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Abstract: Upon exposure to UV light, the disubstituted dibenzobarrelene derivative 1a turns green in the
solid phase and reverts back to its original pale-yellow color within several hours in the dark. The lifetime
of the colored species in degassed benzene at room temperature is 37 ( 2 s (Ea for decoloration is 14.5
( 0.7 kcal mol-1 and log A is 8.92 ( 0.5 s-1) and highly sensitive to molecular oxygen; the Stern-Volmer
quenching constant is 6.9 ( 0.2 × 108 M-1 s-1. Similarly, the disubstituted dibenzobarrelenes 1b and 1c
exhibited pink coloration when exposed to UV light in the solid phase. On the basis of combined experimental
and theoretical evidence, it is proposed that upon photoexcitation the excited singlet state of 1a undergoes
rapid intersystem crossing to its triplet state, followed by intramolecular δ-H abstraction, to yield the triplet
biradical intermediate 32. Upon prolonged irradiation, 2 undergoes cyclization to the alcohol 3, which affords
the enone 4 as the final photoproduct. The δ-H abstraction on the triplet-state potential energy surface,
calculated at the B3LYP/6-31G* level of density functional theory (DFT), has an activation energy of 18.5
kcal/mol. Further, the absorption spectrum of the triplet biradical 32, obtained from time-dependent DFT
calculations, displays an intense absorption maximum at 670 nm, which is in good agreement with the
observed absorption peak at 700 nm. The molecular-orbital analysis of the triplet diradical 32 suggests that
its long-wavelength absorption involves the transition of the unpaired electron from the comparatively
localized benzyl-type HOMO to the extensively conjugated benzoyl-type LUMO. The present experimental
and theoretical results strongly support the intervention of a long-lived triplet biradical 32 in the photochromism
of appropriately substituted dibenzobarrelenes.

Introduction

The phototransformations of dibenzobarrelenes have been
investigated in detail by several workers. The most commonly
observed processes are photorearrangements leading to diben-
zocyclooctatetraenes and dibenzosemibullvalenes.1 It has been
shown that dibenzocyclooctatetraenes are formed through a
singlet-state pathway, whereas the dibenzosemibullvalenes are

derived from the triplet-state di-π-methane rearrangement.2 In
recent years, we have investigated the photoisomerization of
several dibenzobarrelene derivatives with dibenzoylalkene
functionality in order to understand the role of bridgehead
substituents on the observed regioselectivity of these rearrange-
ments.3 In this context, we have observed that certain bridgehead-
disubstituted dibenzobarrelenes exhibit a novel photochromic
behavior, of which the 9-acetyl-10-methyl-ethenoanthracene
derivative1a is an illustrative example.

Photochromic materials continue to attract considerable atten-
tion due to their applications in holography and three-dimen-
sional memory information storage devices.4 Most photochromic
reactions involve either pericyclic reactions orcis-trans pho-
toisomerization processes. For example, the diarylethenes,
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a well-studied photochromic system, undergo reversible in-
tramolecular cyclization.4b,cLikewise, the photochromic fulgides5a

and spiropyrans5b proceed through related electrocyclic trans-
formations, whereas azobenzene utilizes thecis-trans isomer-
ization of the NdN double bond.6

Photochromic systems that are based on hydrogen-abstraction
reactions as in the case of 2-methylbenzophenone and related
systems have been reported in the literature.7 In this report, we
show that the photochromism displayed by the appropriately
disubstituted 9,10-ethenoanthracene derivatives1a-c (also
known as dibenzobarrelene derivatives) in the solid state as well
as in benzene solution (Chart 1) rests on intramolecular hydrogen
abstraction. Thus, in contrast to the known photochromic
systems, a reversibly formed persistent triplet biradical inter-
mediate is proposed as the photochromic species. We describe
herein the photophysical and photochemical studies, which have
been used for the detection, characterization, and the elucidation
of the mechanism of this novel photochromic case. Further, with
the help of density functional theory computations, the absorp-
tion properties of the photochromic species and the reaction
mechanism have been evaluated.

Results and Discussion

On sunlight or UV irradiation of the 9,10-disubstituted-9,-
10-dibenzobarrelene1a in the solid state (also in benzene
solution), we observed a green color, which disappeared within
several hours in the dark (Figure 1). This process may be
repeated several times, but prolonged irradiation results in the
irreversible formation of a mixture of products, namely the
ketone4 and the corresponding dibenzosemibullvalene deriva-
tive, as has been observed in solution photolysis.3g Remarkably,
this photochromic behavior occurs only with bridgehead-
disubstituted ethenoanthracenes that carry substituents with an
abstractable hydrogen atom. Thus, for example, 9,10-dimethyl-
9,10-dihydroethenoanthracene,1b, and 9-methyl-10-(R-hy-

droxybenzyl)-9,10-dihydroethenoanthracene,1c, exhibited a
pink color when exposed to UV light or sunlight in the solid
phase. This pink color reverted back to the original pale-yellow
color of the starting material, when irradiated samples were kept
in the dark for several hours; however, no coloration was
observed in the solution phase. It should be mentioned in this
context that Scheffer and co-workers8 have observed that certain
9,10-dialkyl-substituted triptycene quinones gave rise on ir-
radiation intensely colored (broad absorption centered around
570 nm) norcaradiene derivatives in addition to the expected
di-π-methane photorearrangement products. The color in these
products has been attributed to charge-transfer interaction
between the norcaradiene and quinone chromophore.

In order to understand the photochromism of disubstituted
ethenoanthracenes and also to characterize the transient inter-
mediates involved, we have examined the photophysical proper-
ties of 1a under various conditions. Figure 2 shows the
absorption spectrum of1a in degassed benzene solution,
recorded immediately after irradiation at 350 nm. Its spectrum
reveals a weak absorption (shoulder) around 415 nm and a
strong maximum around 700 nm. The inset displays the
absorption spectrum of the starting ethenoanthracene derivative
1a, which has an absorption maximum at 252 nm.

The colored intermediate persisted for considerable time in
solution, which permitted the use of conventional UV spec-
troscopy to determine its lifetime. The decay of the transient

(3) Delaire, J. A.; Nakatani, K.Chem. ReV. 2000, 100, 1817-1845.
(4) (a) Kumar, C. V.; Murthy, B. A. R. C.; Lahiri, S.; Chackachery, E.; Scaiano,

J. C.; George, M. V.J. Org. Chem. 1984, 49, 4923-4929. (b) Kumar, S.
A.; Ashokan, C. V.; Das, S.; Wilbur, J. A.; Rath, N. P.; George, M. V.J.
Photochem. Photobiol., A1993, 71, 27-31. (c) Ramaiah, D.; Kumar, S.
A.; Ashokan, C. V.; Mathew, T.; Das, S.; Rath, N. P.; George, M. V.J.
Org. Chem. 1996, 61, 5468-5473. (d) Kumar, S. A.; Ramaiah, D.; Eldho,
N. V.; Das, S.; Rath, N. P.; George, M. V.J. Photochem. Photobiol., A
1997, 103, 69-73. (e) Sajimon, M. C.; Ramaiah, D.; Muneer, M.;
Ajithkumar, E. S.; Rath, N. P.; George, M. V.J. Org. Chem. 1999, 64,
6347-6352. (f) Sajimon, M. C.; Ramaiah, D.; Muneer, M.; Rath, N. P.;
George, M. V. J. Photochem. Photobiol. A.,2000, 136, 209-218. (g)
Sajimon, M. C.; Ramaiah, D.; Thomas, K. G.; George, M. V.J. Org. Chem.
2001, 66, 3182-3187.
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Thermochromic Comounds; Plenum Press: New York, 1999. (b) Irie, M.
Chem. ReV. 2000, 100, 1685-1716. (c) Kawata, S.; Kawata, Y.Chem.
ReV. 2000, 100, 1777-1788. (d) Kobatake, S.; Yamada, M.; Yamada, T.;
Irie, M. J. Am. Chem. Soc. 1999, 121, 8450-8456.

(6) (a) Yokoyama, Y.Chem. ReV. 2000, 100, 1717-1740. (b) Berkovic, G.;
Krongauz, V.; Weiss, V.Chem. ReV. 2000, 100, 1741-1754.

(7) (a) Suzuki, T.; Omori, T.; Ichimura, T.J. Phys. Chem. A2000, 104, 11671-
11676 and references therein. (b) Scaiano, J. C.Acc. Chem. Res.1982, 15,
252-258. (c) Wagner, P. J.Pure Appl. Chem.1977, 49, 259-270.

(8) Borecka, B.; Gamlin, J. N.; Gudmundsdottir, A. D.; Olovsson, G.; Scheffer,
J. R.; Trotter, J.Tetrahedron Lett.1996, 37, 2121-2124.

Chart 1

Figure 1. Photochromism displayed by the disubstituted 9,10-ethenoan-
thracene1a before and after irradiation at 350 nm in the crystalline state.

Figure 2. Absorption spectrum of the irradiated 9,10-ethenoanthracene1a
in degassed benzene solution, recorded immediately after irradiation at 350
nm. (Inset)Absorption spectrum of the starting ethenoanthracene derivative
1a.
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was monitored at the absorption maximum of 700 nm, and the
lifetime was found to be 37( 2 s under ambient conditions
(Figure 3, see Tables S1 and S2 in the Supporting Information
for the kinetic data). It may be noted that the lifetimes of triplet
biradicals similar to2 (Scheme 1) fall in the nanosecond to
microsecond time domain;9 thus, the exceedingly long lifetime
(∼37 s) for the triplet biradical2 is certainly surprising.
Arrhenius activation parameters for the decoloration of the
green-colored species were determined in solution by monitoring
the decay rates between 20 and 50°C (Figure 3). The activation
energy (Ea) for the decay of the transient was found to be 14.5
( 0.7 kcal mol-1, and the frequency factor (logA) was 8.9(
0.5 s-1. Although theEa value is quite high for ISC,10 the
relatively low frequency factor (∼8.9) is indicative of a spin-
forbidden process and, thus, characteristic of the triplet
biradicals.3g,11

It is mechanistically significant to mention that the color was
not observed in air- and oxygen-saturated solutions. When the
colored transient was generated in degassed benzene and
subsequently oxygen gas was introduced into the green solution,
immediate decoloration ensued. The observation of oxygen
quenching is consistent with the formation of the triplet biradical
2,12 generated by intramolecularδ-hydrogen abstraction from
the acetyl group by the proximate benzoyl oxygen atom in1a
(Scheme 1). The weak band at 415 nm (shoulder) in the
absorption spectrum of the intermediate (Figure 2) is charac-
teristic of similar Norrish-type II biradicals;9,13 however, the
long-wavelength absorption at 700 nm needs justification. It
has been reported recently that the substituted cyclopentane-
1,3-diyl biradicals also show strong absorption in the long-
wavelength region (∼580 nm), which has been attributed to the
benzyl-radical chromophore.11,14 Therefore, the benzyl-type
radical site

in the triplet biradical2 may be further delocalized by the nearby
benzoylalkene functionality to result in the longer-wavelength
absorption (Scheme 1).15

To confirm that a triplet biradical2 is formed in the irradiation
of the 9,10-ethenoanthracene1a, as suggested by the3O2

quenching, the influence of molecular oxygen was examined
since effective quenching of triplet biradicals by3O2 is well
documented in the literature.16 The Stern-Volmer quenching
constant (kq) of the transient2 for 3O2 was determined by
monitoring the decay rates at various oxygen concentrations
(Figure 4), and the quenching constant (kq) was found to be 6.9

(9) Johnston, L. J.; Scaiano, J. C.Chem. ReV. 1989, 89, 521-547.
(10) Hasler, E.; Gassmann, E.; Wirz, J.HelV. Chim. Acta1985, 68, 777-788.

(11) Kita, F.; Adam, W.; Jordan, P.; Nau, W. M.; Wirz, J.J. Am. Chem. Soc.
1999, 121, 9265-9275; in support of the assignment, the authors have
generated thep-nitrobenzyl radical and found a strong absorption maximum
at 560 nm.

(12) Adam, W.; Grabowski, S.; Wilson, R. M.Acc. Chem. Res. 1990, 23, 165-
172.

(13) Small, R. D., Jr.; Scaiano, J. C.Chem. Phys. Lett. 1977, 50, 431-434.
(14) Platz, M. S., Ed.Kinetics and Spectroscopy of Carbenes and Biradicals;

Plenum Press: New York, 1990.
(15) Freilich, S. C.; Peters, K. S.J. Am. Chem. Soc. 1985, 107, 3819-3822.
(16) (a) Adam, W.; Grabowski, S.; Wilson, R. M.; Hannemann, K.; Wirz, J.J.

Am. Chem. Soc. 1987, 109, 7570-7577. (b) Takamura, S.; Schnabel, W.
Chem. Phys. Lett.1980, 69, 399-402. (c) Gisin, M.; Rommel, E.; Wirz,
J.; Burnett, M. N.; Pagni, R. M.J. Am. Chem. Soc. 1979, 101, 2216-
2218.

Figure 3. Time profile of the transient intermediate generated from the
9,10-ethenoanthracene1a in benzene solution and monitored at 700 nm.
(Inset) Arrhenius plot for the decay of the transient.

Scheme 1. Phototransformation of 1a and Formation of the
Enone 4 via the Biradical 2

Figure 4. Stern-Volmer oxygen-quenching plot of the transient generated
from 1a upon irradiation at 350 nm in benzene solution.
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( 0.2 × 108 M-1 s-1, which is in good agreement with the
values reported for similar conjugated biradicals.17

In order to probe for any short-lived intermediates generated
from 1a on irradiation, laser-flash photolysis was carried out
(λexc ) 355 nm) under a variety of conditions. The transient
absorption spectra obtained after 0.5 and 3.5µs laser excitation
of 1a are shown in Figure 5, and the transient decay monitored
at 640 nm is shown in Figure 6. The transient absorption
spectrum exhibited a biexponential behavior, in which the
lifetime of the short-lived component is around 1µs, whereas
for the long-lived component it is a few seconds. The latter is
attributed to the green-colored triplet biradical intermediate2
(Scheme 1). This assignment is supported by the good match
of the transient absorption spectrum of1a, recorded after 3.5
µs (Figure 5b), with the absorption spectrum of the irradiated
solution of1a (Figure 2). In addition, this long-lived species is
highly sensitive to molecular oxygen, and its lifetime is
decreased to nanoseconds in an oxygen-saturated solution (inset
of Figure 6). The short-lived component (∼1 µs) is assigned to
the triplet excited-state of the ethenoanthracene derivative1a
on the basis of standard quenching studies, as reported for
similar 9,10-ethenoanthracene derivatives.3a-c

The intermediacy of the biradical2 is further supported by
the isolation of the ketone4 from the steady-state photolysis of
the 9,10-ethenoanthracene1a.3g The formation of ketone4 arises
from the excited1a, a process that is proposed to take place

along the pathway shown in Scheme 1. The excited state of1a
first abstracts aδ-hydrogen atom from the methyl group of the
acetyl substituent to give the 1,5-biradical intermediate2, which
subsequently cyclizes to the alcohol derivative3. Elimination
ofwater from3 generates the observed product4. The structure
of 4 was confirmed through X-ray crystallographic analysis
(Figures S1 and S2, Supporting Information). The shortest
intramolecular distance between the acetyl hydrogen atom and
the adjacent benzoyl oxygen atom in the starting 9,10-ethenoan-
thracene1a is 2.75 Å, which is close enough for hydrogen
abstraction to generate the biradical intermediate2.9,18

Evidence for the presence of a paramagnetic biradical species
was furnished by EPR-spectral studies. As expected, the
irradiated green-colored solution of1a in degassed benzene at
room temperature and at 77 K exhibited an EPR signal centered
around 3340 G (Figure 7). Instead of a characteristic triplet EPR
spectrum expected for the biradical2, a benzyl-type monoradical
species was registered, which resembles closely the EPR
spectrum of the benzyl radical reported in the literature (see
the inset in Figure 7).19 The EPR spectrum of the irradiated
(77 K) 1a in MTHF glass showed a similar EPR signal centered
around 3370 G. Control experiments on nonphotochromic model
systems such as the unsubstituted and monosubstituted 9,10-
ethenoanthracene derivatives showed no EPR-active species on
irradiation under analogous conditions.

To substantiate the mechanism of formation of the biradical
intermediate2 proposed in Scheme 1 and to corroborate its
absorption properties, we have carried out a detailed theoretical
study. The widely used B3LYP/6-31G* level density functional
theory (DFT) method,20,21as implemented in Gaussian 03 suite

(17) Lahiri, S.; Dabral, V.; Chauhan, S. M. S.; Chakachery, E.; Kumar, C. V.;
Scaiano, J. C.; George, M. V.J. Org. Chem. 1980, 45, 3782-3788.

(18) (a) Scheffer, J. R. InOrganic Solid State Chemistry; Desiraju, G. R., Ed.;
Elsevier: New York, 1987; Chapter 1. (b) Scheffer, J. R.; Trotter, J.; Garcia-
Garibay, M.; Wireko, F.Tetrahedron Lett.1988, 156, 63-84.

(19) Turro, N. J.; McDermott, A.; Lei, X.; Li, N.; Abrams, L.; Ottaviani, M. F.;
Beard, H. S.; Houk, K. N.; Beno, B. R.; Lee, P. S.Chem. Commun. 1998,
697-698.

(20) Becke, A. D.J. Chem. Phys.1993, 98, 5648-5652.
(21) Lee, C.; Yang, W.; Parr, R. G.Phys. ReV. B 1988, 37, 785-789.

Figure 5. Transient absorption spectra recorded after (a) 0.5-µs and (b)
3.5-µs laser excitation (355 nm) of1a in benzene solution.

Figure 6. Decay profile of the transients generated from1aand monitored
at 640 nm in degassed and oxygen-saturated (inset) benzene solutions.

Figure 7. EPR spectrum of1a in degassed benzene solution at 25°C,
recorded immediately after irradiation with a 351-nm laser source. (Inset)
EPR spectrum of1a recorded after 2 min irradiation in MTHF glass at 77
K.
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of programs, was used for this purpose.22 Since ketones in
general undergo fast intersystem crossing,23 it is reasonable to
assume that theδ-H abstraction occurs from the triplet state
31a. The computed triplet-state potential energy surface is given
in Figure 8. It may be seen that31a has a significantly long
(1.25 Å) benzoyl CdO bond (typical CdO distance is 1.22 Å),
which implies photoexcitation of the carbonyl group. Subse-
quently, the excited carbonyl group abstracts theδ-H atom from
the proximate acetyl group. In the transition state,3TS, the
abstractable H atom is seen nearly equidistant from the carbonyl
oxygen atom and the methylene group, a feature commonly
observed in similar photoreactions.24 An activation energy of
16.2 kcal/mol was calculated at the unrestricted B3LYP level
[the large 6-311++G(d,p) basis set was used] for the formation
of the triplet biradical 32 from 3TS, which is considered
reasonable for such a hydrogen-abstraction process. The spin
density (SD) analysis reveals that one of the unpaired electrons
(SD ) 0.854) in 32 is essentially localized at the methylene
carbon atom, whereas the second unpaired electron (SD)
0.620) is centered at the benzyl-type carbon atom and is
significantly delocalized (Figure 8). This result is in accordance
with the previously mentioned interpretation on the EPR-spectral
findings. Intersystem crossing of the triplet biradical32 to the
singlet biradical12, followed by cyclization, affords the product
3, as shown in Scheme 1.

The cyclization of the biradical results from triplet-singlet
spin-state change, followed by the formation of a new bond on
the singlet potential energy surface. To locate the triplet-singlet
crossing point is quite difficult, as it requires multireference
theory such as the CASSCF or CI method. In the present case,

the system contains 62 atoms and is quite large for such
calculations. A qualitative estimate of the barrier height has,
however, been obtained by assuming that the geometry of the
triplet-singlet crossing point is not much different from that
of the triplet biradical intermediate. Therefore, the energy
obtained from a single-point “singlet” energy calculation with
triplet biradical geometry is considered to be an adequate
estimate of the energy for the triplet-singlet crossing point.
With such a calculation, the estimated barrier height is found
to be 10.6 kcal/mol, which is in qualitative agreement with the
experimental barrier height of 14.5( 0.7 kcal/mol.

In order to compute the absorption spectrum of the triplet
biradical intermediate32, the time-dependent DFT calculation
was carried out at the UB3LYP/6-31G* level.25-27 The com-
puted spectrum is shown in Figure 9, along with the HOMO
and LUMO for the most intense electronic transition. The
calculated value of 677 nm for the absorption peak is in good
agreement with the experimental value around 700 nm. The 677
nm absorption peak corresponds to the transition of the electron
from the comparatively localized benzyl-type HOMO to the
benzoyl-type LUMO, which is extensively conjugated with the
adjacent carbonyl group. This offers a reasonable rationale for
the unusual long-wavelength absorption observed herein ex-
perimentally for the triplet biradical32.

Conclusions

We have shown that appropriately disubstituted 9,10-
ethenoanthracenes display intriguing photochromic behavior,
with the novel feature that a long-wavelength absorbing (ca.
700 nm) and long-lived (seconds in solution, hours in the solid

(22) Frisch, M. J.; et al.Gaussian 03, version 6.1; Gaussian, Inc.: Pittsburgh
PA, 2003.

(23) Hansen, D. A.; Lee, E. K. C.J. Chem. Phys. 1975, 63, 3272-3277.
(24) Paulson, S. E.; Liu, D.-L.; Orzechowska, G. E.; Campos, L. M.; Houk, K.

N. J. Org. Chem.2006, 71, 6403-6408.

(25) Stratmann, R. E.; Scuseria, G. E.; Frisch, M. J.J. Chem. Phys.1998, 109,
8218-8224.

(26) Bauernschmitt, R.; Ahlrichs, R.Chem. Phys. Lett.1996, 256, 454-464.
(27) Casida, M. E.; Jamorski, C.; Casida, K. C.; Salahub, D. R.J. Chem. Phys.

1998, 108, 4439-4449.

Figure 8. Computed triplet-state potential energy surface for theδ-H abstraction with the spin density (SD) values for32. All bond lengths are in Å, and
the relative energies are in kcal/mol.
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phase) triplet biradical intervenes as the reversible color-bearing
species. The long-wavelength absorption of the triplet biradical
is attributed to the extensiveπ delocalization between the benzyl
and benzoyl groups, which are connected by the conjugating
alkenyl double bond. Persistence (long life time) is provided
by the rigidity of the ethenoanthracene skeleton in the triplet
biradical 32, which encumbers the cyclization (Ea ) 14.5 (
0.7 kcal mol-1) to the strained alcohol derivative3.

Experimental Section

The equipment and procedure for melting point determination and
spectral recordings are described in earlier publications.3h,28All steady-
state irradiation experiments were carried out in a Srinivasan-Griffin
Rayonet Photochemical Reactor (RPR 300 nm) or by using Pyrex-
filtered light from a Hanovia 450-W, medium-pressure mercury lamp
as described elsewhere.3g Solvents for the photolysis experiments were
purified and distilled before use. As petroleum ether, the fraction with
bp 60-80 °C was used.

Starting Materials . 9-Acetyl-11,12-dibenzoyl-9,10-dihydro-10-
methyl-9,10-ethenoanthracene (1a),3g mp 226-227°C, 11,12-dibenzoyl-
9,10-dihydro-9,10-dimethyl-9,10-ethenoanthracene (1b),3a mp 261-262
°C, and 11,12-dibenzoyl-9,10-dihydro-9-(R-hydroxybenzyl)-10-methyl-
9,10-ethenoanthracene (1c),3e mp 218-219 °C, were prepared by
reported procedures. The structures of1a and the photoproduct4 (mp
211-212 °C)3g were unambiguously established by X-ray crystal-
lographic analysis.

Laser-Flash Photolysis Studies.The laser-flash photolysis studies
were performed on a Laser Photonics PRA/model UV-24 nitrogen laser
system (337.1 nm, 2-ns pulse width, 2-4 mJ/pulse) and/or by the third
harmonic laser pulse from a Nd:YAG laser GCR-12 series, Quanta
Ray (355 nm, 10-ns pulse width,∼70 mJ/pulse). A kinetic absorption
spectrometer (LKS-20 Applied Photophysics) was used to detect the

changes in optical density after the laser excitation. Typical experiment
consisted of several replicate shots per single measurement. The intrinsic
lifetimes were measured in benzene at 25°C, after purging with argon
gas for 30 min. Oxygen-quenching constants were determined by
monitoring the decay rates of the respective substrates in air and in
oxygen-saturated benzene solutions. The transient absorption spectra
were recorded in degassed benzene by using a flow cell. The optical
density of the solution was in the range 0.4-0.8 at 355 nm.

UV-Spectroscopic Studies.The UV-visible spectra were recorded
on a Shimadzu UV-3101PC UV-vis-NIR scanning spectrophotometer.
The absorption spectra of the transients were recorded immediately
after irradiation of a degassed solution by the use of a 300-nm band-
pass filter on an Oriel Optical bench, in a quartz cell (6 mm× 6 mm),
at a distance of 30 cm from the light source. The kinetics of the transient
decay was studied over the temperature range of 20-50 °C, and the
desired temperature was adjusted by means of a Shimadzu TCC
controller (error limit is(0.2 °C). The Arrhenius activation energy
(Ea) and frequency factor (logA) were evaluated by using the linear
regression method.
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Figure 9. The oscillator strength (f) versus wavelength plot for the computed absorption spectrum of the triplet biradical32.
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