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THERMOINDUCED REARRANGEMENT OF THE HYDROGEN BONDED
SYSTEMS IN LIQUID CRYSTALLINE CARBOXYLIC ACIDS

V.V.KRASNOGHOLOVETS and G.A.PUCHKOVSKAYA
Institute of Physioes, Ukrainian National Academy
ot Soiences, pr.Nauky 46, Kyiv 22, 262650 Ukraine

and

A.A.YAKUBOV
Samarkand State University, Faoculty of Physles,
University blvd 15, Samarkand, 703004 Uzbekistan

Abgtract The propertles of H-bonded systems of alkyl-

and alkoxybenzene acids have been studled both experi-
mentally (by IR-spectroscopy methods) and theoretically
near the golid orystal - 1liquid orystal phase transiti-
ons. Partial dissocciation of the oyolic dimers acocom-
panied by formation of open chain~like associates and
monomers is found. Thelr amount depends on the tempera-
ture and phase of the sample. The theoretiocal model of
rearrangement of H-bonds is suggested. The rate oons-
tag}mgi ghe oyclic dimer ~ open assocliate transition is
es ed.

INTRODUCTION

Mesomorphism of alkyl- and alkoxybenzene aocids
{hereafter referred to 28 n-ABA and n-AOBA, where n 18 the
nmmber of ocarbon atoms in the alkyl/alkoxy ochain) 1s
explained1 by association of their molecules into ayelio
dimers (CD) by means of hydrogen bonde (H-bonds).
Experimental investigatione with IR-spectroscopy of H-bond
dynamics at phase transitions was executed in number of
work82"7, however there i1s no theoretioal analysis of the
peculiarity of the rearrangement of H-bonds at phase
transitions.

In the present work a pecullar behaviour of H-bonded
gystems of ABA and AOBA 1s Investigated experimentally

(quantitative analysis with the ald of IR-spectroscopy
[2709)/143
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methods) and theoretloally at phase transitions: =olid
erystal (SC¢) - 1iquid orystal (I1C) - isotropie 1iquid (IL).

MOLECULAR ASSOCIATES IN ABA AND AOBA: THE EXPERIMENT

IR-spectra of n-ABA with n=1-9 and n-AORA with n=3-12
were registered with the ald of IR-spectrophotometer, model
UR-20 (Carl Zeiss Jena, Germany) at a resolution of 1-2
om™ ! in the 400 to 4000 om ! gpectral region in the
temperature range of 100 to 550 K. Sample temperature was
maintained constant using automatic thermoregulator with an
error of 1 K.

In IR-specira the bandg at 2900 (V). 1692 (v,.4) and
940 em™? (pOH) have been foumd for all phases of ABA and
AOBA. They 1indicate that molecules ABA and AOBA are
connected with H-bonds® ':

O-H-0_
R @ c’: °c @ R, R=Atk/0Atk.
0-H:- 07

Enthalpies of H-bonds were estimated by the Iogansen
method8 Irom shifte of the Irequency of twisting vibration
pOH and of the gravity center of the band corresponding to
Yor of assoceiates with respect to those for monomers.
Frequencies pOH and DOH 0f the ABA and AQBA monomers as
determined from spectra of solutions in 0014 and of gaseous
phase, were about 612 and 3560 om™ ', respectively. In the
SC an enthalpy of H-bond was found approximately ({(36z1)
kJ/mol at 100 K and (34x1) kJ/mol at 300 K.

By heating in the SC long before (20-50 K) the SC-LC
trangition we have been obgerved the appearance and gradual
rige in intensity of bande at 3300 (Vgy), 1703 (Vo g). 92?
(Pogg)s 3550 (Vo). 1740 (Vg q)s 1090 (g o) and 612 om
(pQH), of which the firgt three was attributed to opened
agsociates and the remaining ones - to monomer, while the
intensity of CD bands was deoreased. All these changes
indicate partial dissociation of the CD with formation of
open apgociates and monomers. Thelr relative amount have



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 18 February 2013

THERMOINDUCED REARRANGEMENT OF THE HYDROGEN BONDED (27111145

changed depending on the temperature and phase of the
sample (see Table).

TABLE Contente of H-bonded associater and monomers
in 7ARA and TAORA (in %)%

Phaze T {K) Cyolio Open Monomerg
imers assoolates
- - . 321K 376K 91
C B c-CcH,-CO0H:  SC,22T5 50,2T0% Nematio 399K 11,
Solution in ¢C1 4 298 89 - 11
502 298 100 - -
SCY 338 59 39 2
s¢ 363 56 40 4
Nethatic 379 52 39 9
Nematio 383 52 39 9
IL 408 49 41 10
IL 423 48 40 12
IL 443 A7 42 11
CH 15 -0-C¢H ,~COOH: 50387% smeot10273¥ Nemat1022% 11,
Solution in cCl, 295 93 - 7
se 295 100 - -
8¢ 353 58 40 2
Smeotic 370 38 29 33
Nematic 386 36 31 33
Nematio 403 35 32 33
IL 425 33 31 36
IL 443 33 31 36

*taloulated by intensities of bands vy, and Py

Taking into account the pecullarity of ABA and AORA
moleocular paokingg"10 in the SC and the weak intensity of
bands 612 and 3550 cm", which are ocgused by the absorption
of umconnected hydroxyl, one may Tregard, that  the
asgoglates are formed not only by means of two molecules

{opened dimers):
¢?
R
*(::>' SO-H- 0
<O ®
H-0~
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but three and more moleculez tooc ecan cormeoted 1in
chaln-11ike associates:

According to our estimates enthalpy of the H-bond 1in
opened associates have been by nearly 4 kJ/mol less than in
the CD.

MECHANISM OF OPENED ASSOCTATES FORMATION:
THE THEQORETICAL STUDY

Let us oonsider the processes of disruption of itwo
H-bondg in the CD and of formation one H-bond, that have
led to the oreation of opened assoclate. Two neighbouring
H-bonde of two neighbouring dimerie rings are characterized
by a two-wells potential (Figure); the baglc parameters of

OH

Y —
N

FIGURE. The scheme of hydrogen atom transition from
intra-dimeric state into inter-dimeric one.

each well are known (Beeﬁ). Dynamiocs of orystalline
network of that H-bonds may be mvestigated within the
Iramework of Ising pseudospin model 2. However In our osse
there are the experimental evidence of ‘"oross" H-bonds
availability (that are opened associates formation).
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Therefore it 18 necessary to use other model which regards
for the hydrogen atom jump between H-bonds of neighbouring
dimers. For this purpose the protonis polaron model13 Iits.
Therefore we investigate the formation interdimeric H-bond
in the framework of this model (Figure).

One may suppose that near an SC-IC phase transition
H-bonds in the CD are in predissoclating-state, in whioch
the trangition of hydrogen atom to a new spatial position,
i.e. "erosg" H-bond, 1is poesible. The availability of
intra-dimeric vibrations of proton which are itransverse 1o
the 0...HO-bonded line: p(0...H) ~ 30-50 om™ ' (in plane of
dimer ring) and a (0...H) ~ 30-50 om™' (normal to plane of
dimer ring)“' have to promote the appearance of such
H-bond.

Iet us iIntroduce the operator of hydrogen atom
transition density

=g, @24+ A1, (1)

where H, = V,,(a%d, + 854,) 1s the tumel Hamiltonian
density of hydrogen atom transition; 712 is the mairix
element density of transition constructed in protonic wave
functione and site vibrations quantum Ifunctions, the one
takes into consideration the superposition of intra-dimeriec
vibrations p(0...H) and «, (0...H); R1(2)is the proton (1.e.
hydrogen atom) coordinate in intra-dimeriec (inter-dimerio)
H-bond; 3‘1‘(31) and 3‘5(32) are the Perml operators of
creation (annihilation) of hydrogen atom in dimeric H-bonds
and inter-dimeric H-bond, respectively.

A maoroscopic density J of hydrogen atom transition
probability between neighbouring dimers per unit of time in
the arystal in the pre-transition temperature region can de
ocaloulated by means of the standard method of small polaron
model”. In that model J is determined in acocordance with
formula
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J = smﬁtﬁ‘). (2)

where p is the correction to basliec statistic operator and
the Hamiltonian H is used for its builds.
The caloulations glve (oompare with?3 )

7 =225V 2 gv. 12 etrn (88/kT) exp(-E,/k,T)
X (% [u cosh g@*T + v2cosh Ma, 11/2y1 (3)
! kgl * 920080 Zpym

where n, is the concentration of opened H-assoclates; g 1s
the length of OH...O bond; u2 is the dimensionless constant
describing a relative displacement of oxygen &atoms that
formed the H-bond from their equilibrium positions due to
the hydrogen 8tom 1localization between them, 1i.e. the
parameter u® characterizes the 1local change of lattice
energy and in the amall polaron model u2 » 1. B= zi 4 u"’mi
is the energy of polaron displacement and the one relates
to the H-bonded energy in dimer (35 kJ/mol); 0y = 2ne- 165
om™? and w, = 2%e-290 om™’ are the most intensive polarized
low oyclic frequencies of benzene ring: y(CCC) and B(CCH),
respective1y14—15. Taking into aceoumt that there are two
H-bonde in dimer from relation 2E = 1.122[2= ' hmi we tind u° =
35. The parameter A8 1s the difference between energy Ifor
two type of H-bond. For the appraiszal one takes A8 = kBmc
where T, 1s the phase transition temperature. In (3) the

activation energy

= kﬁmiétanh %—g—;m - 3 . (4)

Let us estimate the value J for the TABA orystal at
the Scz—sc1 transition temperature Tc = 320 K and for the
TAOBA orystal at the SC - smectic phase transition
temperature T, = 367 K (see MTable). Assuming that the
frequency of superposition of dintra-dimer vibrations



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:44 18 February 2013

THERMOINDUCED REARRANGEMENT OF THE HYDROGEN BONDED 27151149

p(0...H) and «, (0...H) are approximately equal @ = 2%c-40
em"1 one finds the magnitude of matrix element

V= T, cothgﬁ x 12V.. (5)

kgt 0

So far as T « K, B0 (p), Kyl then Vg 2 2,510 kgD =
10 “°J. Let the value of g » 0,26 nm; a concentration Ny ot
opened associates is equal to 1,6-‘1021 om™> torp 7ABA and
1,5.1021 om™3 tor 7AOBA. Using the expression {2) the rate
conastant K of the cyclic dimer - opened associate transiti-

on 1s found

XK=J.8, (6)

where S 18 the effective oross section for the channel of
interaction between the tumneling hydrogen atom and an
oxygen of neighbouring dimer. Supposing S 2 0,1 x 0,1 nm2
with regard for aforesaid we find

K 102 g1, (7

In our experiment by heating of sample to To the assoclate
formation finished in the course of 2-3 min (establishment
time of thermal equilibrium in the cell} that ocorresponds
to Kexp % 10'2 3'1. Consequently, the calculated value of K
conforme to experimental one.
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