This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 05:50

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

A New Nematogn-Like
Nitroxide Free Radical To
Probe The Structure And
Dynamics Of Nematic Liquid
Crsytals

Andrew T. Pudzianowski ® , Arthur F Stiliman 2 ,
Robert N. Schwartz ® , Barney L. Bales ® & Eric S.
Lesin

# Department of Chemistry, University of Illinois at
Chicago Circle, Chicago, Illinois, 60680

® Centro de Fisica, I. V. I. C., Apartado 1827
Caracas, 101, Venezuela
Version of record first published: 28 Mar 2007.

To cite this article: Andrew T. Pudzianowski , Arthur F Stiliman , Robert N. Schwartz ,
Barney L. Bales & Eric S. Lesin (1976): A New Nematogn-Like Nitroxide Free Radical To
Probe The Structure And Dynamics Of Nematic Liquid Crsytals, Molecular Crystals and

Liquid Crystals, 34:2, 33-41

To link to this article: http://dx.doi.org/10.1080/15421407608083881

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407608083881
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 05:50 23 February 2013

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 05:50 23 February 2013

Mol. Cryst. Lig. Cryst., Vol. 34 (Letters), pp. 3342
© 1976 Gordon and Breach Science Publishers, Ltd.
Printed in U.S.A.

A NEW NEMATOGEN-LIKE NITROXIDE FREE RADICAL
TO PROBE THE STRUCTURE AND DYNAMICS OF
NEMATIC LIQUID CRYSTALS

ANDREW T. PUDZIANOWSKI, ARTHUR E. STILLMAN
AND ROBERT N. SCHWARTZ
Department of Chemistry, University of Illi-
nois at Chicago Circle, Chicago, Illinois,
60680

and
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Centro de Fisica, I.V.I.C., Apartado 1827,
Caracas 101, Venezuela

(Submitted for publication May 7, 1976)

The preparation of a new nematogen-like
nitroxide spin probhe N- (p-methoxybenzylidene) -
4-amino-2,2,6,6-tetramethylpiperidino-1l1-oxyl
is described. Initial electron paramagnetic
resonance results are reported for this probe
introduced into the nematogen MBBA.

INTRODUCTION

The study of liquid crystals by introducing a
small amount of a paramagnetic impurity into the
mesophase is now a well established technique.!
From the analysis of the electron paramagnetic
resonance (EPR) spectra and under the implicit
assumption that the behavior of the paramagnetic
probe reflects, in some way, the behavior of the
liquid crystal, one obtains information regarding
the static and dynamic properties of the liquid
crystal itself. That this implicit assumption is
not unreasonable has been demonstrated by the fact
that rod-like paramagnetic probes have been shown
to order in nematic mesophases.?/? Nevertheless,
an impurity is a perturbation on the system and it
is desirable to mimic as nearly as possible the
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structure of the liquid crystal molecules by the
structure of the paramagnetic impurity while still
retaining the desirable features of the probe
molecule.

The nitroxide spin probes have proved to have
many desirable features: simple spectra, chemical
stability," and the ability to probe rotational®
and translational® motion on a time scale of
interest in many liquids. Advances in understand-
ing the electron spin relaxation mechanisms of
these nitroxide probes in isotropic’ and ordered
fluids over the last several years have provided
a rather detailed description of their motion.

The purpose of this letter is to introduce a
new nematogen-like spin probe and to report some
of its properties. This work has the same basic
aim as that of Ferruti et al.?: to produce a
probe suitable for a wide range of studies of
certain nematic liquid crystals. However, the
label we report has the added advantage that it is

rigid.

Figure 1 shows the structure of N-(p-methoxy-
benzylidene)-4-amino-2,2,6,6-tetramethylpiperi-
dino-l-oxyl, which we refer to as MBATPO in the
remainder of this.letter. The same figure shows
the structure of a broad class of organic mole-
cules which have the same general structure, i.e.,
two para substituted aromatic rings rigidly llnked
by a double bond, which form nematic mesophases.®

SYNTHESIS OF THE NEMATOGEN-LIKE SPIN PROBE MBATPO

The synthesis of the probe molecule MBATPO
involves the condensation of a carbonyl compound
with a nucleophilic reagent. The nitroxide radi-
cal 4-amino-2,2,6,6-tetramethylpiperidino-l-oxyl
(Eastman lot no. C3X) was dried over P,0; hefore
use. All other materials were used without fur-
ther purification or preparation. In a round
bottom flask, which also served as the pot in a
simple distilliation apparatus, the radical was
dissolved in enough benzene to allow between 10
and 15 ml of solvent for each gram of the radical.
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MBATPO
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crg—-o@ C=—N N=0

BROAD CLASS OF NEMATOGENS
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Figure 1 The structure of the new nematogen-like
spin probe MBATPO and a broad class of nematogens.
For MBBA, R is CH,-0, A is CH, B is N and R' is
(CH,) ;CH,.
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To this mixture was then added enough p-anisalde-
hyde (Eastman lot no. A2F) to provide a slight
excess (1.1:1.0 molar ratio) over the radical.

The reaction mixture was heated slowly to
boiling at atmospheric pressure. The small amount
of water generated in the condensation of the
radical and p-anisaldehyde came off as a benzene-
water azeotrope (b.p. 68°C), and the remaining
benzene was distilled off slowly until the reac-
tion mixture appeared as a dark red oil.

A small column (~10 ml capacity), packed with
a slurry of silica gel (60-200 mesh) and diethyl
ether, was used to isolate the product radical.
The reaction mixture was diluted with just enough
ether to allow it to flow easily and run through
the column. There appeared a green-bhrown band
that did not elute, and a brown-red band. The red
fractions were combined and the ether was evapora-
ted by means of very low heat and a stream of N,,
to leave a red, crystalline solid. This solid was
dissolved in hexane at its bciling point and re-
crystallized at room temperature, yielding deep
red plates whose melting range was 93.0-94.5°C.

Analysis: Computed: C, 70.56%; H, 8.72%; N,
9.68%. PFound: C, 70.67%; H, 8.64%; N, 9.80%.
I. R. absorptions (in CHCl,):6.1lu, 6.25u, C = N -;
8.0-8.5u, N - O0; 9.75u, Ar-O-CH.

EPR MEASUREMENTS

EPR spectra at X-band were recorded with
either a homebuilt reflection-type spectrometer
using 6 kHz magnetic field modulation or a
Varian Associates V4502 X-band spectrometer
employing 100 kHz modulation. Dual cavity techni-
ques were used with both spectrometers. Di-tert
butyl nitroxide in benzene (degassed and sealed in
a capillary tube) was used as a standard (ay=
15.45+40.020G and a g-value, g=2.0061:;+0.00005
assumed). The temperature was controlled with a
Varian 4557 variable temperature unit to within
+0.5°C or a homebuilt gas-flow cryostat capable
of regulating the temperature to within +0.5°C.
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Samples were sealed under approximately 1 atm of
nitrogen in 2.0 mm I.D. guartz sample tubes after
removal of oxygen by the freeze-pump-thaw techni-
que.

RESULTS AND DISCUSSION

Figure 2 shows EPR spectra of MBATPO in n-
butyl alcohol at 22.5°C (Figure 2a), in MBBA at
80°C (Figure 2b), and in MBBA at 22.5°C (Figure 2c).
The spectra are presented in first derivative form
and show the three familiar hyperfine lines due
to the interaction between the unpaired electron
and the nitrogen (I=1l) nucleus.

The rather dramatic departure of the spectrum
in Figure 2c¢ from most nitroxide spectra observed
at X-band is due to (1) ordering of the spin probe
by the nematic ligquid crystal, (2) the fact that
the nitroxide moiety is oriented such that the
N-0O bond is approximately along {(within ~10°)
the long axis of the molecule, and (3) complicated
motional effects that do not allow one to assume
that the motion perpendicular to the long axis is
either fast or slow compared with the hyperfine
and g-tensor anisotropies.!r® It is not appro-
priate to enter into details here, but manifesta-
tion of the motional effects discussed by
Polnaszek et al.! in liquid crystals is quite
prominent for MBATPO in MBBA. In Table 1 we give
the results of measurements of EPP parameters for
MBATPO in MBBA at 22.5°C (parallel) where it
is seen that the hyperfine spacing measured
between the center and low field lines is about
one Gauss larger than the corresponding spacing
between the center and high field lines. Correct
treatment of such data requires the simulation of
EPR spectra using an appropriate slow motional
theory.! This work is in progress. Table 1 also
gives data corresponding to an orientation of the
nematic director perpendicular to the external
field. This orientation was achieved by flowing
MBBA through a capillary which passed through the
microwave cavity. The rate of flow was increased
until the EPR line spacing no longer changed.
That a high degree of nematic order was obtained
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Uf"

Figure 2 EPR spectra of MBATPO in (a) n-butyl
alcohol at 22.5°C, (b) MBBA at 80°C and, (c¢) MBPA

at 22.5°C. The partial resolution of intramolecular
proton hyperfine structure is apparent in spectra
(a) and (b). The vertical arrow marks a=2.0061 and
the horizontsl arrow of 1C G length points toward
increasing field. In (b) a0 = 15.59 G and g. =

2.0063,. 150
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by this procedure was demonstrated by preparing a
"polycrystalline”" liquid crystal sample composed
of finely ground glass particles on to which the
liguid crystal was introduced. The polycrystalline
spectral features which resulted then corresponded
to those expected from the values in Table 1. Full
experimental details will be published in due time.

We anticipate that MBATPO will prove to be a
useful addition to the availabhle spin probes used
in liguid crystal research and are currently en-
gaged in electron spin relaxation studies of MBATPO
in various ligquid crystalline solvents.
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