
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Cholesteric mixture containing a chiral azobenzene-based dopant: material
with reversible photoswitching of the pitch of the helix
A. Yu. Bobrovskya; N. I. Boikoa; V. P. Shibaeva; E. Prudnikovab; S. I. Torgovab

a Faculty of Chemistry, Moscow State University, Leninskie gory, Moscow 119899, Russia, b Organic
Intermediates and Dyes Institute, B. Sadovaya 1/4, Moscow 103787, Russia,

Online publication date: 06 August 2010

To cite this Article Bobrovsky, A. Yu. , Boiko, N. I. , Shibaev, V. P. , Prudnikova, E. and Torgova, S. I.(2000) 'Cholesteric
mixture containing a chiral azobenzene-based dopant: material with reversible photoswitching of the pitch of the helix',
Liquid Crystals, 27: 10, 1381 — 1387
To link to this Article: DOI: 10.1080/026782900423430
URL: http://dx.doi.org/10.1080/026782900423430

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or 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.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782900423430
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2000, Vol. 27, No. 10, 1381± 1387

Cholesteric mixture containing a chiral azobenzene-based dopant:
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A new low molar mass chiral-photochromic dopant was synthesized. It contains a menthyl
fragment as the chiral group and an azobenzene group, capable of E ± Z photoisomerization,
as the photochromic component. The substance obtained was used as a chiral dopant in
mixtures with a comb-shaped cholesteric acrylic copolymer with menthyl-containing chiral
side groups and phenyl benzoate nematogenic side groups. Such mixtures form a cholesteric
mesophase. The chiral dopant led to an additional twisting of the cholesteric helix, i.e. to a
shift of the selective light re� ection peak to a shorter wavelength region of the spectrum. The
initial copolymer gave selective light re� ection in the spectral range 1200–1400 nm; the
mixture containing 3.5 mol % of chiral-photochromic dopant re� ects light with lmax

~ 850 nm.
The action of light with lir

~ 440 nm results in E ± Z isomerization of the azo-group of the
chiral dopant and in a shift of the selective light re� ection peak to the long wavelength region
of the spectrum (amplitude of shift 5 30 nm). This is explained by a lower helical twisting
power of the Z-isomer of the chiral dopant. This process is thermally reversible: annealing of
irradiated � lms leads to a back shift of the selective light re� ection peak to the short
wavelength region of the spectrum due to Z ± E isomerization. Kinetic features of the direct and
backward processes of isomerization were studied: it was shown, that mixtures of the chiral-
photochromic azobenzene-containing dopant with cholesteric polymers give new possibilities
for the creation of polymer materials with a reversibly regulated helical supramolecular
structure which determines their optical properties.

1. Introduction Copolymers with two types of chiral-photochromic
The growing interest of researchers in photosensitive groups—arylidene-p-menthane-3-o ne [3–8] and cinnamic

liquid crystalline (LC) polymers is determined by the acid [9] derivatives were synthesized. Under the action of
possibility of practical uses of such systems in creating UV light on such copolymer � lms, E ± Z isomerization
new materials for optical data recording and storage of the photosensitive units was observed, accompanied
systems, holography, development of new principles for by a considerable decrease (especially in the case of
evaluating micrographical media and other electro-optical arylidene-p-menthane-3-on es) in the helical twisting power
applications [1, 2]. of the photosensitive chiral groups. In the end this led

Recently a number of papers devoted to the synthesis to untwisting of the cholesteric helix and to shift of the
and investigation of cholesteric copolymers and mixtures selective light re� ection peak to the long wavelength
giving variation of the pitch of the helix under the action region of the spectrum.
of light have been published [3–9]. In these papers a However, an essential drawback of the systems
new approach to creating chiral-photochromic systems described above is the irreversibility of the photoprocess,
was realized. The chiral side groups of such copolymers i.e. it is impossible to return the irradiated � lm of
and the molecules of low molar mass dopants contained copolymer with a de� nite percentage of E and Z isomers
both a chiral and a photosensitive fragment (double to this initial state (with a 100% content of E isomer).
C 5 C bond), simultaneously. Quite a diŒerent situation is observed in the case of

azobenzene-containing photosensi tive systems [1, 2, 10–23]

which have been studied in detail. It is well known, that*Author for correspondence;
e-mail: lcp@libro.genebee.msu.su in most cases, E ± Z isomerization of azobenzene derivatives
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1382 A. Y. Bobrovsky et al.

is thermally and photochemically reversible, i.e. the Thus, the aim of this work was a study of the photo-
optical properties of the mixture of cholesteric copolymersystem can be brought back to the initial state by heating

or by irradiation with light of another wavelength; in and chiral-photochromic dopant and an investigation
of the possibility of using such a material for reversibleother words, the azobenzene units can be transformed

back into the E form. optical data recording.
That is why is seems rather interesting to synthesize

a chiral-photochromic dopant on the basis of azobenzene 2. Experimental
2.1. Synthesis of monomersthat will be capable of reversible E ± Z isomerization. The

dopant structure must be arranged in such a way that The menthyl-containing and nematogenic monomers
were synthesized according to procedures described inthe helical twisting powers of the isomers diŒer strongly.

An azobenzene group fully satis� es this demand, as the [25, 27]. For the synthesis of the chiral-photochromic
dopant l-menthyl 4 ¾ -(4-N-nonylaminophenylazo )benzoate ,Z-isomer has a lower anisometry than the E isomer; this

is why its helical twisting power is expected to be lower, to a solution of 3.81 mmols of 4 ¾ -(4-N-nonylamino-
phenylazo)benzoic acid (NIOPIK) and 4.20 mmols ofas was observed for the menthone and cinnamic acid

derivatives [3–9]. l-menthol in 2 ml of puri� ed THF, 0.50 mmol of N,N-
dimethylaminopyridine was added. Then 5.04 mmols ofIn the case of low molar mass mixtures [24], a number

of azobenzene-containing chiral dopants, diŒering in dicyclohexylcarbodiimide were added and the resulting
solution was stirred for 3 days. The precipitate formedhelical twisting power of the E and Z isomers, have

been described. Nevertheless, the values of the helical was � ltered oŒand washed with THF, and subsequently
chloroform (50 ml) was added to the � ltrate. The solutiontwisting power of the dopants described in [24] are

low, and besides, the peculiarities of the photochemical was washed successively with water, 5% aqueous acetic
acid, and � nally with water until pH 7 was achieved.behaviour of these substances were not investigated and

the possibility of using such systems for optical data The chloroform extract was dried with anhydrous
MgSO4 . After removal of solvent, the crude product wasrecording was not studied. Therefore in this work we

have synthesized a new left-handed chiral-photochromic puri� ed by column chromatography (eluent chloroform);
yield 29% of a red oil. IR (cm Õ 1 ): 2944, 2888, 2864dopant containing an azobenzene fragment and an

optically active menthyl group: (CH2 ), 1716 (CO), 1608, 1588 (C± C in Ar), 1265 (COC).

2.2. Polymerization and preparation of the mixture
The copolymer was synthesized by radical copoly-

merization of the monomers in benzene solution at 60 ß C;
AIBN was used as initiating agent. The copolymer wasAs a ‘matrix’ for the introduction of this dopant, a left-
puri� ed by repeated precipitation with methanol andhanded menthyl-containing copolymer of the following
dried in vacuum.structure was used:

The mixture was prepared by dissolving the copolymer
and dopant in dichloroethane followed by solvent
evaporation at 60 ß C. Then the mixture was dried in a
vacuum at 120 ß C for two hours.

2.3. Study of physical properties
IR spectra were recorded using a Bruker IFS-88

spectrophotomete r and KBr pellets of samples.
This copolymer forms a chiral nematic (N*) mesophase The relative molecular mass of the copolymer was
with a clearing temperature Tcl 5 106 ß C and a glass determined by gel permeation chromatography (GPC)
temperature T

g 5 35 ß C [25]. Also, the TDK* phase with using a GPC-2 Waters instrument equipped with an
a melting temperature of 65 ß C is formed on annealing LC-100 column oven and a Data Modul-370 data station.
for several days†. By introducing a small amount of Measurements were made using a UV detector, THF as
dopant (3.5 mol %) to the polymeric matrix, it is easy solvent (1 ml min Õ 1, 25 ß C), a set of PL columns of 100,
to obtain a material capable of conserving the supra- 500 and 103AÊ , and a calibration plot constructed with
molecular structure in a ‘frozen’ glassy state; this is polystyrene standards. The copolymer obtained has the
very important for creation of media for optical data following molecular mass characteristics: Mn 5 21 000,
recording and long-term storage. Mw/Mn 5 2.6.

Phase transitions in the mixture were studied by
diŒerential scanning calorimetry (DSC) with a scanning†The structure of this phase was studied in detail in [26].
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1383Cholesteric for reversible data recording

rate of 10 K min Õ 1. All experiments were performed
using a Mettler TA-400 thermal analyser and a LOMO
P-112 polarization microscope. Absorbance and selective
light re� ection spectra of � lms of copolymer and the
mixture were studied using a Hitachi U-3400 UV-Vis-IR
spectrometer equipped with a Mettler FP-80 hot stage.
The 20 mm thick samples were sandwiched between two
� at glass plates. The thickness of the test samples was
preset by Te� on spacers. The planar texture was obtained
by shear deformation of samples which were heated to

Figure 1. DSC curves for the menthyl-containing copolymertemperatures above the glass transition temperature.
and its mixture with the chiral-photochromic dopant.Prior to tests, samples were annealed for 20–40 min at
Heating rate was 10 ß C min Õ 1; second heating scans.appropriate temperatures.

2.4. Photochemical investigations
Photochemical property investigation s were made using

a special instrument [4] equipped with a DRSh-250
ultra-high pressure mercury lamp. Using a � lter, light
with a maximum wavelength of 440 nm was selected.
To prevent heating of the samples due to IR radiation
from the lamp, a water � lter was used. To obtain a
plane-parallel light beam, a quartz lens was used. During
irradiation, a constant temperature of the test samples
was maintained using a Mettler FP-80 heating unit.
The intensity of the incident light was 6.8 mW cm Õ 2
(as measured by IMO-2N intensity meter).

Photochemical properties of the mixture were studied
Figure 2. Temperature dependences of the selective light

by illuminating 20 mm thick � lms or thin � lms obtained by re� ection wavelength for the menthyl-containing copolymer
casting from solution in dichloroethane by evaporation and its mixture with the chiral-photochromic dopant.
at 60 ß C. Immediately after irradiation, absorbance or
transmittance spectra were recorded using the Hitachi
U-3400 UV-Vis-IR spectrometer. First it must be pointed out that the introduction

of the chiral-photochromic dopant leads to a shift of
the selective light re� ection peak to a shorter wave-3. Results and discussion

3.1. Phase behaviour and optical properties of the length region of the spectrum, due to the additional
twisting of cholesteric helix arising from the increase incopolymer and its mixture with the chiral-photochromic

dopant the chiral component content. Using these data and
equation (1), we evaluated the helical twisting power bFirst let us consider the phase behaviour and optical

properties of the mixture. According to polarizing optical of the chiral-photochromic dopant in the mixture.
microscopy, DSC and X-ray investigations, the mixture

b/n 5 Dl Õ 1max/X, (1)
of the menthyl-containing copolymer with the chiral-
photochromic dopant forms the same phases as the where n is the average refractive index, Dlmax is the

diŒerence between the inverse selective re� ection wave-initial copolymer matrix—the chiral nematic phase and
the highly ordered TDK* phase. The temperatures of length of the mixture and the copolymer, and X is the

mol fraction of the chiral-photochromic dopant. Thethe phase transitions are shown below:
value of b/n is 11.6 mm Õ 1, which approximately coincides

g 33 TDK* 67 N* 96 I ( ß C)
with the values of the helical twisting power for two-ring
menthyl-containi ng side groups in cholesteric copolymersThe glass temperature and the TDK* phase melting

temperature remain practically the same after introduction studied in detail in our previous work [25, 28].
The second important feature of the temperatureof the dopant, whereas the clearing temperature decreased

by ten degrees (� gure 1). dependences of the wavelength of selective light re� ection
is the increase of lmax with temperature increase, whichFigure 2 shows the temperature dependences of the

wavelength of selective light re� ection maximum (lmax ) might be due to a decrease in the orientational order
parameter [29].for the copolymer and the mixture.
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1384 A. Y. Bobrovsky et al.

3.2. Photochemical properties of thin � lms of the
mixture

The photochemical behaviour of thin � lms, obtained
by slow evaporation of the solvent from a solution of the
mixture in dichloroethane on a quartz substrate, were
studied. Figure 3 shows one peak with a maximum of
c. 441 nm corresponding to the p-p* and n-p* electronic
transitions of the azobenzene fragment [30] of the chiral-
photochromic dopant as observed with absorption
spectrum of such a � lm in the long wavelength region.

A decrease in the optical density of the � lms occurs
during irradiation by blue light (lir

~ 440 nm); the peak
maximum position remains the same (� gure 3) during
this process. Such spectral changes provide evidence of
E ± Z isomerization of the chiral photochromic dopant Figure 4. Absorbance increase for a � lm of the irradiated
[2, 30]. It should be noted that this process is easily mixture during the back thermal Z ± E isomerization at

diŒerent temperatures.thermally reversible as can be clearly seen from � gure 4:
after switching oŒthe light, the optical density regains
its initial value. Table. Values of the rate constant Z ± E photoisomerization

For calculation of the rate constants of the back Z ± E at diŒerent temperatures for a � lm of the mixture obtained
by casting from dichloroethane solution.isomerization, the dependences of absorbance vs. time

in the � rst order reaction coordinate (2 ) were built up:
T / ß C t1/2/s k Ö 103/s Õ 1

ln
D

2
Õ D

t
D

2
Õ D0

5 Õ kt (2 ) 30 78 8.9 Ô 0.2
33 65 10.7 Ô 0.4
35 51 13.7 Ô 0.4where D0 , D

t
and D

2
are the absorbance at 441 nm at

37 28 24.8 Ô 1.1
times equal to zero, t and in� nity, respectively. The

40 29 23.5 Ô 0.8
calculated values of the constant k are presented in
the table.

It is interesting to note, that in our case, the rate
for the alkoxy substituted derivatives of azobenzene;

of the back process is 30–40 times greater than that
this situation is probably explained by the in� uence
of the electron-donor substituent (± NH± Alk) in the
para-position of the benzene ring [19, 31, 32].

The temperature dependences of the logarithm of the
isomerization rate constant were plotted to calculate
the activation energy of the thermal process (� gure 5). The
value of the activation energy is 21.2 Ô 4.7 kcal mol Õ 1 ;
this value is typical for the azobenzene derivatives [33].

Figure 3. Absorption spectra of a � lm of the mixture before
Figure 5. Arrhenius plot for the back thermal Z ± E isomerization(solid line) and after 50 s of irradiation (steady state,

dashed line). of the dopant in a � lm of the mixture.
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1385Cholesteric for reversible data recording

By analysing the experimental data it can be con-
cluded that E ± Z isomerization of the chiral-photochro mic
dopant does take place through the action of light on
� lms of the mixture. The isomerization process is easily
reversible: annealing of the � lms even at room temper-
ature leads to a rapid transition of Z isomer back to
E isomer.

3.3. Photo-optical properties of planar aligned � lms of
the mixture

Now let us consider the in� uence of irradiation on
planar aligned � lms of the mixture. The polymeric � lms
were irradiated by light with l

ir
~ 440 nm during � xed

intervals of time; after a certain irradiation time the
transmittance spectra were immediately measured. As
shown in � gure 6 (a), light action leads to a considerable
shift in the selective light re� ection peak to the long
wavelength region of the spectrum, i.e. cholesteric helix
untwisting is observed. It is important to note, that this
process is thermally reversible: annealing of the � lm for
about 20 min (at 60 ß C) leads to a complete return of the
peak to the initial position; the arrow in � gure 6 (b)
shows the direction of the peak shift.

Using equation (1) we calculated the values of the
helical twisting power b/n of the chiral-photochromic
dopant after irradiation. The value of b/n is 9.9 mm Õ 1,
which is lower by only 15% than the helical twisting
power before irradiation. Probably in this case the
photostationary fraction of Z isomer in the mixture of
isomers is not so high.

Temperature has a great in� uence on the rate of the
helix untwisting (� gure 7), and as shown in � gure 8,
the rate of untwisting of the helix reaches a maximum (b)

(a)

at about 60 ß C. Figure 6. (a) Transmittance spectra of a planar aligned � lm
This occurs because the untwisting rate is determined of the mixture before and after irradiation (T 5 60 ß C,

lir
~ 440 nm). (b) Changes in the transmittance spectra ofby several factors. Let us consider in more detail the

a planar aligned, irradiated � lm of the mixture duringprocesses taking place in the system under the action of
annealing at 60 ß C. Spectra were recorded every 6 min.light and temperature change. First there is a direct pro-

cess of E ± Z photoisomerization with the rate determined
by equation (3):

Õ
d[E ]

dt
5

Id
D

(Q
E
e
E
[E ] Õ Q

Z
e
Z
[Z]) (3 )

where [E] and [Z] are the concentrations of E and Z
isomers, respectively; Q

E
and Q

Z
are the quantum yields

of the forward and back processes; I is the amount
(in mols) of absorbed light in a unit time; e

E
and e

Z
are

the extinction coe� cients of the E and Z isomers,
respectively; d is the sample thickness; D is the optical
density of the � lm. According to equation (3), the rate
of E ± Z isomerization and the composition of the photo-
stationary mixture of isomers depend on the values of

Figure 7. Changes of selective light re� ection wavelengththe quantum yields and the extinction coe� cients of the
during irradiation of the mixture at diŒerent temperatures.E and Z isomers.
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1386 A. Y. Bobrovsky et al.

Figure 8. Temperature dependence of the helix untwisting
rate for the irradiated mixture.

In addition, as shown above, the back thermal process
of Z ± E isomerization takes place in the system:

d[E]
dt

5 k[Z] (4 )

where k is the rate constant of the back thermal process.
By summing equations (3) and (4) one obtains the

overall rate of transformation of E isomer to the Z form:

(b)

(a)

Õ
d[E ]

dt
5

Id
D

(Q
E
e
E
[E ] Õ Q

Z
e
Z
[Z]) Õ k[Z]. (5 )

Figure 9. Fatigue resistance properties of the mixture on
repeated ‘recording–erasing’ cycles (for more detail see text).

The rate constant of the back thermal process strongly (a) EŒect of cycling time on the wavelength of selective light
depends on the temperature (table 1); therefore tem- re� ection; (b) fatigue resistance and number of cycles.

perature increases shifts the equilibrium to the initial
E isomer formation. This explains why the rate of helix Figure 9 (b) represents the dependence of g(n) on the
untwisting sharply decreases at temperatures higher than number of cycles. It is clearly seen that the diŒerence
60 ß C. At temperatures lower than 60 ß C, the rate of helix between the wavelengths of the selective re� ection maxi-
untwisting is limited by the high viscosity of the system, mum before and after irradiation decreases by a factor
i.e. the helix does not have ‘enough time’ to untwist to of two, even after � ve cycles of ‘irradiation–annealing’.
the equilibrium value of the helical pitch. The relatively low stability of the chiral-photochromic

Thus, we have demonstrated the possibility of a dopant is probably explained by the presence of the NH
reversible variation of the pitch of a cholesteric helix group in the azobenzene fragment‡.
in a mixture of cholesteric copolymer and a low molar

In conclusion, it should be noted that in spite ofmass chiral-photochr omic azobenzene-conta ining dopant.
the low fatigue resistance of the mixture described toHowever, in order to investigate the possibility of using
‘recording–erasing’ cycles, this mixture is important assuch a material for reversible data recording, the stability
a new material for reversible optical data photorecordingof the system to ‘recording–erasing’ cycles had to be
and storage with a reversibly photoregulated pitch ofchecked, � gure 9 (a).
the helical supramolecular structure.An important parameter characterizing the stability

of a material to ‘recording–erasing’ cycles is the so called
This research was supported by the Russian Foundationfatigue resistance:

of Fundamental Research (Grant 99-03-33495), Inter-
national Soros Science Educational Program (Grant

g(n) 5
lmax(n) Õ l0 (n)
lmax(1) Õ l0 (1)

(6 )
a99-1495) , Russian Research Programme ‘Universities of

where n is the number of cycles, and lmax and l0 are the ‡Although early in a number of works [34–36] it was shown
wavelengths of selective light re� ection maximum before that the fatigue resistance of, for example, the alkoxy-substituted

derivatives of azobenzene is relatively high.and after irradiation, respectively.
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