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Characterization of (Perfluorodecyl) n-Alkanes, 
F(CF2)1o(CH2),H 

SHIGERU MITA, MASAKAZU FUJIWARA and SHOICHI KONDO 

Department of Chemistry, Faculty of Science, Science University of Tokyo, 
Kagurazaka, Shinjuku-ku, Tokyo 162-8401 JAPAN 

A homologous series of semifluorinated n-alkanes, F ( C F ~ ~ O ( C H ~ ) ~  H, with 2 5 m 5 19 has 
been synthesized and their properties characterized using a polarising microscope, differen- 
tial scanning calorimetry and X-ray diffraction. The compounds of 6 5 m S 12 exhibit the smec- 
tic B phase. The molecules from m = 13 to 19 show only a melting endothem in the DSC 
traces. Conformational sttuctured are discussed on the basis of ab initio calculations. 

Keywonls: mesophase; semifluorinated alkane; smectic B phase 

INTRODUCTION 
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EXPERIMENTAL 

RESULTS AND DISCUSSION 
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CHARACTERIZATION OF F(CF2)lo(CH2),H [ 12831B9 
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CHARACTE%IZATION OF F(CF~)~O(CH~),,,H [ 1285]/41 

FIGIJRE 3 Optical texture of F10H7. Crossed polarizers. (a)47.8 "C and 
(b)27.7 "C, first cooling. x100. 

as well as in the wide-angle region. 
Figure 5 shows the temperature dependence of the layer spacing for 

FlOHm, ni = 6 to 10. The layer spacing ( d p , )  in P I  and the molecular 
length ( L d . )  calculated from a6 initio(HFj4-31G) are given in Table I. As 
for the conformation, the molecule consists of a planar zigzag hydrocar- 
bon segment joined to a helical fluorinated carbon segment. The molecular 
length of FlOHm, (rn = 6 - 10) is smaller than the layer spacing, whcre 
the molecular length was defined as the distance between the centers of the 
terminal fluorine and hydrogen atoms. These small differences correspond 

TABLE I The layer spacing in Pl phase and calculated molecular length 
of FlOHm. 

m dp, / nm Led. nm Ad / rim '1 
6 2.248 2.113 0.135 
7 2.381 2.242 0.139 
8 2.508 2.369 0.139 
9 2.624 2.498 0.126 
10 2.752 2.624 0.128 

1):Ad = dp, - L-1,. 
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CHARACTERIZATION OF F(CF2)1o(CH2),,,H [ 1287]/43 

to the van der Waals radius of the terminal atoms[']. Figure 6 illustrated 
the niolecular model of F10H7 at the  minimum energy state based on 
a6 initio calculations. The carbon atoms of the fluorinated sequence are 
numbered from the terminal atom. The torsional angles are 17.4" and 
11.4' for q5(ClC&C4) of the terminal part and q5(C&&HzCHz) of the 
central part, respectively. The other torsional angles of the helical fluori- 
natcd carbon segment are 18.6 f 0.1', which is esscntially consistent with 
18.1' for perfluorohexaneI''1. The PI phase is identified as the smectic B 
phase by the fact that the layer spacing is close to the calculated molecular 
length, and a sharp wide-angle reflection in the X-ray diffraction and the 
texture characteristic of the smectic B in the microscope are revealed. 

In the cases of FIOH7 and FlOH9, two different layer spacings are 
found in the Pz phase. Both layer spacings are smaller than that in the 
PI.  In this phase, the molecular long axes are not perpendicular to the 
layer plane. The tilt angles of F10H7 and F10H9 in the Pz phase are 
estimated to be 26.4" and 25.8", respectively. 

FIGURE 6 The molecular model at  the minimum energy calculated by 
o6 initio for F10H7. 

CONCLUSIONS 

The presence of the smectic B phase is found when the number of methy- 
lene unit is in the range of m = 6 to 12. When the hydrocarbon segment 
is longer than m = 13, there is only the melting point because the  rigid s e  
quence of the fluorocarbon helix compared with the considerable mobility 
of the hydrocarbon sequence is too short to establish such a mesophase. 
For nt = 2 and 5,  no evidence is found for the formation of a mesophase. 
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