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Thermally Stimulated Technique Employed to Reactions
in Polycrystalline Photochromic Systems
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50-370 Wroclaw, Poland,; ®Institute of Macromolecular Chemistry, Academy of Sciences
of the Czech Republic, 162 06 Pragune, Czech Republic; “Groupe Matiere Condensée et
Matériaux, Université de Rennes I, 35042 Rennes Cedex, France

The paper presents preliminary results of measurements of the energetics and kinetics
of thermally driven reverse reaction in polycrystalline photochromic systems:
substituted dihydropyridines and their thiopyrane analogue. The technique of
differential scanning calorimetry (DSC) was employed aiming at obtaining a qualitative
information concerning the relative energies of the ground states of the stable and
metastable formsof the photochromic systems. Moreover, a DSC experiment can be
regarded as a thermally stimulated process and analysed in a way allowing one to
extract information about the cnergy barrier associated with the thermal process. A
more detailed study was performed on 1-methyl-2,4,4,6-tetraphenyl-1.4-
dihydropyridine: two processes were identified, their activation energies amounting to
(115 + 20) and (60 + 20) kJ/mol. The DSC results were supplemented with those
obtained from UV-VIS spectroscopy.

Keywords:; photochromic systems; differential scanning calorimetry;
thermally stimulated process; dihydropyridine; thiopyran

INTRODUCTION

The photochromic behaviour of molecular materials has been known for a long
time (e.g., [1,2]), recently, however, these materials have attracted a growing
attention due to their potential use as reversible recording materials [3]. Among
several groups of molecules which have been studied to date, derivatives of
dihydropyridine, pyrane or thiopyrane have been relatively little known. The
formulae of the materials, hitherto studied by the Japanese [4] and Czech
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[5-10] groups, are shown in Figure 1. Upon irradiation in the near UV region,
they undergo a photoreaction resulting in production of coloured metastable
species; the reaction is both thermally and photochemically reversible. The
nature of the coloured species has not been unequivocally established; an
intramolecular phenyl shift and/or a 3,5-ring closing reaction are likely to be
involved (see Figure 1) but the exact reaction path is still uncertain.
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FIGURE 1. Chemical formulae of the stable form (1) and some postulated
coloured forms (2-5) of the photochromic compounds under investigation [4-7].

Ph

The aim of the present contribution is to put forward preliminary results
of the measurements of the energetics and kinetics of the reverse reaction in
three representatives of the family: 1-methyl-2,4,4,6-tetraphenyl-1,4-
dihydropyridine (hereafter referred to as DHP), 4,4-(biphenyl-2,2'-diyl)-2,6-
diphenyl-1-methyl-1,4-dihydropyridine (BDH) and 2,4,4,6-tetraphenyl-4H-
thiopyran (THTP). We have employed the technique of differential scanning
calorimetry (DSC) aiming at obtaining at least a qualitative information
concerning the relative energies of the ground states of the stable and
metastable forms. Basing on a simple thermodynamic argument , one may show
that the energy difference between the ground states of the stable and
metastable forms of a photochromic system should be equal to the enthalpy of
the reverse reaction, Moreover, the reactions studied in DSC experiments can
be regarded as thermally stimulated processes {11] and analysed in a way
allowing one to extract information about the kinetics of the reverse reaction,
and hence the energy barrier associated with the thermal process. These DSC
results can be compared with those obtained from isothermal kinetic
measurements employing the UV-VIS spectroscopy.

EXPERIMENTAL

The measurements reported in this paper were carried out on polycrystalline
samples supplied by Prof. J. Kuthan and DrS. Béhm (Prague Institute of
Chemical Technology). Details of synthesis, purification and characterization of
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the materials were described elsewhere [6-8]. The polycrystalline samples were
irradiated with a UV lamp supplied with a bandpass filter shining into the UV
absorption bands of the materials. As comes from earlier experiments [7,8],
thermally driven reverse reactions in the materials under study are quite slow at
ambient temperature thus allowing for a safe manipulation with the
irradiated samples. UV-VIS spectra and the kinetics of isothermal bleaching
were determined from measurements of the diffuse reflection of mixtures of
polycrystalline materials powdered with MgO, using a Perkin-Elmer-Hitachi
340 spectrophotometer. The DSC measurements were carried out employing a
Perkin-Elmer DSC7 scanning calorimeter, between 250 K and a temperature ca.
5 K below the respective melting point.

RESULTS AND DISCUSSION

Irradiation of the polycrystalline materials results in appearance of coloured
forms, their absorption maxima located between ca. 550 nm and 640 nm
depending on the material. The absorption spectra of the materials under study
in their stable and coloured forms are shown in Fig. 2.

1.5+ A
4 (b)
1
41
5 10+ =1
L
o |
8 ]
g |
8 4
2 05+ 4 1
11
1
4 \
0.0 —_
400 600 400 600
Wavelength (nm)

FIGURE 2. Absorption spectra of stable (broken lines) and coloured (full
lines) forms of polycrystalline DHP (a), BDH (b) and THTP (c). The spectra are
normalized at the maxima of the absorption peaks of their coloured forms

The isothermal kinetics of the reverse reactions can be followed as a decrease
of the intensities of the bands in the visible region; earlier experiments (e.g,,
[7.8]) showed that the decays are reasonably described by ,.stretched
exponential” functions, with temperature-dependent exponents and the average
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activation energies amounting to ca. 37 kJ/mol for all materials.

The calorimetric measurements were performed on both unirradiated
samples (containing crystallites of stable forms only), and on the samples
irradiated with UV. In the former case, the temperature dependences of the
specific heat exhibited no anomalies over the entire temperature range covered
by our experiments. The behaviour of the irradiated materials was qualitatively
different: in all of them, we observed the appearance of exothermic anomalies
at elevated temperatures. The effect could be observed only once after each
irradiation: to within experimental accuracy, subsequent runs performed on the
same samples were essentially identical with those obtained on unirradiated
samples. This difference can be attributed to the heat evolved during thermally
driven reverse reactions occurring between the metastable and stable forms of
the photochromic systems.

The largest value of the enthalpy determined from the experiments
amounted to -22 kJ/mol. Qur results demonstrate, however, that the
temperature dependence of the excess heat flow (the difference of the heat
flows measured during the first and the second run) is a function of the
conditions of irradiation. A detailed study was performed on DHP: depending
on the irradiation conditions, we could observe the presence of fwo peaks with
different build-up times, and apparently associated with two different processes
(cf. Figure 3a).

To get an insight into the kinetics of the processes, we used the technique
of partial heating. The technique, often employed in studies of distributions
of dipolar relaxations in dielectrics [12,13] and allowing one to separate the
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activation energies associated with these processes, consists of a sequence of
heating runs terminating at increasing temperatures. An example of such an
experiment is shown in Figure 4. Analysis of the DSC partial heating curves
seems to reveal the presence of two processes, their activation energies
amounting to (115 + 20) and (60 + 20) kJ/mol (see Figure 3b). Such a large
spread of the activation energies is due to several factors, mainly to a strong
dependence of the reaction kinetics on the sample history (size of the
crystallites, concentration of defects, conditions of irradiation etc.). It should
also be noted that the values determined from DSC significantly exceed those
obtained from isothermal measurements [7,8]. One may speculate that the
differences are due to different conditions of experiment: time of irradiation,
morphology of samples etc. Additional experiments are carried out, at present,
however, we are unable to offer any final explanation of the discrepancies.
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FIGURE 4. (a) DSC partial heating experiment measured on a DHP sample. ()
Excess heat flow calculated by substracting the baseline (broken line in (a))

Experiments performed on BDH yield similar results, indicating that the
processes leading to the photochromic behaviour should be of similar nature. It
is, however, interesting to note that the experiments performed to date seem to
reveal the presence of one peak only. Irradiated polycrystalline THTP behaves
qualitatively in the same way, the exothermic anomaly appears, however, at
markedly higher temperatures (only ca. 20 K below the melting point), partly
overlapping with a pre-melting endotherm. Any quantitative interpretation of
the results is in this case much more difficult.
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