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NMR measurements of the molecular orientational order in the homologous series
4-n-alkoxybenzylidene-4'-phenylazoaniline are compared with the McMillan smectic-4
theory. The agreement is remarkable. The measurements show a discontinuous drop
in the order parameter at the first-order smectic-A4 ~=nematic phase transition. The
magnitude of the drop decreases with decreasing length of the alkyl end chain, finally
approaching that characteristic of a second-order phase transition predicted by McMil-

lan.

Recently, McMillan® introduced a specific in-
teraction model which would predict first-order
as well as second-order nematic ~smectic-4
transitions. The treatment was a clever exten-
sion of the Saupe-Maier theory by the introduc-
tion of an additional order parameter to describe
the smectic-A order. A number of interesting de-
velopments arose from the calculation. It could
explain, for example, the role of the alkyl end
chains on the molecule in the formation of the
smectic phase. A phase diagram quite similar
to that actually observed was predicted. More
exciting, the theory went further to predict a
second-order nematic —smectic-A transition
which had yet to be observed. McMillan calculated
the temperature dependence of the specific heat,
entropy, and order parameters, but little or no
data were available for comparison. In this paper
we show detailed measurements of the tempera-
ture dependence of one of the order parameters,
n, for a homologous series of compounds where
the length of the alkyl chain is varied from one
to fourteen carbons. The prediction by McMillan
is remarkable and some measurements are in
fact consistant with that calculated for a second-
order nematic—smectic-A transition.

In the description of the smectic-A phase, two
order parameters are involved. One is the same
as that introduced by Saupe:

n=($cos?0-13), (1)

where 6 is the angle between the long axis of the
molecule and its preferred direction of orienta-
tion. This parameter was predicted by McMillan
to drop discontinuously at a first-order nematic—
smectic-A transition. The magnitude of the drop
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depends upon the length of the alkyl chain at-
tached to the molecule. As the number of car-
bons in the tail is decreased, the magnitude of
the drop also decreases until no drop is realized
at all, at which point the transition is second or-
der. This parameter can sometimes be mea-
sured with precision with NMR, and it is mea-
surements of 7 which we present in this paper.

In our measurements we use the homologous
series of compounds 4-n-alkoxybenzylidene-4'-
phenylazoaniline. A phase diagram showing the
nematic—smectic-A transition temperature on
the reduced temperature scale versus the length
of the alkyl end chains is shown in Fig. 1. There
are three regions of interest in the phase dia-
gram. The first region is where the McMillan
parameter a has values less than 0.7. Here the
smectic-A —nematic transition, if it exists, is
predicted to be second order. In our homologous
series, only the compound C, (two carbons in the
end chain) belongs in this region. The identifica-
tion of this transition will be discussed later.
The second region is where the smectic-nematic
transition becomes first order (0.7 <a <0.98).
The phases in this region were identified by their
optical texture. In the third region, a>0.98, the
liquid crystal passes directly from the isotropic
into the smectic phase. All the compounds above
C,, (synthesized up to C,;) showed this character.
These are not shown in Fig, 1.

This series of compounds is particularily well
suited for NMR since the magnetic dipole inter-
actions for the adjacent protons in the aromatic
rings are easily identified in the magnetic-reso-
nance spectra. The splitting which results from
this interaction is well resolved and is the large
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FIG. 1. Phase diagram for the McMillan parameter

a (solid line) along with a plot of the ratio of the ne-
matic~smectic-A4 transition temperature (°K) to the
isotropic-nematic transition temperature versus the
number of carbon atoms in the end chain for the homo-
logous series 4-n-alkoxybenzylidene-4’'-phenylaxoani-
line.

splitting shown in Fig, 2, Since the intermolecu-
lar interactions are motionally averaged to zero
and the interactions within the molecule are only
partially averaged, the splitting resulting from
the adjacent proton spins in the aromatic rings
follows the simple relation®

H=3yr *n(3cos®p - z)(3cos?6, - 3),
where y is the gyromagnetic ratio, # is the in-
ternuclear separation, and the angles ¢ and 6,
are diagramed in Fig, 2. The term containing
¢ results from additional averaging due to the
free rotation of the molecule about its long axis.
In the nematic phase the anisotropy in the mag-
netic susceptibility forces the preferred direction
of orientation to be parallel to the applied mag-
netic field and 6,=0. If the sample is cooled
through the nematic phase into the smectic phase
in the presence of a large magnetic field (~ 15000
G in our experiments), the preferred direction
in the smectic-A phase will likewise be parallel
to the field. With »=2,45 A and ¢ = 10° the val-
ues of 1 are determined from the measured split-
ting. The absorption spectra were recorded by
using the boxcar integrator to Fourier transform
the free-induction decay from a Bruker pulsed
NMR spectrometer. It should perhaps be noted
that as the length of the end chain is increased
the intensity of the central portion of the spec-
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FIG. 2. Absorption line shapes for the proton spins
in the Cy4, Cy, and C, compounds of the 4-z-alkoxy-
benzylidene-4’'-phenylazoanilene series near the re-
duced temperature of 0.9.

trum increases. This can only happen if the de-
gree of order of the end chain is much less than
the rigid central portion of the molecule since
the internuclear spacing for the protons in the
end chain is less than in the rings.® The end
chains therefore show a more fluidlike character
than does the rigid portion of the molecule. In
addition we should mention that the smectic-A
phase can usually be identified by reorientation
of the sample in the magnetic field.* The NMR
line narrows as shown in Fig. 2 in the compound
C, as the value of 6, approaches cos 1(3V3). This
narrowing relies on there being little distortion
in the smectic order resulting from a competi-
tion between the container walls and the magnetic
field.
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L L A s S S ted. Perhaps the most interesting, however, is
e, . the compound C, which shows a variation in 7
08 L g not unlike that predicted by the theory for a sec-

- 4 ond-order smectic-A -—~nematic phase transition.
Careful observations with the microscope did in
L 4 fact show a transition at this temperature but the
1 change in texture was so subtle that it was not
clear whether or not it is a transition into the
smectic-A phase. Reorientation of the sample

| \"-. TR S in the magnetic field did not give a narrowing

of the NMR line as is usually characteristic of
the smectic-A phase; however, it was surprising
to discover that the compound C, which definitely
exhibits the smectic-A phase only showed little
narrowing in this phase as compared with C,,

020 e | where the line could be appreciably narrowed by
i e a factor of 50. It appears as if the deformation
‘e ) constants® are becoming weaker as the first-order

@) ™ | transition becomes weaker, allowing more distor-

0br . tion. This could be why C, does not appear to

08 T 10 narrow at all in the large magnetic field. X-ray
REDUCED TEMPERATURE data on this series of compounds would be most

helpful.

For completeness the transition temperatures
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FIG. 3. Measured values of the order parameter 7,
along with the theoretical values (solid lines), versus

the reduced temperature in the homologous series 4- for C,, C4, C,, and C,,, are 199, 179, 168, and
n-alkoxybenzylidene-4'-phenylazoaniline for (a) Cy; 164°C, for the isotropic-nematic transition and
() Cyy (open circles), C; (crosses), Cj (closed circles); 133, 123, 151, and 162°C for the nematic—smec-
() Cyy. tic-A transition, respectively. For C,, the iso-

tropic-smectic transition occurs at 159°C.

Measurements of the temperature dependence
of n for several compounds in the homologous

series are shown in Fig. 3 along with the theoreti- *On leave from the Department of Physics and Lig-
cal values computed from the McMillan theory uid Crystal Institute, Kent State University, Kent,

for the appropriate values of @. The agreement Ohio. . Work supported by the National Science Founda-
is quite good, particularly in the smectic phase. ti?n under Grant No. GF-30031.
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