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A B S T R A C T - The quasi-elastic cold neutron incoherent scattering law, QNS, for the
assumed case of transversal standing wave type of motion of the linear chain -a spacer- of the
polyacrylate polymer liquid crystal, based upon the random walk of the particle between two
perfectly reflecting potential barriers, is derived. The spacer protons are taken to vibrate (within
the stationary plane) transversely to the line joining the oxygen atoms in a way where they are all
simultaneously displaced in the same direction with amplitudes of the standing wave fundamental
mode of the vibration excited.

The calculated relevant incoherent scattering law is found to be a non-distinct function of the
scattering vector Q, in the sense that the postulated dynamical effect of the spacer protons causes
the peak value of the calculated incoherent scattering law, S(Q,co), to remain constant throughout
the experimentally accessible range of the scattering vector Q. It appears that, when the
experimental resolution broadening effect is taken into account, the contribution of the postulated
dynamical behaviour to the measured QNS spectra might be small, particularly so, if some
additional motion of the scatterers is present, and consequently the standing wave like spacer
dynamics in polymer liquid crystals will be very difficult to be identified uniquely in the
quasielastic neutron scattering experiments.

1. Introduction

It is a well known fact, that the polyacrylate liquid crystal, a comb-like liquid crystal
polymer, consist of a backbone of a linear polymer to which, via a small aliphatic chains
called spacers, the mesogenic units are attached. The spacer - C6H!2 chain - is known to
be in an elongated configuration [1] and is linked to the biphenyl group [1] as depicted
on Figure 1, where $ denotes the benzene ring. Here it was already taken into the
account that the sample used for the quasi-elastic cold neutron scattering investigation,
QNS, of the side chain dynamics of the polyacrylate polymer liquid crystal in the
isotropic, smectic A, and re-entrant nematic phases of ref. [1] is having the backbone
hydrogen atoms suitably substituted by deuterium which are, as far as cold neutrons are
concerned, "invisible".
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Figure 1. Schematic presentation of the polyacrylate polymer liquid crystal.
The linear chain - (CH2)6 - denotes the so called spacer, and <& is the benzene ring.

In the neutron scattering study of the backbone conformation in the nematic phase of
a side chain polymer [2], Davidson et. al, advanced a hypothesis according to which the
backbone, providing the linear chain -the spacer- which is linking the backbone to the
polymer mesogenic unit is long enough, is expected to adopt a globally prolate shape if
the smectic fluctuations are negligible. On the other hand L. Noirez et al. [3], clearly
demonstrated that the transformation of the backbone conformation of polyacrylate
liquid crystalline sample from an oblate (observed in the nematic and smectic A phases)
to a prolate conformation (observed in the re-entrant nematic phase) is strictly a
temperature dependent process. Benguigui et al. [1], have presented the first indirect
dynamic investigation, by quasi-elastic incoherent cold neutron scattering study, of the
side chain liquid crystal polyacrilate motion, however the exact nature of motion of the
protons of the spacer and of those of the benzene rings have remained unexplained. This
question has been addressed by Cvikl and Peternelj [4], who have shown that the
measurements could be well interpreted in terms of the model according to which the
geometry of motion [5] of the spacer protons results as thought the protons are subjected
to the transverse oscillations of the standing wave variety with only the fundamental
mode of vibrations excited. The motion of the biphenyl group, constituting the
mesogenic unit, has also been appropriately accounted for on the basis of a suitable
uniaxial biased reorientational model of motion [6]. However, no dynamical model for
the spacer standing wave motion effect of the neutron scattering spectra has been
presented so far and it is the purpose of this note to investigate the possible influence of
the postulated dynamics on also the quasi-elastic part of the measured cold neutron
scattering spectra.

As mentioned above, the main objective is to obtain an additional view on the (only
the) spacer dynamics, particularly so as the elastic incoherent structure factor, EISF,
measurements [1], yielding the geometry of motion, demonstrate that the effect of the
fundamental type of the standing wave motion could appreciably affect the measured
incoherent cold neutron scattering spectra [4]. However, the calculated EISF value as
obtained by QNS measurements of ref. [1] could not be uniquely interpreted in terms of
the two models employed, as there are indications that the model of the biased
reorientations of the phenyl rings could itself alone account for the measurements. This
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duality is a consequence of the fact that the measurements were obtained on an
unoriented sample. One notes that, however, other well known models of particle motion
have been in the work of reference [1] definitely ruled out.

The problem of the internal reorientational dynamics of liquid crystalline molecules has
been up to now and is also in the present paper investigated on the basis of the,, for the
purpose, suitably devised models of the reorientational motion.

2. Theoretical outline

We begin by noting, that the incoherent scattering law, S(Q,o>)> is given by the time
Fourier transform of the intermediate scattering function, I(Q, t), which is defined as,

1(0.0= ( e # ) ^ 0 1 ) (l)

where Q is the neutron scattering vector transfer, f (t), is the proton position vector
expressed in the laboratory frame and the brackets denote the fact that an ensemble
average over all the initial and final states is to be evaluated. In what follows, we will be
interested in the linear chain of spacer atoms of which an example is O - (CH2)6 - O
group of the polyacrylate liquid crystalline sample. For our purposes it is permissible in
the first approximation to assume that both oxygen atoms represent the nodes of the
standing wave type of vibrations of spacer protons. The proton displacements at the
(equilibrium) position x as measured along the extended chain joining the oxygen atoms
is vibrating transversely to it and the instantaneous transversal proton position from its
equilibrium value is denoted by s(x, i) . Here the origin of the x-axis is taken, say, at the

left oxygen and all the chain protons (see for instance ref. [3] and [4]) are taken to
vibrate within the same stationary plane. Under the described conditions, the expression
to be evaluated reads,

Let the angle between vectors Q and s be denoted by © and denoting q=Q cos®, the
intermediate scattering law, eq. (2), is to be evaluated for all the 12 protons in the side
chain which are situated at 6 different positions x; (i=l, 6) along the line joining the two
oxygen atoms [4]. According to the basic assumption, on account of the thermally
activated processes which is presumably causing the (synchronous) spacer vibrational
deflections their amplitude of vibration are assumed to be described by a well known
expression for the fundamental vibrational mode,

= l , 6, (3)

where A is a constant. Here, / is the length of the elongated chain as measured between
the oxygen atoms [4],

The expression to be evaluated reads,
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where P(s(O); s(t),t) is the conditional probability density that the proton is going to be at
the position s(t) in time t, providing it was at s(0) at time t=0. Pi(s(t)) and P2(s(0)) are
describing the probability densities for the final and the initial displacements distributions
respectively of the proton at the position x; and in what follows are both taken to be
uniform, i.e.,

where the amplitude of vibration of the i-th proton is defined by the eq. (3). In order to
calculate the conditional probability density P(s(0); s(t), t) for the spacer dynamics of the
twelve protons which are subjected to the transverse oscillations of the standing wave
variety with only the fundamental mode of vibrations being excited, a suitable model has
to be envisaged. Since we are interested in the fact as to what extent the transverse
vibrations of the 12 spacer protons possibly modify the shape of the incoherent scattering
law, S(q,a>), it seems that mathematically the simplest approach is offered by an
extension of the model of the stochastic symmetric random walk of a particle on a line
between two perfectly reflecting barriers. In the present case these lines are (for the
particular proton vibrating transversally at the position x along the line joining the spacer
oxygen atoms) perpendicular to the O - O direction and their lengths are equal to 2 so(x),
[4]. Both oxygen atoms are taken as nodes of standing wave vibrations. Evidently, this
model requires the existence of sinhronous motion of the twelve spacer protons in the
sense that each one of them is, on the average, constrained to move (on the time scale of
the neutron experiments i.e, 10"10 s to 10'13 s) in the same direction while simultaneously
being subjected to the large number of (fast) small step diffusional motion of the
stochastic nature characterised by the appropriate value of the corresponding
translational rate constant denoted by the symbol D. Assuming the possibility of
occurrence of the described type of the spacer proton motion and dropping the index i,
the conditional probability (in the continuum limit) is found to be [7],

After some manipulations the final result for the scattering law reads (for the proton
placed at the position x on the line joining the vibrational nodes),
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In the equation above the Kronecker delta symbol denotes the fact, that the divergent
terms should not enter into the above expression. The first term of the derived scattering
law, i.e. the term jo

2(qso/2) in front of the delta function, i.e. the square of the spherical
Bessel function of the order 0, is the elastic incoherent structure factor, EISF, which
describes the geometry of the particle motion and is identically equal to the expression as
has been, for this purpose, derived in ref. [4]. As for the dynamics of the assumed
motion it is evident that it is reflected in the series of Lorentzian terms, which are
modulated by the q-dependent coefficients. It is precisely this, somewhat unusual, q-
dependence which distinguish the postulated motion of the spacer protons subjected to
the transverse oscillations of the standing wave fundamental mode from numerous other
stochastic models of particle dynamics [8]. For instance, in case of uniaxial simple
rotational diffusion of the spacer protons along the axis joining the two oxygen atoms,
the incoherent scattering law than reads,

(8)L?{q>{)) £ 2,

where, Jn, are the cylindrical Bessel functions of the order n and Dr is the rotational
diffusion constant [9].

3. Results and discussion

The derived scattering law, S(Q,a>), describing the standing wave like motion of an
particle has been numerically evaluated for the values of So=0.75 10"10 m and the rate
constant for translational diffusion of a particle in liquid crystals, D=8.5 10"u m2/s. The
results of the calculations are presented on Figure 2, Figure 3 and Figure 4.

On Figure 2 the incoherent scattering law, S(Q,o>), as a function of the energy
transfer, OJ, evaluated for the value of the scattering vector Q=0.8 10"10 m"1, is shown.
Evidently, the shape of the line is relatively week Lorentzian, as expected.
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The three dimensional plot of the scattering law, S(Q,w), is exhibited on Figure 3.
Clearly, within the experimentally accessible range of wave vector transfer, Q, (e.i. up to
the limit of say 2 1010 m"1) the peak value of the Lorentzian is nearly constant, and this is
obviously the main characteristics of the postulated standing wave like motion. It is to be
noted, that in the limit of Q -» oo, the derived scattering law, S(Q,o>), (weakly)
converges to zero. On Figure 3. exhibited satellites, originating due to the divergent
terms of eq. (7), are appearing already well out of the experimentally accessible Q range
and consequently can not be detected. Although for large amplitude of standing wave
oscillations, so(x), of the spacer proton at the distance x, the satellites do move towards
smaller values of Q, the occurrence of such large amplitudes would require large amount
of vibrational energy and are therefore very unlikely to occur.

On Figure 4 the peak value of the derived and on Figure 3 presented scattering law,
S(Q,a>), as a function of wave vector transfer, Q, (also outside its experimentally
accessible range), is exhibited. It is to be noted that only 5 terms of the series, as given
by the eq. (7), are taken into account, thus illustrating relatively fast convergence of the
above series. The Q independent behaviour (throughout the experimental Q-range) of the
incoherent scattering law, derived for the case of the standing wave like dynamics of the
scatterer, might consequently be taken as the major indication of the described motion.

vL2 -J.1
-5x10" 0

co s A - l
5X1011 l x lO 1 2

Figure 2. The incoherent scattering law, S(Q,w), evaluated at Q=0.8 10 m , for standing
wave like particle dynamics, as a function of neutron energy transfer. The values of the
parameters are given in the text.

However as evident, this effect is small and it will be with difficulty that it could be
experimentally detected. In fact, it seems that the postulated dynamics (when resolution
broadened) of the spacer protons of backbone deuterated linear polymer polyacrylate, in
clear contrast to the investigation of just the geometry of their motion [1, 4], could not
be uniquely identified by the cold neutron scattering method alone.
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Figure 3. The three dimensional plot of the incoherent scattering law for standing wave like
particle dynamics, S(Q,co), as a function of neutron energy transfer, co, and the wave vector
transfer, Q. The values of the parameters are given in the text. The constant Q dependence of the
scattering law (within the experimentally accessible Q range approximately spanning an interval
between 0.1 10"10 m"1 < Q < 2.2 10"10 m"1) is clearly noted.

4. Conclusions

The quasi-elastic cold neutron incoherent scattering law, QNS, for the assumed case
of transversal standing wave type of motion of the linear chain -a spacer- of the
polyacrylate polymer liquid crystal, based upon the random walk of the particle between
two perfectly reflecting potential barriers, has been derived. The spacer protons are taken
to vibrate (within the stationary plane) transversely to the line joining the oxygen atoms
in a way where they are all simultaneously displaced in the same direction with
amplitudes of the standing wave fundamental mode of the vibration excited.

The main characteristics of the postulated dynamical effect of the spacer protons on
the calculated incoherent scattering law, S(Q,6J), is its almost constant value throughout
the experimentally accessible range of the scattering vector Q. It appears that, when the
experimental resolution broadening effect is taken into account, the contribution of the
postulated dynamical behaviour to the measured QNS spectra might be small, and
consequently the standing wave like spacer dynamics in polymer liquid crystals will be
very difficult to be identified in the quasielastic neutron scattering experiments. In fact, it
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Figure 4. An almost Q independent (within the experimentally accessible Q range) behaviour of
the incoherent scattering law, which has been derived for the case of the standing wave like
dynamics of the scatterer, represents the major characteristics of the described motion. In case of
large amplitudes of standing wave like vibrations of the proton (from the energy point of view an
unlikely event), the satellites move towards smaller values of Q.

now appears that, based upon the results of the calculations above, it is very likely, that
the EISF measurements of ref. [1], reflect to the largest extent only the small step, within
a circular segment of the temperature dependent apex angle, confined stochastic angular
displacements, around their para axis, as has been already predicted in ref. [4].
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