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'FWLCTIOIJ KINETICS DETERMIXED BY PITCH CHANGES IN 
'LIQUID CRYSTALS 

J. W. PAFZ. AND M. I?. LABES 
Department of Chemistry, Temple University, Philadel- 
phia, Pennsylvania 19122 

(Submitted for publication April 7, 1976) 

Abstract A rapid, convenient method of continuously 
following the kinetics of a reaction conducted in a 
liquid crystalline phase is described. Conceptually 
any reaction consuming, producing or changing the con- 
centration of a chiral species produces a shift in the 
wavelength of maximum reflection of a cholesteric 
solvent, and the reaction consequence can be directly 
seen by an observer when this wavelength is in the 
visible region. Examples are presented involving the 
formation of a Schiff base from an aldehyde and an 
anine, and for amine exchange reactions of Schiff 
bases, both conducted in a "red" -cholesteric solvent. 
The technique may afford an approach to cumulative 
,thermal dosimetry. 

Considerable interest exists in studying reaction 
rates and products in liquid crystalline systems to examine 
the possibilities of orientational effects or rate effects 
due to the anisotropic properties of the medium, as well as 
any implication to reactions in biologically significant 
ordered mesophases.1-7 It occurred to us that a convenient 
and rapid kinetic method of following a reaction in a chol- 
esteric liquid crystal was to take advantage of its unique 
optical properties -- the reflection band for which Amax E 

ap where n is the average refractive index and p is the 
pitch of the cholesteric array.* 
by the presence of a chiral s01ute,~-l~ and any reaction 
producing, consuming or changing the concentration of chiral 
species can be expected to produce a wavelength shift in 
the cholesteric. If these effects occur in the visible 
region, one directly visualizes the kinetics of the reaction. 
Such a visualization can be used to provide a dosimeter 
indicative of a given thermal profile, i.e. by interfacing 
the appropriate reaction kinetics and temperature dependence 

These bands are perturbed 
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PARK AND LABES 26 

with the appropriate cholesteric solvent, useful cumulative 
thermal dosimeters can be designed. 

For small concentration changes AC of an optically 
active component, the induced change of pitch Ap is given 
by A(l/p) = a AC, where a is the "helical twisting 
In general, if concentration changes are produced by the 
following chemical reaction: 

the overall pitch change for species n at time t is given by: 

A(l/p)t = anA[AnIt; 0 anvn - C a.v - C (xi..] . 
-[products 1 j reactants 

The form of the rate equation for both first and second 
order reactions can easily be expressed in terms of A(l/p), 
a and the appropriate rate constants. As typical cases 
(Table I), we studied the formation of a Schiff base from 
an aldehyde and an amine, and amine exchange reactions of 
Schiff bases. 
from equilibrium, and [A110 = [A210 = a, the rate equation 
has the form: 

When kf >> kr or when the reaction is far 

a + -  A (l/P) kfat a 
= -  a2 

For a racemization reaction,12 such at that between (-)EBPEA 
and (+)a-phenethylamine, kf/k, = Keq = 1, and the appropriate 
form of the rate equation becomes: 

A (l/P) L 

&(I - L ) = -  2 kfat 
A (UP) eq 

Typical data are given in Fig. (1) for the kinetics of 
formation of a Schiff base. The solvent employed is a rela- 
tively temperature independent red cholesteric mixture con- 
sisting of 40 weight % of a ternary mixture of cholesteryl 
oleyl carbonate, cholesteryl chloride, and cholesteryl 
nonanoate in weight ratios of 2:1.1:0.9, and 60 weight % of 
"Nematic Phase V", itself a eutectic mixture of p-methoxy- 
azoxybenzenes which are p' substituted with ethyl and n-butyl 
groups (E. Merck & Co.). The reactants were separately 
dissolved in solvent, mixed on a glass slide, covered, 
thermostated on a small thermoelectric cold stage (Bailey 
Instrument Co.) and mounted in a Cary 14 spectrophotometer 
to measure changes in wavelength of minimum transmission. 
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PARK AND LABES 28 

I I I I 
5 10 15 

I I 

I 
t - x lo3 min-' 

FIGURE 1 
(1) for the reaction between 0.27M EBA and (-)PEA. At 
2OoC, the three different symbols indicate three inde- 
pendent determinations of the rate constant. 

Kinetic data plotted according to Equation 

In addition to the rate constants, the kinetic data allow an 
estimate of the helical twisting power, a, of the individual 
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REACTION KINETICS 29 

species; aEBpEA % 1.5 x 104cm-lmo1e-~ and UEBBPU ?r 2.2 x 
104cm-1mole- . 
those determined directly. 

With the exception of the reaction between EBBA and 
PEA, both the amine exchange and Schiff base formation 
reactions give good second order kinetic plots. In both 
cases the mechanisms probably involve attack of amine on 
either protonated aldehyde or Schiff base, and it is only at 
constant proton concentration that a simple second order rate 
equation should be expected. 
shows strong negative deviations of a2/A(l/p) at long reac- 
tion times, possibly because of a decrease in pH as the 
reaction proceeds. Alternatively, since the cholesteric- 
isotropic transition temperature decreases as the reaction 
proceeds, the rate may be increasing as a consequence of a 
premonitory change in the order parameter of the liquid 
crystal as one approaches the phase transition. Since it is 
possfble to study reaction rates by the present technique 
through the phase transition, more information should be 
afforded on this question from the experiments in progress. 

These values are in good agreement with 

The EBBA-PEA amine exchange 

REFERENCES 

1. 

2.  

3. 

4 .  

5. 

6. 

7. 

8. 
9. 

W. E. Bacon and G. H. Brown, Mol. Cryst. Liq. Cryst. 
155 (1969); 12, 229 (1971). 
C.. M. Paleos and M. M. Labes, Mol. Cryst. Liq. Cryst. ll., 
385 (1970).  
M. J. S. Dewar and B. D. Nahlovsky, J. Am. Chem. SOC. 96, 
460 (1974). 
Y. B. Amerik, I. I. Konstantinov and B. A. Krentsel, 
J. Polymer Sci., Part C, 23 231 (1968). 
W. E. Barnett and W. H. Sohri, J. Chem. SOC., Chem. Commun. 
1002 (1971).  
E. Perplies, H. Ringsdorf and J. H. Wendorff, Makromol. 
Chem. 175, 553 (1974). 
F. D. Saeva, P. E. Sharpe and G. R. Olin, J .  Am. Chem. 
SOC. 97, 204 (1975). 
11. DeVries, Acta Cryst. 4 ,  219 (1951). 
W. J. A. Goossens, Mol. Cryst. Liq. Cryst. 12, 237 (1970). 

10. H. Baessler and M. M .  Labes, J. Chem. Phys. 52, 631 (1971). 
11. C. S. Bak and M. M. Labes, J. Chem. Phys. 62, 3066 (1975). 
12. Ke may not be exactly 1 due to the optically active 

solvent environment. 7 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
09

 2
3 

Fe
br

ua
ry

 2
01

3 


