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Abstract

The thermoreversibic photochromic reaction spiro-indoline-oxazine = photomerocyanineg was photosensitized by triplet cnergy transfer
using camphorquinone (Zy=215kJ mol ™ ') as sensitizer and visible light excitation (A, = 436 nm). from absorbance/time data, obtained
during sieady irradiation, the quantum yield of the photosensitized reaction was determined. The rate parameter for the donor-acceptor
interaction was obtained from quenching measurements of the sensitizer phosphorescence and from the effect of the acceptor concentration
on the reaction yield. The results obtained for six photochromes ( spiro-indoline-oxazines differently substituted in the indoline and/or oxazine
moiety) show that energy transfer occurs at a diffusion-controlled rate and that the limiting quantum yield of the sensitized reaction,
approximately unity, is greater than the yield obtained by direct excitation of the photochrome. An upper limit to the triplet energies of the
spiro-oxazines was cstablished. Direct evidence for the triplet state was only obtained for a nitro-spiro-oxazine from low temperature

phosphorescence emission of both the closed and open forms.
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1. Introduction

Photosensitizers are important in several aspects of pho-
tochemistry [ 1]. They have been used to provide information
on excited state propertics and photoreaction mechanisms and
to promote or select photochemical reactions. Triplet states
are the best candidates for excitation cnergy donors. The
characteristics of a good triplet sensitizer include a long triplet
lifetime in solution at room temperature, a high intersystem
crossing yield, long-wavelength singlet absorption and a rel-
atively high triplet energy. Aryl ketones possessing lowest
n,7* triplet states generally fulfil these requirements. When
ared shift of the excitation wavelength is desirable, diketones
can be used as sensitizers [2].

In this paper, attention has been given to the photosensi-
tization of the photochromism of spiro-indoline-oxazines
(SO) by triplet-triplet energy transfer. The photochromism
of SO is due to the photocleavage of the spiro bond on UV
irradiation to give the open coloured photomerocyanine
(PM) structure which absorbs in the visible region. Interest
in photosensitization was stimulated by the prospect of
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extending the wavelength range to produce the coloured
merocyanine form towards the visible region.

The involvement of the triplet state in the colour-forming
reaction of spiranic photochromic systems has been investi-
gated previously [3-8]. For some nitro-substituted mole-
cules, a contribution of a triplet mechanism to the direct
photoreaction was found [3,8]. Photosensitization of the
reaction by triplet energy transfer was successful: in some
cases the problem of evaluating the sensitization efficiency
was qualitatively addressed in terms of * ‘colourability’’ under
fixed conditions [6,9,10]; quantum yicld data for the sensi-
tized reaction can also be found in the literature [3,7].

For some SOs, including the molecules investigated here,
the molar absorption coefficients of the metastable PM and
the quantum yields of the colour-forming photoreaction have
been determined [11,12]. The kinetic paramecters (reaction
rate and activation energy) and thermodynamic quantities
(equilibrium constant and enthalpy) of the thermal reaction
have also been obtained [12,13]. Based on the results
obtained, some general correlations between the structure of
these molecules and their photochromic and thermochromic
properties have been drawn,

In this work, the possibility of photosensitizing the ther-
moreversible SO = PM photoreaction was investigated using
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camphorquinone as sensitizerand visible light excitation. The
quantum yield of the photosensitized reaction and the kinetic
rate for the energy transfer process were determined. The
results obtained demonstrate that photosensitization is very
convenient: not only can the excitation energy be shifted to
the visible, but the reaction yield also increases. The triplet
reactivity of the SOs can therefore be evaluated and an upper
limit to their triplet energies (Er<215 kJ mol~') can be
established. No direct evidence was obtained for SO triplets,
except for one of the molecules investigated, which exhibited
phosphorescence emission from both the SO and PM forms
in a rigid matrix at low temperature.

2, Experimental details
2.1, Materials

The photochromic molecules studied (supplied by Great
Lakes Chemical Italia S.r.1.) were six SOs, with different aryl
groups linked to the oxazine moiety (naphtho, N; phenanthro,
P; benzo, B) and/or different substituents on either moiety.
The structures and symbols of the molecules are shown in
Scheme 1. In the symbols, the substituents on the indoline
and oxazine moieties precede and follow respectively the
bold letter representing the aryl group. They were prepared
according to literature methods [ 14].

The solvent methylcyclohexane (MCH) was a reagent
grade Carlo Erba product treated according to standard pro-
cedures.

Camphorquinone (CQ) (Aldrich product) was crystal-
lized from cyclohexane and then sublimated in vacuo. Fer-
rocene (Aldrich product) was used without further
purification,

‘The solvents used for the low temperature measurements,
EPA (ethyl ether/isopentane/ethanol; $/5/2, v/v) and EP1

(Me)yN(COED (N-EUN
Scheme 1.

(ethyl ether/isopentane/ethyl iodide; 2/2/1, v/v) matrices,
were reagent grade Carlo Erba (ethanol, ethyl ether, ethyl
iodide) and Fluka (isopentane) products.

2.2. Equipment

Absorption spectra were recorded on a Perkin-Elmer
Lambda 16 spectrophotometer or a Beckman diode array DU
7500 spectrophotometer.

Corrected emission spectra were recorded using a Spex
Fluorolog-2 FL.112 spectrofluorometer, controlled by a Spex
DM3000F spectroscopy computer. The time-resolved unit of
the spectrofluorometer was used to isolate the phosphores-
cence from the total luminescence spectrum and to measure
the phosphorescence lifetimes and phosphorescence quench-
ing. The accuracy in the lifetime measurements was estimated
to be within 15%.

A 250 W medium pressure mercury lamp, filtered by inter-
ference filters (A =436 nm for the sensitized reaction and
A =366 nm for the direct reaction), was used for excitation,
The irradiation intensity, which was constant during cach run,
was determined using potassium ferrioxalate actinometry
(typically, 10~® einsteindm " *s '),

2.3. Measurement conditions

2.3.1. Phosphorescence quenching measurements

Quenching mcasurements of the phosphorescence inten-
sity and lifetime of C¢ were performed in deaerated MCH
solutions containing the sensitizer ([CQ]=1%10"* mol
dm™') and varying amounts of the quencher
([SO] =5%10""10 5% 10 * mol dm ~*). The phosphores-
cence intensity data were corrected for the fluorescence emis-
sion.

Measurements of photochrome ([SO]=5X10"* mol
dm ™) emissions were canied out in EPA and EPI rigid
matrices at 77 K.

2.3.2. Photokinetic measurements

The photokinetic measurements were carried out in deaer-
ated MCH solutions during steady irradiation. The light expo-
sure of the sample (1 cm path length cell, 1 cm? of solution)
was carried out in the spectrophotometer holder at right angles
to the analysis light. The temperature was controlled by an
Oxiord Instruments cryostat. The SO concentrations ranged
from 1 X 10" %105 % 10~ * mol dm ~* and that of the sensitizer
was 3% 10* mol dm "3, corresponding to 6.05 absorbance
at the excitation wavelength. The increase in PM absorbance
was followed, during stationary irradiation, at the absorption
maximum (550-620 nm), where the excitation wavelengths
(436 or 366 nm) do not disturb the absorbance measurement,
up to photostationary state attainment. In the reaction quench-
ing measurements by ferrocene, the excitation light intensity
was corrected for the fraction of light (A = 366 nm) absorbed
by the quencher [15].
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The rate parameters of the ring-closure reaction (first-order
kinetics) were determined by following spectrophotometri-
cally the disappearance of the coloured form in the visible
region, after having removed the irradiation source.

3. Results and discussion
3.1. Triplet-triplet donor-acceptor interaction

CQ has all the requirements needed to be a suitable pho-
tosensitizer [16] for SO: very high (approximately unity)
intersystem crossing yield, long triplet lifetime in fluid solu-
tion (approximately 200 us) and an S, S, transition in the
visible region (A, =472 nm in MCH) where neither SO
nor PM absorb. In Fig. 1, the absorption spectrum of CQ in
MCH is compared with that of (N-Et)N. The triplet energy
of CQ, measured in fluid solution at room temperature, is 213
kJ mol ', Moreover, CQ possesses the rare (but not uncom-
mon for diketones) property of phosphorescing (=
3% 107%) in deaerated fluid solution at room temperature
[16]. This allowed the excitation energy transfer to be fol-
lowed from the effect of the acceptor concentration on the
donor phosphorescence. Thus the rate constant for the inter-
action was determined through phosphorescence intensity
quenching and lifetime shortening measurements. The total
emission from CQ in deaerated MCH solution at room tem-
perature and the phosphorescence quenching by N(CO,Me)
are shown in Fig. 2. The quenching ratios /°/1 were treated
according to the Stern-Volmer (SV) equation, [°/I=
1+k,7°[SO] (Fig. 2, inset), where I° and  are the emission
intensities in the absence and presence of the quencher, k, is
the rate coefficient for the sensitizer~quencher interaction and
70 is the triplet lifetime of the sensitizer. The quenching rate
parameter k, was also determined by measurement of the
donor lifetime as a function of the SO concentration using
the appropriate SV equation (7°/7=1-+k,7°[SO]), where
7% and 7 are the CQ lifetimes in the absence and presence o°
SO respectively. Examples of the CQ lifetime quenching by
N(CO,Me) are shown in Fig. 3. Since very similar k, values
were obtained by both methods, it can be stated that no inter-
action between CQ and SO occurs in the ground state. The
quenching rate parameters (k,=(2-4) X 10° dm® mol ™'
s~ 1), which are reported in Table 1 (column (a)), are almost
diffusion controlled (k= 10"" dm* mol "' s ™! in MCH at
25 °C). This indicates that the interaction is exothermic and
therefore the triplet states of SO acceptors are at acomparable
or lower energy than CQ. As expected for a diffusion-con-
trolled process, the molecular structure of the quencher does
not appreciably uffect the k, value, since the differences
detected were within experimental error.

3.2. Sensitized photoreaction

Excitation energy transfer from CQ triplet to SO triplets
promotes the ring-opening reaction with the formation of the

25

2.0

1.5

1.0

0.5

0.0 i S R
200 300 400 500 600

A/nm

Fig. 1. Absorption spectra of (N-Et)N (2.7X107% mol dm~*) and CQ
(29% 10" * mol dm™") in MCH.
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Fig. 2. Total emission of CQ in deaerated MCH solution at room temperature
(spectrum 1) and CQ phosphorescence quenching by N(CO,Me)
(IN(COMe) ] =2X1077 to 931077 mol dm™", specira 2-6). Inset:
quenching ratios 7Y/ treated according to the SV equation.
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Fig. 3. Phosphorescence decay kinetics of CQ in the absence (1) and pres-
ence of N(CO;Me) ([N(COMe))=5%10"" 10 910" mol dm~ )
kinetic profiles 2-7). Inset: treatment of the data according to the SV equa-

tion,
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coloured PM. Assuming that the back reaction is only thermal
[11,17], the general rate law for the formation of PM is given

by [7]
d[PM]/d"lso%+1c0¢s“kA[PM] (1)

where &, and s are the photochemical quantum yields of
the direct and sensitized reactions, Io and Icq are the inten-
sities of the monochromatic radiation absorbed by the spiro-
oxazine (SO) and the sensitizer (CQ) respectively and &, is
the kinetic parameter of the thermal back reaction. In the
absence of the sensitizer (direct photoreaction), the second
term on the right-hand side is missing, while the first is miss-
ing when only the sensitizer absorbs the excitation light.

The kinetic equation of the colour-forming reaction is par-
ticularly simple for the donor-acceptor systems under inves-
tigation, since the excitation light (A =436 nm) is absorbed
by CQ only (Fig. 1). It is therefore constant over the entire
colour-forming process up to the photostationary state; thus
the introduction of a photokinetic factor [11,18] is unnec-
essary. In terms of the PM absorbance (Apy), the kinetic
equation is

dApm/dt = eppleqPs ~ kaApm (2)

where €py is the molar extinction coefficient of PM and g
can be expressed as a function of the total incident light Z,
(einsteindm =3 s~ ') and the CQ absorbance at the excitation
wavelength Acq, which is constant for the entire process
(Ieq=Ih[1 = exp( —2.3A¢q) ]. Because of the constancy of
the term epmlco®Ps, Eq. (2) can be easily integrated in a
closed form. By separating the variables, Apy can be
expressed as a function of time by

Apm = GPM:‘C & (1=e™®) mAp"(1—¢ ) (3)
A
where epmlogPs/k, corresponds to the limiting PM absorb-
ance Apy” at the photostationary state when the rate of the
forward photosensitized reaction is outweighed by the rate of
the thermal back reaction. The PM absorbance (App). fol-
lowed at the absorption maximum (550-590 nm) during
steady irradiation of the sensitizer, fits this mono-exponential
function (Eq. (3)) well, as shown in Fig. 4 (top curve) for
N(CO;Me). By this fitting procedure, the k, value was
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Fig. 4. CQ photosensitized colour-forming kinetics of N(CO;Me) during

steady irradiation (Ay,, =436 nm). Full lincs represent best fits of the exper-
imental points (shown in the top curve).

obtained with good accuracy (correlation coefficient, greater
than 0.98).

As expected, a decrease in the SO concentration leads to a
decrease in the limiting absorbance value at the photostation-
ary state (Fig. 4), because of the reduced number of donor-
acceptor collisions. At each SO concentration, the quantum
yicld was cvaluated from Eq. (2), which represents a linear
relationship between the colour-forming rate (dApy,/dt) and
Apm, by extrapolating the colour-forming rate at zero time

.= (dApm/dt), .o
s Gle()[ [ = cxp( - 2.344(30) ]

To calculate @, previously determined epy values [ 12] were
used. The graphical treatment of the data for several SO
concentrations is shown in Fig. 5. The slopes of the linear
plots gave k, values. Alternatively, the & values were deter-
mined from the pre-cxponential term of Eq. (3), by meas-
uring the limiting PM absorbance at tiie photostationary state.
The @ values obtained by th: two methods agree within
experimental uncertainty ( +10%). The k, values deter-
mined as the slopes of the straight lines of Eq. (2) (corre-
sponding to those derived from the fitting procedure) were
generally hiy:.2r than those determined after having switched
off the irradiating lamp, and generally decreased with increas-

(4)

Kinetic parameters (correlatica coefficients) for triplet-triplet energy transfer from *CQ to SOs and/or PMs obtained by: (a) CQ phosphorescence lifetime
shortening ¢room temperature); (b) quenching of sensitized reaction quantum yield (280 K); (c) intercept of plots from Eq. (8); (d) slope to intercept ratio

of plots from Eq. (8)
S0 % (10°dm mol '™ Y)

(a) b) (c) (d)
(N-EU)N 3.8 (0.98%) 2.2 (0.998)
{N-Pr)F 3.0(0.992) 3.9 (0.980)
N(CO,Me? 39 (0.998) 2.5 (0.998) 6.9 (0.997) 1.2
(Me),B(di-aza) 23 (0.984) 2.4 (0981) 3.9 (0.999) 14
N(NO,) 3.4 (0.984) 3.4 (0.987) 3.1 (0.993) 1.4
(Me);N(COE?) 35(0992) 1.5 (0.999) 4.4 (0.997) 0.7
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Fig. 5. Colour-forming kinetic data of Fig. 4 treated according to Eq. (2).

Table 2

Concentration effects on the photosensitized reaction yield, € and bicach-
ing rate parameter k, for (Me;)B(di-aza) determined at 280 K under dif-
ferent conditions: (a) steady irradiation in the presence of the sensitizer:
(b) after switching off the irradiating lamp in the presence of the sensitizer;
(¢) in the absence of the sensitizer

{(Me),B(di-aza)] & ka (s7")
(10~*mol dm™?)
(a) (b) (¢)
147 0.57 0.026 0.0084
245 0.67 0.021 0.0095
392 0.70 0.017 0.0088 0.0086
6.37 0.80 0017 0.010
16 | '
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Fig. 6. SV plot, Eq. (5), for the CQ photosensitized reaction of N(CO,Me).

ing SO concentration. The effect of concentration on @g and
k, is shown in Table 2 for one of the molecules investigated,
(Me),B(di-aza).

The quantum yield data, obtained at different SO concen-
trations, fit the SV equation

1 1 1
q’}s (psllm (] + st[SO]) ( )

for photosensitized reactions well, which allowed &g'™, i.c.
the value corresponding to complete energy transfer from the
CQ triplet to SO, to be extrapolated as the intercept, and the
SV constant, Ky, (= kq-r°) , as the intercept to slope ratio. An
example of the SV linear trend (Eq. (5)) is shown in Fig. 6.
As can be seen from Table 1, the k, values obtained are in
good agreement with those derived from phosphorescence
quenching measurements. This clearly indicates that the
energy transfer process is responsible for both the phospho-
rescence quenching and reaction sensitization. The @™ val-
ues, determined in deaerated MCH solutions at 280 K, are
compared with the direct reaction quantum yields (P [12])
in Table 3, where the k, values determined at the same tem-
perature are also reported. As can be seen from Table 3, the
&¢"™ values are fairly high an are greater than @, It can be
considered that the limiting sensitized quantum yield is unity
for all the molecules investigated; ®g"™ values larger than
unity, found in some cases, are due to measurement uncer-
tainties.

The cffect on the bleaching parameter of the presence of
CQ and its dependence on SO concentration (Table 2) can
be attributed to interaction of the metastable PM with either
the CQ ground state or CQ triplet state. Interaction with ’cQ
is operative only on irradiation, whereas interaction with the
ground state sensitizer can be isolated by measuring, in the
dark, the decolouration of previously irradiated solutions in
the presence and absence of CQ. Since the differences
between the rate constants measured under the two conditions
(absence or presence of CQ) are within the measurement
uncertainty ( + 10%), the PM-CQ interaction, if any, cannot
be detected experimentally.

Considering the interaction *CQ+PM, which is present
on irradiation, the expression for the experimental ratc value
(ka(a), i.e. column (a) in Table 2) is given by

ka(a) = k;[*CQ] +ka(b) (6)

where K, represents the bimolecular rate parameter
(?*CQ+PM interaction). By applying the photostationary
state approximation to *CQ, Eq. (7) is obtained

ka(a) =logki ™/ (1+k,7°[SO) + k7' [PM]) +ka(b)  (7)

where k4 (b) represents the monomolecular bleaching param-
eter obtained in the dark and k, and k;, are the rate parameters

Table 3

Limiting yields (¢"™) for the SO «» PM reaction photosensitized by cam-
phorquinone in MCH, compared with the quantum yield of the direct pho-
toreaction (&,), and bleaching rate parameters (k5) at 280 K (values
averaged over four SO concentrations)

SO P by, ky (s71)
(N-E1)N 1.2 0.46 0.037
(N-Pr)F 0.8 0.51 0.029
N(CC,Me) 1.3 0.35 0.068
(Me),B(di-aza) 0.87 0.17 0.009
N(NO,) 0.94 1.10 0012
(Me),N(COEt) 091 0.14 0.013
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Fig. 7. Kinetic data of N(CO,Me) treated according to Eq. (8).

for *CQ quenching by SO (see Table 1) and PM respectively.
Considering that the PM triplet energy is surely lower than
the CQ triplet energy, a diffusion-controlled rate can be
expected for their interaction, Thus by rearranging Eq. (7)
and considering the approximation (k; -k, =0), Eq. (8) is
obtained

1/{ka(a) = ka(b)]
= ( l/lch"“ro)( 1 +kq'r°[SO] +k{,70[PM] )
=(1 /ICQk"‘TO) (1 +kq'ro(co— [PM]) +k"‘1‘0[PM] ]
= (1/Icgki1®) (1 +k 700 + (K, — k) 7 PM] ]
= (1/1cgky ™) (1 +ky7%0) (8)

If the assumptions are correct, a straight line should be
obtained by plotting 1/{ks(a) =ks(b)] against the initial
SO concentration c,, and the k{, value, given by the intercept
(reciprocal intercept divided by Joq7"), should approach the
k, value obtained from the slope to intercept ratio. As shown
in Fig. 7 for N(CO,Me), the linearity is very good {corre-
lation coefficient, greater than 0.99); this occurs with four of
the molecules investigated, but linearity could not be detected
with (N-Pr)F and (N-Et)N. The quenching rate parameters
obtained are compared in Table 3. Their similarity and close-
ness to the diffusion-controlled value confirm that the
assumptions are reasonable.

3.3. Phosphorescence emission measurements at 77 K

Due to efficient competition from the opening reaction in
the singlet state, fluorescence emission from the SOs is gen-
erally very weak or completely undetectable. Fluorescence
from the PMs has been observed at low temperature (220 K)
{19] and in a rigid matrix at 77 K [20]. Little information
can be found in the literature on the phosphorescence emis-
sion of SOs and PMs. Phosphorescence emissions have been
reported for some nitro-spiropyrans [21] and nitro-spiro-
oxazines [22].

In order to observe triplet state emission, SOs were ana-
lysed in a rigid EPA matrix at 77 K. Under these conditions,

for N(NO,) only, the phosphorescence emission of the
closed form was detected. The well-structured spectrum
obtained is illustrated in Fig. 8 (A, =366 nm. 1 ms deiay
time) together with the corresponding cxcitation specirum
(A:m=543 nm) which reproduces the SO absorption weli.
The emission is assigned to phosphorescence because of its
lifetime (5-6 ms) and spectral position (triplet energy, 220
kJ mol~'). Surprisingly, this energy is slightly higher than
that of the CQ sensitizer measured under the same conditions
(215 kJ mol™'); it was expected to be somewhat lower to
account for the diffusion-controlled quenching rate. How-
ever, solvent relaxation at higher temperature (which is very
low for CQ [16]) can affect the donor and acceptor triplet
energics differently, thus favouring the cnergy transfer from
CQ to SO at room temperature.

For the other photochromes. only the fluorescence of the
photochemically produced PMs could be detected. Attempts
to populate the SO triplet state by CQ (5% 10~ moldm~*)
sensitization in an EPA matrix at low temperature in order to
observe the phosphorescence emission, or to induce intersys-
tem crossing by the external heavy atom effect (EPI matrix),
failed. Only with N(NO,) was the phosphorescence emission
of the open form observed in an EPI matrix. For this PM,
while only fluorescence could be detected in an EPA matrix,
a relatively long-lived (7=10.3 us) emission appeared in
both the absence (A, =600 nm) and presence (Age =470
nm) of CQ in an EPI matrix. In the latter case, the emission
was sensitized by CQ, since PM does not absorb the excitation
light: sensitization occurred by a trivial process (re-absorp-
tion by PM of the CQ emission), since the CQ lifetime
remained unchanged (7°= 1.6 ms at 77 K). Because of the
bathochromic shift of the photochrome emission with respect
to fluorescence and its lifetime, it was assigned to the 7, 7*
triplet state of PM. The phosphorescence emission of
N(NO,) in EPI, together with its fluorescence and fluores-
cence excitation spectra in EPA, is shown in Fig. 9. In this
molecule, the PM triplet state is populated by intersystem
crossing and the radiative probability is enhanced by the

1.0 y T ' T v Y
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d
~
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]
L 4
£
1
0.0 N Il " I " 1
250 375 500 625 750
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Fig. 8. Phosphorescence excitation (1) and phosphorescence emission (2)
spectra of the closed form of N(NO,) in an EPA matrix at 77 K.
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Fig. 9. Fluorescence excitation (1) and fluorescence emission (2) spectra
in an EPA matrix and phosphorescence emission spectrum (3) of the open
form of N(NO,) in an EPl matrix at 77 K.

external heavy atom effect; for the other molecules, the exter-
nal heavy atom is unable to induce intersystem crossing and
therefore phosphorescence was not observed.

3.4. Photoreaction quenching

Photosensitization measurements clearly show that the
opening reaction occurs easily from the triplet state, while
&, values, lower than @5, may be due to either non-unity
intersystem crossing (triplet mechanism or mixed mecha-
nism) or to completely inefficient intersystem crossing (pure
singlet mechanism). The search for the triplet emission
described above seems to indicate that only for the nitro
derivative is a triplet mechanism reliable. To obtain further
evidence about the excited state responsible for the ring-
opening process, photoreaction yield measurements were car-
ried out in the presence of a low energy triplet quencher,
ferrocene (Er= 163 kJ mol ~'). Using ferrocene concentra-
tions in the range 10~ ~10 2 mol dm ~* and directly exciting
SO with 366 nm light, photoreaction quenching was hardly
detectable and only with the nitro derivative. Treating the
quantum yield data of the quenched and unquenched reaction
according to the appropriate SV equation was unreliable, due
to the small quenching ratio measured even with the highest
quencher concentrations attainable (1072 mol dm ™). By
assuming diffusion-controlled quenching by ferrocene, the
triplet lifetime of N(NO,) in fluid solution could be quoted
approximately on the nanosecond time scale. The same order
of magnitude has recently been determined from laser flash
photolysis measurements [23].

4. Conclusions

The results of this work show that photosensitization by
CQ of the colour-forming reaction in the SO = PM systems
is very efficient, regardless of the photochrome structure. The

quantum yield of the photosensitized process increases, com-
pared with the direct photoreaction quantum yield, and tends
to unity. Thus colourability increases. Since the photosensi-
tized reaction occurs exclusively via the triplet state, while
the direct photoreaction occurs by a singlet mechanism
(except for the nitro derivative), it can be stated that SO
triplets possess a one-way deactivation to PM, while a certain
percentage (50%-80%) of singlet excited states back relax
to SO. For N(NO,), the exceptionally high @, value also
supports a triplet reaction mechanism on direct excitation.

In addition, photosensitization with CQ extends the A range
for producing the coloured merocyanine form towards the
visible, which is important from an application point of view.

However, the presence of the sensitizer also promotes addi-
tional reactions which, increasing the apparent bleaching rate
constant, tend to lower the colourability. This effect was
undetectable for (N-Et)N and (N-Pr)F. Moreover, the inter-
action of triplet CQ with PM may aiso decrease the durability
of the photochrome. Degradation on photosensitization of the
photochromism of some spiro-oxazines by using greater con-
centrations of both the donor and acceptor and pulsed exci-
tation has already been reported in the literature [9]. Under
our experimental conditions, this inconvenience, which has
previously been revealed using other sensitizers (biacetyl,
benzophenone) [7], was not detected with CQ, but may
possibly occur after several irradiation cycles.
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