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Photochromic transformations of phenanthroline-annulated spirooxazine were observed in
polycrystalline powders and solid-phase films obtained from solutions by solvent evaporation.
The spectral and kinetic properties of the solid-phase films were studied by stationary absorp-
tion spectroscopy and laser flash photolysis. The mechanism of photoinitiated reactions of
solid-phase samples of phenanthroline-annulated spirooxazine includes mutual transforma-
tions of different transoid isomers of the merocyanine form.
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Organic photochromic compounds can be used in the
development of various photosensitive systems, such as
optical media with nonlinear absorption, systems of opti-
cal information recording, and optical switchers. Com-
pounds retaining ability to photochromic transformations
in solid films or in the crystalline state are of special inter-
est. Such compounds are actively used during the recent
decade (see reviewsl:2 and references therein). Photo-
chromic transformations were observed in both poly-
crystalline films and single crystals of diarylethenes3# and
derivatives of salicylaldehyde, 15 arylhydrazides, ¢ fulgides,’
and chromenes.8

Scheme 1

Spiropyrans and spirooxazines (Scheme 1) refer to the
most widely studied classes of photochromic compounds.
In this case, photochromic transformations are due to tran-
sitions between the closed spiro form A and open mero-
cyanine form B. As a rule, spiropyrans and spirooxazines
are not photochemically active in microcrystalline pow-
ders and single crystals.? This is explained by the fact that
the phototransformations caused by bond cleavage between
the spiro-carbon atom and oxygen atom followed by
isomerization of the molecule require large free volume.

However, several examples for the manifestation of the
ability of spiropyrans and spirooxazines to photochromic
transformations in the poly- and monocrystalline states
are described in the literature. These properties are char-
acteristic of crystals of spiropyran®—1! and spirooxazine!?
salts including pyridinium moiety. In this case, the possi-
bility of photoisomerization is determined, most likely, by
the specific feature of the structures of these compounds
in the solid state. The crystal structure formed by cationic
layers separated by particular iodide ions provides a suffi-
cient volume for phototransformations. Several examples
are known for the non-salt spiro compounds exhibiting
photochromic transformations. The photochromic prop-
erties of single crystals of N-(n-propyl)nitrospiropyran
were observed.!3 The photochromic transformations of
spirooxazine containing the azahomoadamantyl group
were reported.!4 The free volume necessary for photo-
isomerization is provided by either cavities in the crystal
packing!3 or a large size of one of the functional groups.14
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Photochromism of two spirooxazines and two naphtho-
pyrans of rather complicated structure in the polycrystal-
line state was found recently.!5 An interesting effect is the
formation of the short-lived (characteristic lifetime about
several nanoseconds) isomers of the nonplanar photocol-
ored form upon irradiation with femtosecond laser pulses
of microcrystalline powders of the spiro compounds that
exhibit no photochromic properties under the conditions
of steady-state irradiation.16—19

In this work, the photochromic transformations of
phenanthroline-annulated 3,3-trimethylspiro[indoline-
2,2 -bipyrido-[3,2-/1[2,3-A][1,4]benzoxazine] (SPO1)2% in
the polycrystalline state (see Scheme 1) were found and
studied.

Experimental

Spirooxazine SPO1 was synthesized according to the proce-
dure described earlier.2! Spirooxazines synthesized by the stan-
dard method were polycrystalline powders.20:21 Samples of three
types were used. Samples of the first type are powders of SPO1
placed between two polished quartz plates. The existence of
microcrystals results in light scattering and an increase in the
background absorbance of the sample, which increases substan-
tially in the UV spectral region. Samples of the second type are
powders of SPO1 molded in a KBr pellet 8 mm in diameter and
1 mm thick. The optical quality of the pellets was also low (the
absorbance caused by light scattering was ~1).

More high-grade samples of the third type were prepared as
films from solutions of SPO1. Propan-2-ol (Aldrich) was used as
a solvent. Films on quartz supports were prepared by solvent
evaporation in air at room temperature. Then the samples were
placed in a desiccator and stored for 3—5 h under a pressure of
~0.1 Torr to remove residues of the solvent and water. The film
thickness (calculated from the known amount of spirooxazine
and the surface area of the film) was ~100 nm. The relative
heterogeneity of the absorbance along the film with a surface
area of ~3 cm? did not exceed 30%, and the background light
scattering was considerably less than that in the samples of the
first and second types. The phase composition of the films was
not determined, and they could be either polycrystalline or amor-
phous. A possible variant is the presence of both polycrystalline
and amorphous phases in such samples.

The samples were irradiated with light from a DRSh-500
high-pressure mercury lamp with a set of glass filters for picking
out radiation with the needed wavelength. Quantum yields of
photolysis were estimated for the samples of the third type as-
suming homogeneity of the thickness of the film obtained by
solvent evaporation using the formula

Osolid = [(dD/d1)s61igSNAl/ [Hpsoria(1 — 107Pex)], (1

where (dD/dr);4 is the rate of changing the absorbance of the
film sample at small conversions, S is the surface area of the
film, D, is the absorbance of the sample at the excitation wave-
length, eg;q is the molar absorption coefficient of SPO1 at the
detection wavelength (at the maximum of the absorption band of
the B form), I is the number of excitation quanta per time unit,
and N, is Avogardo s number. It was assumed in the calculations

that the molar absorption coefficient of the B form in the film
coincides with its value in the nonpolar solvent (toluene,
eg = 5.2-10* L mol~! cm~! (see Ref. 20)). Note that the values
of molar absorption coefficients of the B form of SPOI1 in vari-
ous solvents (polar and nonpolar) differ by less than 10% (see
Ref. 20). Solutions of spirooxazines in alcohols with the known
values of quantum yields were used to measure the incident light
intensity.20 In addition, the light intensity was monitored by the
Gentec-EO system (Canada) with a SOLO-2 monitor and
a PH100-SiUV photodiode detector. The radiation power of
the mercury line at 365 nm ranged from 10 to 30 mW cm2
((1.8—5.5) - 1016 quantum cm~2 s~!). The measurement accura-
cy of quantum yields for the film samples was estimated by the
data scatter for a series of five samples.

Optical spectra of the film samples were recorded on an
Agilent 8453 spectrophotometer (Agilent Technologies). The
diode array of this spectrophotometer makes it possible to record
spectra in a region of 190—1100 nm for several seconds, which is
substantial for studying fast photochromic transformations.
A Specord UV-Vis spectrophotometer (Carl Zeiss) with a nar-
row probing light beam (width ~0.8 mm) was used for monitor-
ing homogeneity of the film samples. A USB 4000 spectro-
photometer (Ocean Optics) was used for recording dispersed
powdered samples of the first type. A small diameter of the prob-
ing light beam (~3 mm) of this instrument and the possibility
to accumulate up to 100 spectral curves made it possible to record
spectra of powdered samples of the first type with satisfac-
tory quality.

Laser flash photolysis of solutions was carried out on the
technique with excitation with a neodymium laser (third har-
monic 355 nm, pulse duration 7 ns, energy 0.3—1.5 J cm~2).22
The exciting and probing light beams fell on the sample at a small
angle (~2°). Kinetic curves were detected at various probing
wavelengths. A QE25SP-H-MB pyroelectric detector (Gentec-
EO) was used for measurements of the laser pulse energy.

In flash photolysis experiments, each laser pulse should fall
on the non-irradiated region of the sample, because the content
of the A form of spirooxazine decreases substantially within one
pulse. To improve the signal-to-noise ratio, kinetic curves were
accumulated after 5—10 laser pulses on various regions of the
film. Heterogeneity of the thickness and initial absorbance of the
film at the laser radiation wavelength (355 nm) results in the
variation of the value of the intermediate absorption signal. To
take into account this heterogeneity, the signals were renormal-
ized by an internal standard, which was the absorption in a range
of 40—50 ps. The absorbance does not change after this time,
and the spectrum corresponds to the spectrum of the B form
appeared upon steady-state irradiation. This spectrum was used
for renormalization of the signals and determination of the spec-
trum at short times, for example, immediately after a laser pulse.

Results and Discussion

1. Steady-state photolysis of SPO1 in the solid phase.
At room temperature spirooxazine SPO1 is a mixture of
isomers of the closed and open forms (see Scheme 1). The
B form has an intense absorption in the visible spectral
region. The both forms have intense absorption bands in
the UV spectra region. For solutions of SPO1 in methanol
and ethanol, the equilibrium content of the B form was
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determined,2? being ~7% at 300 K. On going from solu-
tions to solid films, the shape of the electronic absorption
spectrum does not substantially change. This suggests that
the percent content of the B form in the starting film
samples is close to its percent content in solutions (~7%).
Transitions between the A and B forms of spirooxazines in
both directions can occur both thermally and under irra-
diation. The spectral parameters and rate constants of pho-
tochromic transformations of SPO1 in methanol are pre-
sented in Table 1. The corresponding values for solutions
of SPO1 in methanol and propan-2-ol are similar. The
absorption spectra of the B form of SPO1 in propan-2-ol
and in the film (sample of the third type) are shown in Fig. 1
(curves I and 2). Specific features of the spectrum of the B
form of spirooxazine in the film are the shift of the long-
wavelength absorption band maximum from 595 to 605 nm,
an increase in the relative intensity of the shoulder at
570 nm, and band broadening.

Irradiation of the SPO1 films in the UV region at the
initial stage of the process initiates mainly transition A— B
due to the high content of the A form. Figure 2, a presents
the change in the optical spectra upon irradiation of the
film with the wavelength 365 nm. The absorbance of the B
form at 605 nm increases from the value of 0.2 corre-
sponding to the initial equilibrium content of this form
(7%) to 0.83 upon prolonged irradiation. Thus, the maxi-
mum content of the B form at the used radiation intensity
can be brought to ~30%, which corresponds to a new pho-
tostationary state. It is determined by the competition of
the photochemical and dark processes in the both direc-
tions (A— Band B — A).

The content of the B form can be not only increased
(by the UV irradiation of the film, see Fig. 2, a) but
also decreased (by the irradiation of the film in visi-
ble spectral region). Figure 2, b shows a decrease in the
absorption band intensity of the B form upon the irra-
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Fig. 1. Shape of the long-wavelength band of the B form of
SPOI1: 1, propan-2-ol; 2, film (sample of the third type); 3, film
after UV irradiation; and 4, spectrum appeared after a laser pulse
(50 ns).

Table 1. Content of the B form, the position of the maximum
(Amay), the molar absorption coefficient (eg) of the long-wave-
length absorption band of the B form of SPO1, the quantum
yields (¢) of photolysis of the A and B forms (irradiation at 365
and 546 nm, respectively), and the kinetic parameters of the
dark isomerization reactions of spirooxazine SPO1 in a metha-
nol solution of 298 K (see Refs 18 and 20)

Parameter Value Parameter Value
B form (%) 7.0 kap/s~! 0.011
Amax/NM 595 kpa/s™! 0.15
eg™*/L mol~! em~! 57700 Eap/kJ mol~! 85.7
OAB 0.24 Ega/kJ mol~! 77.5
OBA 0.022

diation of the sample with the light of the mercury
lamp lines with the wavelengths 546 and 578 nm. In this
case, irradiation makes it possible to decrease the content
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Fig. 2. Change in the absorption spectrum of the film of SPO1
(sample of the third type upon irradiation: a, phototransforma-
tion A — B in the film ~100 nm thick, photolysis at the wave-
length 365 nm for 0 (7), 30 (2), 70 (3), 130 (4), 200 (5), and 300 s
(6); b, phototransformation B — A (film thickness ~150 nm);
photolysis at the wavelengths 546 and 578 nm for 0 (1), 30 (2),
60 (3), 150 (4), 300 (5), and 600 s (6).
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of the B form in the photostationary state from the ini-
tial 7 to ~2.5% .

The changes in the optical absorption spectra upon
photochromic transformations for the powder samples of
this first type are shown in Fig. 3. As in the case of the
films, the reactions of photoisomerization of SPOI1 are
observed in the both directions (A — B and B — A). For
the powders in the photostationary state, the content of
the B form also increases to the value >20%. The initial
quantum yields of phototransformations for the both types
are similar. For the film samples (see Fig. 2) it could be
assumed that the molecules in the amorphous phase only
undergo photochromic transformations, whereas the ex-
periment with the powder samples proves the possibility of
phototransformations of SPO1 in the polycrystalline state.
For SPO1 in a KBr pellet, the photochromic reactions in
both directions proceed with rates and conversions close
to the values for the film and powder samples.

D a
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Fig. 3. Change in the absorption spectrum of the polycrystalline
powdered sample of SPO1 (sample of the first type) upon irradi-
ation: a, phototransformation A — B, photolysis at the wave-
length 365 nm for 0 (/), 30 (2), 600 (3), and 1500 s (4);
b, phototransformation B — A, photolysis at the wavelength
365 nm for 0 (/) and 1500 s (2); photolysis at the wavelengths 546
and 578 nm for 10 (3), 80 (4), and 360 s (5).

2. Quantum Yyield of photochromic transformations of
SPOL1 in the solid phase. Good optical homogeneity and
the absence of considerable light scattering of the film
samples made it possible to carry out quantitative mea-
surements of parameters of the photochromic processes
for SPO1 in the solid state. The quantum yields of the
direct (A — B) and backward (B — A) reactions were
measured. The rate constants at various temperatures were
determined, and the activation energy of the thermal re-
action B — A was estimated.

The quantum yield of the direct reaction for the film
samples of SPO1 upon irradiation with light of the wave-
length 365 nm turned out to be (1.5£0.3)-10—3 (298 K),
which is two orders of magnitude lower than that in alco-
hol solutions (see Table 1). The quantum yield of the back-
ward reaction upon irradiation of the B form at 546 nm is
(2.540.7) - 10~3, which is three orders of magnitude lower
than that in alcohol solutions. These quantum yields were
measured from the initial slopes of the kinetic curves of
accumulation or disappearance of absorption of the B form
and concern the molecules with the maximum ability to
photochromic transformations. It is most likely that there
is a broad distribution of quantum yields and a consider-
able portion of the solid-phase molecules is not involved
in these transformations. Photolysis of SPO1 in the pow-
der samples and in KBr showed that the quantum yields of
the reactions in both directions are close to those for the
dried films.

3. Kinetics of thermal relaxation of the B form. The
characteristic lifetimes of the B form in the polycrystal-
line state substantially exceed the corresponding values
for solutions. The non-exponential kinetic curves corre-
sponding to the thermal backward reaction B — A at va-
rious temperatures are given in Fig. 4 (the initial am-
plitudes were normalized to unity). The delayed kinet-
ics of the reactions in the solid phase is related to the
heterogeneous character of the local environment of the
reactants.

There are different approaches to the kinetics of chem-
ical transformations in the solid phase. One of these ap-
proaches is the use of the Kohlrausch—Williams—Watts
(KWW) empirical equation,?3 determining the change in
the reactant concentration by the expression

() = coe P, )

where 7 is the averaged characteristic time of the process,
and parameter  ranges from 0 to 1 (see Ref. 24). The
experimental kinetic curves (see Fig. 4) can satisfactorily
be described by the KWW equation with parameter § = 0.5.

Another method for processing of experimental kinetic
data is also used: presentation of the overall kinetics by
a set of exponential curves with different times and ampli-
tudes. Two or three exponentials can be used in the sim-
plest variant. In this case, the times obtained determine
the range of changing the characteristic times in different
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local environments. The kinetics of the dark process B — A
for SPO1 in the film was processed by the equation

c(f) = cie W) + cye= W) + ¢, (3)

where ¢ is the term corresponding in fact to the third
exponential with infinite time and concerns molecules that
are not involved in transformations. This equation also
describes well the experimental kinetic curves (see solid
curves in Fig. 4) with the parameters presented in Table 2.
This processing shows that there are molecules of the B
form, which are transformed into the A form in the solid
film during times about 150 s; however, the number of
these molecules at room temperature is ~5%. Approxi-
mately 25% molecules undergo the transformation during
~3000 s, and the most part (~70%) cannot transform into
the A form during the detection time. The temperature
rise does not strongly change the characteristic times of
the exponentials (see Table 2), but results in a substantial
shift of the number of molecules to the region with shorter
transformation times. For example, the temperature in-
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Fig. 4. Kinetic curves (605 nm) for the backward thermal reac-
tion B — Ain the films of SPO-1 (thickness ~100 nm) at 298 ( /),
304 (2), 309 (3), and 316 K (4). Solid curves are processing by
formula (3) with the parameters presented in Table 2. The curves
are normalized to D, (the increase in the absorbance after ir-
radiation). The plot of the logarithm of (1/t) vs inverse temper-
ature, where 7 is the time of the decrease in the ratio Dy/D(f) by
25% (horizontal line in the main figure), is presented in inset.

Table 2. Results of processing of the normalized kinetic curves of
the reaction B — A for SPOI at different temperatures (see
Fig. 3) using the equation D(f) = Dy + D,e"/™) + D,e("/2)

T/K DO Dl Tl/s D2 T2/S
297.9 0.682 0.052 156 0.266 2800
303.8 0.596 0.096 162 0.308 2810
308.8 0.534 0.108 119 0.358 1700
315.7 0.410 0.166 139 0.424 1750

crease by 18° more than threefold increases the number of
molecules with the transformation time 100—150 s (up to
17%). Approximately 42% are transformed into the A form
within ~2000 s, and the number of inactive molecules de-
creases almost two times (down to 41%). Thus, the spec-
trum of the characteristic transformation times B — A for
SPOI1 in the film lies in the range 102—10°s. Such a trans-
formation for the B form of SPO1 in solutions takes a time
shorter than 10 s (see Table 1).

The durations of the reaction proceeding to a certain
depth were compared to evaluate the temperature effect
on the rate of thermal reaction B — A. The result is shown
in Fig. 4 (see inset), where 1/1 is the inverse time of 25%
decrease of the absorption band of the B form (605 nm).
Thus estimated activation energy of isomerization B — A
for the film samples is 9846 kJ mol~!, which exceeds the
characteristic values for liquid solutions (77.5 kJ mol—!,
see Table 1).

The times of thermal transformations B — A for the
powdered samples of SPO1 in KBr pellets are comparable
with the times for the film samples. These results and
closeness of the quantum yields of photochromic trans-
formations for all types of the samples indicate that the
films obtained by drying of the solution are most likely
polycrystalline.

4. Laser flash photolysis of SPOL1 in the solid phase.
Earlier experiments on nanosecond laser flash photolysis
(308 nm) of SPO1 in a liquid solution (methanol) showed
that the open form was originated within the action of
a laser pulse (15 ns).2? Slight (about several percents)
changes in the absorption band of the B form in a time
interval of several tens of microseconds were explained by
the establishment of equilibrium between isomers of the B
form. Similar small spectral changes in the microsecond
time range were also observed for photolysis of other
spirooxazines in liquid solutions.25:26

Laser flash photolysis (355 nm) of the film samples
showed that the absorption of the B form also appeared
within the laser pulse action (~7 ns). The band shape
changes in the time interval shorter than 20 ps. The exam-
ples of the kinetic curves are presented in Fig. 5. The
transient absorption spectra are shown in Fig. 1. Curve 4is
the transient spectrum appeared immediately after the laser
pulse. Twenty us after the pulse, the absorbance stops
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changing and the spectrum gains the shape coinciding
with the stationary spectrum of the B form in the film
(Fig. 1, curve 3).

In the spectrum appeared immediately after a laser
pulse, the intensity of absorption at 470—530 nm is high-
er, whereas that in the region of 570—630 nm has a lower
intensity compared to the stationary spectrum. Figure 1
also presents the absorption spectra of the B form of SPO1
in a propan-2-ol solution (curve /) and in the film without
irradiation (curve 2). It is seen that the spectrum of the B
form appeared due to photolysis (curves 3 and 4) is sub-
stantially broader than the stationary spectrum (curve 2),
and the maximum width and distortion of the shape are
achieved immediately after a laser pulse. The intensity of
nonequilibrium absorption detected in pulse experiments
at 470—530 nm decreases within 2—5 ps, while the
absorption at 560—640 nm increases during the same
time (Fig. 5).

The kinetics of additional absorption at 600—610 nm
is nonexponential; however, it can be approximated using
two exponentials with the characteristic times 0.5—1 and
5—7 ups. Thus, there is rather broad molecular distribu-
tions over times of formation of the stationary spectrum of
the B form. In the range from 470 to 520 nm, where
the absorbance decreases with time, the signal is consider-
ably weaker and, therefore, noises make it possible only
to evaluate the characteristic times (in the one-expo-
nential approximation) lying in the same range of 2—5 s
(see Fig. 5).

The observed kinetic curves of intermediate absorption
in the solid-phase samples can be determined by different

AD-10?

[\ I O R YA = SN |

Fig. 5. Kinetic curves of the appearance of absorption of the B
form at 610 (a¢) and 510 nm (b) upon laser flash photolysis
(355 nm) of the film of SPO1 (thickness ~100 nm). Solid curves
are the approximation by the equation AD(f) = AD, + A;(1 —
— e~ (/) + 4,(1 — e~"/1) for the kinetics (a) with the parame-
ters ADy=0.0473, 4, =0.016, 4, =0.00383, 1, = 1.05, 7, = 6.7 ps;
(b) approximation by the equation AD(f) = AD,, + A,e=/™ for
the kinetics with the parameters AD,, = 0,0162, A; = 0.0147,
T, =2.3us.

factors. We will discuss the influence of three possible
factors, namely,

— establishment of equilibrium between various iso-
mers of the B form;

— aggregation processes of different types between
molecules of the B form and A form of SPO1;

— heat removal from the region of the film locally
heated with a laser pulse.

We consider the process of equilibrium establishment
between the isomers of the open form as the most probable
explanation of specific features of photolysis of SPOI in
the solid-phase film manifested in both steady-state and
pulse experiments.

cis—trans-1somerization relative to three bond
AN

/
/C=C—N=C
form allows eight isomers of the open form to exist.2” Of
them transoid structures are most thermodynamically sta-
ble.28 Under normal conditions in solutions, the merocy-
anine isomers of spirooxazines exist, as a rule, in the most
stable TTC form.2® However, other transoid isomers, for
instance, CTC configurations, are possible along with TTC
due to the stabilizing effect of the solvate environment at
low temperature or the crystal lattice.2” The cisoid (non-
planar) isomers of the open form are thermally unstable.
In the literature they are usually associated with Fischer’s

linking two fragments of the merocyanine

CTC
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X-isomers,29:30 which are intermediate photolysis prod-
ucts of the spiro compounds formed due to the spiro bond
cleavage.

The width of the absorption band of the B form ap-
peared upon UV irradiation of the SPO1 film (see Fig. 2,
a) increases compared to the initial width (in the film
before irradiation) due to the shift of the maximum from
605 to 610 nm and an increase in the relative intensity of
the shoulder by 575 nm. An analysis of the literature data
shows that in all cases, when the spiro compounds in the
crystalline state exhibit photochromic activity, the long-
wavelength absorption band of the photoinduced B form
is considerably broadened and distorted compared to the
spectrum in solution.19—12,14 These spectral changes can
be attributed to the redistribution of the relative contribu-
tion of various isomers of the B form or to a change in the
geometry of the isomers upon stabilization in the solid
phase. The distribution over isomers of the open form
appeared due to photolysis can substantially differ from
the equilibrium one.

In liquid solutions, the absorption of the B form of
spirooxazines and spiropyrans is manifested, as a rule,
within the time of 1—10 ps.17:27:31=36 1t i5 ysually as-
sumed that this process is followed within 10—1000 ps by
the establishment of equilibrium between different iso-
mers of the B form.23:32 The probability of formation of
various isomers of the B form of BIPS (17,3",3"-trimethyl-
spiro-[2H-1-benzopyran-2,2"-indoline]) was analyzed and
the internal temperature of the molecule upon UV excita-
tion was estimated.37 The value obtained (~900 K) made it
possible to suggest the random appearance (roulette mod-
el) of any of eight isomers of the B form.37 The character-
istic lifetime of the nonplanar cisoid isomers formed upon
the photoexcitation of spiropyrans and spirooxazines is
several nanoseconds in the polycrystalline state.16—18

The broad distribution of molecules of the B form over
planar transoid isomeric forms appears as a result of local
melting of a microcrystal of SPO1 under the action of
a laser pulse. The effect of nonequilibrium distribution
over isomeric forms is manifested in the transient absorp-
tion spectra and kinetics of formation of the absorption of
the B form in experiments on laser flash photolysis (see
Figs 1 and 5). Indeed, the shape of the absorption band
appeared immediately after a laser pulse (see Fig. 1, spec-
trum 4) differs from that detected upon stationary UV
irradiation (see Fig. 1, spectrum 3). Note that the spectral
changes observed in experiments on laser flash photolysis
cannot be ascribed to the formation of cisoid isomers of
the open form (X-isomers). According to the published
data,16—18 the lifetime of the X-isomers in spirooxazine
polycrystals is several nanoseconds, and there is no basis
to assume that this time is shifted to the microsecond
range in our case.

An alternative explanation of peculiarities of photo-
lysis in the solid-phase films can be as follows. The ob-

served spectral changes are determined, to this or another
extent, by aggregation processes of different types between
molecules of the merocyanine form or between molecules
of the spiro form and merocyanine form. This possibility
seems rather improbable for the following reasons.

First, it is known that the processes of photoinduced
aggregation (including formation of J-aggregates and
H-aggregates) are characteristic of nitro-substituted spiro
compounds.33:3? This is probably due to the participation
of the triplet state of the closed form in aggregation pro-
cesses.3 Just for nitro-substituted spiropyrans the quan-
tum yield of intersystem crossing is rather high, whereas
for the most part of other spiro compounds no excitation
to triplet is experimentally observed as well as no aggrega-
tion occurs. In the case of spironaphthooxazines, no indi-
cations to the formation of triplets of the closed form were
detected in experiments on laser flash photolysis in liquid
solutions and in frozen matrices.22

Second, the experimental data on steady-state photo-
lysis of SPO1 in various solvents, including nonpolar (hex-
ane, toluene) are presented.2’ The results indicate that
spectral changes, which could be ascribed to the forma-
tion of associates, do not occur with an increase in the
concentration of the open form during photolysis.

Third, it could be expected that the formation of asso-
ciates is favored by elevated temperatures of experiments.
However, an increase in the temperature of photolysis to
50 °C only accelerates the backward reaction (see Fig. 4).

The relaxation of local warming is an additional pro-
cess that can affect the behavior of the solid-phase film
after a laser pulse. According to the published data,16—18
the duration of this relaxation lies in the microsecond
range. Therefore, we cannot exclude the possibility that
the kinetic curves presented in Fig. 5 are determined not
only by the rate of intramolecular transitions but also by
the heat removal from the locally warmed region.

Thus, we found the photochromic activity of phenan-
throline-annulated spirooxazine SPO1 in the polycrystal-
line state. It can be assumed that the free volume neces-
sary for photoisomerization is provided due to rather large
size of the oxazine fragment of an SPO1 molecule. This
situation is analogous to the earlier described!4 photo-
chromic reaction of spirooxazine containing the azaho-
moadamantyl group. The results of this work along with
other datal’ suggest that photochromism of spirooxazines in
the crystalline state is not so rare phenomenon as it was be-
lieved earlier. Search for compounds of this class, in single
crystals of which the molecules would retain the ability to
photochromic transformations, is of special interest.
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