
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 19 February 2013, At: 14:36
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 Pulsed NMR Study of Ionic-
Conduction Induced Flow
Alignment in Nematic Liquid
Crystals
P. A. Mitchel a , C. E. Tarr a & T. B. Tripp b
a Department of Physics and Astronomy, University
of Maine at Orono, Orono, ME, 04469, U.S.A.
b Department of Chemistry, University of Maine at
Presque Isle, Presque Isle, ME, 04769, U.S.A.
Version of record first published: 20 Apr 2011.

To cite this article: P. A. Mitchel , C. E. Tarr & T. B. Tripp (1985): A Pulsed NMR Study
of Ionic-Conduction Induced Flow Alignment in Nematic Liquid Crystals, Molecular
Crystals and Liquid Crystals, 128:3-4, 197-210

To link to this article:  http://dx.doi.org/10.1080/00268948508079491

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,
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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508079491
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
36

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Crysf. Li9. Cryst., 1985, Vol. 128, pp. 197-210 

0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

0026-8941 1851 1284-0197/$20.O/0 

A Pulsed NMR Study of lonic- 
Conduction Induced Flow Alignment 
in Nematic Liquid Crystalst 
P. A. MITCHEL,S C. E. TARRS and T. B. TRIPPP 
$Department of Physics and Astronomy, University of Maine at Orono, Orono, ME 
04469, U.S.A. $Department of Chemistfy, University of Maine at Presque Isle, 
Presque isle, ME 04769, U.S.A. 

(Received July 30, 1984; in final form January 21, 1985) 

Nematic liquid crystals with negative dielectric anisotropies align with the nematic 
director approximately parallel to a low frequency electric field due to the presence 
of ionic impurities. The movement of these ionic impurities produces shear in the 
medium. Theoretical expressions for hydrodynamic flow in the presence of shear 
predict that the nematic director will rotate to make a small angle with respect to the 
direction of shear flow. Nuclear magnetic resonance techniques are used to determine 
both this "flow alignment angle" and to determine the molecular order and orientation 
as a function o f  time after the sudden application of an electric field. 

INTRODUCTION 

When nematic liquid crystals with negative dielectric anisotropies are 
exposed to electric fields, the resulting alignment depends upon the 
frequency of the applied field. At high frequencies the dielectric 
torque on the molecules causes them to align such that the director 
is perpendicular to the field. Below some cut-off frequency the move- 
ment of ionic impurities produces a shear-torque on the moelcules 
and the resulting alignment is such that the director makes some small 
angle (the flow alignment angle) with respect to the electric field. 

Nuclear magnetic resonance (NMR) provides a good tool for de- 
termining the orientation of nematic liquid crystals. The proton NMR 

tWork supported in part by National Science Foundation Grant DMR 7810313-02. 

197 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
36

 1
9 

Fe
br

ua
ry

 2
01

3 



198 P. A .  MITCHEL, C. E. TARR and T. B. TRIPP 

FIGURE 1 
showing equilibrium flow alignment as indicated by decrease in peak splitting. 

PAA at 129°C. a. No electric field applied. b. Electric field applied, D
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PULSED NMR STUDY 199 

spectrum of a typical nematic consists of three well-separated peaks 
as shown in Figure la .  The central peak is due to protons in positions 
in which the dipolar interactions with neighboring protons are mo- 
tionally averaged. The two symmetric side peaks arise from a strong 
unaveraged dipolar interaction between adjacent protons on benzene 
rings whose internuclear vector lies along the molecular axis. 

The para-axis of the benzene rings usually makes some small angle 
with respect to the molecular axis. The rapid molecular motions are 
such that there is cylindrical symmetry of the para-axis about the 
molecular axis and of the molecular axis about the director. The 
dipolar interaction between the phenyl protons is proportional to 

1 
2 

P ,  (COS e) = - (3 C O S ~  e - 1) 

where 8 is the angle between the director and the external magnetic 
field Ho, which is applied in an NMR experiment. One can thus 
monitor the orientation of the director by observing changes in the 
splitting of the side peaks. If the director makes some angle 8 with 
respect to Ho, then the splitting can be written 

where Aw0 is the splitting when 8 = 0. 
According to the theory of flow-alignment developed by Helfrich,' 

when a shear-force acts upon a nematic it experiences a torque which 
depends upon the shear-torque coefficients K ,  and K2 and the shear 
rate. At some angle a measured with respect to the direction of 
velocity, this torque is zero and a can be determined from 

K ,  tanZ a = - - 
K2 

In the case of ionic conduction-induced flow alignment, space charge 
accumulates in defects in the material. These charges interact with 
the electric field to shear the medium and macroscopic flow cells are 
produced. 

In an NMR experiment done on MBBA by Tarr and Carr,, a D.C. 
electric field was applied parallel to the magnetic field. The results 
showed large well-aligned regions making some small angle with re- 
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200 P. A. MITCHEL. C. E. TARR and T. B. TRIPP 

spect to the magnetic field and thus with respect to the direction of 
flow of ions. Using a 50 Hz A.C. electric field we have obtained 
similar results for PAA as shown in Figure 1. 

EXPERIMENTAL DETAILS 

The liquid crystal samples were contained in a glass sample cell of 
square cross section approximately 1 cm on a side. Within the cell 
were two sets of interleaved platinum plates separated by two slotted 
teflon spacers. The distance between plates was 1.07 mm. The cell 
was situated in the magnetic field so that the electric field and mag- 
netic field were parallel. For PAA the electric field had an rms am- 
plitude of 3000 V/cm and a frequency of 50 Hz while the magnetic 
field had an amplitude of approximately 2.3 kG corresponding to a 
proton Larmor frequency of 10 MHz. The electric field applied to 
MBBA had an rms amplitude of 4000 V/cm and a frequency of 30 
Hz. The magnetic field applied was approximately 7 kG correspond- 
ing to a proton Larmor frequency of 30 MHz. 

The object of the experiments was to monitor the orientation of 
the director in PAA and MBBA as a function of time after the onset 
of an electric field. Both materials have positive diamagnetic ani- 
sotropy and were thus initially well aligned with the director parallel 
to the external magnetic field. 

The pulse sequence used to acquire the data is shown in Figure 2. 
Initially a comb of 90" pulses 50 ms apart was applied to bring the 
magnetization to an equilibrium value. A pulse to the electric field 
apparatus turned on the electric field. After an adjustable delay a set 
of 5 90" pulses was applied, again separated by 500 ms. After each 
of these 5 pulses the free induction decay (FID) of the magnetization 
was digitized and stored in memory. A final pulse turned off the 
electric field and the sample was allowed to return to its original 
orientation parallel to the magnetic field. This entire sequence was 
repeated 50 times for the purposes of signal-averaging. 

The delay between the onset of the electric field and the data 
acquisition was varied from 31 ms up to 3 to 4 seconds. A lower limit 
on the delay of 6 ms was determined by the time necessary to re- 
program the programmable pulser. Each signal-averaged FID was 
Fourier transformed to produce an NMR absorption spectrum cor- 
responding to each time. 

In earlier  experiment^^.^ the orientation of a nematic in competing 
electric and magnetic fields was fit to a model in which the liquid 
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202 P. A. MITCHEL, C. E. TARR and T. B. TRIPP 

crystal molecules were assumed to fall into one of three groups: those 
aligned with director parallel to the magnetic field, those aligned with 
director perpendicular to the magnetic field and those aligned with 
director at random orientations. A similar model was used to fit the 
data in the present experiment. In the new model a fourth possible 
group was added, molecules with director oriented at the flow align- 
ment angle. 

i 
n i 1 

FIGURE 3 PAA at 129°C. a. Director parallel to magnetic field. h. Director at 
calculated flow alignment angle. c. Director perpendicular to magnetic field. d. Ran- 
dom orientation of director. 
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PULSED NMR STUDY 203 

RESULTS AND CONCLUSIONS 

Time-dependent data were taken for PAA at three temperatures, 
one below the solid-nematic transition temperature in which there 
was flow alignment in a supercooled state and for MBBA at a single 
temperature. The data were least squares fit to four normalized spec- 
tra corresponding to the four groups. These spectra are shown in 
Figure 3 for PAA and in Figure 4 for MBBA. The results of the fit 

FIGURE 4 MBBA at 24°C. a. Director parallel to magnetic field. b. Director at 
calculated flow alignment angle. c. Director perpendicular to magnetic field. d. Ran- 
dom orientation of director. 
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204 P. A. MITCHEL, C. E. TARR and T. B. TRIPP 

yielded percentages of molecules associated with each group as a 
function of time after the onset of the electric field. Typical fits for 
PAA and MBBA are shown in Figure 5 and 6 respectively. The time 
evolution of each component for PAA at the three temperatures is 
shown in Figure 7-9 and for MBBA in Figure 10. 

In the case of PAA, the flow alignment appears to be established 
almost immediately, and the experimental technique does not permit 

FIGURE 5 Typical fit for PAA, 129°C at 400 ms after application of electric field. 
Solid line is experimental data and crosses indicate fi t .  
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PULSED NMR STUDY 205 

observations at times less than approximately 10 ms so that the very 
rapid development of flow alignment can not be observed. The data 
for MBBA, on the other hand shows an evolution of order from an 
initial uniform ordering with the director parallel to the magnetic 
field to flow-alignment which is essentially complete after 500-600 
ms. These observations are consistent with the rather large difference 
in viscosities of PAA and MBBA. Further, the flow-alignment ap- 

FIGURE 6 Typical fit for MBBA 24°C at 1.5 s after application of electric field. 
Solid line is experimental data and crosses indicate fit. 
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210 P. A. MITCHEL. C. E. TARR and T.  B. TRIPP 

pears to be stable after the initial transient build up, which is con- 
sistent with optical observation of flow cells. 
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