This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:21

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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Crystal and Molecular Structure of 4’-

Cyanophenyl-4-n-Butoxybenzoate

. H. Ibrahim ® ¢, H. Paulus ®, M. Mokhles ® & W. Haase "

# Physics Department, Faculty of Science, Alexandria University,
Alexandria, Egypt

® Institute of Physical Chemistry, Technical University, Darmstadt,
Germany

¢ Faculty of Education, Alexandria University, Alexandria, Egypt

d Physics department, Faculty of Science, United Arab Emirates

University, P.O. Box, 17551, Al-Ain, U.A.E.
Version of record first published: 23 Sep 2006.

To cite this article: I. H. Ibrahim , H. Paulus , M. Mokhles & W. Haase (1995): Crystal and Molecular
Structure of 4’-Cyanophenyl-4-n-Butoxybenzoate, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 258:1, 185-190

To link to this article: http://dx.doi.org/10.1080/10587259508034558

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/gmcl19
http://dx.doi.org/10.1080/10587259508034558
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:21 18 February 2013

Mol. Cryst. Lig. Cryst., 1995, Vol. 258, pp. 185-190 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in the United States of America
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The crystal and molecular structure of 4'-cyanophenyl-4-n-butoxybenzoate, which exhibits a monotropic
nematic phase, has been determined using single crystal X-ray diffraction data. The crystals belong to the
orthorhombic system, Pcen, a = 35.872(8) A, b=11.331(3) A, ¢ = 7.773 (2) A, Z = 8. The structure has been
solved by direct methods and refined to an R-value of 0.0502 with F, > 24 (F,). The molecular structure
shows that the butoxy group is extended in the gauche-conformation. The long molecular axes are arranged
parallel to [100] and lie in y 2 0.11, 0.39, 0.61 and 0.89. In addition to that, the molecules are arranged in
layers which are perpendicular to the a-axis have a thickness of a/2 (=18 A). Cyano-cyano contacts,
N...N’'~3.54 A, are found.

Keywords: Liquid crystal, crystal structure, molecular structure

INTRODUCTION

The crystal and molecular structure determination of materials which exhibit liquid
crystalline phases is still an interesting subject. It is a valuable source of information
about molecular conformation, molecular arrangement and intermolecular interac-
tions as well. There have been many attempts' !4 to find and understand the relation
between the crystal and liquid crystal structures.

As a continuation of our X-ray investigations, with respect to the above mentioned
aspects, we present in this work the X-ray structural determination of 4'-cyanophenyl-
4-n-butoxybenzoate (CPBOB). This compound is of a particular interest because
the next compound of its homologues series, namely 4'-cyanophenyl-4-n-pentoxy-
benzoate (CPPOB),! was found to posses high molecular symmetry (all the molecules
are located in the mirror symmetry planes). Whereas such high symmetry was
not found in the case of the closely related compound 4'-cyanophenyl-4-n-pentylben-
zoate (CPPB).2 On the other hand, CPBOB compound exhibits phase transitions
similar to those of CPPOB' and CPPB.? Only a monotropic nematic phase is observed
in the thermograms of these compounds, and the following is the thermal behavior
of CPBOB:

t Present address: Physics department, Faculty of Science, United Arab Emirates University, P.O. Box:
17551. Al-Ain, U.AE.

185



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:21 18 February 2013

186 1. H. IBRAHIM et al.

C 108 .2 £ 0.5°C___}
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CRYSTAL DATA

The compound investigated (ZLI 2135) was provided by E. Merck, Darmstadt,
Germany. Colorless crystals (plates) of CPBOB suitable for X-ray analysis were
obtained by slow evaporation of the dissolved compound in an acetone solution.
Intensity measurements were carried out at 25°C using a STOE-STADI-4 four-circle
diffractometer with graphite monochromatized CuK,-radiation (1 = 1.54178 A). The
lattice dimensions were determined by a least-squares refinement of 48 strong reflec-
tions within 74.3° < 20 < 76.7°. The crystal data are given in Table L.

A crystal of size 0.4 x 0.4 x 0.6 mm?> was used for the data collection. A total number
of 4501 reflections were measured in the range 3° < 26 < 119° (scan 26 : w = 1:1) leading
to 2321 independent reflections of which 2286 had F, > 24 (F ). The standard intensities
(1150,1104, 1620) were monitored every 90 min and the variation during the measure-
ments was + 2%. Lorentz, polarization and absorption corrections were performed.

STRUCTURE DETERMINATION

The structure of CPBOB was solved by direct methods using the program package
SHELX-86,'° which led to the positions of all non-hydrogen atoms. By consideration of

TABLE I

Crystal data
Molecular formula C,sH{;NO,
Molar mass (g.mol ™ *) 298.34
Crystal system Orthorhombic
Space group Pcen
No. of Int. Tab. 56
a(A) 35.872(8)
b(A) 11.331(3)
c(A 7.773(2)
V(A?Y 3159.4
z 8
D, (g.cm™3) 1.24
#[CuKa](cm™1) 6.06
F(000) 1248
Independent reflections 2321
Unobserved reflections (Fo<20(Fy))35
R[R,, where w = 1/6%(F,)] 0.0502(0.0516)
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the anisotropic thermal factors and geometrically idealized H-positions related to their
respective carbon atoms (C—H = 1.080 A), as well as fixed isotropic thermal factors
for the hydrogen atoms (fixed at 1.1 times that of the connecting carbon atoms), the
final refinement converged at R = 0.0502 (R, = 0.0516, where w = 1/62 (F)).
Positional and anisotropic thermal parameters for the non-hydrogen atoms are listed
in Table II. Lists of the observed and calculated structure factors, and the positional
parameters for the hydrogen atoms are available from the authors on request.

Molecular Structure

The molecular structure of CPBOB is shown in Figure 1. It shows that the butoxy
group is extended in the gauche-conformation. Selected bond lengths and angles are

FIGURE1 CPBOB molecule.

TABLE HI

Selected bond lengths (A) and angles (°) with e.s.d.’s in parentheses, and
dihedral angles (°) (labelling of planes according to Figure 1)

Ring 1 c@..C(1H7 C—C 1.377¢5)
Ring 2 C(9)...C(14 C—C 1.386(5)
N(1)—CQ) 1.135(3) C®—O0@) 1.197(2)
c()—CQ) 1.444(3) CE®—C(9)  1473(3)
C(5)—0(1) 1.404(2) C(12—0@3) 1361(2)
C(8)—O(1) 1.363(2) O(3)—C(15) 1.441(2)
C(15—C(16) 1.510(3) C(16)—C(17) 1.493(3)
Ring1 C—C—C 120.0(10)
Ring2 C—C—C 120.0(7)
0(2)—C(@#)—0() 122.3(2)
O(1)—C(8)—C(9) 112.1(2)
0(2)—C(®)—C(9) 125.6(2)
C(8)—O(1)—C(3) 118.0(2)
N(1)—C(1)—C(2) 1774(3)

C(12—0(3)—C(15)  1188(2)
0(3)—C(15—C(16)  1072(2)
C(15—C(16—C(17)  1144(2)
C(16—C(17)—C(18)  112.5(2)
A/B 70.3 A/C 69.6 B/C 48 C/D 326
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FIGURE2 CPBOB, viewed along the c-axis.
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FIGURE 3 CPBOB, viewed along the a-axis.

given in Table II1. All these values are found to be of normal order of magnitudes, as
compared with their corresponding values for CPPOB! and CPPB.? The dihedral
angles between best planes of different parts of the molecule are also given in Table ITI
For the A/B and B/C angles extreme values of 90° and 0°, respectively, were found in the
case of CPPOB.!
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Molecular Packing

The packing of CPBOB molecules in the solid crystalline state is shown in Figures
2 and 3. The molecules are packed parallel to the long crystallographic a-axis, where the
molecularlong axes are along N (1), C(1), C(2), C(5)and C(12),and liein y ~ 0.11,0.39,
0.61 and 0.89.

There is one type of layers perpendicular to [100] and have a thickness of a/2 ~ 18 A
(molecular length). Coupling between layers is due to cyano-cyano contacts
(N...N’ 2 3.54 A) respectively through van der Waals interactions.
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