 (19)
5-14 Cg4F,7C,H,00C OCgHy, Cr 116 SmA 1361 (18)
5-15  CgF;C,H, 0 OCgH,; Cr 104 SmC 138 SmA 1621 (41)

It should be mentioned that the partial fluorination of the terminal methoxy
group sufficiently lowers the nematic thermostability and slightly increases the
melting temperature (compounds 4-11 and 4-12). While its full fluorination sig-
nificantly decreases the melting point, increases the clearing temperature, and
creates an additional smectic phase (compounds 4-10 and 4-12). Similar results
have been observed for compounds 4-13 — 4-1S5, the only difference is only
smectic phase showed by the partially fluorinated derivative 4-14.

It is evident from tables III, V that the partial fluorination of one of the terminal
substituents of two-ring derivatives, which have the ester groups in the terminal
and linking positions, results in increasing (compounds 3-12 and 3-13, 5-1 and
5-2, 54 and 5-5, 5-12 and 5-13) and decreasing (compounds 5-2 and 5-3, 5-9
and 5-11) the clearing temperatures. The melting temperatures show similar
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increasing (compounds 3-12 and 3-13, 5-2 and 5-3, 54 and 5-5, 5-9 and 5-11,
5-12 and 5-13) and decreasing (compounds 5~1 and 5-3) behavior. Increasing
the fluorination content of the second terminal substituent of perfluoroalkyl sub-
stituted phenyl benzoates lowers (compounds 5-7 and 5-8) and enhances (com-
pounds 5-10 and 5-11) the smectic thermostabilities and leads to increasing the
melting temperatures. These corresponds to a decrease of the ratiod / L, where d
is the layer spacing defined from X-ray diffraction experiments and L is the
molecular length.(44'45)

As in the case of the biphenyl derivatives discussed above, increasing the
length of the connector increases the phase transition temperatures (compounds
5-6 and 5-7). The importance of its structure is revealed by consideration of the
phase transition temperatures of compounds 5-14 and 5-15, with lower smectic
A thermostability, higher melting point and reduced number of the mesophases
recorded for the former derivative having ester connector {see also the refer-
encem)}.

TABLE VI Mesomorphic properties of liquid crystals:

O con—- O o0 2

No. Y V4 Phase transitions, °C Ref.
6-1 CgH |70 CF, Cr 190 SmA 2121 48)
6-2 CgH ;0 CH; Cr102N 1991 %)
6-3 CgH ;0 OCF; Cr 149 SmA 203 N 209 1 (9, 48)
64 CgH ;0 OCF,H Cr 142 SmC 163 SmA 2101 (49)
6-5 CgH ;0 OCH, Cri124 N2241 9)
66 CgH ;0 OCH,C;5F; 1200 N 187 SmC 110 Cr (36)
6-7 C4F,5CH,0 OCH,C5F, 1254 N 205 SmC 88 Cr (36)
6-8 CgH ;70 OC4Hy Cr121 N2i41 (50)
6-9 CF; CF; Cr174 Sm 2211 (16)
6-10 CH,3 CH;4 Cr220N 2281 (16)
6-11 CF;0 OCF; Cr135Sm 162N 1931 (16)
6-12 HCF,0 OCF,H Cr175N 2001 (16)
6-13 CH;0 OCH;,3 Cr222N 3001 (16)
6-14 C,FsO OC,F5 Cr 199 Sm 257 N 2631 (16)
6-15 C,H;0 OC,H; Cr226 N 2871 (16)

It has been reported that the change of the orientation of ester linking group of
compound 5-14 results in increasing the clearing temperatures.“g) It corre-
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sponds to lowering the ratio d / L (from 1.10 to 1.00 at T, = Ty — 25 °C,
where T, is the smectic-isotropic phase transition temperature).(!?) These results
reveal the change from partially bilayer to monolayer structure of the smectic A
phase of these compounds.

The phase transition temperatures of three-ring ester derivatives presented in
tables I, I1I, VI, VII show that the terminal OCF; substitution is less thermally
effective and is more pronounced in the formation of smectic phases than the
corresponding OCHj substitution (compounds 1-11 and 1-12, 3-14 and 3-16,
6-3 and 6-5, 7-3 and 7-4, 7-7 and 7-8). However, the change of the orientation
of ester linkages results in the opposite situation in the clearing temperatures
(compounds 7-9 and 7-10). The melting temperatures also show the increased
(compound 6-3 and 6-5, 7-3 and 7-4, 7-7 and 7-8, 7-9 and 7-10) and
decreased (compounds 1-11 and 1-12, 3-14 and 3-16) values for the OCF;
derivatives in comparison with those of the corresponding OCH; derivatives.
The results which are found for the OCF; substituted derivative 7-3 and the cor-
responding OCHj5 substituted derivative 7—4 correspond to an increase of the
ratio d / L observed for the former compound in comparison with that of the lat-
ter compound. The replacement of one fluorine atom in the terminal OCF5 group
to obtain OCF,H group increases the clearing temperatures and lowers the melt-
ing points (compounds 3-14 and 3-15, 6-3 and 6—4). The terminal trifluorome-
thyl substitution is more efficient and gives higher melting temperatures and
more pronounced character of the smectic phases than the corresponding methyl
substitution (compounds 1-13 and 1-14, 1-15 and 1-16, 6-1 and 6-2, 7-1 and
7-2, 7-5 and 7-6). The terminal OCF; group is more efficient than the CF5
group (compounds 7-1 and 7-3), while changing the orientation of ester linkages
leads to the opposite behavior (compounds 6-1 and 63, 7-5 and 7-7). The CF;
and OCF; terminal groups can show the same thermal efficiency for three-ring
compounds which have the single carbon-carbon bond as a linking group A and
OOC ester linkage as a linking group B (compounds 1-11 and 1~13). The melt-
ing temperatures show higher values for CF; substituted derivatives than for the
corresponding OCF; substituted compounds (compounds 1-11 and 1-13, 6-1
and 6-3, 7-1 and 7-3, 7-5 and 7-7). These results correspond to the increased
values of the ratio d / L for the former derivatives {compounds 6-1 and 6-3, 7-1
and 7-3, 7-5 and 7-7 and the reference(53)}.

The influence of the terminal CF; and OCF; groups attached to the core of
three-ring ester derivatives on the efficiency of their ester linking groups (A-B)
(compounds 1-11, 1-12, 1-15, 6-1, 6-3, 7-1, 7-3, 7-5, 7-7, 7-9, tables I, VI,
VII) can be expressed by the following orders of increasing the clearing tempera-
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tures T, (nematic-isotropic or smectic-isotropic phase transition temperatures)
and melting temperatures T, (crystal-smectic phase transition temperatures):
For the CF; derivatives

T, — A-B: 00C-00C < COO-00C < COO-COO < SB-00C = SB-COO
T,, = A-B: COO-COO < 00C-00C < SB-COO < SB-O0C < COO-00C

For the OCFj derivatives

T, — A-B: 00C-O0C < COO-0O0C < COO-COO < SB-00C < O0C-COO
T, — A-B: 00C-00C < SB-OOC < COO-COO < COO-00C <
00C-COO0,

where SB is the single carbon-carbon bond. These results reveal the different
influence of the terminal CF; and OCF; groups on the efficiency of ester link-
ages, while the OOC-OOC combination of ester groups shows the lowest thermal
efficiency for both terminal substituents.

Interestingly, the ratio d / L depends on the structure of two ester linking
groups (A-B), which can be expressed as follows (table VII):

For the CF; derivatives d / L — A-B: COO-COO < CO0O-00C < O0C-00C

For the OCF; derivatives d / L - A-B: 0OC-COO < COO-COO < CO0O-00C

Again, we see the different influence of the terminal CF; and OCFj5 substitu-
ents on the efficiency of ester linkages in the formation of smectic A phase.

As it was observed above for two-ring derivatives, increasing the fluorination
content of the terminal substituents of three-ring ester derivatives lowers the
nematic thermostability and the melting point (compounds 6—6 and 6-8, table
V1) and gives rise to the melting and clearing temperatures (compounds 7-11 and
7-12, table VII). Non-symmetrical partial fluorination of both terminal groups
lowers the melting temperature and enhances the nematic thermostability (com-
pounds 6-7 and 6-8, 66 and 6-7). As can be seen from table VI, the symmetri-
cal di-perfluoro(alkoxy)alkylation of both terminal substituents attached to the
molecular core of three-ring ester derivatives leads to decreasing the melting and
clearing temperatures and forms the smectic phases (in some cases) in compari-
son with those of the corresponding di-(alkoxy)alkyl derivatives (compounds 6—
9 and 6-10, 6-11 and 6-13, 6-14 and 6-15). While decreasing the fluorination
content of these groups enhances the liquid crystal properties (compounds 6-11
and 6-12).

The results of this study reveal the importance the structure of the per-
fluoro(alkoxy) alkyl groups and ester derivatives in the formation of the mes-
ophases and their thermal properties.

Similar results have been reported for other liquid crystalline ester deriva-
tives.049% It has been shown that the perfluoroalkyl group, which is more rigid
and linear than the corresponding alkyl one,18-20, 30, 42) promotes the micro-
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phase segregation,(zg‘ 42,59, 66, 67) and the strong electrostatic interactions, such
as ﬂuorophobic(18“23' 29,42, 59,66, 67) g fluorophilicm' 31} interactions around
the perfluoro(alkoxy)alkyl groups, can be responsible for the pronounced layer
arrangements of molecules and phase formation of achiral per-
fluoro(alkoxy)alkyl substituted ester derivatives.

TABLE VII Physico-chemical properties of liquid crystals:

No. z A B Phase transitions, °C &AL Ref.
6-1 CF; C0oO 00C Cr 190 SmA 2121 316 1.068 (48)
6-3 OCF; COO 00C Cr 149 SmA 203 N 209 [ 322 1.042 (9, 48)
7-1  CF; COO COO Cr 126 SmA 2131 30.8 1.041 (48)
7-2 CH3; COO (6(0]0] Cr109SmA 134N 1951 )
7-3 OCF; COO Ccoo Cr122SmA 2161 32.1 1.039 (48)

74 OCH; COO CoO Cr107 SmA 122N 2261 307 1.003  (9,48)
7-§ CF; 00C 00C Cr128 Sm (118) SmA 2101 315  1.079 (51)

7-6 CH; 0OC 00C Crl12N 1891 9)
7-7 OCF; 00C ooC Cr 108 SmA 208 1 31.8  1.053 (48)
78 OCH; O0O0C 00C Cr10IN2141 9
7-9 OCF; 00C (600} Cr193 SmA 2251 315 1.026 (48)
7-10  OCH, 0O0C Ccoo Cr167N 2181 €)]
-1 Z - COO Cr 106.4 SmC 179.4 SmA a3n
19791
7-12 2, - (600} Cr 66 SmC 138 SmA 192 1 (52)

a. Tmeas = TSmA—N or TSmA-l -10°C Z] = COOCH2C4F8H Z'z = CO0C5H|].

3. STATIC DIELECTRIC PROPERTIES

The relationship between the dielectric anisotropy Ae =€) - €, where g and &
are, respectively, dielectric constants, that are parallel and perpendicular to the
nematic director n; and molecular structure of liquid crystals is described by the
theory of Maier and Meier:(6%)

Ae = NhF/eo[Aa — Fu? /KT(1 - 3cos® B)]S, (1)

where h=3¢"/ (2" + 1), € = (g + 26 )/ 3; A= (0] — @) is the polarizability
anisotropy; F is the cavity reaction field; p is the dipole moment; B is the angle
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between the molecular long axis and the dipole moment and N is the number of
molecules per unit volume; S is the order parameter.

It has been shown that the replacement of two hydrogen atoms by two fluorine
atoms in the terminal OCHj5 group to give OCHF, group results in increasing the
dielectric anisotropy of liquid crystals due to the dipole moment being increased
from 1.25 to 2.46 D{7:69 {see equation 1}.

Compound 3-15: €|, =4.8,Ae =7.3, 1 =098 =T, o5 / Tc1, K Reference!!”)

Compound 3-16: €| = 3.4, Ae =0.3, 1 =0.94 Reference4”

Similar results have been found for other liquid crystalline ester derivatives.!!”:
46, 58)

4. CONCLUSION

Systematic studies of the effect of perfluoro(alkoxy)alkyl groups on the creation
of the mesophases and their physico-chemical properties in achiral ester deriva-
tives have been performed, with attempts to correlate the molecular level param-
eters with the observed properties. The information here presented may lead to a
better understanding of the nature of liquid crystals.
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