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

(Received March 21, 1991; in final form September 30, 1991) 

The crystal and molecular structure of 4-n-hexylphenyl-4‘-n-butyloxythiolbenzoate @S6) has been de- 
termined using single crystal X-ray diffraction data. The crystals belong to the monoclinic system with 
space group P2&, a = 15.726 (7) A, b = 8.317 (4) A, c = 17.709 (9) A, R = 108.25 (2)”, Z = 4. 
The structure of 4S6 has been solved by direct methods and refined to R-value of 0.0973 ( R ,  = 0.0725). 
The molecules are arranged parallel to each other and lie perpendicular to [OlO] alternating with y - 
d and y - $ in a head-to-tail configuration. Two types of layers are discussed in the crystalline state. 
No dipole-dipole contacts are found. 

INTRODUCTION 

Crystal and molecular structures of a great number of mesogenic compounds have 
been determined during the last decade. Thus far no knowledge is known about a 
complete scheme correlating the conformation and packing of these compounds in 
the solid and liquid crystalline states. Therefore, further structural investigations 
on new mesogenic compounds should be useful. 

The liquid crystalline compounds 4,4’ disubstituted phenyl thiolbenzoates were 
prepared and characterized by Krause et al.l and by Reynolds et aL2 (1976). Re- 
cently, Haase et al.3 presented thermal and X-ray structural investigations on two 
isomers of these compounds namely, 4-n-pentylphenyl-4’-cyanothiolbenzoate (NCSS) 
and 4-cyanophenyl-4’-n-pentylthiolbenzoate (SSCN). An interesting question was 
that concerning the molecular packing in both solid and liquid crystalline states of 
these isomeric compounds. Also, it is of interest to show how the different sub- 
stituents affect the molecular packing and conformation of a mesogenic compound. 
In this respect we report here on the crystal and molecular structure of the closely 
related compound 4-n-hexylphenyl-4’-n-butyloxythiolbenzoate (SS6). 
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246 I. H. IBRAHIM AND H. PAULUS 

EXPERIMENTAL 

Crystal Data 

The TS6 sample was provided by E. Merck, Darmstadt, Germany. Suitable colorless 
plate-like crystals were obtained by dissolving the sample in a methanol solution 
and evaporating slowly at room temperature. Thermal investigations, using a dif- 
ferential scanning calorimeter (DSC model Du Pont 990) and texture observations 
by means of a polarizing microscope (Leitz Orthoplan Pol) connected with a Mettler 
FP82 hot stage, showed that TS6 compound has the following phase behavior: 

56.9 rt 0.2"C 

AH = 27.3 rt 0.8 kJ/mol 
Solid crystalline > Nematic 

78.2 +- 0.1"C 

AH = 0.8 k 0.2 kJ/mol 
> Isotropic liquid 

X-ray diffraction scans were carried at 28°C on an automatic STOE-STADI4 
four-circle diffractometer with the crystal of dimensions 0.11 x 0.5 x 2.0 mm3, 
mounted along [021]. The radiation used was a monochromated MoK, ( h  = 0.71069 
A). Cell parameters were determined by a least-squares refinement of 66 strong 
reflections within 24.6" < 28 < 30.9'. A total of 2858 unique reflections were 
measured in the range 3" < 28 < 45" (scan 28: w = 1:l)  of which 2294 had Fo < 
2a(Fo). The intensities of reflections were corrected for lorentz, polarization and 
absorption effects. The basic crystallographic data are summarized in Table I. X- 
ray diffraction measurements in the nematic phase were also carried. The exper- 
imental procedure of these measurements was reported in detail e l~ewhere.~ 

Structure Determination and Refinement 

The structure of TS6 was solved by direct methods using the program package 
SHELX-86.5 The final refinement ended at R = 0.0973 (R ,  = 0.0725, where w 
= O.O451/d (Fo)).  Anisotropic temperature factors were accounted for the non- 
hydrogen atoms. The difference map shows additional four peaks in the surround- 
ings of the hexyl and butyloxy chains. Three of these peaks are adjacent to the 
corresponding last three carbon atoms of the hexyl group. The fourth one is adjacent 
to the last carbon atom of the butyloxy group. Thus, these peaks were interpreted 
as disordered C-atoms whose positions were weighted with 20% of a carbon atom. 
The coordinates of the hydrogen atoms were calculated from the idealized molec- 
ular geometry, whereby the C-H distances were fixed at 1.08 A. In addition, the 
hydrogen atoms were given isotropic temperature factors fixed at 1.1 times that of 
the connecting carbon atoms. 

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. 
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CRYSTAL AND MOLECULAR STRUCTURE OF 2S6 247 

TABLE I 

Basic crystallographic data of -4S6 

Molecular formula 

Formula weight (g.mo1") 

Space group 

a (A)  

b (A)  

c (A) 

fl ("1  

v (A3) 
Number of strong reflections 
used for lattice parameter 
refinement 

Z 

D, ( g . ~ m - ~ )  

F(000) 

1.1 [MoK,l (cm-') 

Number of reflections measured 

Number of independent reflections 

Merging R 

Number of unobserved reflections 

R [R,, , w=0.0451/02 (F,)] 
[Fo < 2 0(Fo)1 

C23H3002S 

370.55 

q / c  

15.726 (7) 

8.317 (4) 

17.709 (9) 

108.25 (2) 

2199.71 

66 

4 

1.118 

800 

1.24 

2979 

2858 

0.0155 

564 

0.0973[0.0725] 

RESULTS AND DISCUSSION 

Molecular Structure 

The molecular structure of 4S6 is presented in Figure 1 as a projection perpendicular 
to the phenyl ring I. It shows that the butyloxy chain is not fully extended in the 
gauche-conformation. The fully extended gauche-conformation is probably hind- 
ered by the rod-like packing in the crystalline state. The length of TS6 molecule is 
24.04 A for the distance H(11C) . . . H(23A) including the covalent radii of the 
H-atoms; the crystallographic H(11C) and H(23A)-positions are: (xla = 0.0632, 
y l b  = 0.1934, zfc  = -0.0591) and (xla = 0.9138, ylb = 0.2321, z lc  = 1.2900), 
respectively. The corresponding value determined from the X-ray diffraction mea- 
surements in the nematic phase is 23.8 k OSA. This leads us to presume that the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



T
A

B
L

E
 I1

 

Po
si

tio
na

l a
nd

 a
ni

so
tr

op
ic

 th
er

m
al

 p
ar

am
et

er
s f

or
 th

e 
no

n-
hy

dr
og

en
 at

om
s w

ith
 e

.s
.d

.'s
 in

 p
ar

en
th

es
es

 

A
to

m
 

x
/a

 
Y/

b 
Z

/C
 

"1
1
 

u
2

 2 
"3

 3
 

'2
3 

'1
3 

u1
2 

0
.5

2
5

6
(1

) 
0

.2
3

3
8

(2
) 

0
.5

6
8

1
(1

) 
.0

8
1

4
(8

) 
0

.4
1

3
1

(3
) 

0
.3

0
3

8
(5

) 
0

.5
4

2
2

 (
3

) 
.0

7
8

1
(2

8
 

0
.3

8
4

5
 (

2
) 

0
.3

6
8

4
 (

4
) 

0
.5

8
9

6
 (

2
) 

-0
9

2
4

 (2
2

 
0

.3
5

9
1

(3
) 

0
.2

7
1

4
(5

) 
0

.4
5

8
4

(2
) 

.0
7

2
7

(2
6

 
0

.2
7

1
2

 (
3

j 
0

.3
2

6
7

 i
5

j 
0.

4.
33

3 
(2

 j 
.0

7
8

0
(2

7
 

0
.2

9
9

0
(5

) 
0

.3
5

7
2

(3
) 

.0
6

9
5

(2
6

 
0

.2
1

7
2

 (
3

 
0

.2
4

7
7

 (
3

 
0

.3
3

5
3

 (
3

 
0

.3
8

9
8

(3
 

0
.1

8
8

9
 (

2
 

0
.2

1
6

3
 (

3
 

0
.1

3
7

4
 (

3
 

0
.1

1
6

3
(3

 
* 

0
.0

4
2

5
1

3
 

.1
4

9
4

(1
3

) 
-0

9
8

4
 

.0
7

2
2

(3
2

) 
-0

9
6

4
 

.1
3

0
4

 (
2

9
) 

-0
9

5
6

 
.0

6
7

3
(2

9
) 

-0
8

5
6

 
.0

8
3

0
(3

2
) 

-0
8

3
9

 
.0

9
4

3
(3

5
) 

.0
9

3
3

 
0

.2
1

4
8

(5
) 

0.
30

31
(3

) 
.0

7
8

8
(2

8
 

.0
7

3
9

(3
i)

 
.o

m
7

 
0

.1
5

9
8

(5
) 

0
.3

2
7

3
(3

) 
.0

9
3

6
(3

2
 

.0
8

7
8

(3
4

) 
.0

8
5

9
 

0
.1

8
7

6
(5

) 
0

.4
0

4
4

(3
) 

.0
7

2
4

(2
6

) 
.0

8
3

7
(3

3
) 

.0
9

6
2

 
0

.1
9

6
5

(4
) 

0
.2

2
9

6
(2

) 
.0

9
0

4
(2

0
) 

.1
1

2
5

(2
6

) 
.0

8
0

6
 

0
.1

0
6

5
(6

) 
0

.1
7

2
2

(3
) 

.1
1

3
3

(3
6

) 
.1

0
2

0
(4

0
) 

.0
9

6
7

 
0

.1
0

9
3

 (
6

) 
0

.0
9

6
1

(3
) 

.1
1

7
8

(3
9

) 
.1

2
2

8
(4

6
) 

-0
9

0
0

 
0

.2
7

1
8

 (
7

) 
0

.0
6

0
3

 (
3

) 
.l

o
7

3
 (

3
7

) 
.1

4
6

2
 (

5
3

) 
.0

8
8

0
 

0
.2

6
8

8
(7

) 
-0

.0
18

3 
(3

1
 

.1
3

7
0

 
0.

51
55

7 
(3

 
0

.2
7

9
1

 (
6

 j 
0

.6
7

1
0

 (
2

 j 
0

.6
2

8
2

 (
3

) 
0

.3
9

7
7

 (
6

) 
0

.6
9

7
3

 (
3

) 
0

.6
6

2
0

(3
) 

0
.4

3
0

2
(6

) 
0

.7
7

7
0

(3
) 

0
.6

3
4

7
(3

) 
0

.3
4

6
8

 (
6

) 
0

.8
3

2
3

 (
3

) 
0

.5
7

3
5

 (
3

) 
0

.2
2

4
2

 (
6

) 
0

.8
0

5
4

 (
3

) 
0

.5
3

9
1

(3
) 

0
.1

9
0

3
 (

5
) 

0.
72

52
 (

3
) 

0
.6

6
9

1
 (

3
) 

0
.3

9
0

2
 (

6
) 

0
.9

1
9

9
(3

) 
0

.7
4

6
3

 (
3

) 
0

.2
9

5
3

 (
6

) 
0

.9
6

7
2

 (
2

) 
0

.7
7

7
6

 (
3

) 
0

.3
4

2
5

 (
6

) 
1

.0
5

5
4

 (
3

) 
0

.8
5

3
3

 (
4

) 
0

.2
5

2
9

 (
7

) 
1

.1
0

4
7

(3
) 

0
.8

7
6

6
 (

4
) 

0
.3

0
0

4
 (

8
) 

1
.1

9
4

2
 (

4
) 

.0
6

8
1

 
.0

9
7

1
 

-0
8

7
1

 
.0

7
2

9
 

.0
9

3
9

 
-0

8
8

5
 

-
1
0
1
1
 

.l
o

2
1

 
.l

o
8

1
 

-1
3

7
2

 
.1

7
6

8
 

2
0

) 
2

7
) 

.0
8

5
2

 (
3

4
) 

3
4

) 
-0

9
0

0
 (3

7
) 

3
1

) 
.0

9
7

3
(3

8
) 

2
7

) 
.0

8
5

6
(3

5
) 

3
3

) 
.0

8
5

9
(3

6
) 

3
1

) 
.0

8
1

3
(3

5
) 

3
5

) 
.1

1
8

8
(4

3
) 

3
3

) 
.0

9
3

4
(3

7
) 

3
5

) 
-1

2
5

2
 (4

5
) 

2
0

) 

.0
9

2
6

 
-0

9
7

4
 

-1
0

6
0

 
.0

9
3

7
 

.l
o

6
3

 
-1

1
0

7
 

.l
o

o
0

 
.0

9
9

3
 

-0
9

9
3

 

1
0

) 
-.

0
1

6
7

(9
) 

.0
2

7
2

(7
) 

3
5

) 
.0

0
5

5
(2

7
) 

.0
3

6
3

(2
6

) 
2

4
) 

-.
0

2
4

3
(2

1
) 

.0
3

0
7

(1
8

) 
3

0
) 

.0
0

3
7

 
2

4
) 

.0
3

4
7

(2
3

) 
3

ij
 -

.0
05

9 

3
3

) 
-.

0
1

0
2

 
3

3
) 

-.
00

02
 

2
0

) 
-.

0
1

8
5

 
3

5
) 

-.
0

2
2

1
 

3
7

) 
-.

0
2

3
1

 
3

5
) 

-.
02

02
 

3
2

) 
-.

00
76

 
3

2
) 

.0
0

1
3

 

3
2

) 
-0

0
4

1
 

3
7

) 
-0

1
5

2
 

4
0

) 
.O

O
O

O
 

2
6

) 
.0

3
7

1
(2

4
) 

2
8

) 
.0

3
4

1
(2

5
) 

2
6

) 
.0

3
9

7
(2

5
) 

2
7

) 
.0

4
1

5
(2

7
) 

2
7

) 
.0

3
5

9
 (

2
6

) 
1

9
) 

.0
3

1
3

 (
1

7
) 

3
0

) 
-0

4
7

2
 (3

0
) 

3
3

) 
.0

4
4

8
(3

1
) 

3
6

) 
-0

2
2

0
 (2

8
) 

2
8

) 
.0

2
5

9
 (

2
4

) 
3

0
) 

.0
4

0
8

(2
9

) 
3

3
) 

.0
3

0
9

(3
0

) 
3

5
j 

.0
0

4
i 

3
o

j 
.0

2
8

6
(2

6
j 

3
9

) 
.0

2
2

2
(3

0
) 

.0
4

7
4

(2
9

) 
3

9
) 

-.
0

0
2

7
(3

2
) 

.0
3

5
0

(3
0

) 
3

8
) 

-.
0

0
1

7
(3

3
) 

.0
2

9
0

(2
9

) 
3

5
) 

.0
0

0
6

(2
9

) 
.0

2
6

1
(2

8
) 

3
7

) 
-.

0
0

7
8

(3
3

) 
.0

2
5

9
(2

9
) 

.0
2

2
3

 (
8

) 
-0

0
1

4
 (

2
4

) 
.0

2
3

5
(2

0
) 

.0
0

1
1

(2
2

) 
-0

0
5

4
 (2

5
) 

.0
0

6
3

(2
5

) 
.0

0
0

3
(2

5
) 

.0
1

0
8

 (
2

7
) 

-
0
1
0
0
 (2

4
) 

-.
 00

1
2

 (
1

8
) 

-0
0

3
3

 (3
1

) 
-.

0
1

6
8

(3
6

) 
-.

 01
1

2
 (

3
8

) 

.0
1

1
2

(2
6

 
-.

01
07

 
(3

0
 

-.
 02

24
 (

2
8

 
.0

1
2

5
 (

2
6

 
-.

 00
22

 (
2

9
 

-.
 01

34
 (

2
6

 
.0

1
9

8
 (

3
3

 
.0

0
4

1
(3

0
 

- 0
06

2 
(2

3
 

_
_

~
 

O
cc

u
p

at
io

n
 f

a
c

to
r

 0
.2

. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



CRYSTAL AND MOLECULAR STRUCTURE OF zS6 249 

111 1 I V  V 
FIGURE 1 4S6 molecule, projected perpendicular to the plane through the atoms C(3), C(5), and 
C(7) (phenyl ring I). 

TABLE 111 

Bond lengths (A) and angles (") with e.s.d.'s in parentheses 

C( 11) -C(lO) 
C( 10) -C( 9) 
C(9)-C(8) 
C(8)-0(2) 

c (5) -c (4 1 
c (4) -c (3 1 
c (3) -c (2 1 
C(2)-C(7) 
c (7 1 -c ( 6) 
C(6)-C(5) 
C(2)-C(1) 
C(1)-0(1) 
C(l)-S 
s-c (12) 

0(2)-c(51 

C( 12) -C( 13) 
C (13) -C (14) 
C (14) -C( 15) 
C( 15) -C( 16) 
C( 16) -C( 17) 
C( 17) -C( 12) 
C( 15) -C( 18) 
C( 18) -C( 19) 
C( 19) -C(20) 
c (20) -c (21) 
C(21)-C(22) 
C(22)-C(23) 

1.508 (5) 
1.485 (6) 
1.518 (5) 
1.435 (4) 
1.348 (4) 
1.388(5) 
1.368 (5) 
1.391( 5) 
1.386(5) 
1.386(5) 
1.386 (5) 
1.485 (5) 
1.196(4) 
1.781 (4) 
1.772 (4) 
1.368 (5) 
1.371 (5) 
1.374 (5) 
1.381(6) 
1.382 (5) 
1.375 (5) 
1.517 (5) 
1.470(5) 
1.534 (5) 
1.443 (6) 
1.560(7) 
1.311 (9) 

C(11) -c (10) -c (9) 
C( 10) -c (9) -c (8) 
C(9 -C(8)-O(2) 

-0 ( 2 ) -C ( 5) 

-C (5) -C( 6) 
-C( 5) -C( 6) 

-C (3) -C (2) 
-C (2) -C (7) 

-c (5) -C( 4) 

-c (4) -c (3) 

-C( 2) -C( 1) 
-C( 2) -C( 1) 

-C( 1) -O( 1) 
-c (1) -s 
-c (1) -s 
-s-c (12) 

-C (7) -C (6) 
-C (6) -C (7) 

12 I -C (131 
12 j -c (17 j 
) -C (12) -C [ 17) 

cii2j -c (13 j -c i 14 j 
c(13) -C( 14) -c(15) 
C(14) -C( 15) -C( 16) 
C( 14) -C( 15) -C( 18) 
C( 16) -C( 15) -C( 18) 
C (15) -C (16) -C (17) 
C( 12) -C( 17) -C( 16) 
C( 15) -C( 18) -C( 19) 
c (18) -C( 19) -C(20) 
c (19) -C( 20) -C( 21) 
C(20) -C(21) -C(22) 
C(21) -C(22) -c(23) 

112.6 (4) 
113.9 (4) 
106.1(4) 
118.4 (3) 
116.3 (4) 
125.1(4) 
118.6 (4) 
121.5(4) 
120.5 (4) 
118.1(4) 
117.4 (4) 
124.5(4) 
121.5 (4) 
119.8 (4) 
124.0 (4) 
114.1(3) 
121.9 (4) 
101.5 (2) 
119.3 (4) 
121.1(4) 
119.5 (4) 
119.9 (4) 
121.9 (4) 
117.8 (4) 
121.2 (5) 
121.0 (5) 
120.7 (4) 
120.1(4) 
114.9 (4) 
112.8 (4) 
115.2 (4) 
111.8 (5) 
112.3(7) 

conformations of the molecules in the nematic and crystalline phases are nearly 
identical. 

The bond distances and angles for 5S6 molecule are given in Table 111. Whereas 
all the bond distances and angles in the core part of the molecule (C(5) to C( 15)) 
are found to be of normal order of magnitudes, as compared with their corre- 
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250 I. H. IBRAHIM AND H. PAULUS 

TABLE IV 

Dihedral angles between best planes defined in Figure 1 

Planes 1/11 I/III I/IV I/V II/III II/IV II/V III/IV III/V IV/V 

Angle(') - 7 4 . 2  3 0 . 0  3 . 5  2 2 . 4  7 6 . 6  - 7 1 . 8  8 4 . 8  3 1 . 9  8 . 2  2 3 . 9  

sponding values for N C S 3  and 5SCN6, some of them in the hexyl group (C(20)- 
C(21), C(21)-C(22) and C(22)-C(23)) are anomalous (Table 111). This is resulting 
from the disordering of some C-atoms in this group (Table 11). The dihedral angles 
between the best planes formed through the subunits of the SS6 molecule (Figure 
1) are given in Table IV. An interesting point of consideration is the dihedral angle 
between the best planes through the phenyl groups which differs in sign ( - 74.2") 
with respect to its corresponding (69.0') for NCSS.3 We interpret this difference 
in terms of the different packing in the crystalline state of each compound. Table 
IV shows that the thiolbenzoate group (I/IV) is virtually coplanar similar to that 
for NCS5.3 

Molecular Packing 

The packing of SS6 molecules in the crystalline state is shown in Figure 2. It is 
arranged in such a manner that the molecules are extended parallel to each other 
and lie perpendicular to [OlO] alternating with y - a and y - 3 in a head-to-tail 

FIGURE 2 An orthogonal projection of the unit cell contents along the [OlO]. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
43

 1
8 

Fe
br

ua
ry

 2
01

3 



CRYSTAL AND MOLECULAR STRUCTURE OF 3S6 25 1 

configuration. The projection of the long molecular axis on the (010) plane makes 
an angle of -33" with the c-axis. 

There are two types of layers; the first of which lies parallel to [OOl]  alternating 
with y ,  j ,  4 + y and 3 - y .  The second type is perpendicular to [loo] and has a 
thickness of half of the crystallographic a-axis (= 7.86 A). 

Dipole-dipole contacts are not justified by any of the calculated intermolecular 
distances between the non-hydrogen atoms. The sulphur-sulphur distance across 
the crystallographic center is -4.51 A, which is much greater than twice the van 
der Waals radius of sulphur (1.85 A) as compared with the corresponding value 
for NCSS3 (3.85 A). 

In conclusion, these measurements support the idea that there is a simple struc- 
tural correlation between the solid crystalline and nematic phases. Evidently the 2,- 
related molecules are responsible for the formation of the nematic phase at the 
solid crystalline-nematic phase transition. This can be confirmed by the results 
obtained for liquid crystalline compounds whose structures are known.'-14 
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