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

On: 18 February 2013, At: 13:23

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
e Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Temporal Holographic Response in

Photochromic Polymer Films

V. Weiss @, V. A. Krongauz ® & A. A. Friesem ?

% Electronics Department, The Weizmann Institute of
Science, Rehovot, Israel, 76100

b Organic Chemistry Department, The Weizmann Institute of

Science, Rehovot, Israel, 76100
Version of record first published: 24 Sep 2006.

To cite this article: V. Weiss , V. A. Krongauz & A. A. Friesem (1994): Temporal Holographic
Response in Photochromic Polymer Films, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 246:1, 367-370

To link to this article: http://dx.doi.org/10.1080/10587259408037845

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



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408037845
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 13:23 18 February 2013

caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:23 18 February 2013

Mol. Cryst. Lig. Cryst. 1994, Vol. 246, pp. 367-370
Reprints available directly from the publisher
Photocopying permitted by license only

© 1994 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

TEMPORAL HOLOGRAPHIC RESPONSE
IN PHOTOCHROMIC POLYMER FILMS

V. WEISS*, V. A. KRONGAUZ** AND A. A. FRIESEM*
*Electronics Department and **Organic Chemistry Department
The Weizmann Institute of Science, Rehovot, Israel 76100

Abstract A photokinetic model for elucidating the holographic recording mechanism
in photochromic polymers is presented. Holographic recording in the visible range
by bleaching of precolored material is emphasized. The predictions for three different
exposure configurations agree well with the experimental responses of holographic
gratings recorded in spirooxazine containing polymer films. The holographic
response changes significantly with variations in the exposure configurations,
indicating that the thermal and photochemical transformations occur between
colorless spirooxazine and two stereoisomeric forms of the colored dye.

INTRODUCTION

Recent investigations on real-time holographic recording in photochromic spirooxazine
and spiropyran doped polymer thin films revealed that the temporal holographic response
critically depended on the optical recording configurations, and on the UV excitation and
visible recording beam intensities!.

In this paper, we present a photokinetic model for elucidating the holographic
recording mechanism in photochromic polymers. The model predictions for three
different recording configurations are compared to the experimental responses of
holographic gratings recorded in spirooxazine containing polymer films. The
experimental and calculated results are discussed in terms of the transformations between
the colorless spiro-compound and its colored merocyanine (MC) dye.

PHOTOKINETIC MODEL
The photochemical and thermal conversion of photochromic dyes, such as spirooxazine

and spiropyran derivatives, may be represented by the following simplified chemical
equation2.3, as

CHy CHN Ra(Aa) CH; CH, Q 0
= ——— . .
! Ra(rg), R \ o}
CI....I3 B BJ s T CH3
A (Spirooxazine) B (Merocyanine)
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where A and B are the colorless and colored stable forms, Ry and Ry are their
photochemical rate constants, A and Ap are their excitation wavelengths and Rr is the
thermal rate constant of B to A. In solid polymers, the thermal conversion from A to B
may be neglected2.2. B in Eq. (1) may be a mixture of several stereoisomers2-6. of the
merocyanine (MC) form and their aggregates2.7.

The overall change in concentration of B with time, can simply be given by the
following rate equation

-dB / dt = RgB - R4A + RTB = RpB - R4Ap + R4B + R7B, 2)

where Ay is the total concentration of all the dye species, satisfying Ag = A(t) + B(z).
Integration of Eq. (2) with respecttoB and t yields a general solution given by

B(t) = %Z{I—exp(—cz 1) [1—%13(0)]} ) 3)

where C; = RyAp , C2 = Ry+ Rg + Ry and B(0) is the concentrationof B att =0 .

When B is illuminated with an interference pattern at Ap , a spatial modulation of
concentration B(x) will be formed and recorded as the holographic grating. We assume
that our photochromic gratings consist essentially of a spatial modulation in absorbance,
so that the time dependent modulation is a(x,t) = 2.303 €p B(x,t) , where € is the
absorption coefficient at the readout wavelength. The time dependent modulation depth,
which is twice the modulation amplitude, and similarly, the modulation average, are
determined by

2B)(1) = B(t)min - B(t)max; 2Bo(t) = B(t)min + B(t)max C))
where B(t)max and B(t)n,in are the concentrations obtained in the regions of maximum
and minimum intensity of the interference pattern.

The temporal diffraction efficiency of the thick amplitude gratings can now be
given as

DE (1) = exp (-2ap(t) L / cos8 ) sinh2( ay(t) L | 2cosB), 5)
where ap(t) and a;(t) are the (ime dependent) average and amplitude of the absorbance
modulation, respectively, L is the grating thickness and 6 is the readout angle8.

RESULTS AND DISCUSSION

In order to verify our proposed model, we performed holographic recording experiments
with polymethylmethacrylate (PMMA) films containing 10 wt.% of compound A (see Eq.
(1) ). The details of film preparation and of the holographic set-up are described
elsewherel. The temporal DE (holographic growth) was measured in real-time at 633 nm
by a He-Ne laser. Figures 1(a) - 1(c) show the normalized calculated and experimental DE
response and the calculated color decay for the three exposure configurations (a), (b), and
(¢). In config. (a), the initial exposure to the UV (364 nm) excitation beam of 5 mW/cm?2
is followed by a simultaneous exposure to the UV beam and to the two recording beams
each of 9 mW/cm?; in config. (b), the initial exposure to the UV beam is followed by a
separate exposure to the recording beams; in config. (c), an additional exposure to the
recording beams only, immediately follows the simultaneous exposure to all the beams.
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FIGURE 1  Normalized calculated and experimental DE and calculated color decay as
a function of exposure time in spirooxazine/PMMA films. The calculated rate constants
are shown on top of Figs. 2(a) - 2(c) for respective exposure configs. (a), (b), and (c).
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The calculated DE responses were computed according Eq. (5) with constants of L = 8
um and @ = 37.7° and the corresponding rate constants, as indicated on top of each
figure. Furthermore, the modulation average and modulation depth were derived for each
of the configurations from Egs. (3) and (4), and substituted in Eq. (5). As evident, good
agreement is obtained between theory and experiment, indicating the validity of our
photokinetic equations. As shown, the calculated results in config. (c) were obtained with
thermal and photochemical decoloration (bleaching) rate constants that were significantly
higher than in configs. (a) and (b). This indicates that the simplified reaction scheme in
Eq. (1) is not sufficient to explain our results. A more suitable reaction scheme may be
given by

AL > By < > B2 , )]
Rg1 (g) » Rmy Rgz2 (Ag) , Ry2

where B and B, are now two forms of the colored MC molecules, satisfying the relation
B = B; + By ; Rp; and Rp, or Rty and Ry are the respective photochemical or thermal
rate constants for the transformations from B; to A and from B3 to By, and kg is the
thermal rate constant for the transformation from B; to B,.

The results in Fig. 1 can be interpreted in terms of the relative populations of B
and B,. In configs. (a) and (b), the initial exposure to the UV excitation beam alone,
causes at steady state the more stable colored form B; to be dominantly populated. A
following exposure to the visible recording beams causes decoloration to A, with the rate
determining step being the transformation from B to B;. With config. (c), however, the
initial exposure to all beams yields a mixture of all the forms, with a significant population
of B;. Therefore, the following exposure to the recording beams causes decoloration at a
significantly increased rate, being mainly determined by the transformation from Bj to A.

The identity of the two MC forms B and B cannot be derived with certainty from
this investigation. We nevertheless suggest that By and B, are stereoisomeric MC forms
of different thermal and photochemical stability2-6. We believe that this is the most
probable possibility among other alternatives, such as the influence of free volume
distribution in the polymer matrix2 or MC aggregate formation2.7.
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