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Obliquely projecting chiral alkyl chains and their precession around the long core axes
in the smecticA phase of an antiferroelectric liquid crystal
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By deuterizing the chiral and achiral alkyl chains separately, we have observed the ir absorbance vs polarizer
rotation angle for the Ckland phenyl ring stretching peaks in a prototype antiferroelectric liquid crystal,
4-(1-methylheptyloxycarbonylphenyl 4-octyloxybiphenyl-4-carboxylatdMHPOBC). The angle between the
chiral chain and core axes is more than 54t magic angleeven in the smectié (Sm-A) phase and the
precession appears to be biased or hindered toward the tilt-plane normal in the chiral Sn@niec*)
phase[S1063-651X96)00805-9

PACS numbg(s): 61.30.Gd, 77.80-e, 78.30-]

Both in the chiral smecti€ (Sm-C*) and smectic=,  istence ofPy’'s themselves together with their interaction
(Sm-C}) phases, the transverse permanent dipoles near thetween the boundaries through the fluctuation f¢8jee-
chiral center of the constituent molecules play an essentiadults in the stabilization of the antiferroelectricity.
role in the emergence of ferroelectricity,2] and antiferro- Neither of the models appears to be realistic, however,
electricity [3,4]; neither of them does emerge without thesebecause antiferroelectric liquid crystals generally have the
dipoles. However, the role in ferroelectricity differs from that following two characteristic features(l) the permanent
in antiferroelectricity. The intermolecular interaction due totransverse dipoles are not located at the end of the chiral
the Coulomb force among the permanent dipoles is not thalkyl chain[4,6], and(2) the smectic layer structure can ap-
direct cause of the ferroelectricity. The SEi-low symme-  proximately be depicted as an ordinary picture of molecules
try makes the transverse permanent dipoles align preferetying on equidistant planet,9]. If the chiral chain is bent
tially through the intermolecular interaction due to the attrac-extremely as actually observed in a crystal phase by Hori and
tive dispersion and repulsive steric forces; tilting togetherEndo[10] or the molecules very much interdigitate with one
with molecular chilarity locally breaks the axial symmetry another between adjacent layers, the Coulomb force among
around the long molecular axes and induces in-layer spontahe permanent dipoles may become strong enough to stabi-
neous polarizations along the tilt-plane norrf@k5]. lize the antiferroelectricity in liquid crystals. The purpose of

On the other hand, the Coulomb force among the permathis Rapid Communication is to show unambiguously that
nent dipoles has been considered to directly cause the anthe chiral chain is, in fact, projecting obliquely from the core
ferroelectricity. Takanishiet al. [6] proposed the pairing even in the smectié phase(Sm-A) and hence is considered
model that the permanent dipoles form pairs in adjacenprecessing around the long core axis; the angle between the
smectic layers. Quite recently, Miyacht al. [7] suggested chiral chain and core axes is more than the magic angle,
another possibility, th®y model, that the biased or hindered 54.7°. Such a bent molecular structure may allow the perma-
rotation of permanent dipoles about the long molecular axes
tend to produce in-layer spontaneous polarizations parallel to !
the tilt plane,Py’s, at the smectic layer boundaries; the ex- L :
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FIG. 1. The molecular formulas and phase sequences of samples
used. The abbreviation ee means enantiomeric excess defined by FIG. 2. Absorption spectra of GH CH;, CD,, and CL; to-
ee=(R-9)/(R+Y9). gether with their peak wave numbers and assignments.
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FIG. 3. Absorbance vs polarizer rotation angle in 8nmea-
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sured at 130 °C using homogeneously aligned cel{apf4.0 um
thick (R with 30% e¢-MHPOBC-d.3 and (b) 9.6 um thick

(racemig-MHPOBC-d,s. O: Phenyl ring stretchingh: CH, asym-

metric stretching; an®: CH, symmetric stretching.

nent dipoles in adjacent layers to adequately interact through

the Coulomb force.

Three partially deuterated samples were used, the molecu-

180

FIG. 4. A model of the transition dipole moment for the £H
stretching vibrations, situated on the alkyl chain and freely rotating
about the chain axis. The chain itself makes the angle wfth the
core axis and precesses around it.

and asymmetric stretching peaks, the separation between
CH, and CH; is better than that of Cpand CD;; conse-
quently, we will mainly show the results obtained from the
CH, peaks. However, the qualitatively similar results were
also obtained from the C[peaks. The phenyl ring stretching
peak at 1604 cm' was used to determine the average direc-
tion of the long molecular axig7,11,132.

Figures 3a) and 3b) show the absorbance vs polarizer
rotation angle observed in Sk-of (R)-MHPOBCd,; and
(racemig-MHPOBC-d,s, respectively. Because of the partial
deuterization indicated in Fig. 1, these figures give informa-
tion about the achiral and chiral chains, separately. The an-
gular dependence of the GHtretching peaks, both asym-
metric and symmetric, exhibits a conspicuous contrast
between the achiral and chiral chains. In the achiral chain, it
is out of phase with that of the phenyl ring stretching peak.
In the chiral chain, on the other hand, it is in phase; more-
over, the degree of polarization is very small. Five and seven
CH, groups exist in the achiral and chiral chains, respec-
tively, but their stretching vibrations show only two peaks,
one asymmetric and the other symmetric; the alkyl chain
conformation is changing temporally and spatially. We may
be allowed to consider an average transition dipole moment

lar formulas and the phase sequences of which are summa-
rized in Fig. 1. Homogeneously aligned cells were prepared
and polarized infraredir) spectra were measured as de-
scribed in previous papefg,11]. Figure 2 illustrates absorp-
tion spectra of CH, CH;, CD,, and CD, together with their
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FIG. 5. Normalized absorbance vs polarizer rotation angle in

peak wave numbers and assignments. Both in the symmetr&amA, A(w’), calculated for variouse.
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FIG. 6. (a) Normalized absorbance vs polarizer rotation angle in
unwound SmE*, A(w’), calculated folh=0.3, x,=60°, and vari-
ous a. (b) Calculatedwmin(xo,b;a) for a=30° and 54%54.7° and
wmadXob;a) for a=55°>54.7°. The degree of biasing=0, 0.1,
0.2, and 0.3 is used as a parameter. 8
&
of the CH, stretching vibrations, which is perpendicular to Lo
the average chain axis and is rotating freely around it. 8
Since the transition dipole moment of the phenyl ring g

stretching peak is parallel to the core axis, the out-of-phase
relationship illustrated in Fig. (&) for the achiral chain is
naturally expected if the chain axis is parallel to the core
axis. The in-phase relationship illustrated in Figh)3or the
chiral chain, on the other hand, requires a special explana-
tion. Let us calculate the normalized absorbance by assuming
the average transition dipole moment described above and by
neglecting the sample anisotropy,11,14. Several neces-
sary angles are defined as depicted in Figa4s the angle
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between the chain and core axgshe azimuthal angle of the FIG. 7. Absorbance vs polarizer rotation angle in electrically

chain axis around the core axig,the rotation angle of the unwound Sme* homogeneously aligned cell&) for the achiral

transition dipole moment around the chain axésthe tilt  chain in 4.0um thick (R with 30% e@—MHPOBCd;; measured at

angle in SmE* which is zero in SmA, w the polarizer rota- 75 °C and 12.5 \lum™* and (b) for the chiral chain in 9.6:m thick

tion angle, andv’=w— 6. The absorbance vs polarizer rota- (R)-MHPOBC-d,s measured at 100 °C and 9.50m %, O: Phenyl

tion angle is given by ring stretching;A: CH, asymmetric stretching; an®: CH, sym-
metric stretching.

) 1 (2= (2n o . Here the distribution function in SrA-is f(x)=1/(2); the
Alw ?a)zﬁfo fo f(x)(sinw’cosy sing chain axis rotates freely around the core axis because of
uniaxial SmA symmetry.
Figure 5 shows the calculated normalized absorbance in
Sm-A. At the magic angleg=cos }(1/y/3)=54.7°, the ab-
—sinw’ cos siny— cosw’sina cosy)?dy di. sorbance does not depend on the polarizer rotation angle,
(1) A(w;a)=1/3. The aforementioned in-phase and out-of-
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phase relationships correspondato54.7° anda<<54.7°, re- Experimentally, we tried to observe the shift in unwound
spectively. In this way, Figure(B) unambiguously indicates Sm-C* by applying an electric field; neither in the chiral
that the chiral chain in Smis obliquely projecting, precess- chain nor in the achiral chain, however, could we so far
ing around the core axis; the angle between the chain aneonfirm any clear shift, which appears to be smaller than 5°
core axes is more than 54.7° but may probably be close t8s shown in Fig. 7. This fact may indicate that the chiral
the magic angle because of the considerably small observediain precession is biased to the tilt plane nor(ygt=0°). It
degree of polarization. Figuréd also clearly shows that the 1S @lso consistent with the above indication thatof the
achiral chain in SmA makes an angle<54.7° with the core achiral chain is far separated fr_om the magic angle and rather
axis. By taking account of the fact that not only the average0se to zero. Naturally, the shift is zero wheg=0 or a=0.
transition moment but also the average chain axis itself j¢10re detailed studies with improved accuracy, in particular,
actually fluctuating, the rather large degree of polarizatior'SiNg not only homogeneous cells but also homeotropic
observed may indicate that the angle is far separated from tH"eS. Will surely give us reliable Lnformatlon about*the alkyl
magic angle and rather close to zero. chaln directions in unwound S as'we!l as SneE™. We
The chiral chain precession will become biased or hin2re in the process of further investigations. Finally, it is-

dered in SME* (SmC) and SMC} (SmC,). By simply ~ Worthwhile noting that'C NMR has clearly detected not
assuming a distribution function only the chiral chain precession in S&nbut also its hin-

drance or biasing in Si&* and SmEx [13].
f()={U2m)}H{1+b co{x—xo)} (2 Note added in proofOuchiet al. quite recently also con-
cluded that the molecule has a bent structure even inASm-
the absorbance vs polarizer rotation angle in electrically unwhen they measured the smectic layer spacing of several
wound SmE*, A(w’;a;b,xo), is also given by Eq(l).  homologous series in detaily. Ouchi, Y. Yoshioka, H.
Here x, is the biased direction ank the degree of biasing. |shii, K. Seki, M. Kitamura, R. Noyori, Y. Takanishi, and I.

Figure Ga) illustrates some calculated result.o’; a;b, xo) Nishiyama, J. Mater. Chen®, 2297(1995]
is symmetric with respect t@/,;, or w/,x; depending on the ) ) N . .
sign of x>0 (x,<0), @/, shifts from 0° toward-+45° We thank Jin Matsushima and Kouichi Miyachi for their

(—45° with an increase ofr<54.7°, whilew/., shifts from helpful discussions and for assistance in improving the ir
0° toward—45° (+45°) with a decrease o&>m§Z.7° respec- System fo perform the absorbance vs polarizer rotation angle
tively. The shift of /i, OF w/.a Naturally depends ob as ~ Measurement conveniently. This work was supported by a

illustrated in Fig. 6b). Note that Grant-in-Aid for Scientific ResearcliSpecially Promoted
) ’ Research No. 061020p%rom Monbusho(the Ministry of
@min or mak ~X0:P) =~ @in or malX0:0)- Education, Science, Sports and Culfure
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