This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 19 February 2013, At: 12:37

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 Incorporating Nonlinear
Optics

—— Publication details, including instructions for authors and

subscription information:
http://www.tandfonline.com/loi/gmcl17

Phenomenological Approach to the
Description of the Dimerization

Kinetics in Nematic Mesophase

V. A. Batyuk ®, T. I. Shabatina * & G. B. Sergeev ?

# Department of Chemistry, Moscow State University, Lenin
Hills, Moscow, 119899, USSR
Version of record first published: 22 Sep 2006.

To cite this article: V. A. Batyuk , T. |. Shabatina & G. B. Sergeev (1989): Phenomenological
Approach to the Description of the Dimerization Kinetics in Nematic Mesophase, Molecular
Crystals and Liquid Crystals Incorporating Nonlinear Optics, 166:1, 105-108

To link to this article: http://dx.doi.org/10.1080/00268948908037142

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/gmcl17
http://dx.doi.org/10.1080/00268948908037142
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:37 19 February 2013

Mol. Cryst. Lig. Cryst., 1989, Vol. 166, pp. 105-108
Reprints available directly from the publisher
Photocopying permitted by license only

© 1989 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Phenomenological Approach to the
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Department of Chemistry, Moscow State University, Lenin Hills, Moscow 119899, USSR

(Received October 12, 1987; in revised form February 12, 1988)

The expression has been obtained, which determines the observed reaction rate constant in the nematic
mesophase as a function of scalar liquid crystal order parameter. The expression includes the experi-
mentally obtained parameters. It has been used for the estimation of the rate constants for 2-methyl-
2-nitrosopropane at selected temperatures in nematic liquid crystal MBBA.

At present liquid crystals and liquid-crystalline compositions have been exploited
in numerous technical and scientific applications. The ordered structure in con-
junction with high molecular mobility makes liquid crystals a promising medium
for conducting chemical reactions. Characteristic of chemical reactions in a con-
densed phase is that the reagents molecules being surrounded by molecules of a
medium interact in a cage of a solvent.! Liquid-crystalline medium is anisotropic
and it is therefore insufficient to treat it as an isotropic viscous medium.2*

The long axes of liquid crystal molecules in nematic mesophase have a predom-
inant orientation (n) and the averaged value of an experimental bimolecular re-
action rate constant can be expressed as:

by = [K0.0) - £(0.0) d2 = [k(8) - f10) db M)

where f(0) is the distribution function that accounts for the orientations of reagent
molecules and 6 is the angle between the molecular axis and 7. An integration is
conducted over the macroscopic volume. The expression (1) holds true for the
interaction between the species of one type, e.g. for dimerization, and nematic
mesophase with axial symmetry.

As a probe function the dependence of k(8) of the type:

k(8) = k- cos’® + k, sin%0, 2)
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where k , —the reaction rate constants for the reagent molecules oriented parallel
and perpendicular to n respectively, was considered. This dependence has among
others the following properties: an integral (1) does not turn into zero and in case
ky =k, =k, keyp, = k.

The ordering of molecules in the volume of liquid crystal is characterised by a
macroscopic value—the scalar liquid crystal order parameter $°:

S = jf(o) +1/2 (3 cos? 6 — 1)d6 = 1/2 ((3 cos?0 — 1)) 3

where 0 is the angle between the long molecular axis and 7.
By using (3) the equation (1) can now be rewritten as:

Kexp = 213 S(ky — k) + 13 ky + 213k, (4)

It should be noted that here S is the order parameter for reagent molecules that
is unknown in the majority of cases but very often as a first approximation the
liquid crystal order parameter can be used.

Let us consider the extreme cases:

for the ideally ordered liquid-crystalline system (S = 1)
kexp = k“ = kN (5)
for the isotropic system (S = 0)

koo = 13 k) + 23k, = k, (6)

exp

Taking into account the definitions of ky and k,, the expression (4) for the reaction
rate constant in the mesophase of the nematic liquid crystal at 0 < § < 1 can be
written as:

kep = kn-S+ k(1 -8) @)

or

kexp = ki1 — S(1 — Z)], where Z = kylk, (8)
It should be noted that expression (7) can be obtained on the basis of the statistical
meaning of S as a scalar value that characterises the effective molar fraction of
liquid crystal molecules with corresponding long molecular axes orientations. The
expression (7) or (8) determines the observed reaction rate constant in the meso-
phase as a function of the nematic liquid crystal order parameter () and includes
also ky and k;, which can be experimentally obtained [ky is a rate constant for
reaction in an ideally ordered system (S = 1) and &, is a rate constant in an isotropic
disordered system (S = 0)].
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One can use the expression (7) or (8) in particular for the description of the
reaction rate constant dependence on S-value at constant temperature, i.e. for the
designated Z-value. At a fixed temperature we can alter the ordering (S-value) of
liquid-crystalline system by introducing the chemically inert possible isotropic ad-
ditives. Among others the following possibilities should be considered: a) if k,, =
k,, then the experimental rate constant is independent of the ordering in the liquid-
crystalline system, i.e. for any values of liquid crystal order parameter (S) k.., =
ky = kj; b) if ky >> ky, then k., ~ ky - S; ©) if ky << k;, then k., ~ k,(1 — §).

It should be convenient to have the possibility to use the equation (7) or (8) for
the description ‘“‘reaction rate constant (K.,,)—liquid crystal parameter order (S)”
relationship in cases, where the S-values for given liquid-crystalline system vary as
a result of temperature changes. However, in general the temperature dependence
of the parameter Z(T) = Z, - e~ *¥R7 should be known, where Z, is ratio of pre-
exponential factors of the reaction in the mesophase and isotropic phase of the
liquid crystal, and AE—the difference between the corresponding activation ener-
gies. We attempted to dispense with this difficulty in the case of 2-methyl-2-nitro-
sopropane dimerization in nematic liquid crystal MBBA. Our previous spectro-
scopic study (by double-wavelength spectroscopy method) of the dimerization Kinetics

of the nitrosocompound in the mesophase of MBBA and in the isotropic system—
binary mixture of MBBA and benzenet (5:1 by volumes) in temperature range
293-313 K revealed that the activation energies of the reaction in the nematic and
isotropic phases are practically the same.® So we have that AE = E, — E, = 0.
For this particular case we suppose that parameter Z in Equation (8) is temperature
independent and equal to Z = ky/k; = K{iapa/kiBBA + benzenes Kiiopa IS the exper-
imental rate constant for 2-methyl-2-nitrosopropane dimerization in the MBBA
mesophase at 293 K. The temperature 293 K corresponds to the maximum exper-
imentally attainable order of the liquid-crystalline system. kZf3pa + benzene iS the
experimental rate constant for 2-methyl-2-nitrosopropane dimerization in the iso-
tropic phase obtained at the same temperature by disordering of MBBA mesophase
by addition of minimal amounts of benzene. The Z-value evaluated this way is
10.8. This value has been used for estimation of the rate constant for 2-methyl-2-
nitrosopropane dimerization at selected temperatures over the range 293-313 K
in the MBBA mesophase by Equation (8). The k;-values for the same temperatures
were determined experimentally as the dimerization rate constants in isotropic
system (MBBA +benzene).® The S-values at these temperatures were taken for
MBBA from Reference 7. The experimental values K.,, (IM~! s~!) assigned by
Equation (8) are given in Table I.

It follows from Table I that there is a good agreement between the experimental
and calculated values at temperatures close to phase transition crystal-nematic. At
higher temperatures the deviation between the experimental and calculated data

tThe application of this binary mixture allowed us to investigate the reaction kinetics in the isotropic
system in the same temperature range as in the nematic phase. The addition of minimal amounts of
the chemically inert isotropic solvent lead to a complete shattering of nematic ordering of the system.
As this took place the chemical nature of the system maintained practically invariable.
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TABLE I

The experimental and calculated [Equation (8)] values of the rate constant for 2-methyl-2-
nitrosopropane dimerization in the mesophase of the liquid crystal MBBA

Kexp  10° M1 510

TK Se k, - 10°, M~-1s-® Calculated Experimental
298 0.65 16.0 117.9 115.0
303 0.58 211 141.0 157.0
308 0.56 26.6 173.0 195.0
313 0.50 38.2 225.0 279.0

2Data were taken from Reference 7.

"Experimental rate constants for 2-methyl-2-nitrosopropane dimerization in nematic and isotropic
phases of MBBA have been measured by double-wavelength spectroscopy (Aminco DW-2, A, = 678
nm, A, = 800 nm) better than 15%.

slightly increases. It can be caused by difference of the order parameters for the
pure liquid crystal (used in calculations) and for the liquid-crystalline-system with
additives of the nitrosocompound. Moreover the accuracy of ky-value (which should
correspond to S = 1) approximation by experimental ki35 A-value measured at
S = 0.7 may be insufficient.

Thus in some cases Equation (7) or (8) can be of use for the description of
chemical kinetics in nematic liquid crystalline systems.
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