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

On: 23 February 2013, At: 04:03

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

Specifity of High Resolution 'H and **C NMR
Spectra of Solid Fatty Carboxylic Acids

Liuovikas L. Kimtys ®

# Department of General Physics and Spectroscopy, Vilnius V. Kapsukas
State University, 232734, Vilnius, Lithuanian, SSR
Version of record first published: 20 Apr 2011.

To cite this article: Liuovikas L. Kimtys (1979): Specifity of High Resolution 'H and *c NMR Spectra of
Solid Fatty Carboxylic Acids, Molecular Crystals and Liquid Crystals, 56:1, 25-30

To link to this article: http://dx.doi.org/10.1080/01406567908070476

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 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.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406567908070476
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 04:03 23 February 2013

Mol. Cryst. Lig. Cryst. Vol. 56 (Letters), pp. 25-30
0140-6566/79-5601-0025804.50/0

© 1979, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

SPECIFITY OF HIGH RESOLUTION 'H AND '°C NMR

SPECTRA OF SOLID FATTY CARBOXYLIC ACIDS

LIUDVIKAS L. KIMTYS

Department of General Physics and
Spectroscopy, Vilnius V.Kapsukas State
University, 232734 Vilnius, Lithuanian SSR

(Submitted for publication May 14, 1979)

Abstract High resclution 1H and 13C NMR

spectra of fatty carboxylic acids from C15 to
C19 have been studied at various temperatures.
The existence of narrow NMR lines has been
found for the studied acids in the solid phass.
The new line at 4.1 ppm in the 1H NMR spectra
of odd-carbon acids in the solid phase has
been observed and assigned to the signal of

the monomers.

High resolution NMR studies of organic solids
reveal the very interesting fact that fairly sharp
NMR lines occur in the spectra of plastic crystals
where extensive molecular self-diffusion is allo-
wed. 7> The plastic crystal phase is normally found
in the case of bul%y molecular systems,4 but in
the molecules of solid long chain compounds, para-
fins and saturated fatty acids, considerable
freedom of motion is to be expected. The prese?g
[

NMR spectra of fatty carboxylic acids from C15 to

paper investigates the high resoclution 1H and

C19 at various temperatures.
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The spectra were recorded at 90.02 MHz (1H)
and 22.64 MHz (13C) on a Fourier transform Brukar
CXP 100 spectrometer employing the broad-band
1H - 13C decoupling. Thg chemical shifts were mea-
sured relative to the line of (CHZ)n group, chemical
shift of which was found to be temperature indepen-
dent, and converted to the delta scale. The tempera-
ture of samples was stabilized to within + 0.5 K by
means of the B-ST 100/700 c temperature control
unit.

Commercially obtained fatty acids (59.5 %)
were carefully purified by vacuum sublimation., Neote
that the degree of purification was found to have
no effect on the spectra.

The existence of narrow 1H and 13C NMR lines
has been found for the studied acids in the solid
phase (Fig.1). The line-widths vary from about
15 Hz to 70 Hz with the temperature change. However,
the temperature dependences of the chemical shift
of the carboxyl proton and carbonyl carbon (Fig.2)
are essentially different from the analogous cnes

5,6 .
*” where an increase of

for plastic pivalic acid,
chemical shift with decreasing temperature has

been found. All the acids included in the present
study show dependences of same type as heptadeca-
noic acid (Fig.2). The variation of chemical shift
of the carboxyl proton and the carbonyl carbon for

a liquid acid above the melting point is caused by

a monomer-self-associate (cyclic dimer, open chain
n-mer) exchange process and by the temperaturse
dependence of the chemical shift of the associatcsa7
The carboxyl proton line for the solid acids studiad

cannot be assigned to the signal of pure cyclic
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FIGURE 1. The 1H NMR spectra of heptadecanoic

acid (Tm = 334.4 K) at different temperatures:

(1) 336, (2) 331, (3) 330, (4) 320, (5) 313, and
(6) 313 K (without spinning of sample); (1'), (2'),
and (6') - with increased amplitude of the vertical
display. The spectra are recorded after accumula-
tion of 50 - 1000 transiets at the same height of
the highest peak.

dimers, because of a sharp decrease of its chemical
shift with decreasing temperature (Fig.2). Note
that the values of chemical shift for the solid
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FIGURE 2, Chemical shift of carboxyl proton and
carbonyl carbon of heptadecanoic acid as a function
of decreasing (1) and increasing (2) temperature.

acids have been found to be stable during a period
of measurement of about 10 hours. The direction of
temperature change has no effect on the chemical
shifts with the exception of a small divergence
near the melting point (Fig.2).

The other unexpected fact is the appearance
of a new line at 4.1 ppm in the 1H spectra of odd-
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-carbon acids in the solid phase (Fig.1). As the
temperature decreases, the intensity of this line
increases while the intensity of the carboxyl pro-
ton line decreases correspondingly. That result
allows the assumption that the observed new line,
which is absent for the acids in the liquid phase
(Fig.1), may be assigned to the carboxyl proton
and, probably, results from the presence of the
monomers. The chemical shift of that line is quite
close to the average value of the chemical shift
for aliphatic acid monomers 5 + 1 ppm, as calcula-
ted from the concentration dependences,7’8 or
temperature dependences of chemical shift for acid
in the vapour phase;9 direct measurement is impo-
ssible in the liquid phase.

The existence of the line at 4.1 ppm for only
odd-carbon acids appears to be a peculiar result,
however differences in crystalliﬁe structures10
and IR spectra11 have been found for odd and
even-carbon acids previously.

The line of the carbonyl carbon has been
observed in a narrower temperature range than the
carboxyl proton line, because of extensive inten-
sity decreases. The character of temperature dep-
endence of the chemical shift of the carbonyl
carbon (Fig.2) is different from the analogous
one for the carboxyl proton, and no additional
line has been found, inspite of using a large num-
ber of transiets (50000) and a different interval
between the pulses (3 - 50 sec).

The experimental data obtained may be signi-
ficant in elucidating the nature of the dynamics
of crystallization of the fatty acids.
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