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Abstract: Two chiral bent-core mesogens Pn—O—PIMB(n — 2)* (n= 9 and 10) and their oxygen analogues
Pn—O—PIMB(n — 2)*—(n — 4)O (n = 8, 9, and 10) with w-[(S)-amyloxy]alkoxy terminal groups were
prepared, and their phase structures were investigated by means of electro-optic, polarization reversal
current and second harmonic generation measurements in order to clarify the effect of the interlayer steric
interaction on the emergence of polar orderings. The odd—even behavior for the alternative appearance of
ferroelectricity and antiferroelectricity was observed in two homologous series; the bent-core mesogens
P10—-0O—-PIMB8*, P8—0—PIMB6*—40, and P10—O—PIMB8*—60 in addition to the previously reported
P6—0O—PIMB4* and P8—O—PIMB6*, where the length of chains n is even, exhibited ferroelectric phases.
On the contrary, the mesogens P7—O—PIMB5*, P9—O—PIMB7*, and P9—O—PIMB7*—50, where n is
odd, showed antiferroelectric phases. It is obvious that the interlayer steric interaction plays a major role
for the emergence of a variety of phase structures.

1. Introduction and only a few ferroelecric bent-core mesogens have been

Since Niori et aft discovered that achiral bent-core (banana- "€Ported.** This is quite natural from the viewpoint of
shaped) molecules possess unusual and interesting propertiedNterlayer steric interaction. Namely, SrfG is the only
i.e., unique polarity and supramolecular chirality, much attention strycture that satisfies the condition that the Fermlpal chains in
has been paid for these materials. The investigation of the adjacent layers are parallel to each other. An intentional attempt
relationship between the molecular structure and mesomorphict® suppress Sméea and to obtain the ferroelectric phase was
properties is very important to liquid crystal chemistry. That Made by Walba et & by introducing the same chiral terminal
is, a series of liquid crystals with a systematic structural variation chain as that of a material (MHPOBC) showing the smectic
have to be synthesized to examine the relationship between theCa* (SmCa*), anticlinic organization of rodlike molecules.
chemical structures and their physical properties, particularly
the polar orqlers in the bent-core mesogens. For that purpose, ) %2'?2‘&2”,'5.?'?5@35 5‘-,5' Tu;?eyrulg%e %-,Z&alkﬂsgggz_uzflfghé@wa, K
new synthetic methods have to be developed. (4) Niwano, H.; Nakata, M.; Thisayukta, J.; Link, D. R.; Takezoe, H.;
h Among seven phases, BB7, the most widely studied is 5) \ril\ﬁtr?n?bsfajrﬂamtoc?e %ksc?yi%?; wgl.lé%i%ﬂ?%?ystzooaﬁ 411,

e B2 phase, in which four structures are known to exist 1325-1333.
depending on tilt and polar correlations between adjacent layers; ©) ggés;;iglgaégéﬂgv;%go, H.; Takezoe, H.; Watanabd, Am. Chem. Soc.
SmGs AP=a. Here the first two subscripts, S and A, specify  (7) Olson, D. A.; Veun, M.; Cady, A.; D'agostino, M. V.; Johnson, P. M.;
syn- and anticlinicity, and the second two subscripts, F and A, Nguven. H. T.: Chien, L. C.; Huang, C. €hys. Re. E 2001, 63, 041702-
specify ferro- and antiferroelectricity, respectively. As in  (8) Keith, C.; Reddy, R. A;; Hahn, H.; Lang, H.; TschierskeGBem Commun
Pn—O—PIMB with achiral terminal alkoxy chains, most of bent- 9) %%%%ggggr_,lgggléremin, A.; Diele, S.; Hauser, A.; Kresse, H.; Pelzl, G.;

core mesogens exhibit the antiferroelectric mesopkfise, Tschierske, CAngew. Chem., Int. E®2002 41, 2408-2412.
(10) Nadasi, H.; Weissflog, W.; Eremin, A.; Pelzl, G.; Diele, S.; Das, B.; Grande,
S.J. Mater. Chem2002 12, 1316-1324.

T Pusan National University. . ; . . . .
* Department of Organic and Polymeric Materials, Tokyo Institute of @D Esﬁaerla:]',\:",:ici’g_'llgg’,si' chb'aﬂaz?e{gg’_i'l%’ Laguerre, M.; Nguyen, H. T.
Technology. (12) Bedel, J. P.; Rouillon, J. C.; Marserou, J. P.; Laguerre, M.; Nguyen, H. T.;
§ Department of Applied Chemistry, Tokyo Institute of Technology. Achard, M. F.Lig. Cryst 2001, 28, 1285-1292.
(1) Niori, T.; Sekine, T.; Watanabe, J.; Furukawa, T.; Takezoe].HVater. (13) Reddy, R. A.; Sadashiva, B. K. Mater. Chem2002 12, 2627-2632.
Chem 1996 6, 1231-1233. (14) Reddy, R. A.; Schroder, M. W.; Bodyagin, M.; Kresse, H.; Diele, S.; Pelzl,
(2) Pelzl, G.; Schroeder, M.; Dunemann, U.; Diele, S.; Weissflog, W.; Jones, G.; Weissflog, W.Angew. Chem., Int. EQ005 44, 774-778.
C.; Coleman, D.; Clark, N.; Stannarius, R.; Li, J.; Das, B.; Grandg, S. (15) Walba, D. M.; Korblova, E.; Shao, R.; Maclennan, J. E.; Link, D. R.; Glaser,
Mater. Chem2004 14, 2492-2498. M, A.; Clark, N. A. Science200Q 288 2181-2184.

10.1021/ja052315q CCC: $30.25 © 2005 American Chemical Society J. AM. CHEM. SOC. 2005, 127, 11085—11091 = 11085
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electricity and antiferroelectricity is dependent upon the number were also prepared, assuming that the overall conformation of
of carbons and the position of the chiral carbon along the the molecules is hardly affected by replacing one methylene
terminal chains in the banana-shaped molecules 1,3-phenylenaunit with an oxygen. It was reported that the valency of the

bis[4-(4-alkoxyphenyliminomethyl)]benzoatesfPO—PIMB-

(n — 2)*] with chiral terminal alkoxy groups C§CH,C*H-
(CH3)(CH2)xO— (n = x + 3), wheren stands for the number
of carbons in each end chain and- 2)* for the chiral posi-
tion from the oxygen next to the core; namely, the third carbon
from the chain end (methyl carbon) is always chifal®
P7-O—PIMB5* exhibits a stable antiferroelectric phase,
while P8-0—PIMB6* shows a ferroelectric phase. Although
P6—0O—PIMB4* has no mesogenic phase, inherent ferroelectric
nature was proved by second harmonic generation (SHG)
and texture observation using binary mixture with anti-
ferroelectric P8&O—PIMB. The interlayer steric interaction

between the chiral terminal groups was suggested to be the

most important factor for the emergence of particular phase
structures.

To understand the reasonPO—PIMB(n — 2)*, wheren is
even, exhibits ferroelectric SmE-* and to generalize this odéd

angle, preferred conformation, tortional barriers, and all other
conformational consequences are strikingly retained when a
methylene group in a molecule was replaced with an ethereal
oxygen?° Thus we replaced one methylene unit in the terminal
chain of M—O—PIMB(n — 2)* with an oxygen atom and
synthesized mesogens afifO—PIMB(n — 2)*—(n — 4)O (n

=8, 9, and 10) bearing @-[(S)-amyloxy]alkoxy terminal Ch+
CH>C*H(CH3)CH,0O(CH,)yO— group =y + 5), where ( —

4)0 stands for the position of O in the end chains from O next
to the core; namely, the fourth carbon from the chain end
(methyl carbon) is always replaced by O.

2. Results and Discussion

2.1. Synthesis.Since @)-7-methyl-1-nonanol and §-8-
methyl-1-decanol are not commercially available, @8-
PIMB7* (8a) and P16-O—PIMB8* (8b) were synthesized from
the combination of an aldehy@eand §)-1-bromo-2-methylbu-

even behavior findings further, bent-core mesogens had to betane as shown in Scheme 1. Aldehy8lavas prepared from

systematically synthesized. Two more mesogens@®-PIMB-

(n — 2)* (n =9 and 10) and some of their oxygen analogues
were prepared to confirm the odéven effect for the appear-
ance of ferroelectricity in these homologues.

(16) Gorecka, E.; Pociecha, D.; Araoka, F.; Link, D. R.; Nakata, M.; Thisayukta,
J.; Takanishi, Y.; Ishikawa, K.; Watanabe, J.; TakezoePHys. Re. E
200Q 62, R4524-R4527.

(17) Nakata, M.; Link, D. R.; Araoka, F.; Thisayukta, J.; Takanishi, Y.; Ishikawa,
K.; Watanabe, J.; Takezoe, Hig. Cryst 2001, 28, 1301-1308.

(18) Kumazawa, K.; Nakata, M.; Araoka, F.; Takanishi, Y.; Ishikawa, K.;
Watanabe, J.; Takezoe, Bl. Mater. Chem2004 14, 157—-164.

(19) Araoka, F.; Thisayukta, J.; Ishikawa, K.; Watanabe, J.; TakezoRhis.
Rev. E 2002 66, 21705-1-5.
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4-nitrophenol and diol in 2 steps using the Mitsunobu reaction
and the Swern oxidation.§-1-Bromo-2-methylbutane was
converted to the phosphonium salt by heating with triph-
enylphosphine (3 days at 13Din a sealed tube). Wittig reaction
of 3 with the phosphorus ylidd generated in situ from the
phosphonium salt, and butyllithium provideés] which was
reduced to aniliné by catalytic hydrogenation. The anilines
were reacted with bisaldehyd@do produce chiral banana-shaped
liquid crystals8.

(20) Dale, JTetrahedron1974 30, 1683-1694.
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a) P9-O-PIMB7*

b) P10-O-PIMB8*

+1.9 Vium

0 V/um -1.9 Vipm

Figure 1. Photomicrographs showing the switching behavior in the B2 phase under the application of an electric fieldua)t@ck cell of P9-O—
PIMB7* at 145°C. SmGPA* (E = 0 V um™1) switches to SmgP* under E = £3.4 V um~1. (b) 5.5um-thick cell of P16-O—PIMB8* at 135 °C.
SMGP&* (E = 0 V um1) switches to SmeP=* under the application of an electric fie = +£1.9 V um™.
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14c: P10-O-PIMB8*-60 m=3

Oxygen-replaced chiral banana-shaped liquid crystéigere

The photomicrographs shown in Figure 1a display the switching

synthesized in a different sequence of reactions. The tosylatesbehavior by applying a rectangular-wave field. The texture in

of (§-2-methyl-1-butanoB were allowed to react with mono-
sodium alkoxides of diol. Thus preparedamyloxy-1-alkanols
10 were transformed to i>-O—PIMB(n — 2)*—(n — 4)O
homologuesl4 as shown in Scheme 2.

2.2. Phase Structures of PARO—PIMB(n — 2)* Homo-
logues.The bent-core mesogéa (P9—0O—PIMB7*) enantio-
tropically showed the B2 phase [Iso (182) B2 (118°C) Cryst,
on cooling; Cryst (123C) B2 (167°C) Iso, on heating]. On

the absence of a field suggests the typical B2 phase observed
in the standard bent-core mesogéh%&,and the texture change
shown in Figure 1a is attributed to the electro-optic switching
between SmeP,* and SmGPE* in the racemic state. Hence
the ground state is antiferroelectric (SaRz*).

The compound8b (P10-O—PIMB8*) enantiotropically
exhibited the B2 phase [Iso (16&) B2 (124°C) Cryst, on

cooling from the isotropic phase to the B2 phase, randomly (21) zennyoji, M.; Takanishi, Y.; Ishikawa, K.; Thisayukta, J.; Wstanabe, J.;

oriented domains appeared. By application of an electric field
however, fan-shaped domains were changed to smooth domains.

Takezoe, HJ. Mater. Chem1999 9, 2775-2778.

' (22) Zennyoji, M.; Takanishi, Y.; Ishikawa, K.; Thisayukta, J.; Wstanabe, J.;

Takezoe, HJpn. J. Appl. Phys200Q 39, 3536-3541.

J. AM. CHEM. SOC. = VOL. 127, NO. 31, 2005 11087
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m —
) 3 Table 1. Polar Structures of the B2 Phase in Pn—O—PIMB(n —
° o 2)* Homologues?
2 £
E § mesogen (n—-2) polar order polar structure
< 03) P6—-0O—PIMB4* 4 (ferroelectric) (SMGP*)
10 20 30 40 P7-0O—PIMB5* 5 antiferroelectric SmePa*
Time (ms) P8-0O—PIMB6* 6 ferroelectric SmGP:*
8aP9-0O—PIMB7* 7 antiferroelectric SMEPA*
Figure 2. The polarization reversal current in the B2 phase by applyinga  8b P10-O—PIMB8* 8 ferroelectric SMGP*

triangular-wave voltage of 30 Hz. (a) PO©—PIMB7* at 145°C by applying
a 66-Vyp triangular-wave voltage. (b) PH0D—PIMB8* at 135 °C by

applying a 32-V, triangular-wave voltage.
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N
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Applied voltage (V)

20

25

aThe previous results inP-O—PIMB(n — 2)* (n = 6—8)!8 are also
included in the table. Parentheses mean the inherent properties in the non-
mesogenic P60—PIMB4*.

reported already in our previous papéwell-aligned cells were
prepared by applying an in-plane electric field. Interferograms
of the SHG signal were observed at normal incidencé &t0

V after the application of positive250 V/mm) and negative
(—250 V/mm) in-plane voltages. The results are shown in Figure

4. Thex phase difference indicates a reversal in the direction
of the polarization in the cell and the bistable ferroelectric states.

The polar structures of the newly synthesi&sl(P9—0—
PIMB7*) and8b (P10-O—PIMB8*) are summarized in Table
1 along with previous results. Table 1 clearly shows that the
ferroelectric phase is brought about from-FO—PIMB(n —
cooling; Cryst (130°C) B2 (166°C) Iso, on heating], but this  2)*, wheren is even. The position of the chiral center{ 2)
material showed different electro-optical switching behavior, from the phenoxy oxygen in the terminal group is also even. In
as shown in Figure 1b. In these photomicrographs, we observedcontrast, R—O—PIMB(n — 2)*, wheren is odd, exhibits the
orange domains with an extinction direction parallel to the layer antiferroelectric phase.
normal under an electric fielde(> Ey,), but texture remained 2.3. Phase Structures of R—O—PIMB(n — 2)*—(n — 4)O
unchanged except for a slight birefringence color change after Homologues.The compound.4a(P8—0—PIMB6*—40) enan-
terminating the electric field. This feature indicates a bistable tiotropically showed the B2 phase [Iso (120G) B2 (119.6
switching between two Snm{P:* states!’ °C) Cryst, on cooling; Cryst (122C) B2 (130°C) Iso, on

The switching current measurements were conducteghin  heating]. On cooling from the isotropic phase to the B2 phase,
(P9—-O—PIMB7*) and 8b (P10-O—PIMB8*) by applying a circular domains were formed, as shown in Figure 5a. The
triangular-wave electric field. The mesog&ssand8b revealed photomicrographs were taken at 119Q@ in the absence and
double and single switching current peaks in a half cycle, as presence of an electric field. The texture suggests SPeC
shown in Figure 2, being consistent to the antiferroelectric and The mesogenl4b (P9-O—PIMB7*—50) enantiotropically
ferroelectric phases, respectively. showed the B2 phase [Iso (1383) B2 (111.2°C) Cryst, on

The structure assignment mentioned above was confirmedcooling; Cryst (117°C) B2 (145°C) Iso, on heating]. The
by SHG under an electric field along the substrate normal. photomicrographs shown in Figure 5b display the switching
Figure 3 shows the electric field dependence of the SH intensity behavior by applying a rectangular-wave field. In the presence
at 45 incidence of light in a 7.6sm-thick cell of P9-PIMB7*. of E > Ey, yellow domains with an extinction direction parallel
In the absence of a field, no SHG is observed. The SHG signal to the layer normal were observed, whereas red-stripe domains
shows a sharp onset at about 11 V and saturates at about 19 Were observed in the absence of an electric field. This is a field-
With a decrease in the field, the system becomes SHG inactive,induced change from the racemic Sgiy* to the SmGP*
and hysteresis behavior is observed. This result clearly indicatesstate. Hence the ground state in this material is antiferroelectric.
that the stable state of this material is antiferroelectric, and a The bent-core mesogeiiic (P10-O—PIMB8*—60) enantio-
field-induced antiferroelectric-ferroelectric phase transition oc- tropically exhibited the B2 phase [Iso (1283) B2 (110.8°C)
curs. On the contrary, PHD—PIMB8* was SHG active even  Cryst, on cooling; Cryst (120C) B2 (134°C) Iso, on heating].
in the absence of a field, indicating the ferroelectric nature. As The photomicrographs shown in Figure 5c are similar to those

Figure 3. Applied voltage dependence of the SH intensity in azht-
thick cell of P9-O—PIMB7*. Hysteresis behavior is seen in the field-
induced antiferroelectrieferroelectric transition.

11088 J. AM. CHEM. SOC. = VOL. 127, NO. 31, 2005
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a) P8-O-PIMB6*-40

(c) P10-O-PIMB8*-60

+13 V/um

Figure 5. Photomicrographs of the switching behavior in the B2 phase under the application of an electric field ufa)thi6k cell of P8-O—PIMB6*—
40 at 119.9°C; (b) 2.9um-thick cell of P9-O—PIMB7*—50 at 126.4C; (c) 3.0um-thick cell of P16-O—PIMB8*—60 at 110.0°C.

of P8~O—PIMB6*—40, indicating a bistable switching be- % (@) P9OPIMB7"50| - 3
tween two Sm@P* states with opposite polarizations and b 40 N ] 8
racemic layer structures. § g
The polarization reversal current behaviors could not be § 0 0 §
observed in P8O—PIMB6*—40 because of a very narrow B o
liquid crystal temperature range. PO—PIMB7*—50 and § -40 P\ -15
P10-O—PIMB8*—60 showed double and single switching < e R s
current_peaks by applying a triangular wave_electric f_iel_d, as -800 5'0 1(')0 1'50 2:)0 29
shown in parts a and b of Figei6 . The behaviors are similar Time (ms)
to those in P3-O—PIMB7* and P16-O—PIMB8*, confirming 80 R e
antiferroelectric and ferroelectric behavior, respectively. S , e
To convincingly demonstrate the polar order of these S E
compounds, we carried out SHG measurements as a function (—*09 g
of temperature without applying an electric field. Despite a 2 o
narrow temperature range of P®—PIMB6*—40, we con- % £
firmed the SHG activity, as shown in Figure 7. No SHG was g §
observed in P9O—PIMB7*—50. Thus, we can conclude that 0

P9-0O—PIMB7*—50 is antifrroelectric. In P10O—PIMB8*— 0 20 . 40 60
60, on the other hand, an onset of SH intensity was observed _ . ime (ms) .

he 1s0-B2 phase transition and the SH intensit irlcreasesF/gure 6. The polarizing reversal current in the B2 phase under the
at_ the - p - ) Yy application of a triangular-wave voltage. (a) PFO—PIMB7*—50 at 115
with decreasing temperature, as shown in Figure 7. Hence the°C, 120 \j,, and 5 Hz. (b) P18O—PIMB8*—60 at 110.0°C, 120 \jp,

stable state of P0O—PIMB8*—60 has ferroelectric nature  and 20 Hz.

just like P16-O—PIMB8*. (n — 4)0 (h =8, 9, and 10) combined with the previously
As summarized in Table 2, oggven behavior of ferroelec-  reported results on thenPO—PIMB(n — 2)* (n = 6, 7, and
tricity and antiferroelectricity in a iP-O—PIMB(n — 2)*—(n 8), it becomes clear that the emergence of particular polar order
— 4)O homologous series is also observed. of the SmCP phase depends on the length and the position of
2.4. Role of the Terminal Chains for the Emergence of the chiral carbon in the terminal chains. Namely, the ferroelectric
Phase Structure.On the basis of the observed polar structure and antiferroelectric phases emerge in case the number of
of the B2 phase in a series ohPO—PIMB(n — 2)* (n =9 carbons including an oxygen atom in the terminal chains is even
and 10) and their oxygen analoguaes+fO—PIMB(n — 2)*— and odd, respectively. As the other part of mesogens remaining

J. AM. CHEM. SOC. = VOL. 127, NO. 31, 2005 11089
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Temperature (°C)

Table 2. Polar Structures of the B2 Phase in Pn—O—PIMB(n — shown by going fromn = 8—9. Thus, considerably higher
2)*—(n — 4)0 Homologues increment of interlayer spacing was observed from going even

mesogen (n-2) polar order polar structure to odd number of the carbons (from 8 to 9) compared with that
14aP8O—PIMB6*—40 6 ferroelectric SMEP observed from going odd to even number of carbons in the
14b P9-O—PIMB7*—50 7 antiferroelectric SméPa* terminal chains. If the layer spacing is largely dependent on
14cP10-0O—-PIMB8*—60 8 ferroelectric SmgP*

the interdigitation of the terminal groups, the increment of layer
spacing in going from synclinic antiferroelectric to anticlinic
unchanged, it is obvious that such as egsen behavior must ferroelectric structure should be larger than that of layer spacing
be caused by the structure of terminal chains. Both simple alkyl " the reverse case. This is not in agreement with the
terminal chains and their oxygen analogues, which have fairly experimental observation. The degree of layer spacing increment
polar ethereal bonds, bring about the same-egicen phenom- in going from antiferroelectric to ferroelectric, that is, from the
enon. Itis reasonable to say that what causes overall arrangemerﬁumber of carbons in the terminal chains of& (P7-O—

of the polar order is not the polar dipetélipole interaction but PII\(/I)_Bg* - P8§9._P|MB”6*) ;md g—lob(PS)—Czj—fPll;/lB?* |_> .
the interlayer steric interaction between the terminal alkyl or P10-0—PIMB8*) is smaller than that observed for ferroeleciric

alkoxy chains of mesogens. The steric demands of the alkyl to antiferroelectric change (the number of carbor®8P8-
gE—PIMBB* — P9-0O—PIMB7*). Therefore the odegeven

chain and their oxy analogues are supposed to be nearly identica T ) R )
because bond lengths, bond angles, and conformations alon ehavior in the interlayer spacing increment does not necessarily
’ ’ eflect the degree of interdigitation of the terminal groups.

C—C—C and C-O—C bonds are approximately sartte. . o . :
As mentioned in introduction,P-O—PIMB having achiral Actually, similar odd—evgn beha\{lpr in the |nterla¥er spacing
straight alkyl chains exhibits the antiferroelectric phaJée Increment was re_por_ted In calamitic molecules_ V\.'h'Ch show the
odd—even behavior in the emergence of synclinic ferroelectric

antiferroelectric SmePa phase is the only structure where . _ . S
terminal chains in adjacent layers are parallel to each other, and anticlinic antiferroelectric phas€sThe degree of tilting
and the direction of the terminal methyl group can also be

providing stabilization by an excluded volume effect. In contrast, . : . -
another factor governing the interlayer spacing. In addition to

the situation is not the case in Sgig, because the terminal £ 23 the odd behavior in th ¢ lini
chains of bent-core molecules in adjacent layers are not parallelre ’ t_ € odareven behavior in the emergence of synciinic
and anticlinic phases has been observed in calamitic mol-

despite synclinic order. Thus, it is rather surprising that the - )
P y prising ecules?*?5 It is noted, however, that the bent core provides

otherwise most stable antiferroelectric SgRe* state is desta- lexity that d ! lamiti lecules. N |
bilized and the ferroelectric Sm@:* states is stabilized only complexity that does not appear in calamitic molecules. Namely,

by changing the terminal chain lengths. Why-FO—PIMB(n .the interdigitatioq of the te.rrninal groups can be disgussed only
— 2)* and —0—PIMB(n — 2)*—(n — 4)O have an ability to in the tilt plane in calamitic molecules, whereas it must be

show the ferroelectric Sm¢®¢* states only whem is even? considered not only in the tilt plane but also in the plane parallel

To be ferroelectric, the terminal chains in adjacent layers arets‘? thi polarization _(polanzatllloln pIar_1e).| Actually_, onolly the
not parallel in the polar plane. Therefore, a certain type of MGPa structure gives parallel terminal groups in adjacent

stabilizing interlayer interaction other than parallel arrangement Iéa\yers bOth in the t'lt”a?d polgrlzlatlon planesl, qnd h&l 'E.Imd q
of the linear alkyl chains has to exist. mGiPa gives parallel terminal groups only in the tilt an

The interlayer distances of the smectic phase in the series ofPClarization planes, respectivefy. .
Pn—O—PIMB(n — 2)* were determined in order to get some To get better insight into the ground-state conformation of
insight into the interdigitation of the terminal end between the Multistacked molecules, systematic conformer searches were
adjacent layers. The measurement was carried out at a temperP€/formed for the two-stacked molecules with the Spartan'02

26 imi i
ature 5°C below the isotropie SMCP phase transition. Unfor- prog.ram. Opt|.m|zed geometries of all conformers were
tunately, the interlayer distance of PO—PIMB4* was not obtained by using the MMFF method. The stacking mode of

determined because it does not exhibit the liquid crystalline ™o molecules of PSO—PIMB7* and P16-O—PIMB8* were

mesophase. drawn in Figure 9. In the present homologues, the chiral carbon
As shown in Figure 8, the layer spacing increases as the |engthlocates close to the end of the terminal chains and always at

of the termmal.alkyl chain |.ncreases. As the number of carbons (23) Ikeda, A.: Takanishi, .. Takezoe, H.. FukudaJan. J. Appl. Physl993

(n) in the terminal groups increases from 7 to 8 and from 9 to 32, L97-L100. .

10, 1.17 and 1.03 A increments were observed, respectively, (24) Goodby, J. W.; Patel, J. S.; Chin, E.Mater. Chem1992 2, 197-207.

i i (25) Thisayukta, J.; Samulski, E. J. Mater. Chem2004 14, 1554-1559.
which are much smaller than half of the increment of 2.73 A (26) Kong, J. et alJ. Comput. Chem200q 21, 1532-1548.
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arrangement in the vicinity of the chiral centers with edd/en
alkyl chain is believed to result in the difference in the interlayer
steric interaction, which in turn results in the etleven behavior
for the emergence of ferroelectricity and antiferroelectricity of
the present bent-core liquid crystals.

In our previous pape, we reported that all the B2 phases
in a homologue with chiral 3-(alkoxy)propoxy terminal groups
(Pn—O—PIMB5*—40,n = 7, 8, 9, and 10) show the antifer-
roelectric Sm@Pa* state. In this homologue, the position of
the chiral center is fixed at the 5 position from the phenoxy
oxygen in the terminal group. As shown in Figures 9 and 10,

e the antiferroelectricity is well expected when the chiral carbon
Figure 9. Optimized modeling of the conformers (a)PQ—PIMB7* and is at the odd position. The elongation in chain length outside
(b) P16-O—PIMBS8". the chiral center does not affect on the phase behavior of the
homologue.

H

3. Conclusion

The phase behavior of two homologues, fO—PIMB(n —
2)* and oxygen analoguesiPO—PIMB(n — 2)*—(n — 4) O%,
has been studied by means of texture observation, switching
current, and SHG measurements. It was found that emergence
of ferroelectricity and antiferroelectricity is determined by the
position (odd or even) of the chiral center from the chain end
(methyl carbon) without any exceptions. The compounds of the
two homologues show ferroelectric and antiferroelectric when

] nis even and odd, respectively. For the emergence of either of

Figure 10 (;;t}.r;wized modeling of the conformers (a) PO—PIMB7*— _the p0|a.lr Orders’. a possible role p_Iaye_d by the interlayer steric
50 and (b) P160—PIMBS*—60. interaction, particularly by the directions of methyl groups
connected to the chiral centers, was discussed.

the same position from the ends. Hence, the directions of methyl  Acknowledgment. This work is partly supported by Grant-
groups connected to the chiral centers must be a key factor toin-Aid for Scientific Research (S) (16105003) from the Ministry
determine the phase structures. In their most stable conforma-of Education, Science, Sports and Culture of Japan. The stay
tions, the two methyl groups are oriented inward and outward of S.K.L. is supported by JSPS through the TIT-KAIST core
in the stacking plane of molecules in P@—PIMB7* (Figure university collaboration program. We thank Ms. Eunae Kim for
9a) and P160—PIMB8* (Figure 9b), respectively. Each the molecular modeling studies of this work. K. T.K. acknowl-
conformation near the chiral center of molecules was shown in edges Dongjin Semichem Co. Ltd. for financial support.
circles. The orientation of the methyl group (inward and

outward) repeats alternatively, as the chain length (number of for the synthesis of the bent-core mesogens and the intermedi-

carbon) of the terminal alkyl group varies from odd to even ates,’H NMR and °C NMR spectra, and the electro-optic

and even to odd. The same phenomenon was observed in th(?neasurements and the complete citation for ref 26. This material
oxygen analogues P®O—PIMB7*—50 and P16-O—PIMB8*— P .

60 (Figure 10). That is, the chain length (number of carbons is available free of charge via the Internet at http://pubs.acs.org.

plus an oxygen) is odd; two methyl groups connected to the JA052315Q
chiral centers are oriented inward. Likewise when it is even, (27) Lee, S. K. Park, C. W.: Lee, J. G.: Kang, K.-T.: Nishida, K. Shimbo, Y.:
they are oriented outward. This difference in the conformational Takanishi, Y.; Takezoe, H.ig. Cryst, submitted.
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