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

On: 21 February 2013, At: 10:32

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

Two Dimensional NMR
Time Evolution Correlation
Spectroscopy in Liquid Crystals

R. K. Shenoy ?, C. E. Tarr & T. B. Tripp °
# Department of Physics, 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: 17 Oct 2011.

To cite this article: R. K. Shenoy , C. E. Tarr & T. B. Tripp (1983): Two Dimensional
NMR Time Evolution Correlation Spectroscopy in Liquid Crystals, Molecular Crystals
and Liquid Crystals, 98:1, 131-137

To link to this article: http://dx.doi.org/10.1080/00268948308073468

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

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308073468
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 10:32 21 February 2013

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 10:32 21 February 2013

Mol. Cryst. Lig. Cryst., 1983, Vol. 98, pp. 131-137
0026-8941/83/9804—-0131/$18.50/0

© 1983 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Two Dimensional NMR Time
Evolution Correlation
Spectroscopy in Liquid Crystals®

R.K. SHENQY and C.E. TARR

Department of Physics and Astronomy, University of Maine at Orono, Orono,
ME 04469 U.S.A.

and

T.B. TRIPP

Department of Chemistry, University of Maine at Presque Isle, Presque Isle, ME
04769 U.S.A.

(Received January 28, 1983)

Two dimensional NMR time evolution correlation spectroscopy, where a correlation of NMR
relaxation and line-shapes are performed, provides a powerful tool in characterization of
systems involving two or more spin groups. This technique is applied to proton NMR study
in liquid crystal para-azoxy anisole in the nematic phase at two different frequencies. Two
different spin groups corresponding to methyl and phenyl protons are identified, as expected.
The methyl proton spin lattice relaxation time shows a greater frequency dependence com-
pared to phenyl protons. :

INTRODUCTION

Liquid crystals often have spin groups which reside in different molecular
environments. In such systems the transverse magnetization decay or the
free induction decay (FID), which is a measure of spin-spin interaction,’
often decays with several time constants. These time constants, or the
spin-spin relaxation times (7) may be resolved if the T,’s differ by a factor
of five or more. If the T;’s differ by less than a factor of five, then the FID
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may be partially resolved by using the two dimensional (2D) time evolution
correlation spectroscopy,”™ which allows the reconstruction of an approxi-
mate FID characteristic of each spin group. In a typical nematic liquid
crystal, such as PAA, one might expect nonexponential behavior in both
spin-spin relaxation and spin-lattice relaxation, as molecular motions tend
to average the dipolar interactions of the protons associated with the end
groups while not having any substantial averaging effect on the phenyl
protons. These effects give rise to the familiar three line spectrum of PAA,
with the central line associated with the end chain protons and the doublet
associated with the protons on the benzene rings. Nonexponential relax-
ation in PAA is rather slight® and has been overlooked by many in-
vestigators. This indicates that the linewidths of each component are nearly
equal (exponential or Gaussian behavior of FID) and that cross relaxation
between the two spin groups is at least comparable in magnitude to T;
(exponential behavior of magnetization recovery). In the current work 2D
time evolution correlation spectroscopy has been applied to resolve the
slight nonexponential behavior of PAA.

In 2D time evolution correlation spectroscopy, the evolution of mag-
netization along the ¢ axis (FID or of transverse decay) and along the 7 axis
(the longitudinal recovery) is recorded, producing a measure of the stan-
dard spin lattice relaxation time, 7). However, instead of analyzing the
longitudinal recovery at a single time window ¢ at the beginning of the FID,
analysis is carried out at a number of different #’s. Each 7 recovery is
graphically decomposed into components and both the intercepts for 7 = 0
and T; of the components for different ¢'s are obtained. The 7 = 0 inter-
cepts for different #'s make up the representative points on the FID corre-
sponding to each component. These FID’s are then fitted to either
exponential or Gaussian functions and the ¢ = 0 intercepts corresponding
to the true magnitude of each magnetization component is obtained. Thus,
not only may each spin group be resolved, but also the important parame-
ters such as 7, T, and equilibrium magnetization for each spin group
can be determined.

EXPERIMENTAL DETAILS

NMR measurements were carried out at 122°C on a spectrometer (designed
and constructed in our laboratory) controlled by a Nicolet-1180 data system
and 293A pulse programmer. T, was measured using the standard
90 —7 —90, 180 —7 —90 or saturation burst pulse sequences, at 10 and
30 MHz.
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Para-azoxy anisole was synthesized® by dissolving 11 g of anisiline and
20.5 g acetonitrile in 200 ml of methanol. The temperature was adjusted to
about 35-40°C and the pH to 9.5 (as measured with a glass electrode) by
adding 2N sodium hydroxide. 68 ml of 30% hydrogen peroxide was then
added slowly drop by drop maintaining the temperature at about 35-40°C
and the pH at 9.5. The mixture was then kept aside for 2—4 hours, con-
stantly stirring while maintaining the pH at 9.5. It was then cooled and the
solid was filtered and washed with isopropyl alcohol. The solid was re-
crystallized 2—4 times from isopropyl alcohol and chromatographed over
silica gel using chloroform as the mobile phase. The solid was recrystallized
once again. The ultra pure PAA thus obtained was filled into a sample tube,
which was then evacuated and sealed.

RESULTS

Transverse magnetization decay

The transverse magnetization decay is seen to be nonGaussian, as shown
in Figure 1 for the 30 MHz data. The magnetization is a superposition of

MX/M0
.

1 1 1 i 1
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TIMEma2 (JSun2)

FIGURE 1 Free induction decay at 30 MHz.
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the Fourier transform of the central line with that of the doublet, and
the latter is modulated by a sinusoidal function whose frequency is
determined by the line splitting. Thus, it is not possible to express this
magnetization decay as a linear combination of exponential or Gaussian
functions. The initial portion of the FID’s were fitted to a Gaussian with
T,’s equal to 26.7 =0.2 us (M, = 2.72 £0.1 G?) and 30.0 £0.2 us
(M, = 2.16 0.1 G?) for 10 MHz and 30 MHz respectively (see Table I).

Spin lattice relaxation in the laboratory frame

The recovery of the longitudinal magnetization in the laboratory frame was
recorded at 20 different ¢ values, with #'s measured from the beginning of
the FID. Each magnetization recovery was graphically resolved into two
components (Figure 2) and T,’s as a function of ¢ at 30 MHz are shown in
Figure 3. Neither the shorter nor the longer T,’s are dependent on the
window position; however, a considerable amount of scatter was present at
both frequencies. The 7 = O intercepts obtained while decomposing the
composite recovery are shown in Figure 4.

The above primary analysis of the magnetization recovery resolved the
magnetization corresponding to two different spin groups with different
T,’s rather well at 30 MHz. The resolution at 10 MHz was poorer. This
resolution could be improved by an iterative procedure, referred to as
secondary analysis.

TABLE 1
Proton Relaxation in PAA
= 30 MHz
T, (us) or 2D Time Evolution
Spin  Magnetization T, (ms) T, (us) Magnetization
Expt. Group Fraction (%) M [GY] M, (GH Fraction
FID — 100 30.0 =0.2
(or T} M, =2.16 £1)
T, Phenyl — 1904 55 29.9 +0.4 69.8 =1
M;=2.16 x.1)
Methyl — 1223 =7 27.2 £1.0 30.2 +1
M; =26=x2)
f=10MHz
FID — 100 26.7 £0.2
(or T) M, =272%.1)
T, Phenyl — 1795 *45 27.5 £0.5 66.8 £2
M, = 2.57 £1)
Methyl — 797 £59 27.2 £1.0 332 %3

M; = 2.60 £.3)
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FIGURE 2 Typical decomposition of magnetization recovery (t = 14.6 us, f = 30 MHz).
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FIGURE 3 Proton T,’s versus ¢ at 30 MHz.
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FIGURE 4 Reconstructed FID’s at 30 MHz.

In the secondary analysis the longer T)’s are averaged (T)avrc =
1795 +45 ms at 10 MHz and 1904 =55 ms at 30 MHz) and this T svgc is
used as the representative value of T, for the spin group with longer
spin-lattice relaxation time. The graphical fitting was then repeated holding
longer T, fixed to the average value. This procedure did reduce the scatter
appreciably at both frequencies. The reconstructed FID after secondary
analysis for 30 MHz is shown in Figure 5. Further iteration or tertiary
analysis was carried out by averaging the shorter T also, but this did not
reduce the scatter any further for the data at either frequency.

Reconstruction of the FID from 2D NMR

In the reconstructed FID (7 = 0 intercepts at different #’s) analysis of both
the FID’s were fitted to a Gaussian and the ¢ = 0 intercepts were obtained.
The ¢ = O intercepts after normalization correspond to the fractions of the
magnetization of each spin group.

Because PAA contains 8 phenyl protons and 6 methyl protons it would
be reasonable to expect contributions to the magnetization corresponding to
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FIGURE 5 Reconstructed FID’s after secondary analysis at 30 MHz.

57% and 43% respectively. However, cross relaxation and other effects
may give rise to further non-exponential recovery. The results of the present
study are summarized in Table 1. The 2D analysis used here yields spin
populations of 68% and 32% corresponding to phenyl and methy] protons
respectively, which are reasonably close to the expected values. The phenyl
proton T, is more or less independent of frequency, whereas the methyl
proton T, shows rather significant increase with increase in frequency (see
Table I).
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