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* Physics Department, Faculty of Science, Alexandria University, Alexandria, Egypt 
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*** Faculty of Education, Alexandria University, Alexandria, Egypt 

(Received February 2,1994; infinal form March 30,1994). 

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 
orthorhombicsystem, Pccn, a = 35.872(8).&, b = 11.331 (3) A, c = 7.773 (2)& Z = 8. The structure has been 
solved by direct methods and refined to an R-value of 0.0502 with F, > 2 a  (F,,). The molecular structure 
shows that the butoxy group is extended in the gauche-conformation. The long molecular axes are arranged 
parallel to [loo] and lie in y z 0.1 1,0.39, 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 (z 18 A). Cyano-cyan0 contacts, 
N . . . N x 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'-14 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).3 On the other hand, CPBOB compound exhibits phase transitions 
similar to those of CPPOB' and CPPB.3 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.A.E. 
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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 (A = 1.54178 A). The 
lattice dimensions were determined by a least-squares refinement of 48 strong reflec- 
tions within 74.3" < 28 < 76.7". The crystal data are given in Table I. 

A crystal of size 0.4 x 0.4 x 0.6 mm3 was used for the data collection. A total number 
of 4501 reflections were measured in the range 3" < 28 < 119" (scan 28 : o = 1:l) leading 
to 2321 independent reflections of which 2286 had Fo > 20 (F,,). The standard intensities 
(1 1 3 0,110 4,16 2 0) 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,I5 which led to the positions of all non-hydrogen atoms. By consideration of 

TABLE I 

Crystal data 

Molecular formula 
Molar mass (g.mol- I)  298.34 
Crystal system Orthorhombic 
Space group Pccn 
No. of Int. Tab. 56 
a (A) 35.872(8) 

11.331(3) 
7.773 (2) 

C 18H 1 ,NO, 

b (4 
c'A$ 
V (  3, 31 59.4 
Z 8 
D, ( g . ~ m - ~ )  1.24 
p [CuKa](cm-') 6.06 
F(000) 1248 
Independent reflections 2321 
Unobserved reflections 
R [R,, where w = l /d(F0)] 

(Fo < 2o(Fo)) 35 
0.0502(0.0516) 
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188 I. H. IBRAHIbi et al. 

the anisotropic thermal factors and geometrically idealized H-positions related to their 
respective carbon atoms (C-H = 1.08019), 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 = l/az (Fo)). 

Positional and anisotropic thermal parameters for the non-hydrogen atoms are listed 
in Table 11. 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 

I A 1 B l  C I D 

FIGURE 1 CPBOB molecule. 

TABLE Il l  

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 
Ring 2 
"1)-C(1) 
C(l)-C(2) 
c v-0 (1) 
C(8)-0(1) 
C ( 15)-C ( 16) 
Ring1 C-C-C 
Ring2 C-C-C 
0(2)-C (8)-0 (1) 
0(1)-C(8)-C(9) 
0(2)-C(8)-C(9) 
C(8)-0(1)-C(5) 
N (1)-C (1)-C (2) 
C(12)-0 (3)-C (15) 
O(3)-C (15)-C (16) 
C (15)-C (16)-C (17) 
C (16)-C (1 7)-C (1 8) 
AJB 70.3 

C (2). . .C (7) 
C (9). . . C (14) 
i . i is(3) 
1.444 (3) 
1.404(2) 
1.363(2) 
1.510(3) 
120.0(10) 
120.0(7) 
122.3 (2) 
112.1 (2) 
125.6(2) 
118.0(2) 
177.4(3) 
118.8(2) 
107.2(2) 
114.4(2) 
112.5 (2) 
A/C 69.6 

c-c 
c-c 
C(81-0 (2) 
c (81-C (9) 
C (12)-0 (3) 
O(3)-C (15) 
C (16)-C (1 7) 

BJC 4.8 

1.377 (5) 
1.386 (5) 
1.197 (2) 
1.473(3) 
1.361 (2) 
1.441 (2) 
1.493 (3) 

CJD 32.6 
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CRYSTAL AND MOLECULAR STRUCTURE 189 

FIGURE 2 CPBOB, viewed along the c-axis. 

FIGURE 3 CPBOB, viewed along the a-axis. 

given in Table 111. All these values are found to be of normal order of magnitudes, as 
compared with their corresponding values for CPPOB' and CPPB.3 The dihedral 
angles between best planes of different parts of the molecule are also given in Table 111. 
For the A/B and B/C angles extreme values of 90" and O", respectively, were found in the 
case of CPPOB.' 
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190 1.H.IBRAHIM etal. 

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 
molecular long axes are along N (l), C (1), C (2), C ( 5 )  and C (12), and lie in y x 0.1 1,0.39, 
0.61 and 0.89. 

There is one type of layers perpendicular to [ 1001 and have a thickness of a/2 x 18 8, 
(molecular length). Coupling between layers is due to cyano-cyano contacts 
(N ... N x 3.54 8,) respectively through van der Waals interactions. 
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