
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:42
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

Conformational Polymorphism
of Fluorinated Derivatives of
Alcylcyclohexanecarboxylic
Acids
Lev Babkov a , Ekatherina Martynova a , Galina
Puchkovskaya b & Ekatherina Vedyaeva a
a Saratov State University, 410026, Saratov, Russia
b Institute of Physics of National Academy of
Sciences of Ukraine, 252022, Kiev, Ukraine

Version of record first published: 27 Oct 2006

To cite this article: Lev Babkov, Ekatherina Martynova, Galina Puchkovskaya &
Ekatherina Vedyaeva (2001): Conformational Polymorphism of Fluorinated Derivatives
of Alcylcyclohexanecarboxylic Acids, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 365:1, 229-235

To link to this article:  http://dx.doi.org/10.1080/10587250108025299

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108025299
http://www.tandfonline.com/page/terms-and-conditions
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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

42
 1

6 
A

ug
us

t 2
01

2 



Mol. Cnrr. rrnd Liy. Cn.tr.. 2001. Vol. 365. pp. 229-235 
Reprints availahle directly from the publisher 
Photocopying permitted by license only 

6 2001 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
a membcr of the Taylor & Francis Group. 

Printed in the USA 

Conformational Polymorphism of Fluorinated 
Derivatives of Alcylcyclohexanecarboxylic Acids 

LEV BABKOVa, EKATHERINA MARTYNOVAa, 
GALINA PUCHKOVSKAYAb and EKATHERINA VEDYAEVAa 

'Saratov State Universio, 410026, Saratov, Russia and blnstitute of Physics of 
National Academy of Sciences of Ukraine, 252022, Kiev, Ukraine 

The results of investigations of polymorphism and mesomorphic states of fluorinated deriva- 
tives of alkylcyclohexanecaroxylic acids nFACHCA (where n is the number of carbon atoms 
in the fluoroalkil radicals) and new results for n=4, 7 have been discussed. The methods of 
vibrational spectroscopy (experimental, theoretical modeling) have been used. The samples 
have been investigated in the 29C-500 K temperature range. The spectra have been recoded 
in the range of 33-4000 cm-l. The frequencies of normal modes and intensities of bonds of 
IR spectra have been calculated for conformers of H-complexes with various orientations of 
fluoroalkyl radical and carboxylic group relative to the rest part of the molecular complex. 
The polymorphism of the nFACHCA is conformational. The influence of H-bonds on 
dynamic of H-complex, polymorphic crystalline modification and mesophase formation were 
determined. The transitions solid crystal- liquid crystal-isotropic liquid and solution are 
accompanied by H-bonds system reconstruction: the dimmers, associates, chain associates 
and monomers have been appeared. 

Keywords: mesophase; polymorphism; structure; conformational mobility; IR spectra 
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INTRODUCTION 

Work is a part of wide area research of polymorphism and pattern of 
mesomorphic phases of long-chain aliphatic compounds. 
The search of new liquid crystals (LCs) possessing the desired 
operational characteristics attracted our attention to this compounds. 
The structure, polymorphism and mesomorphic properties of 
homologous series of carboxylic acids (RCOOH) and derivatives of 
biphenyl (fomyl-, alkoxy-, amino-, hydroxy-, nitro-) have been 
investigated in Refs. [ 1-31. The molecules of all the studied carboxylic 
acids are linked from cyclic dimmers in the solid crystal (SC), liquid 
crystal (LC) and isotropic liquid (I) states and in CCL4 solution (S). 
Here R is cnF2n+lC6&- (nFABA, n=O, 1,3-7,9), C n ~ ~ n + , C 6 H ~ ~ -  
(nACHCA, n=4-6) and CnFZn+lC&IO- (SACHCA, n=3-5). The 
polymorphism of homologues, its type and peculiarities, the influence 
of the length of flexible AR or rigid FAR on the molecular packing in 
crystal, and the influence of AR fluorination and H-bond on the 
mesomorphic states have been investigated in [ 1-31. 
The aim of our study was to investigate the structural aspects of 
polymorphism and of mesomorphic states and the dynamics of H- 
complexes in different states. For this purpose we use the methods of 
infrared spectroscopy. 
4FACHCA and 7 FACHCA (See Figure 1) were studied. These acids 
will derivate nematic LC in an interval 378-450K and 390-404K 
correspondingly. The polymorphism is generic for all molecules of 
carboxylic acids, including investigated one. By H-bond they can 
derivate dimmers and different associates in all phases (See Figure 2). 

F Nc< C F F  C H H  -H 

F F  

FIGURE 1. Structure of 4FACHCA. 
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FIGURE 2. Structure of dimmer (a), associate (b), and monomer (c). 

EXPERIMENTAL 

Polymorphic transitions to the SC, LC and I were investigated visually 
by using of the Reinhert polarizing microscope equipped with a Koffler 
heating table. Temperatures, enthalpies and entropies of phase 
transitions were determined of the differential scanning calorimeter in 
100-500 K temperature range [2]. The IR spectra were recorded in the 
33-4000 cm-' spectral regions and 100-500 K temperature range for 
various SC modifications, LC, IL and gas phase and solutions in CCL4 
[l-31. 

RESULTS AND DISCUSSIONS 

Analysis of experimental spectra of investigated compounds shows, 
which at the variation of temperature or phase state of substance, 
pattern and position of some bands in spectrum change, new bands are 
appeared. 
This fact can be explained by the hypothesis about conformation 
mobility of investigated compounds. One of its demonstrations is the 
rotation of carboxylic group. Owing to these rotations the disordering of 
carbonyl groups in practically any phase is possible. The XRDA data 
for TFBCHCA indicate such capability [4]. Temperature and the phase 
transitions change energy of H-bond. It is necessary to take into account 
this change at simulation of IR spectra. It has an effect on a force field 
of a core of H-complex or its part (dimmer ring). One more reason of 
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complicating of spectra can be existence of several kinds of H- 
complexes in matter simultaneously. 
Listed gears result in increase of width and complicating of pattern of 
bands in a spectrum. 
The calculation of frequencies, shapes and intensities of normal 
vibrations of H-complexes was conducted. The modeling of infrared 
spectra was based on the theory of vibrations of polyatomic molecules 
[5] and the complex of programs described in [6]. Benzene, 
cyclohexane, dimeric ring -(COOH)t-, n-paraffins and their fluorinated 
derivatives were taken as fragments. Detailed data on calculations of IR 
absorption spectra of carboxylic acids are given in Ref. [l-31. 
Cyclohexane, carbonyl group with-bond, group CCF3 and group CCH3 
are taken as fragments. 
Calculations of the models with different orientation angles of carbonyl 
group: tp=90,60,30 degrees (for 7FACHCA) and @0,40,0 degrees (for 
4FACHCA), with a different force field of a dimeric ring (Table 1) and 
with different combinations of these two parameters are conducted. The 
final version of a ratio of an angle tp and force field is following: 9 0 ~  1, 
6 W 2 , 3 0 ~ 3  (for 7FACHCA) and 9 W l , 4 W 2 , 0 ~ 3  (for 
4FACHCA). The results of calculations confirmed our hypotheses. That 
well agrees with experimental data, which confirms their regularity and 
indicates successful selection of parameters. 

Table 1. Force constants of dimeric ring of 4FACHCA and 7FACHCA 
(u, cm-2x 

In the present paper, we will give analysis of several most interesting 
areas. 
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In the range 900 - 1000 cm-' (Fig. 3a) two peaks corresponding to 
p(OH) and p(CC) vibrations of dimmer of 7 FACHCA are observed. 
With increase of temperature they displace in long-wave area and most 
probable became conformers with a smaller angle cp and smaller energy 
of H-bond (Fig. 3b). 

30.3 

I I 1 

900 v, cm-' 1000 

FIGURE 3. IR absorption spectra of 7FACHCA at 293 (1, SC) 363 (2, 
SC), 443 (3, LC), 463 K (4, I) (a); theoretical spectra of conformers 
with difference force filde of dimeric ring ( 1-cp=9Oo, 2--60°, 3- 
cp=3Oo) (b) 

In the area 1700 cm-' (Fig. 4a) the vibration Q(C=O) is observed. The 
band has the composite shape: it is possible to choose some pikes in it. 
The intensity of one varies at heating. The number of spikes grows with 
increase of temperature. It is possible to explain such changes in a 
spectrum by simultaneous presence in matter different conformers of 
dimmer, different associates and even monomers (Fig. 4b). 
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FIGURE 4. IR absorption spectra of 4FACHCA at 298 (1, SC) 398 (2, 
NLC), 413 K (3, I) (a,c); theoretical spectra of conformers with 
difference force filde of dimeric ring ( 1-cp=90°, 2-ip=4Oo, 3-09 @,d) 

One more area is 3000 cm-' (Fig. 4c). Here the broad band 
corresponding to vibrations q (CH) and q (OH). Its center of gravity 
displaces by temperature rise in short-wave area, and band becomes 
wider. It is possible to explain this by a disordering of carbonyl group: 
simultaneously exist different conformers with different percentage. By 
increase of temperature most probable became conformers with a 
smaller angle cp and smaller energy of H-bond (Fig. 4d). 

In the result of the work the hypothesis about conformation properties 
of polymorphism: influencing of the rotation and disordering of 
carbonyl groups in molecules of carboxylic acids, and the variations of 
H-bond energy on IR absorption spectrums of molecules was affirmed. 
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