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Determination of Molecule Conformations in 
Liquid Crystal Phase States 

S.I. TATARINOV 

Department of Physics, N. G. Chernyshevsky State University, 
Astrakhanskaya st): 83, 410026, Saratov, Russia 

Conformations of liquid crystal molecules by joint application of experimental molecular 
vibrational infrared spectroscopy and computer simulation of spectra, with correction of 
force constants and electrooptical data for phase state change were studied. 

Keywords: liquid crystal; molecule conformation; infrared vibrational spectra; computer 
simulation 

Polymorphism and physical Propertits of liquid crystal (LC) depends on 
conformation of molecules. NMR spectroscopy study of molecule 
conformations requires replacement of atom by their isotopes. X-ray 
=action study is limited by an opportunity of reception of crystal 
samples with perfect structure. LC have imperfect crystal structure. We 
use the experimental vibrational infrared spectroscopy and computer 
simulation in study of conformations of u3 molecules. 
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SS4/[ 15101 S.I. TATAKINOV 

EXPERIMENT, SIMUL.ADQN 

'The LC substances of a series of a asymmetric substituted esters of 
alkylbenzoic acids an example of 4-n-hexyl- and 4-n-heptylbcnzoic acids 
-4'-cyanophenyl esters ( nABACPE, k=6,7 ) were investigated. The 
molecular structure is shown in Figure 1. 

FIGURE 1 .  The plane trans-conformation of 6BACPE 
molecule. IIydrogen and carbon atoms of akyl chain and 
benzene rings are not shown. 

'The temperatures of phase transitions solid crystal (SC) - nematic Liquid 
crystal - isotropic liquid (IL) were determined by IR transmission jumps, 
similarly to [l]. The obtained values 317 K (SC-u7) and 322 K (LC-IL) 
for n=6, 317 K and 329 K for n=7, respectively, are in agreement with 
[2]. IK absorption spectra of samples with ahgned and disordered 
molecules were measured in region 400-4000 cm" in temperature range 
290-350 K by temperature-controUed cell [3], grating polarizen, and 
rubtnng. The amendments on an imperfection of polarizers were 
determined accordmg to results of [41. The thicknesses fiom 7 up to 30 
pm were fixed by teflon spacers. 

The feature of studied substances is a molecule asymmetry as a 
consequence of distinction of substituents in 4- 4'- position of benzene 
rings and an opportunity to turn for various molecule parts. The 
asymmetry of molecular Structure results in large complexity of IR 
spectra. In particular, in spectra there are the bands appr-te to 
vibrations allowed in Raman spectra, and the interaction of the carbon- 
carbon (C-C) stretchmg, bcndmg, waggin& rocking and other 
deformation vibrations results, as a consequence, in a problem of 
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DETERMINATION OF MOLECULE CONFORMATIONS [ 15 I I]/SSS 

unequivocal assignment of vibrations between 700 and 1200 cm". In 
known literature the data about molecular conformations of nABACPE 
is not present. We suppose rod-like molecules with a rigid skeleton and 
less rigid alkyl chains. The molecules have crossing 4-4'- axes of benzene 
riqy sunilarfy to liquid crystal molecules considered in (51. 

The substances with similar structure have in LC and IL smaller barrier 
of hindered rotation of molecule parts around slngle bonds than around 
multiple bonds [6, 71. Therefore it was supposed, that the molecules 
conformations of nABACPE in Various phase states can differ by turn 
angles of molecule parts around connecting them C-C and C-0 stngle 
bonds. The twns of nitdbenzene (CN-CA-), alkylbenzene (-C&- 

where CI, Cb, C, are carbon atoms of alkyl cham, benzene rings and 
central ester group, respectively, (see Figure 1, angles 'p~, h,  as) were 
considered. The probable configurations of alkyl chains were obtained 
by turns of -C&, -CH, groups around C-C bonds of methylene 
groups. 

c,&+k) and alkyl ( - c a m ,  ) parts around Cb-0, cb-c, Ca-Cb bonds, 

The computer simulation of IR absorption vibrational spectra was carried 
out on thc bash of the solution of a direct spectral problem of thc theory 
of multinuclear molecular vibrations and fragments method [8] by 
programs [9], kindly given by Professor L. A. Gribov. The spectra of 
conformers were calculated with the use of force and electrooptical data 
from [9] corrected, in the solution of a i n v m  spectral problem, for the 
change of a phase state. The interpretation of the IR spectra 
transformations at variation of angles ' ~ I - P ~  was canied out on the basis 
of calculations of frequencies, intensities, polarizations and potential 
energy distributions. The molecule conformations were idenfled by 
comparison of experimental spectra with results of the solution of' 
mechanical and electmoptical problems for various confomm. 

W-SmTS AND DISCUSSION 

At SC-L,C-IL phase transitions of nADACPE the spectra changes are 
connected, for the majority of bands, with increase of half-width and 
decrease of peak intensities. Transition to diluted solutions (S) in non- 
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SS6/[ IS 121 S.I. TATARINOV 

polar solvents (up to 0.14 mass O h  in CCq) results in decrease of 
bandwidths and improvement of their resolution in comparison with IL 
and LC. Morc spectral changes are observed at SC-LC transition. Figure 
2 shows fiagments of SC and LC spectra, which haw changes in 
position of bands or redistribution of their intensities, and calculated 
spectra. The analysis of spectral changes w a ~  carried out on bands, 
which assignment revealed pronounced contribution of vibrations of the 
appropriate structural groups. 

I 
lim cm.l  lbo 

Figure 2. IR absorption spectra of 6BACPE. a-d - 
LC, e-h - SC; a, b, e, f - experiment; c, 4 g, h - theory. 

The configuration of -1 chains was determined by IR bandy in 2800- 
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DETERMINATION OF MOLECULE CONFORMATIONS IS I3]/SS7 

3000 cm" region associated with C-H stretclung Vibrations of methyl and 
methylene groups, sunilarty to [lo-121. In experimental spectra of the 
LC, IL and S two strong (2855 and 2930 cm"), one middle (2953 cm"), 
and two weak (2867 and 2905 cm") ovtrlapping bands (Figure 2b) are 
here observed. In spectra of these phases the relative intensity of ban& 
diffm a little. In a solid phase the spectrum btcomes more structural: 
instead of two bands, four occur m 2800-2900 cm" region, and smooth 
fnaximum at 2930 cm.' has in SC spectrum the shape appropriate to four 
banh (Figure 20. 'Ihe theoretical spectra in 2840-2940 cm" (see Figure 
3) demonstrate s@cant influence of molecule spatial structure changes 
on fiequenciee and intensities of IR bands m region of C-H strttchrng 
vibrations of methyl and methylene groups at constant force and 
electrooptical data. 

2850.00 2900.00 cm-' 

Figure 3. Absorpton spectra for various wntiguration of alkyl 
chain: - tram + (q4=18Oo), -o- trans + (9,=180@) + ((ps=18$), 
-0- h-m +(~p4=18OO) +((p,=9O0), -0 trans +((p4=9@)+ (95=180°). D
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SSX/( IS 141 S.I. TATARINOV 

The calculated IR specbum of 6BACPE with trans- configurahion of 
GHl3 chain has in this region a set of bands with frwluencies and shapes 
close to expcrimcntal for II, and S at any orientation of a chain with 
respect to the plane of molecule skeleton. The some spectra difference m 
Figure 2b, d can be aseociated with the use, m the program, of Gauss 
shaped bands for depictwing calculated spectra, instead of dispersion or 
convolution shaped bands characteriS.tic for liquid phases. The theoretical 
spectrum, closest to SC experimental specbum m this region (Figure 2f, 
h), was obtained with twisted non-planar configuration of a hexyl chain, 
in which the methyl group is hnned through 90" mund  last C-C bond of 
methylene groups. Earlier such twisted akyl chain with eimilar length 
was observed m SC of 4-n-pentyloxy-4'~yano~phenyl by X-ray 
diffraction [13]. In the same work, as it follows from a resulting fisure, 
analogous displacement of methyl group out fiom a methylene groups 
plane in SC of 4-n-propoxy-4'-cyanobiphenyl is observed. 

Similar results were obtained by us for heptyl chain [9]. The analysis of 
experimental and theoretical spectra in 280-3000 cm" region r e s h  m 
a conclusion about a realization of planar completely extended (all-trans) 
configuration of heptyl chain in LC. The theoretical spectrum of twisted 
non-planar configuration of molecule chain corresponds in the best way 
to an experimental spectrum of SC. In SC molecule, Cfi fiasment of 
a hexyl chain turns around corresponding C-C bond through the angle of 
1 80°, and -CH3 group through 90'. 

The skeleton conformation of nAJ3ACPE and its mutual orientation with 
the alkyl chain were identified by spectra changes in 400-1800 cm" 
region (see Figure 2a, c, e, 8). The analysis of spectra at vatiatiOn of R, 

in nABACPE molecules has allowed us to make a conclusion about 
correlation of spectral tramformations in low-frequency regions with the 
turn of benzene ring at phase transitions. The beat conformity of 
theoretical and experimental spectra of SC 6BACPE was obtained for 
the conformation with ester group turned around Ce-0 bond through 90" 
with respect to plane of nitrilbenzme fragment. In addition, the benzene 
ring with alkyl group is turned around CL-CIL bond through 180". The 
metylene groups lay m a plane of the nearest benzene ring. The best 
c o n f d t y  of theoretical and experimental spectra of LC, IL and S was 
obtained for the confomtion with the plane of ester group turned 
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DETERMINATION OF MOLECULE CONFORMATIONS [ 15 151/559 

u~ough 210' with respect to plane of Ntdbemen e fragment, the 
benzene ring with alkyl p u p  turned around CbXe bond through W", 
and alkyl chain having a trans configuration in a plane of its benzene 
h g .  The best conformity of theoretical and experimental spectra in 400- 
1800 cm-' region of SC 'TBACPE was obtained for the conformation 
with the ester p u p  turned m u d  Of Cb-0 bond through 550 With 
respect to plane of nitrilbenzene fragment, in addition the benzene ring 
with alkyl goup turned around Cb-c, bond through lo", the alkyl p u p  
turned around c b < &  bond with respect to plane of its benzene rhg, in 
addition through 75'. The best c o n f d t y  of theoretical and 
experimental spectra of LC, IL and S was obtained m these regions for 
the confmation with the ester group that lay m a plane of nitrilbenzene 
fiagment, the benzene ring with alkyl group turned around CbC. bond 
through 50°, and trans coflfiguration of alkyl chain extended in 
perpendicular plane of its benzene ring. The analogous increase of angle 
9 at LC - IL phase transition was discussed for 4-n-methoxybenzylidenc 
- 4 - b u t y h h e  in [14]. These data are confinned by the analysis of 
angles of orientation of vibrational moments of molecular stmctural 
group by the we the dichroic ratios of the appropriate bands, calculated 
in similar way [I]. 

CONCLI JSIONS 

In all phases nonplanar conformations of a molecule are found. The turn 
angles of benzene rings of a rigid skeleton are different. In LC, JL and S 
there are trans, and in SC the twisted nonplanar configurations of alkyl 
Chains. 
It is shown, that the alkyl chain cdgwat ion  in different phases can be 
determined by computer simulation of IR experimental spectra m 2800- 
3000 cm-' region assigned to C-H stretchmg vibrations of methyl and 
metylene p u p s .  
The ef€iciency of joint application of experimental molecular vibrational 

infrared spectroscopy and computer simulation of spectra, with 
comxtion of force colllitants and clectrooptical data for phase state 
change, for study of conformations of liquid crystal molecules ie shown. 
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