
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:44
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

Thermoinduced Rearrangement of the
Hydrogen Bonded Systems in Liquid
Crystalline Carboxylic Acids
V. V. Krasnogholovets a , G. A. Puchkovskaya a & A. A. Yakubov b
a Institute of Physics, Ukrainian National Academy of Sciences, pr.
Nauky 46, Kyïv 22, 252650, Ukraine
b Samarkand State Univereity, Faculty of Physics, University blvd 15,
Samarkand, 703004, Uzbekistan
Version of record first published: 04 Oct 2006.

To cite this article: V. V. Krasnogholovets , G. A. Puchkovskaya & A. A. Yakubov (1995):
Thermoinduced Rearrangement of the Hydrogen Bonded Systems in Liquid Crystalline Carboxylic
Acids, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 265:1, 143-150

To link to this article:  http://dx.doi.org/10.1080/10587259508041686

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: 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.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508041686
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Crysf. 1995, Vol. 265, pp. 143-150 
Reprints available directly from the publisher 
Photocopying permitted by license only 

6 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

V.V.KRBSTJOCHOLOVEVS an8 G.A.PUCHKOVSKAYA 
Institute of Physios, TXrainian National Aoademy 
of Soienoes, pr.Nauky 46, KyTv 22, 252650 Ukraine 
and 
A. A. YAKUBOV 
Samarkand State Univereity, Paoulty of Physios, 
University blvd 15, samsrksna, 703004 Uzbekistan 

Abstmot !l?he properties of H-bonded eystetne of alwl- 
and alkoxybenzene aoids have been studied both experi- 
mentally (by lR-speotrosoopy methods) and theoretioally 
near the solid orgstal - liquid orya3tal phase transiti- 
ons. Partial dissooiation of the oyolio dimers aooom- 
panied by fonastion of open ahain-like assooiates and 
monomers is fo~.md. !I?heir amount depends on the tempera- 
ture and phaee of the sample. The theoretioal model of 
rearrangement of H-bonds is suegested. The rate oone- 
tant of the ogolio dimer - open assooiste transition is 
es t imst ed . 

IIUTRODUC'PION 

Yesomorphiem of alkyl- and alkoxybenzene aoids 
(hereafter referred to as n-ARA and n-AOBA, where n is the 
number of oarbon atom in the alkyl/alkoxy ohain) is 
eDlsined' by association of their moleoules into ayolio 
dimers (CD) by m e a m  of hydrogen bonds (H-bondg). 
Experimental investigations with IR-speotroeoopy of H-bond 
dynamios at phase transition8 was exeouted in number of 
w o ~ k e ~ - ~ ,  however there is no theoretiual analysis of the 
peouliaritg of the rearrsngement of H-bonds at phase 
tmnBitiO118. 

In the present work a peauliar behaviour of R-bonded 
systems of AEiA and AOBA is investigated experitnentallg 
(quantitative analysie with the aid of fR-speotrosoopy 
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methods) and theoretically at phase transitions: solid 
crgstal (SC) - liquid arystal (LC) - isotropio liquid (IL). 
MOL3CULA.R AS SO CIA^ IN ARA AND AORA: TBE ZZPEEiIICwIII 

IR-speotra of n-BBb with n=1-9 and n-AORA with n=3-12 
were registered w i t h  the aid of IR-spectrophotorneter, model 
UR-20 (Carl Zeigs Jena, Germang) at a resolution of 1-2 
am-' in t he  400 t o  4000 om-' speotral region in the 
temperature range of 100 to 550 H. Sample temperature was 
maintained constant using automatic themoregulator with an 
e m r  of il K. 

In IR-spectra the band,s at 2900 (U,), 1692 ( P ~ - ~ )  - and 
940 om-' (p,) have been fount3 for all 
AORA. !I!hey indicate that molecules 
connected with H-bonds . 2-7. 

phages of ABA and 
A33A and A O U  are 

Enthalpies o f  H-bonds were estimated by the Iogansen 
method' from lahifts of the frequency of twisting vibration 
pm and of the gravity center o f  the band corresponding to 
vm of aasociates with respect to those f o r  monomers. 
Frequencies poH and Dm of the A3A and AOEA monomem as 
detellnined from spectra of solutions in CC14 and of @Beow 
phase, were about 612 and 3550 om-', respectively. In the 
SC an enthalpy of H-bond was found approximstely (3621) 
kJ/mol at 1 0 0  K and (34il) kJ/mol at 300 K. 

By heat- in the SC long before (20-50 9) the SC-LC 
transition we have been observed the appearance and grsaUal 
rise in intensity of ban& at 3300 ( V o H ) ,  1703 (Pc-o), - 920 
@OH), 3550 WaL 1740 ( U , , o f ,  1090 (q,J and 612 om-' 
( p a ) ,  of which the first three WBB attributed t o  opened 
associates and the remining onee - to monomer, while the 
intensity of CD bands was decreased. All these changes 
indioate partial dissociation of the CD with formation of 
open associates and monomers. !I!heir relative amount have 
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ahanged depending on the temperature and phase of the 
sample (see !!!able). 

!l?ABU Contents o r  8-bonded amooiates and monomers 
in 768A and 7AOBA (in %)* 

Phase I! (K) Cyolio Open Monomers 
dimers aesooiatee 

Solution in CC14 298 
298 
338 
363 
379 N&tio 

Nematio 383 
IL 408 
IL 423 
IL 443 

3 
a9 
100 
59 
56 
52 
52 
49 
48 
47 

- 
- 

39 
40 
39 
39 
41 
40 
42 

11 

7 
SC 295 100 sc 353 5a 40 2 
Smeotio 370 38 29 33 
Nematio 386 36 31 33 
Nematio 403 35 32 33 
IL 425 33 31 36 n 443 33 31 36 

- - - Solution in CC14 295 93 

* 
Caloulated by intensities of bands YC-* - and poH. 

!Paking into amount the peouliarity of AEiA and AOBA 
moleoular paoMng '-lo in the SC and the weak intensity of 
bamb 612 and 3550 om-', whioh are oawed by the absorption 
o f  tmoonneoted hydroxyl, one may regard, that the 
aesooiaterr are formed nut only by mean8 of two moleoules 
(opened Bimem): D
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but three and more moleoules too 0811 oonneated in 
ohain-like assooiates: 

Aaaording to our estimates enthalpy of the 8-bmU i n  
open& assoaiates have been by nearly 4 kJ/rnol less than i n  
the CD, 

Let us aonsider the prooesises of disruption of two 
H-bonb i n  the CD and of formation one H-bond, that have 
led to the oreation of openeU assooiate, !Cwo n@i&bouring 
H-bonds of two neighbowing Uimerio are aZlaraoterieed 
by a two-wells potential (Figure); the basio parameters of 

W 
PIGURX. 'phe suheme of hydrogen atom transition from 

intra-%imerio s ta te  into inter-dimeria one. 

eaa well a m  mown (see"). ~y~18mlas of arysta~ine 
network of that 8-bonds may be bIvestipteU wlWn the 

there a,re the experimental evlUanoe of ' t ~ m ~ ~ t *  8-bonds 
availability (that are opened assooiates formation). 

i-WOk Of 18- PSeUdOSPb mdlell*. However h OUP U 8 8 8  
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!l!herefore it is neoessary to w e  other model whim regards 
for the hydrogen atom jump betwean H-bonu of neighbowing 
dimerg. For this purpose the protonia polaron moBel13 fits. 
!Pherefore we invegtigate the formation 2nterdimeria 3-hnU 
in the framework of this moUel (Pigure). 

One may suppose that near an SC-LC phase transition 
H-bond8 in the CD are in preUissooiating-state, in whiuh 
the transition of hydrogen atom to a new spatial position, 
i,e. "oros~" 8-bond, is possible. The availability of 
intrs-Uimeric vibmtions of proton whioh are transverse to 
the O...EIO-bonBed line: p ( O  ... H) - 30-50 am"' (in plane of 
dimer ring) and u,(O.. A) - 30-50 om-' (normal to plane of 
dimer have to promote the appearanoe of mah 
H-bonU . 

Let us introduue the operator of hyUrogen atom 
transition Uensity 

h A A  A A  
where Ht = V,2(a:a2 + a$al) is the tunnel Hamiltonian 
density of hyctrogen atom transition; V12 is the matrix 
element density of transition uonstruoted in protonic wave 
funotions and site vibratiom quantum funutions, the one 
takes into uonsideration the superposition of intra-dimeriu 
vibrations p ( O  ... H) anU aL(O...H); R is the proton (1.e. 
hydrogen atom) aoordinste in intra-bimerio (inter-dimeria) 
8-bond: P;(ŝ ,, and $$(g2) are the Fermi opemtors of 
creation (annihilation) of hydrogen atom in dimerio H-bonds 
and inter-dimerlu H-bond, respeotively. 

A msurosuopio density J of hydrogen atom transition 
probability between nei@bouring Uimers per unit of time in 
the orystal in the pre-transition temperature region oan be 
ualoulsted by meam of the stanUarU method of small polaron 
mUel1? In that model J is determined in aooordance with 
f onrmla 

'(2) 
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(2) 
A A  

J = SP(Ptj), 
Where $t iB the oorreotion to bas10 statistio operator and 
the Hamiltonian Gt is used f o r  its builds. 

m e  oalouations give (ompare with’3): 

where no is the oonaentration of opened H-sssooiates: Q is 
the length of OH..,O bond: u is the dimensionless oonstant 
describing a relative displacement of oxpgen atoms that 
formed the If-bond f r o m  their equilibrium positions due to 
the hydrogen atom looalization between them, i,e. the 
pammeter u2 aharaoterizes the leal w e  of lattioe 
energy and in the small polaron model u s 1. Iza= zE, u &Ui 
is the energy of polaron displaoement and the one relates 
t o  the H-bonded energy in dirner (35 kJ/mol): ol = 2Zo.165 
om-’ and o2 = 2na.290 om-’ are the most intensive polarized 
low oyolic frequencies of benzene ring: y(CC?C) and p(CC?H), 
respectively ’4-’5. Taking into amount that there are two 
H-bond6 in dimer from relation 2Ea= u El=, hoi we find u2 2 

35. !Phe parameter A 8  is the differenoe between energy for 
two type of ‘II-bond. FOP the appraisal one takes he: = XBPo 
where To is the phase transition temperature. In ( 3 )  the 
activation energy 

2 

2 2 

Let us estimate the value J for the 7bBA o4stal at 
the SC2-SC1 transition temperature To = 320 K and fo r  the 
7AOBA orgrctal at the SC - smeotio phase transition 
temperature I, = 367 K (see Table). Assuming that the 
f‘requenoy of superposition of intra-dimer vibrations 
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p(O...H) and uL(O...H) are approximately equal R = 2 x 0 ~ 4 0  
em-' one finds the mgnitude of matrix element 

= vo oat%-* nR 
5 2  I t 8 C  

5 12v0. 

So far as Vo 4 ha, h0112), kBTC then Vo 2 2,5n10-2k$c z 
10--23J. Let the value of g ;5 0,26 nm: a oonoentration of 
opened associates is equal t o  7,6-1021 for 7ARA and 
1,5.1O2' for 7AOBA. Us3n.g the expression (2) the rate 
comtant X of the cyclic dher - opened associate transiti- 
on is found 

X = J*S, ( 6 )  
where S is the effective omss section for the channel of 
interaotion between the tunneling hgdrogen atom and an 

2 oxy@;en of neighbouring Uimer. Supposing S 2 0,l x 0,l nm 
w i t h  regard for aforesaid we find 

X 2 lo-* B-'. ( 7 )  

In o w  experiment by heating of sample to !I!, the assooiate 
foxmation finished in the oourse of 2-3 m i n  (eBtabllshment 
time of thermal equilibrium in the oell) that comesponds 

z 10" s-'. Consequently, the oalculated value of K to 'exp 
c o n f o m  to experimental one. 
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