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

On: 23 February 2013, At: 08:14

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

NMR Investigations on (Benzene)
Chromium Tricarbonyl Oriented in a

Nematic Phase
C. L. Khetrapal #, A. C. Kunwar ?, C. R. Kanekar * & P. Diehl
b

® Tata Institute of Fundamental Research, Bombay, 5, India

b Department of Physics, University of Basel, Switzerland
Version of record first published: 21 Mar 2007.

To cite this article: C. L. Khetrapal , A. C. Kunwar , C. R. Kanekar & P. Diehl (1971): NMR
Investigations on (Benzene) Chromium Tricarbonyl Oriented in a Nematic Phase, Molecular
Crystals and Liquid Crystals, 12:2, 179-183

To link to this article: http://dx.doi.org/10.1080/15421407108082770

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/10.1080/15421407108082770
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 08:14 23 February 2013

Molecular Crystals and Ligquid Crystals. 1971. Vol. 12, pp. 179-183
Copyright © 1971. Gordon and Breach Science Publishers
Printed in Great Britain

NMR Investigations on (Benzene)
Chromium Tricarbonyl Oriented in a
Nematic Phase

C. L. KHETRAPAL, A. C. KUNWAR, C. R. KANEKAR

Tata Institute of Fundamental Research
Bombay-5 India

and
P. DIEHL

Department of Physics,
University of Basel, Switzerland

Recetved October 1, 1970

Abstract—The NMR spectrum of (benzene) chromium tricarbonyl oriented
in the nematic phase of a mixture of 509, 4-methoxybenzylidene 4-amino-«-
methyl cinnamic acid-n-propyl ester and 509, anisole-p-azophenyl-n-capro-
nate has been investigated.

It has been shown that the complex has a structure in which the Cr(CO),
group is bonded to the delocalised =-electron cloud such that the effective
symmetry is 6-fold. Ratios of the interproton distances are determined.

Contrary to other aromatics, the molecule is shown to orient preferentially
with the benzene plane perpendicular to the direction of the magnetic field,
under the assumption that the indirect H~H couplings in the complex have
the same sign as in benzene.

The proton chemical shift anisotropy in the compound is determined.

1. Introduction

NMR spectra of small organic molecules dissolved in the nematic
phase of liquid crystals have been extensively investigated®) in order
to obtain information about the molecular structure. However, the
application of this method to inorganic complexes has so far been
restricted to a single compound.® 1In this case, it was not possible
to obtain the absolute sign of the molecular orientation and hence of
the chemical shift anisotropy. Investigations on (benzene) chromium
tricarbonyl were undertaken in order to get a deeper insight into the
orientation and the chemical shift anisotropy of such compounds as
well as their molecular geometry. The results are presented in this
communication.
179
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2. Experimental

The (benzene) chromium tricarbonyl complex was commercially
available. An 11 mole percent solution of the complex was made in a
mixture of 509, 4-methoxybenzylidene 4-amino-«-methyl cinnamic
acid-n-propyl ester (I) and 509, anisole-p-azophenyl-n-capronate (II).
The proton spectrum was recorded at room temperature (28 °C) on a
Varian HR-spectrometer operated at 56.445 MHz. Several traces
were taken and the statistical error in the measurement of line posi-
tions was +1.0 Hz. The average line width was 17 Hz.

Tetramethylsilane was used as an internal standard for the
measurement of the chemical shift anisotropy.

3. Results and Discussion

3.1. ANALYSIS OF THE SPECTRUM

The spectrum of the compound isshown in Figure 1. Thesymmetry
of the spectrum with respect to the centre indicates that there is no
chemical shift between the various protons.

The chromium tricarbonyl group may be coordinated (a) to a
double bond (C,-symmetry) or (b) to the overall pi electron cloud of
the benzene ring (effective Cg-symmetry).@4) A structure in which
the benzene ring is rotating rapidly will also have an effective
Cg-symmetry.

The analysis of the spectrum was carried out with the help of the
LAOCOONOR programme® on a CDC-3600 computer using C, as
well as Cg-symmetries of the molecule. It was found that it is not
possible to analyse the spectrum iteratively unless information about
the 6-fold symmetry is included. In order to find out the extent to
which it would have been possible to detect C,-symmetry, a forward
analysis of the spectrum was carried out with the help of part I of
the LAOCOONOR programme. It was concluded that the observed
spectrum corresponds to the 6-fold symmetry of the molecule within
limits of experimental accuracy and resolution. Hence, the molecule
has a structure in which either the Cr(CO), group is coordinated to
the overall pi electron cloud of the benzene ring or the “ rotating
structure >’ as discussed earlier.
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Figure 1. NMR spectrum of (benzene) chromium tricarbonyl oriented in the
nematic phase of 509%, (I) +509%, (II}. Concentration of the solute = 11 mole
%- Temperature = 28 °C. Spectrometer frequency = 56.445 MHz.

The analysis of the spectrum was performed using known values of
the indirect couplings for benzene.® The corresponding couplings
in the complex may be slightly smaller but are not known. Iterative
calculations were carried out with both possible sign combinations
of the direct couplings relative to the indirect ones. A root mean
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square error of 2.5 Hz was obtained between the observed and the
calculated line positions with opposite signs of the direct (D) and the
indirect (J) coupling and 0.7 Hz with similar signs. This indicates
that the signs are the same in this case. Expressions for transition
frequencies and intensities in terms of the parameters derived® for
a six-fold symmetry case were also used to verify this result. Since
the major A-H indirect couplings in benzenes are known to be of
positive sign, the direct couplings must also be positive. Values of
the parameters derived are reproduced in Table 1. Errors of the
various parameters (Table 1) were obtained as described earlier.®

TAaBLE 1 Results of spectral analysis for (benzene) chromium tricarbonyl
oriented in the nematic phase of a mixture of 50% (I) and 509, (II}). The
numbering of the protons is given in Fig. 1.

Parameter Value
Dortho(D1z = Dyy = Dy =Dy = Dyy =Dy) 127.6 4+0.2 Hz
Dmeta{Dia = Dy = Dyy = Dy = D5 = Dyq) 247 4£0.1 Hz
Dpara(D1y = Dy = Dyy) 159 40.1 Hz
Ssa 0.0325 4 0.0002
Tya/T1a 1.729 40.003
T1a/T1s 2.002 £0.003
do ~-149 20 ppm.

3.2. GEOMETRY OF THE PROTON SKELETON

The proton skeleton of (benzene) chromium tricarbonyl has an
effective 6-fold symmetry. The ratios of the direct couplings
DretalDortno @nd DyarafDorine in this case are 0.1936 +0.0010 and
0.1246 + 0.0010 respectively. They agree with the corresponding
values (0.1929 and 0.1247) for benzene within experimental
accuracy (the values for a regular hexagonal geometry are 0.1925 and
0.1250). The two distance-ratios derived from the ratios of the dipolar
couplings are included in Table 1.

3.3 MoLECULAR ORIENTATION

It has been pointed out in section 3.1 that the sign of the direct
couplings is positive. This indicates that the molecule orients
preferentially with its benzene plane perpendicular to the direction
of the magnetic field. This is in contrast to benzene and other
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aromatics, which under similar conditions orient with their planes
along the direction of the magnetic field.®

The only independent orientation parameter S;, along the sym-
metry axis can be obtained if one of the H-H distances in the
molecule is known. The value reported in Table 1 has been obtained
with 7t — 2,481 +0.0054.®

3.4. CHEMICAL SHIFT ANISOTROPY

The proton chemical shift anisotropy 4o(= o — o, where o is
measured along the symmetry axis) in this case can be determined by
a measurement of the shift (48) between the centre of the spectrum
in the nematic and isotropic phases with the help of Eq. (1).®

48 = 384, do (1)

The centre of the spectrum in the nematic phase is 18.2 + 2.4 Hz,
downfield from its position in the isotropic medium. The chemical
shift anisotropy thus obtained is included in Table 1. It differs
significantly from the value for benzene” but is of the magnitude
observed for (cyclobutadiene) iron tricarbonyl.® This indicates
that a contribution to the shift anisotropy from the chromium
tricarbonyl group is quite important.
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