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The triplet-triplet fluorescence and fluorescence excitation spectra of two new, planar diaryl carbenes in
n-hexane andn-heptane were studied at cryogenic temperatures. Fluorescence decays were fitted to three
exponential functions. Fluorescence decays of 12-oxo-5(12H)-naphthacenylidene were sensitive to the presence
of a magnetic field, and this dependence allowed the estimation of the zero field splitting parameters (D) of
the excited triplet state of this compound, which were 0.037( 0.010 and 0.03( 0.015 cm-1 for the low- and
high-energy sites, respectively. These results are corroborated by computational studies of the ground-state
preferences and the triplet excitation energies.

I. Introduction

Carbenes play an important role in organic chemistry as short-
lived intermediates because they are produced in many chemical
reactions.1 They can be generated from the appropriate diazo,
diazirine, and/or ketene precursors by photolysis with visible
or UV light. Experimental studies of reactive intermediates
present a challenge because their concentration in either the
gaseous or condensed phase at room temperature is extremely
low. This problem can be avoided, however, by using matrix
isolation techniques. In a cryogenic matrix, friction greatly
restricts molecular motion and effectively eliminates intramo-
lecular and intermolecular reactions. Thus, under these condi-
tions it is possible to produce a relatively large and stable
concentration of carbenes and study them for many dayss in
practice as long as the matrix is kept frozen. Thus, for 30 years
diarylcarbenes have been studied by low-temperature EPR and
fluorescence spectroscopy. These studies have contributed
greatly to our current understanding of the structures of these
species.2

Carbenes possess two nonbonding electrons and, depending
on their molecular structure, may have either a triplet or singlet
electronic ground state. Information about the geometry and
electronic structure of triplet carbenes can be obtained by EPR
and electronic absorption and emission spectroscopy of carbenes
immobilized in matrix hosts.2-4 In a low-temperature Shpolskii
matrix, the T1 f T0 fluorescence and T0 f T1 fluorescence
excitation spectra4 are often composed of sharp, zero-phonon
quasi-lines accompanied by broad phonon wings. These quasi-
lines are inhomogeneously broadened due to the slightly
different environments of the ensemble of carbenes produced
in a polycrystalline matrix, providing a convenient situation for
hole-burning studies using highly selective irradiation with a
narrow-band ring dye laser. These types of hole-burning
experiments on the (0,0) line of a T0 f T1 fluorescence
excitation spectrum were recently performed on 2-naphthyl-
phenylcarbene (2-NPC)5,6 and 2,2-dinaphthylcarbene (22-DNC)7

dispersed inn-hexane at 1.7 K. These studies enabled the

deduction of the zero-field splitting (ZFS) parameters of both
the T0 and T1 states and provided information about energy
relaxation in the carbenes of interest. 2-NPC and 22-DNC exist
in several rotameric forms which complicates their spectroscopy.
Therefore, in the present work, we have synthesized and
undertaken spectroscopic studies of two new, planar and rigid
relatives of 2-NPC, which are shown below:

II. Experimental Section

A. Spectroscopy.Carbenes1 and2 were obtained “in situ”
by the photolysis of the corresponding diazo precursors dis-
persed in a Shpolskii matrix of eithern-hexane orn-heptane at
5 K. The 366 nm line, isolated by appropriate filters from the
spectrum of a mercury lamp, was used to photolyze the diazo
precursors. Before being inserted into the liquid helium cryostat,
all samples were degassed by the “freeze-pump-thaw” tech-
nique. Samples were annealed overnight, and the cryostat was
warmed slowly to approximately 100 K (in the dark) and
subsequently cooled back the next day to a temperature slightly
above that of boiling liquid helium.

The fluorescence and fluorescence excitation spectra of the
carbenes were measured using two different experimental
techniques. In the photon counting configuration, the samples
were excited either with the 366 nm line isolated from the
spectrum of an HBO200 mercury lamp or with the light emitted
by a Coherent 700 dye laser pumped by a mode-locked Coherent
Antares 76-YAG laser. In the latter case a laser was scanned
within the lasing frequency range of the Rhodamine 6G dye,
i.e., between 562 and 625 nm. Emission spectra were observed
at a right angle to the photolysis source using a 0.25 m Jarrel-
Ash monochromator and an EMI 9659 photomultiplier, cooled
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to -20 °C and operating in the photon counting mode. A
LightScan PC card was used as the pulse counting electronics
and as the master of the experiment. In the photon sampling
configuration, the excitation source was a Lambda Physik FL
1001 dye laser pumped by an LPX 100 excimer laser. Different
lasing dyes were used for the wavelength ranges of interest:
Rhodamine B, 598-625 nm; Rhodamine 101, 615-655 nm;
and DCM, 645-690 nm. Fluorescence light was detected with
the aid of an EMI 9659 photomultiplier and a Stanford Research
SR250 boxcar averager connected with the previously mentioned
PC card.

Fluorescence decays were measured using the “time-cor-
related” single photon counting technique. The samples were
excited in this case by the previously mentioned Coherent laser
system, which provided light pulses of a 20 ps pulse width and
3.8 MHz repetition rate. Start and stop signals were detected
by an avalanche photodiode and a Hamamatsu R28090-07
microchannel plate photomultiplier, respectively. A Tennelec
TC 454 quad constant fraction discriminator, a TC 864 time to
amplitude converter, and a Nucleus PCA-II multichannel
analyzer PC card were used. The estimated time resolution of
this setup was about 50 ps.

B. Synthesis.Preparation of 5,12-(H)-Naphthacenone.In a
250 mL round-bottomed flask was suspended 4.0 g (15.5 mmol)
of 5,12-naphthacenequinone (Aldrich) and 8.0 g (67.4 mmol)
of granular tin metal in 100 mL of glacial acetic acid. The
suspension was heated to reflux, at which time the quinone
dissolved and the solution’s color became deep red. After 90
min at reflux, the solution was yellow brown, and 10 mL of
concentrated HCl was carefully added. The solution was then
cooled to room temperature. A brown precipitate was collected
by vacuum filtration. To the brown filtrate was added 50 mL
of water to give additional brown solid. The solids were
dissolved in a minimum amount of benzene and passed through
a short column of silica gel using benzene as the eluant. The
product eluted with anRf ) 0.54 (benzene), and the fractions
containing the product were concentrated by rotary evaporation.
The compound was a yellow powder (3.0 g) with mp) 194-
196 °C (lit.8 195-196 °C).

Preparation of 12-Diazo-5-naphthacenone.In a 250 mL
round-bottomed flask was suspended 1.0 g (4.10 mmol) of
ketone in 130 mL of acetonitrile. To the suspension was added
1.08 g (4.51 mmol) ofp-acetamidobenzenesulfonyl azide. The
mixture was stirred for 5 min, and then 0.406 g (4.10 mmol) of
triethylamine was added in one portion. The flask was wrapped
in foil and stirred at ambient temperature for 24 h at which
time about 10% unreacted ketone remained. The now brown
solution was concentrated to a volume of about 80 mL, and 1.0
mL additional triethylamine was added. After an additional 12
h, the mixture was concentrated (no heat) under vacuum to a
volume of about 20 mL, and the brown precipitate was collected
by vacuum filtration. Following washing with cold acetonitrile
and drying, the brown-red solid proved to be 0.804 g of the
desired diazo compound, which decomposes at 205°C. IR:
(CCl4) 2052 (CdN2), 1678 (CdO) cm-1.

Preparation of 7H-Benz[de]anthracen-7-one Hydrazone.In
a 100 mL round-bottomed flask was placed 1.00 g (4.35 mmol)
of 7H-benz[de]anthracen-7-one (Aldrich), 15 mL of hydrazine
hydrate, and 1.80 g of zinc chloride in 30 mL of ethylene glycol.
The mixture was refluxed for 12 h, cooled, and poured into
100 mL of water. The aqueous solution was extracted with 4
× 50 mL dichloromethane; the total organic layer was dried
over Na2SO4 and concentrated by rotary evaporation to give an
orange oil. The oil was chromatographed on silica gel using

98:2 CH2Cl2:CH3CN (Rf ) 0.47) as the eluant and yielded 0.915
g of the hydrazone as a yellow solid. Recrystallization from
hexane gave 0.594 g of3 as fine yellow needles (mp) 126°
C). IR: 3405 (NH), 1617 (CdN) cm-1.

Preparation of 7-Diazo-7H-benz[de]anthracene.To 0.100 g
(0.410 mmol) of hydrazone in 10 mL of tetrahydrofuran in a
25 mL round-bottomed flask was added 1.0 g of anhydrous Na2-
SO4. After stirring for 10 min, 0.264 g (1.14 mmol) of Ag2O
was added in one portion. The solution was stirred in the dark
for 1 h, and then the inorganic salts were removed by vacuum
filtration. The THF was removed from the filtrate by rotary
evaporation (no heat) to give a brown-purple solid that was
washed with 2 mL of cold Et2O. The dark purple solid (0.080
g) proved to be the desired diazo compound, which decomposed
at 96° C. IR: (CCl4) 2037 (CdN2) cm-1.

C. Computational Methods. Calculations were performed
with Gaussian 94 and 98.9 The 6-31G(d) and 6-31G(d,p) basis
sets were utilized with 6 D Cartesian functions.10 All geometries
were fully optimized with the Becke three-parameter exchange
functional along with the Lee-Yang-Parr correlation functional
(B3LYP),11 as implemented in Gaussian.9 The minima were
verified via vibrational frequency calculations and possessed
the correct number of real vibrational frequencies. The calculated
zero-point vibrational energies were scaled by 0.9806.12 Thermal
corrections to 298 K (1 atm pressure) were utilized as generated
by Gaussian (but without any scaling of the vibrational
frequencies).

The vertical triplet excited-state energies were generated with
the time-dependent density functional theory method13 using
the UB3LYP/6-31G(d,p) reference wave function for the
corresponding triplet ground state. The vertical excitation energy
calculations utilized the UB3LYP/6-31G(d) geometry for the
triplet ground state. The TD-UB3LYP calculations were per-
formed as implemented in Gaussian 98.9b

III. Results and Discussion

A. Summary of Computational Results. An immediate
concern was the nature of the ground state for carbenes1 and
2. Computational methods often have difficulty with an adequate
description of the triplet state with unrestricted Hartree-Fock-
based methods due to spin contamination issues.10 However,
density functional theory (DFT) methods14 have proven to be
less susceptible to spin contamination for aromatic systems.15

We have therefore utilized B3LYP/6-31G(d) optimized geom-
etries for carbenes1 and2 for the singlet (RB3LYP) and triplet
(UB3LYP) states. The energetic results are listed in Table 1,
along with two other carbenes (3 and4), which are of similar
structure. In general, the triplet state is heavily favored by>6

kcal/mol for carbenes1 and 2 and slightly less favored for
structures3 and4. Some geometric information for1 and2 is
presented in Figure 1 for the S1 and T0 states. The most striking
differences between the singlet and triplet structures are the
much longer C-C (carbene center) bond lengths as well as the
smaller C-C-C bond angle at the carbene center in S1.
Specifically, in S1 for 1, the C-C bond lengths are 1.453 and
1.460 Å, while the corresponding values in T0 are 1.401 and
1.403 Å. For2, S1 has values of 1.449 Å (both), and T0 has

3392 J. Phys. Chem. A, Vol. 104, No. 15, 2000 Aloshyna et al.



bond lengths of 1.397 and 1.388 Å for the C-C(carbene) bond
lengths. Also, the C-C-C bond angles are about 15° larger
for the T0 states.

There are limited data available with which to assess the
reliability of the computational method employed herein for the
prediction of singlet-triplet energy separations of diarylcar-
benes. The most relevant study is that of Zhu et al.16 who used
density functional theory to predict that the triplet state of
2-naphthyl(carbomethoxy)carbene lies 4.52 kcal/mol below the
lowest singlet state of this carbene. Toscano and co-workers17

demonstrated that the triplet is indeed the ground state of this
carbene in Freon solution, but by only 0.2 kcal/mol. In this case,
it is not known if the disagreement between theory and
experiment is due to a shortcoming of the computational method
or is a consequence of the fact that the calculations relate to
the gas phase and the measurement was made in solution. This
is the only case in which a singlet-triplet gap has been measured
directly in solution. Others have tried to derive such values from
kinetic studies but this approach remains controversial.18 Given
that the singlet-triplet separations of1 and 2 are larger than
the 4.52 kcal/mol of the benchmark study it seems reasonable
to conclude from the calculations that these carbenes have triplet
ground states.

Using the UB3LYP reference wave function for the ground
state, we have also calculated the vertical excitation energies
from the T0 ground state to the excited triplet states (Table 2).
At the TD-UB3LYP/6-31G(d,p) level, the lowest vertical
excitation energy is 16 394 cm-1 (2.03 eV) for1 and 18 354
cm-1 (2.28 eV) for2. The T0 f T1 (vertical) excitations for1
and 2 are HOMOf LUMO transitions and are ofπ f π*
character. The energetic results are very consistent with the
adiabatic energies that were experimentally determined (see
below). However, due to program limitations in Gaussian,9 we

were not able to optimize the excited triplet state in order to
calculate the adiabatic transition energy. We should also point
out that the nonbondingσ orbital in 1 is not perturbed by the
presence of the O atom.

B. Fluorescence and Fluorescence Excitation Spectra of
1. The fluorescence spectrum of1 in a Shpolskii matrix of
n-hexane at 5 K, excited by the 366 nm line to an excited triplet
state, is shown in Figure 2. It is a characteristic feature of
Shpolskii matrices that the spectrum is composed of narrow
lines originating from several matrix sites. Just after photolysis,
the (0,0) fluorescence lines of different sites due to1 are located
at 14 750, 14 668, and 14 587 cm-1. The high-energy site
disappears after annealing overnight. Parts a and b of Figure 3
show that the fluorescence and fluorescence excitation spectra
of 1 in both sites that remain after the annealing process are
separated under conditions of selective laser excitation. The
respective (0,0) fluorescence origins are located at 14 669 and
14 587 cm-1 (681.65 and 684.7 nm, respectively) and those of
fluorescence excitation spectra at 14 660 and 14 603 cm-1,
respectively. The spectral resolution of the fluorescence spectra
were limited by the monochromator (half-bandwidth above 30
cm-1), whereas the fluorescence excitation spectra were mea-
sured with the laser spectral resolution of 0.2 cm-1. It is clear
that the (0,0) origins of fluorescence and fluorescence excitation
spectra coincide and therefore can be identified with the zero-
phonon lines. Thus, the system seems to be a good candidate
for forthcoming hole-burning experiments.

The fluorescence spectra of1 in n-heptane, before and after
the overnight annealing, are shown in Figure 4. After annealing,

TABLE 1: Calculated Singlet-Triplet Splittings for
Carbenes 1-4a

B3LYP/6-31G(d)
B3LYP/6-31G(d,p)//

B3LYP/6-31G(d)

carbene ∆EBW ∆H298 ∆G298 ∆EBW ∆H298 ∆G298

1 8.8 9.1 8.6 8.9 9.2 8.7
2 6.7 7.3 7.6 6.9 7.4 7.7
3 2.3 2.6 4.7
4 3.0 3.5 3.9

a In units of kcal/mol. The triplet state is the ground state for1-4.
The ∆EBW energies are at the bottom of the well and do not include
ZPE corrections.∆H298 corresponds to relative enthalpies at 298 K,
including a scaled ZPE correction.∆G298 corresponds to relative free
energies at 298 K, including a scaled ZPE correction.

Figure 1. Selected geometric parameters (B3LYP/6-31G(d)) for1 S1

(a), 1 T0 (b), 2 S1 (c), and2 T0 (d). Bond distances are in Å, and bond
angles are in degrees.

TABLE 2: Calculated Time-Dependent UB3LYP/6-31G(d,p)
Vertical Excitation Energies for the Triplet States of 1 and
2a

state symmetry transition energy (eV, cm-1) osc str

Carbene 1
T0 A′′
T1 A′ 2.03 (16 394) 0.0004
T2 A′′ 2.28 (18 371) 0.0000
T3 A′ 2.49 (20 059) 0.0062

Carbene 2
T0 A′′
T1 A′ 2.28 (18 354) 0.0001
T2 A′ 2.81 (22 696) 0.0011
T3 A′ 2.97 (23 989) 0.0078

a The optimized UB3LYP/6-31G(d) geometry forT0 was used in
each case.

Figure 2. Fluorescence spectra of1 in n-hexane at 5 K observed (a)
just after photolysis and (b) the next day after the overnight annealing
procedure. The wavelength of excitation light in both cases was 366
nm.
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the spectrum is simpler and a single site is observed. As shown
in Figure 5, the (0,0) fluorescence and fluorescence excitation
lines can be considered to be coincident because they are located

at 14 559 and 14 578 cm-1, respectively. A close inspection of
the (0,0) fluorescence excitation line (obtained with the superior
resolution provided by the laser) shows, however, that it is
composed of several narrow lines located(12 cm-1 around
the most intense one, thus suggesting the presence of several
sites containing the carbene, which differ slightly in energy.

C. Fluorescence and Fluorescence Excitation Spectra of
2. The fluorescence spectrum of2 in n-hexane at 5 K is
composed of narrow lines and does not change after overnight
annealing, as shown in Figure 6. The main fluorescence lines,
located at 15 680 and 15 622 cm-1, belong to two different sites
of 2 in the matrix, as is clearly seen from the analysis of the
spectra presented in Figure 7. The corresponding fluorescence
excitation lines located at 15 673 and 15 615 cm-1 are the
origins of the progression of vibronic components, having the
frequencies of 527, 616, 650, 785, and 1002 cm-1. The
computed vibrational frequencies of1 and 2 are available as

Figure 3. Fluorescence and fluorescence excitation spectra of (a) the
high-energy site and (b) the low-energy site of1 in n-hexane at 5 K,
observed after the sample was annealed. The wavelengths of excitation
(λexc, in the case of the fluorescence spectrum) and wavelengths of
observation (λobs, in the case of the fluorescence excitation spectrum)
are indicated close to the corresponding spectrum. The numbers in
parentheses indicate the vibrational frequencies (given in cm-1) obtained
with respect to the (0,0) origins of both sites.

Figure 4. Fluorescence and fluorescence excitation spectra of1 in
n-heptane at 5 K observed (a) before and (b) after the sample was
annealed. The wavelength of excitation, in both cases, was 366 nm.

Figure 5. Fluorescence and fluorescence excitation spectra of1 in
n-heptane at 5 K, observed after the sample was annealed. The
wavelengths of excitation (λexc, in the case of the fluorescence spectrum)
and wavelengths of observation (λobs, in the case of the fluorescence
excitation spectrum) are indicated close to the corresponding spectra.
The numbers in parentheses indicate the vibrational frequencies
(given in cm-1) estimated with respect to the frequency of the (0,0)
origin.

Figure 6. Fluorescence and fluorescence excitation spectra of2 in
n-hexane at 5 K observed (a) before and (b) after the sample was
annealed. The wavelength of excitation was 366 nm.
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Supporting Information. Unfortunately, it is not possible to
assign the observed vibrations because of the multitude of
frequencies predicted for the large molecules of this work.

D. Fluorescence Decays.Fluorescence decays for both
carbenes were studied inn-hexane at 5 K. The decay curves
are shown in Figures 8 and 9. All of the decays were
nonexponential, as observed previously for several other car-
benes.4,7,19,20This has been interpreted as a result of different
intersystem crossing rates from the three triplet sublevels of
the T1 state, manifested by a three-exponential fluorescence
decay. Since the transition moments are spin independent, the
radiative rate constants for the three spin sublevels should be
equal and the excitation pulse should equally populate the three
spin sublevels of the T1 state. Thus, the experimental decays
are expected to be a sum of three exponential decays with the
same preexponential factors. (The above consideration does not
take into account the Boltzmann population of the spin sublevels
of the T0 state via the intersystem crossing channel. Furthermore,
we assume that thermal equilibrium is not established in the
excited T1 state because of long spin-lattice relaxation times
at 5 K and the short lifetime of this state, and all three spin
sublevels decay independently.)

We fitted the decays with a three-exponential function with
the same preexponential factors and optimized four fitting
parameters (three decay times and an amplitude). The crucial
conditions required to obtain successful fitting (convolution with
the excitation pulse) were high-quality decay curves (to fulfill
this requirement, we collected the decay curves up to 104 counts
in maximum) and a very precise estimation of the baseline.
Under these conditions, the iterative, nonlinear least-squares
fitting program found the best approximation of the decays with
the component decay times presented in Table 3. We estimate
that the accuracy of our fitting procedure is better than(0.2

ns, as given by the maximal difference between the component
decay times obtained from different experimental data.

It is interesting to note that carbene2 has two equal decay
times and a slightly smaller value for the third decay time. The
relaxation channel that can lead to different decay components
of the T1 state is intersystem crossing to the singlet manifold.
Thus, we conclude that it is weak for2. This observation also
corroborates the conclusions from our recent hole burning
experiments,21 which showed that the dominant relaxation of
the T1 state proceeds via internal conversion.

Figure 7. Fluorescence and fluorescence excitation spectra of2 in
n-hexane at 5 K, observed after the sample was annealed. The
fluorescence excitation spectra of both main sites (with their (0,0) lines
at 15 673 and 15 615 cm-1) are observed under the condition of selective
laser excitation. The wavelengths of excitation (λexc ) 366 nm, in the
case of the fluorescence spectrum) and wavelengths of observation (λobs,
in the case of the fluorescence excitation spectrum) are indicated close
to the corresponding spectra. The numbers in parentheses indicate the
vibrational frequencies (given in cm-1) estimated with respect to the
frequency of the (0,0) origin of both sites. The fluorescence excitation
spectrum of the high-energy site contains some bands (labeled with an
asterisk, *) belonging to the spectrum of the low-energy site.

Figure 8. Fluorescence decays of1 in n-hexane at 5 K in theabsence
(solid lines) and in the presence of 330 G of magnetic field (open
circles): (a)λexc ) 16 220 cm-1, λobs ) 14 669 cm-1, corresponds to
the high-energy site of1; (b) λexc ) 16 160 cm-1, λobs ) 14 587 cm-1,
corresponds to the low-energy site.

Figure 9. Fluorescence decays of2 in n-hexane at 5 K in theabsence
(solid lines) and in the presence of 330 G of magnetic field (open
circles). The decays correspond to the high-energy site of2, λexc )
16 458 cm-1, λobs ) 15 680 cm-1.
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Upon application of a static magnetic field (up to 330 G),
the fluorescence decay of1 was altered whereas that of2 was
not (see Figures 8 and 9). The modification of the decay curves
upon application of the magnetic field was previously interpreted
as a consequence of the Zeeman mixing of the wave functions
of the T1 state spin sublevels having different nonradiative decay
rates via the intersystem crossing relaxation channel. This
process averages decay components. It is therefore obvious that
in the case of2, where all of the decay components are nearly
the same (see the data given in Table 3), the magnetic field
mixing cannot lead to any visible change of the fluorescence
decay curve. In the case of1, where the slow decay rate is about
3 times smaller than that of the quickly decaying spin sublevel,
the magnetic field mixing can effectively change the total decay
shape.

In the presence of a weak magnetic fieldH (when gâH ,
D1, hereD1 is the zero-field splitting parameter of the T1 state),
the formula for the rate of the effective slow decay component
〈kxH〉, is given by22,23

wherekx, ky andkz are the total decay rates (reciprocals of the
corresponding decay components) from theX, Y, and Z spin
sublevels in the absence of the magnetic field. In the above
expression, every quantity exceptD1 can be obtained from the
fluorescence decay experiment, and therefore this expression
can be used to estimate theD1 value. Using this approach we
found thatD1 ) 0.037( 0.010 cm-1 for the low-energy site of
1 andD1 ) 0.03 ( 0.015 cm-1 for the high-energy site of1.

The ZFS parameterD is proportional to〈1/r3〉, wherer is
the average separation between the two unpaired electrons.
The D1 values obtained are similar to those found for the ex-
cited T1 state of several other carbenes4,7 and correspond to
substantial delocalization of one of the unpaired electrons onto
the aromatic ring (occupying aπ* orbital), whereas the second
electron remains localized on the carbenic center in an in-plane
σ orbital.

IV. Conclusions

Two new, planar and rigid diaryl carbenes, 12-oxo-5(12H)-
naphthacenylidene (1) and 7H-benz[de]anthracen-7-ylidene (2),
were synthesized and studied by optical spectroscopic tech-
niques. The fluorescence spectra are consistent with each
carbene having a triplet ground state. This is in agreement with
the singlet-triplet energy splittings calculated with density
functional theory methods.

Fluorescence and fluorescence excitation spectra of these
carbenes in low-temperature (5 K) Shpolskii matrixes of
n-hexane andn-heptane were composed of narrow lines at-
tributed to the zero-phonon components. These systems are
therefore good candidates for hole-burning studies presently
underway. These carbenes resided in multiple sites inside the

Shpolskii matrixes, which were manifested by the observation
of multiple sets of (0,0) origins in the fluorescence and
fluorescence excitation spectra. The energy separation of the
different sites in the same (annealed) matrix did not exceed 80
cm-1.

Fluorescence decays were fitted by the dependence of the
three exponentials with common amplitude. Each exponent
corresponds to one spin sublevel of the T1 state and thus
describes excitation energy relaxation from this sublevel, which
can proceed via radiative and internal conversion channels (with
rates equal for the three sublevels) and via intersystem crossing
(with rates which can be different for the three spin sublevels).
Application of a static magnetic field modified the fluorescence
decay of1 (but did not alter that of2) and allowed an estimation
of the zero-field splitting parameterD1 ) 0.037( 0.010 cm-1

(and 0.03( 0.015 cm-1 for the second site) of the excited T1

state of carbene1. A small D1 parameter value is typical for
triplet carbenes where one of unpaired electrons occupy aπ*
orbital of the aromatic ring and the second electron is in an
in-planeσ orbital localized on the carbenic center.
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