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Spectroscopic Study of Some Mesogenic 
Cyanophenyls in Condensate Films and 

Inert Matrices 

TATYANA I. SHABATINA, EUGENIA V. VOVK, TATYANA 
V. KHASANOVA, ANDREW YU. BOGOMOLOV and GLEB 

B. SERGEEV 

Department of Chemistry, Moscow State Univ. 119899, Moscow, Russia 

In present work the molecular aggregation and interaction with metallic silver of liquid crys- 
talline 4-pentyl-4’-cyanobiphenyl (SCB), 4-pentyl-4’-cyanophenyl pyridine (5Py), 
4-pentyl-4’-cyanophenylcyclohexane (KH), 4-octyl-4’-cyanobiphenyl (8CB). 4-octy- 
loxy-4’-cyanobiphenyl (80CB) in molecular condensate films and inert matrices has been 
studied by low temperature reflection and transmission vibrational spectroscopy in a wide 
temperature range 80-330 K. The red shift of CN-stretching vibrations band was found to be 
due to molecular aggregates formation. The factors effecting on their thermodynamic stabil- 
ity are considered. 

Keywords: liquid crystals; condensate films; molecular aggregation; IR-spectroscopy 

INTRODUCTlON 

Polar liquid crystals such as alkyValkoxycyanobiphenyls and their derivatives 

are widely used as materials for molecular electronics “I. Molecular aggrega- 

tion of these compounds considerably influences almost all their physical and 
chemical properties 

during molecular condensation and its effect on the thermodynamic behavior 

The direct data on molecular aggregates formation 

[2865]/35S 
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of self-organizing systems are of great interest for modem supramolecular 

chemistry I-'. 

In present work the molecular aggregation of polar liquid crystals 4- 

pentyl-4'-cyanobiphenyl (SCB, TK.&95K, TN.I= 309 K); 4-pentyl-4'- 

cyanophenylpyridme (5Py,T~.p 306K, TN.73 16 K), 4-pentyl-4'- 

cyanophenylcyclohexe ( SCH, TK.N=~O~K, TN.i=328 K), 4-0Clyl-4'- 

cyanobiphenyl(8CB, TK.%=293K, TbN=307K, T M = ~  14K), Coctyloxy-4'- 

cyanobiphenyl(80CB, TK.s=325K, T,,~338K, TN.I=352 5K) in molecular con- 

densate films and inert matrices has been studied by low temperature reflection 

and transmission vibrational spectroscopy in a wide temperature range 5- 10 

and 80-330 K 

EXPERIMENTAL 

Thermal behavior of cyanobiphenyl molecular condensate films of 20-100 p 

was studied by low temperature IR-spectroscopy at 77-330 K u s i  special 

evacuated cryostat tg*'O1. The film samples (k2-50 pm) were obtained by cya- 

nobiphenyl molecular vapor deposition or metal and cyanobiphenyl vapors co- 

deposition on polished surface of copper cube, salt (KBr, CaF2 ) or quartz win- 

dows ,cooled by liquid nitrogen (77 K) and then annealed upto 300-350 K. The 

deposition rates were 

system did not exceed 5 10-0rr at all temperatures upto 350 K 

moleculedcm s. The residual gas pressure in the 

The IR-spectra of the samples were recorded using reflection mode on 

Specord R-75 for film condensate samples and using transmission mode on 

Specord 80 for bulk samples and solutions Spectroscopic accuracy was upto 

0 5 cm" The temperature of the samples was maintained within + I  K interval 

at 77-270 K and f 0,5K at 290-350 K. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

26
 1

7 
A

ug
us

t 2
01

2 



SPECTROSCOPIC STUDY OF MESOGENIC CYANOPHENYLS [2867]/357 

In some cases the molecular vapor of cyanophenyl substance were co- 

deposited with inert matrix molecuies: decane (at 80-100 K) and argon (at 5-10 

K). The last experiments were made in co-operation with Professor G.Sheina 

and Dr.A.Ivanov using helium refrigerating system at Institute of Low Tern- 

perature Physics and Engineering Ukrainian Academy of Sciences 

RESULTS AND DISCUSSION 

The IR-spectra obtained for molecular condensate films for example of liquid 

crystals 5CB and 8CB at 80K and at some temperatures by annealing the sam- 

ples show the red shill of CN-group band peak at 2 16-270 K .The band of CN- 

group stretching vibrations was chosen as the most informative for these com- 

pounds according to "*I. We consider this transformation due to molecular di- 

mers(or higher molecular aggregates) formation took place in molecular con- 

densate films of both liquid crystals. Further heating of the samples led to a r e  

versed shift of CN-group stretching vibrations band to higher frequencies ac- 

cording to partial dissociation of cyanobiphenyl dimers andor higher aggre- 

gates in mesophase and isotropic phase . The effect was confirmed by computer 

modeling of harmonic frequencies of theoretical IR-spectra for cyanobiphenyl 

monomeric and dimeric structures 1131. 

Similar results were obtained using special technique for stabilization of 

monomer and dimer species in inert hydrocarbon at 80-130 K and argon at 5- 

10 K matrices 'l1I. In Figure 1 are presented the data obtained for het- 

eroaromatic derivative of 5CB 2 -p-cyanophenyl-5-plpyridine (54.) mo- 

lecular species stabilized in argon matrix for different values of cyanophenyu 

argon ratio fiom 111OOO upto 1/10 and neat cyanophenyl film. 
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' v. cm-1 

FIGURE 1 C=N stretching region of 5Py isolated in Ar matrices, 
T=5K,SPy:Ar:a) 1: 1000, b) 1:400; c) 1:50; d) 1:lO; e) bulk film(lz20pm) 

It was shown that both rising of cyanophenyl contents in the system and 

increasing of the sample temperature led to CN-band red shift due to inner di- 

mers formation. The study was made for series of cyanophenyls solutions in 

nonpolar hydrocarbon solvents decane and pentane in a wide concentration 

range from 0.01- 1.5 M . It was shown that in high diluted solutions (less than 

0.05 M) the maximum absorbance for CN-group grew Linear with cyanobi- 

phenyl concentration rising. For more concentrated solutions we had the nega- 

tive deviation due to molecular association process. In this case CN-group ab- 

sorbance band was a sum of monomer and dimer/associate absorbencies. Com- 
puter modeling of the experimental spectra for a number of cyanophenyl solu- 

tions of different concentrations using the approach for a sequence of associa- 

tive equilibriums developed in "'I allowed us to obtain line shapes for spectra of 

monomeric and associative species . In Figure 2 an example is presented. 
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FIGURE 2 Experimental spectrum of 8CB (1) and its computer sphtthg 
on monomer (2) and h e r  (3) modes., Co[SCB]=0.548 M, 14.0288 mm, 
T=294K. 

It should be mentioned that the method in use doesn’t allow us to distin- 

guish the spectra of dimers and of higher associates if their spectral character- 

istics do not differ significantly (lower than 0.5 an-’). The spectroscopic char- 

acteristics obtained for monomers (vM,, EM) and molecular associates (VD. ED) 

of cyanophenyls under investigation are presented in Table 1. It is hportant 

that spectroscopic data obtained for monomers in film samples are the same as 

the values obtained for highly diluted cyanophenyl solutions. 

The IR-spectra of cymophenyl bulk films were recorded at Merent tem- 

peratures within mesophase interval. It was found that CN-group absorption 

band maximum and h e  shape depended on the sample temperature. Varying 

the temperature we changed the monomer/molecular associate ratio. Computer 

modeling of the experimental spectra as a sum of two modes: 
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I c*p (~i)' a] IM (vi) + a2 ID (Vi) 

where al and a2 are the relative quotes of monomeric and associative cya- 

nophenyl species, calibrated using EM and cD values , allowed us to obtain a 

=a2/(a1+ a2) - the association degree of cyanophenyl molecules at present tem- 

perature. The association enthalpy (A H, kJ/mol) of cyanophenyls in mesophase 

was estimated using temperature dependencies of a-values. The data obtained 

are also presented in Table 1 

Table 1. Some spectroscopic and thermodynamic characteristics of cya- 

I 

, 2231 2226.5( 0.21 0.67 -29 f 7 1 1  f 0,25 

The analysis of the data in Table 1 allowed us to compare the relative 

thermodynamic stability of the liquid crystalline aggregates with different mo- 

lecular structure of polar mesogen. The most stable molecular associates were 

formed in the case of cyanobiphenyls as opposed to their hydrogenated or het- 

eroaromatic derivatives ''''. This is possibly due to the strong parallel stacking 

of two benzene rings and overlapping of the x-aromatic systems of two mono- 

meric units Only one benzene unit is in 5CH molecular structure, and this leads 

to the significant decrease of the AH-association value For 5Py molecules we 

obtained AH-association value that is lower than for SCB, this could be con- 
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nected with the less planar dimeric structure formation. In the case of differ- 

ently substituted cyanobiphenyls the most stable dimers were formed in the 

case of alkoxycyanobiphenyl 80CB in comparison with alkylcyanobiphenyls 

5CB and 8CB. The increased length of the alkyl chain did not influence signifi- 

cantly on the molecular association parameters. 

CONCLUSIONS 

In present work we made the IR-spectroscopic study of the thermal behavior of 

the mesogenic cyanobiphenyls: 4-pentyi-4-cyanobiphenyl (5CB), 4-pentyl-4’- 

cyanophenylpyridine (5Py), 4-pentyl-4’-cyanophenylcyclohexane (5CH) 4- 
octyl-4-cyanobiphenyl (8CB), 4-octyloxy-4-cyanobiphenyl (80CB) in molecu- 

lar condensate films, bulk phase and inert matrices . It was found that CN- 

group absorbance maxima and line shape were dependent on the mono- 
mer/dmer(or higher associates) quantitative ratio, that was changed by varying 

the temperature of the liquid crystalhe sample. The thermodynamic data ob- 

tained for the molecular association process of the named polar liquid crystals 

revealed that the most stable associates were formed for cyanobiphenyl mole- 

cules in comparison with their hydrogenated or heteroaromatic derivatives. The 

higher thermodynamic stability was shown for aggregates of alkoxycyanobi- 

phenyls in comparison with alkylcyanobiphenyls. The increased length of the 

alkyl chain did not influence significantly on the association parameters. 
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