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Abstract The applicability of the rotational
diffusionmodel around the longmolecular axes
inliquid crystalline phases is being questioned.

INTRODUCTION

A1l liquid crystals exhibit broad components of
quasi-elastically (incoherently) scattered neu=
trons (QNS). As examples may serve: PAA and some
next members of its series1’2’3, TBBA (see for
inst.%), IBPBAC and related substances (see for
inst. 5). In all these examples the QNS compo=-
nents were interpreted via the model of uniaxial
rotational diffusion around the long molecular
axes, It should be pointed out that the so ob-
tained (by fitting) reorientational correlation
times happened to be surprisingly small especial-
ly for liquid crystals with low dimensional or-
der., For instance: Ty correlation time for the
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nematic PAA is ca, 2 psec, for the nematic TBBA
it is ca. 5 psec, for the nematic IBPBAC it is
ca., 7 psec. As these correlation times are
approximately those needed for performing a re-
orientation by one radian, it is worth while to
compare them with times needed for changing the
orientation by one radian via the free rotation
process. These latter times happen to be of the
order of several psec. Thus the reorientation is
approximately as fast as the free rotation, which
is improbable,

In the present work we give an even more
drastic argument. against the interpretation of
QNS components via the uniaxial reorientation of
the rigid stretched molecule. The molecule in
question is one of the 1,2-big=(’4-n-alkyloxyben-
zoyl }=hydrazines, with n = 10:

G4 oHpy 0~{O)— CONHNHOC — {O)—0C4 Hoy
The substance was described by Demus et a1.6 The

authors give the following information about the
sequence of phases:

er11T 24 S orrr 328 .G or1 343 € ubic

Cubic-lii—g S 4522_2 Is

43¢ °
With this substance we carried out the QNS
measurements at the TOF spectrometer installed
at the JEEP 2 reactor of the Institute of Energy
Technology, Kjeller, Norway.

QNS RESULTS

The QNS resulis, after isolation from the inelasgw
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tic background, were subjected to model fitting.

The model was that of rotational diffusion around
the long molecular axis of inertia, The scatter-

ing law formula for this model is:

Sinc(@e) = <I2(Q « xS (w) +

L 2 1/,
e § o <o g e S

where Q and ¢ are neutron momentum and energy
transfers, J; are cyllindrical Bessel functions,
r is the gyration radius of the proton under con-
sideration and v; are the reorientational cor-
relation times mutually interconnected by the
formula Ty = Ty/12. The averaging is over all o-
rientations of molecules, When applying the for-
mula, only protons are taken into consideration
because of their large (dominant) incoherent
scattering cross-section,

For our molecule, different protons have
different radiuses of gyrationj this fact was
taken into consideration in the fitting calcula-

tions,
Fig. 1 shows the QNS results for various

phases of the substance., It may be seen that a
ONS component shows up even in the Crystsl 11T
(although it is quite weak). Starting from the
Crystal II the QNS component is very pronounced
and it broadens only a little when going from
CrII, through CrI, "cubic" to smectic C phase.

The results of .the fitting are presented in Tab.I.

It should be pointed out, that similar fite
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ting attempts were made with an assumption that
the molecules are not in the trans configuration
but that the aliphatic chains exhibit & kink at
05. This attempt was stimulated by the work of
Grande et a1.7, who observed a marked decrease
of the local order parameter for segments with
n> 5. However, the T, correlation times were only
slightly higher in this attempt: from 4.7 psec
to 2.2 psec, when going from CrII to SmC.

qun o- 100°C Crill
g 3 o - 126% Cril
A x v- 135°C Cri
g v - 148°C cubic
3 g x - 159°C Sc
. » o
< 8 5
> g
2 . 'y
3 o)
£ % Gx
9
g g o,
§ ,6'0 9.
© xa. .
5 . © ° ?? 5¥x
< . o]
8 " .(po o .!.???BQB g
@ " (m N 1 OOOOOO(')AOOM
4.0 45 50 meV

FIGURE 1. QNS data (sc.angle 50°) for
Cq0H51 OﬂCONHNHCOﬂOC1OH21 in various phases,
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TABLE I Reorientational correlation times for
C1OH21O¢CONHNHCO¢OC1OH21 molecules in
trans configurations

Temp. C Phase  Sc.angle Q, g1 Ty » psec

126 CrIl 30° 0.773 3.2 ¥ 0.3
126 CriI 50° 1.261 3.5 ¥ 0.3
135 cril 30° 0.773 2.6 ¥ 0,2
135 crl 50° 1.261 2.3 % 0.1
148 Cubic 30° 0.773 2.2 ¥ 0.1
148 Cubic 50° 1.261 2.1 ¥ 0,1
159 SmC 30° 0.773 2.3 ¥ 0.1
159 Sme 50° 1.261 2,0 ¥ 0.1
LISCUSSION

We believe that the values of T1 as listed in
Table I are highly improbable if they are to be
interpreted as reorientational correlation times
of rigid molecules in their stretched (or nearly
gtretched) configuration, They are too small and
suspiciously too close to the free rotation pe-
riods.

Fast configuration changes of the aliphatic
chains (as a cause of QNS broadening) seem impro=-
bable. The barriers to rotation of the particular
segments are rather highs, except those for the
final CH3 groups (whose contribution would anyway
be negligible)., And indeed the QNS spectra meas-
ured for liquid crystals with deuterated and non-
~deuterated aliphatic chains have been reported

as very similar1’9.
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Therefore we are inclined to believe, that
the two benzene rings (with the respective ali-
phatic chains attached) may reorient vie an in-
ternal rotetion around the CC bonds of the cen-
tral bridge. Such & possibility was suggested by
us in one of our previous papers ~, and recently
it has been discussed in details via the quantum-
~mechanical estimations of the barriers to ben-
zene rings internal rotation by Volino et al.11.
These barriers are quite low for an isolated mo-
lecule and they gradually increase when going
through various liquid crystal phases to the so-
lid ones.,

It seems, that for our particular substance
that rather loose molecular arrangement being
characteristic for the "cubic"™ phase is preserved
in at least two crystal phases (I and II), That
in turn is responsible for the low barrier values
to internal rotation of the two molecular“halves",

We would like also to point out, that the
substance subjected to this study is the first
one in which the QNS component showed up not
only in liquid crystal phases but also in solid
phases, So far, in all other liquid crysial for-
ming substances the solid scattered neutron spece~
trum wes purely elastic and the QNS part showed
up above the melting point,

We thenk Professor D. Demus for supplying the
substance and for his kind interest in the work,
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