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Abstract: The absorption spectrum and the luminescence properties of a cylindrical macrotricyclic receptor (1), which
is made of two diazatetraoxa macrocyclic [18]-N,O, units linked by two 2,6-dimethylnaphthalene (DMN) bridges,
have been investigated. Comparison with the behavior of the 2,6-dimethylnaphthalene reference chromophore shows
that in CH,Cl; solution at room temperature, the covalent bond between the DMN units and the nonabsorbing and
nonemitting [18]-N,0, macrocycles causes the appearance of a charge-transfer (CT) absorption tail below 310 nm,
the disappearance of the structured DMN fluorescence at 342 nm, and the appearance of a broad and weak CT emission
band at 438 nm. In rigid matrix at 77 K, however, 1 behaves similarly to DMN, showing a structured fluorescence
band with maximum at 342 nm and a structured phosphorescence band with maximum at 518 nm and 7 = 2.6 s.
Addition of CF;COOH to a CH,Cl, solution of 1 causes the successive protonation of the four amine units of the two
[18]-N,0,4 macrocycles which are responsible for the CT transitions to the naphthalene rings. As a consequence, the
CT absorption tail disappears, the absorption spectrum of the macrotricycle becomes very similar to that exhibited by
the isolated DMN chromophore, and the DMN-type fluorescence reappears. The luminescence intensity at 342 nm
increases by at least 800 times upon protonation. Therefore, 1 is a fluorescence sensor highly responsive to protons.
Upon adduct formation with a,w-alkanediyldiammoniumion NH;+(CH,)sNH;* (cadaverine cation), for which a molecular
inclusion into the receptor 1 was previously demonstrated, the intensities of the CT absorption tail below 310 nm and
the CT luminescence band at 438 nm decrease by ~50%, but the fluorescence DMN band at 342 nm is negligibly
small. Similar results are obtained upon adduct formation with NH,* ions. The [Pt(NHj;),(bpy)]2* complex, which
can be used as a guest for a variety of crown ethers, forms a 1:1 adduct with unprotonated 1. The absorption spectrum
of the adduct is noticeably different from that expected for the sum of the two separated components, particularly
because of the presence of an absorption in the 340-420-nm region. At room temperature, the luminescence bands
exhibited by the two separated components are no longer observed in the adduct. In rigid matrix at 77 K, the
phosphorescence band of 1 can be observed in the adduct regardless of the excitation wavelength, but its lifetime (0.8
ms) is considerably shorter than that (2.6 s) of the phosphorescence of 1. As suggested by observation of CPK models,
the above results indicate that [Pt(NH;)2(bpy)]2* is hosted in the cylindrical cavity of 1 with an amine ligand which
interacts with a [18]-N,O,4 macrocycle unit via hydrogen bonds and the Pt(bpy)?* electron-deficient moiety involved
in a CT interaction with the DMN chromophoric units.
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Introduction

In the past few years, there has been an increasing interest in
the photophysics and photochemistry of supramolecular species
for both basicand applicative reasons.2-1 Inhost—guestsystems,
the photochemical and photophysical properties of each partner
can be profoundly modified on adduct formation. Such changes
can be useful for obtaining information on the structure of the
adduct and, at the same time, for designing photochemical
molecular devices for a variety of light-induced functions.
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Marked effects of protonation, metal ion binding, and diam-
monium substrate binding on luminescence properties have been
observed for macrobicyclic!! and macrotricyclic!? receptors
incorporating anthracene groups.

The cylindrical macrotricyclic receptor 1,12 which is made of
two diazatetraoxa macrocyclic [18]-N,0, units linked by two
2,6-dimethylnaphthalene bridges, can encapsulate selectively o -
alkanediyldiammonium ions of compatible length,!2 as is also the
case for similar macrotricyclic!? or bis-macrocyclic'4 receptors
based on anthracene. 1 is expected to be an interesting host for
photophysical studies because of its cylindrical cavity, the two
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potentially luminescent naphthalene units, and the amine groups
contained in the two [18]-N,O, macrocycles.

The [Pt(NH;),(bpy)]?* complex (bpy = 2,2’-bipyridine) is
known to form adducts with crown ethers because its ammonia
ligands give rise to hydrogen bonds with their oxygen sites.!*
Furthermore, it has been shown that this complex exhibits
characteristic absorption, emission, and photochemical properties
that can be strongly modified upon #—r interaction between the
Pt(bpy)?* moiety and aromatic rings.!¢ CPK molecular models
suggest that [Pt(NH;),(bpy)]?* can be encapsulated into the
macrotricyclic receptor 1. This has prompted us to investigate
the photophysical behavior of 1 and the adduct of 1 with [Pt-
(NH;)2(bpy)]2*. Inorder to better understand the properties of
thereceptor 1, we have also investigated its photophysical behavior
on protonation of the amine groups and on adduct formation with
NH,*and NH;*(CH,)sNH;* (cadaverine cation). Indoingthat,
we have found that 1 is an excellent fluorescent sensor responsive
to protons.!-19

Experimental Section

Chemicals. The receptor 1 and its [ 18]-N,O4 component were available
from previous investigations.!2 The synthesis of [Pt(NH3)2(bpy)](PFs)2
has already been described.!® 2,6-Dimethylnaphthalene (DMN) and
cadaverine chlorohydrate (NH3;(CH;)sNH3)Cl; were obtained from
Aldrich. Dichloromethaneand trifluoroaceticacid were Merck products.
The former was distilled on P,O5 before use to remove water traces.

Equipment. Absorption spectra were recorded with a Perkin-Elmer
A6 spectrophotometer. Uncorrected emission spectra and corrected
excitation spectra were obtained with a Perkin-Elmer LS50 spectro-
fluorimeter, which was also used to obtain phosphorescence lifetimes in
the 10-us to 5-s time region. In order to allow comparison of emission
intensities, corrections for the different absorbance and phototube
sensitivity were performed when necessary. An Edinburghsingle-photon
counting apparatus!s® was used for shorter lifetimes. Emission spectra
at 77 K were obtained in CH,Cl, matrix or MeOH/EtOH (4:1, v/v).
Degassed solutions were obtained by the freeze~thaw—pump method. All
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Figure 1. Absorption spectra in CH,Cl; solution at room temperature
of 1, 1.(H*)4, and 2,6-dimethylnaphthalene (DMN). For comparison

purposes, the molar absorption coefficient of the last compound has been
multiplied by a factor of 2.
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Figure 2. Luminescence spectra in CH,Cl; solution at room temperature
of 1, 14(H*),, and 2,6-dimethylnaphthalene (DMN).

the experiments were performed in CH,Cl; at room temperature (~25
°C) unless otherwise noted.

Results and Discussion

Receptor 1, a Fluorescent Sensor Responsive to Protons. The
absorption spectrum of 1 is shown in Figure 1. For comparison
purposes, the spectrum of 2,6-dimethylnaphthalene (DMN) is
alsoshown. The other component of 1, i.e., the macrocycle [18]-
N,O,, shows a negligible absorption in the spectral region
examined (¢ < 20 M-! cm! at Ape; = 267 nm). Comparison
between the spectrum of 1 with the summation of the spectra of
its components (i.e., with twice the absorption spectrum of DMN,
Figure 1) shows that bonding with two [18]-N,O; units causes
the appearance of an absorption tail in the UV region and small
changes in the structure and intensity of the 'Lj, (Amax = 323 nm)
and 'L, (Amax =274 nm) # — 7* bands of DMN. The absorption
tail (as well as the corresponding luminescence band, vide infra)
can be assigned to CT transitions from the nonbonding orbital
of the amine groups of the [18]-N;O4 macrocycles to the #*
orbitals of the naphthalene units. This assignment is confirmed
by the disappearance of the absorption tail upon addition of 4
equiv of trifluoroacetic acid which, as will be discussed in more
detail later on, causes full protonation of the amine groups of the
two [18]-N,O4 units (Figure 1). The small differences observed
between the absorption spectrum of 1-(H*), and DMN can be
attributed to perturbation of the #—=* naphthalene transitions
by the nearby proton charges in 1.(H*), (vide infra).

Figure 2 shows the luminescence spectra of 1, 1.(H*),, and
DMN in CH,Cl, at room temperature. The [18]-N,0, mac-
rocycle does not show any luminescence. Asonecansee, 1.(H*),
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Table 1. Luminescence Propertics®
fluorescence, 293 K phosphorescence, 77 K

Amex

(nm) ILg? 7(ns) (nm) 7(8)
DMN 342 100 14 325 1.8
1 342 <0.1

438 8 26 518 26
1.(H%)4 344 108 28 528 1.7
1.[NH3(CH;)sNH3]2* 4¢ 340 26 11 512 1.5

438 4.4 2
1.[Pt(NH3)z(bpy)]** no emission 520 8x10+
[Pt(NH,)2(bpy)]** 488/ 1S 100/ 486 2.5x 105

@ In degassed CH,Cl; solution, unless otherwise noted. ¥ Relative
quantum yields; quantum yield 0.26 for DMN, using naphthalene in
cyclohexane as a standard (® = 0.23; Berlman, 1. B. Handbook of
Fluorescence Spectra of Aromatic Molecules; Academic Press: London,
1971). ¢ In MeOH/EtOH (4:1, v/v). 4 In CH,Cl;/MeOH (10:1, v/v).
¢ Very similar results have been obtained for the adduct with NH4* ions
at room temperature./ 3LC bpy centered phosphorescence at room
temperature, ref 16b.

behaves as the DMN reference compound, exhibiting the
structured fluorescence band characteristic of the naphthalene
chromophoric group. The luminescence lifetime (Table 1) is 14
ns for DMN and 28 ns for 1-(H*), in degassed solution. The
luminescence spectrum of 1, however, is clearly different from
that of DMN, since the structured band with maximum at 342
nm is replaced by an unstructured, broad band with maximum
at 438 nm (7 = 2.6 ns). The maximum of the emission band
moves to the red with increasing solvent polarity (Amax = 457 nm
in butyronitrile).

A behavior similar to that exhibited by 1 is also observed for
2,6-bis((V,N-dimethylamino)methyl)naphthalene?® and N-n-
butyl-V,N-bis(2-naphthylmethyl)ammine,?! which can be con-
sidered as model compounds for the substituted (aminomethyl)-
naphthalene moieties of 1. In such compounds, the broad
luminescence band, which disappears upon addition of acid,®
was attributed to exciplex emission. Because of the presence of
a CT absorption (vide supra) and in view of the greater rigidity
of the macrotricyclic structure, we prefer to assign the broad
luminescence band of 1 (Figure 2) toa CT emission? rather than
to an exciplex emission. The excitation spectrum of 1 at Aoy, =
438 nm matches well the absorption spectrum, showing that the
luminescent CT level is reached with the same (presumably
unitary) efficiency from the upper-lying levels.

The fluorescent behavior of 1 can be reversibly switched by
addition of acid or base. Inother words, 1 is a fluorescent sensor
responsive to protons.!’1® The sensitivity of this sensor is
extremely high since the luminescence intensity at 344 nm
increases by at least 800 times upon full protonation.

In rigid CH,Cl, matrix at 77 K, DMN shows both a
fluorescence and a phosphorescence band (Figure 3). Under
such conditions, 1 behaves quite similarly to DMN, the only
difference being a tail in the 360-460-nm region which is probably
due to a residual CT emission.

The changes in the absorption and emission behavior of 1upon
protonation can be explained on the basis of the schematic potential
energy curves shown in Figure 4. In the DMN reference
chromophore, the relevant energy levels are the two lowest singlet
excited states, S, (ILy) and S, (1L,), and the lowest triplet state
T (L,), all of # — =* orbital origin. S; and S, are responsible
for the two absorption bands (Figure 1), S, is responsible for the
fluorescence band (Figures 2 and 3), and T, is responsible for the
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Figure 3. Fluorescence (left) and phosphorescence (right) spectra of 1
and DMN in CH,Cl, rigid matrix at 77 K. The spectrum of 1.(H*), is
very similar to that of DMN.
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Figure 4. Schematic potential energy curves for the receptor 1 at room
temperature. Ty, Sy, and S; are due to * — =* transitions, whereas the
charge-transfer (CT(R), where R stays for receptor) level is due ton —
«* transitions. In 1.(H*)4, the CT(R) state is pushed to very high energy
upon protonation of the amine groups. Therefore, the energylevel diagram
of 1.(H*),is identical to that of 2,6-dimethylnaphthalene (DMN). Notice
that the CT(R) level in rigid matrix at 77 K is not relaxed, and, as a
consequence, the CT(R) curve should be raised in energy. For more
details, see text.

phosphorescence band (Figure 3), which, as usual,?? can only be
seen in rigid matrix. In 1, where the DMN units are covalently
linked with the [18]-N,O4 crown ethers, a charge-transfer excited
state originates because of the transition from the n orbitals of
the amine moieties to the #* orbitals of the aromatic rings. This
state is distorted compared to the ground-state geometry, and its
minimum is likely below the minimum of the S; level. The
presence of this charge-transfer level in the receptor (hereafter
indicated by CT(R))2* accounts for the spectroscopic properties
of 1,i.e., (i) the presence of a broad absorption tail (So— CT(R)),
(ii) the lack of S| — S; emission because of a fast S; —~ CT(R)
deactivation, and (iii) the presence of a broad, low-energy emission
(CT(R) — Sp). Upon addition of acid, the n orbitals of the

(23) Gilbert, A.; Baggott, J. Essentials of Molecular Photochemistry;
Blackwell: London, 1991.

(24) The charge-transfer level and the corresponding absorption and
emission bands of the receptor 1 are indicated by the abbreviation CT(R) in
order to distinguish them from the charge-transfer level and bands (CT(A))
that will be found later on in the adduct with [Pt(NH,),(bpy)}3+.
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Figure 5. Changes in the absorption spectra observed upon addition of

1-4 equiv of CF3COOH to a 1.2 X 10-4 M solution of 1 in CH>Clz. On

the right-hand side, the curves corresponding to 1.(H*); and 1-(H*);

have been omitted for the sake of clarity.

amine groups of 1 are engaged in proton coordination, and thus
the CT level must move to much higher energy. In principle, a
fluorescent excimer could be formed, but apparently the rigidity
of the structure prevents the two rings from adopting a sandwich
conformation. Therefore, at low energies, 1-(H*)4 exhibits the
same energy level pattern as DMN, and, as a consequence, its
absorption and luminescence become practically identical tothat
of the reference chromophore.

Inrigid matrix at 77 K, the CT(R) level of 1 is likely displaced
to higher energy because of the lack of solvent repolarization.
The CT(R) luminescence band, in fact, can be seen only as a tail
covered by the S, luminescence, which, in its turn, has regained
intensity because of the more difficult S, — CT(R) relaxation.

Spectroscopic Behavior of the Partially Protonated Forms of
1. The macrotricycle 1 exhibits a highly symmetric structure.
Two DMN units are symmetrically linked to two identical
macrocycles through two equivalent nitrogenatoms. The various
subunits of 1 may interact with one another. For example, the
four nitrogen atoms are structurally equivalent, but their
protonation cannot occur independently because of through-space
and through-bond interactions. When one of the four nitrogens
is protonated, the second protonation will most likely involve the
remote nitrogen of the other macrocycle rather than the second
nitrogen of the same macrocycle or the second nitrogen of the
same DMN unit. One can also expect that the spectroscopic
properties of each subunit may be affected by the presence of a
protonin a nearby unit. Therefore, upon progressive protonation
of 1, one cannot expect to observe smooth and monotonous changes
from the spectra of 1 to those exhibited by the fully protonated
1.(H*), form. This is clearly confirmed by the experimental
results.

Asshown in Figure 5, successive protonation of the four nitrogen
atoms of 1 is in fact accompanied by complex changes in the
absorption spectrum. The generalized decrease of intensity in
theregion of the CT (R) absorption tail (240-300 nm) is consistent
with the disappearance of n — =* transitions upon protonation
of the nitrogen atoms. Such a decrease, however, is not linear
and is more pronounced at shorter wavelengths (Figure 5). This
shows that protonation of a nitrogen does not simply cancel the
n — «* transition in which that nitrogen is involved but also
affects other n — #* or  — #=* transitions. Protonation of one
of the (donor) amine groups appended to a DMN chromophore
is in fact expected to decrease slightly the energy of the n ~— »*
transition involving the nonprotonated nitrogen appended to the
same chromophoric group because of the electron-withdrawing
effect of the positive charge on the naphthalene ring. Therefore,
upon addition of the first two protons, the CT(R) absorption tail
is expected not only to decrease but also to move to the red, in
agreement with the observed behavior. In the region of the 'Ly
7« — =* transition (Figure 5, A = 320-340 nm), an initial decrease
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Figure 6. Changes in the intensities of the x#x* fluorescence (342 nm,
©) and of the CT(R) fluorescence (438 nm, A; 490 nm, O) upon addition
of CF;COOH to a 1.2 X 104 M CH,Cl; solution of 1. Excitation
wavelength, 312 nm. The dashed lines indicate the changes that would
be expected in the absence of interaction between the amine groups.

of the absorbance is followed by an increase at higher acid
concentrations. This may reflect the decrease in the symmetry
of the DMN chromophoric groups when only one of their appended
amine units is protonated and the recovery of a higher symmetry
upon complete protonation.

The interaction between the various subunits as protonation
proceeds is extremely important for the luminescence properties.
The presence of a quasiisosbestic absorption region around 312
nm (Figure 5) allowed us to choose an excitation wavelength
capable of exciting the various species in proportion to their relative
concentrations. Inthe absence of anyinteraction of the subunits,
excitation at 312 nm would therefore cause a monotonousdecrease
of the intensity of the CT(R) luminescence band, with maximum
at438 nm accompanied by a corresponding increase in the intensity
of the w«* fluorescence band with maximum at 344 nm (Figure
2),asindicated by the dashed linesin Figure 6. The experimental
behavior, however, is quite different. The CT(R) band decreases
from the beginning of protonation but with different gradients
at different wavelengths. Such a decrease is not accompanied by
the appearance of the ##* fluorescence. The latter band shows
up only after the second protonation, displays a 50% intensity in
correspondence of the 1.(H*); form, and reaches a maximum
after full protonation. The behavior of the CT(R) band can be
followed only up to the second protonation, since at this point the
appearance of the much more intense (Table 1) w#* fluorescence
covers the residual CT(R) emission.

The observed behavior can be rationalized as follows. For
each chromophoric moiety of 1, the energy level diagram is that
shown in Figure 4. Upon monoprotonation, nothing changes in
one of the twochromophoric moieties. In the other chromophoric
moiety, an amine group is protonated, but there is still a
nonprotonated amine group, which assures the presence of a
CT(R) level. Therefore, the #x* fluorescence cannot show up.
Because of the protonation of one of the two amine groups, the
CT(R) level of the monoprotonated chromophoric unit is expected
to lie at lower energy than the original one, and it can also exhibit
a different luminescence intensity. In fact, the CT(R) lumi-
nescence of the mono- and diprotonated forms becomes slightly
red-shifted and less intense, which accounts for the different
gradients of the intensity decrease on addition of acid (Figure 6).
Upon addition of the third proton equivalent, one of the
chromophoric units becomes fully protonated so that it does not
contain any low-energy CT(R) level, and the #x* fluorescence
canshow up. Atthethirdstage of protonation,only a red-shifted,
weak CT luminescence is expected, but it cannot be seen because
it is covered by the very strong ==* fluorescence.

Adducts with Cadaverine and Ammonium Ions. Itis wellknown
that 1 gives rise to a 1:2 adduct with NH,* ions and to a 1:1
adduct with the cadaverine dication NH;+(CH,)sNH;*.122 The
X-ray structure of the adduct of 1 with the cadaverine dication
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Figure 7. Absorption (A) and emission (B) spectra of [Pt(NH3),(bpy)]2*
(as [18]-O¢ adduct) in CH,Cl; solution at room temperature,
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Figure 8. (a) Absorption spectrum of the 1:1 adduct of 1 and
[Pt(NH;3),(bpy)]?* in CHJCl; solution at room temperature. (b)

Summation of the spectra of the two components under the same
experimental conditions.

reveals its cryptate-type nature, showing that the substrate is
held inside the receptor molecule by simultaneous binding to the
macrocyclic [18]-N,O, subunits via hydrogen bonds.!2
Addition of solid NH4PF¢ toa CH,Cl; solutionof 1 (1.0 X 10-4
M) or of solid (NH3*(CH,)sNH,+)Cl, toa CH,Cl;/MeOH (10:
1, v/v) solution of 1 causes a decrease in the CT(R) absorption
tail and a reduction of about 50% in the intensity of the CT(R)
emission, with a very small increase of the »x* fluorescence
intensity. These results are consistent with the formation of
adducts of 1 with ammonium and cadaverine cations, where two
NH,* cations or one NH;*(CH,)sNH;* dication are hosted in
the macrotricycle cavity and are engaged in hydrogen bonds with
macrocyclic nitrogens appended to different DMN units.!2
Adduct with[Pt(NH3)2(bpy)P*. [Pt(NH;)2(bpy)](PF);is not
soluble in CH,Cl,, but it can be dissolved upon addition of [18]-
crown-6 (hereafter called [18]-Og) to give a 1:1 adduct.!®® The
absorption and emission spectra of this adduct in CH,Cl, are
practically identical to those of free [Pt(NH;)2(bpy)]?* in
acetonitrile. This suggests that there is negligible electronic
interaction between [Pt(NH;),(bpy)]?* and [18]-Og, which are
associated through hydrogen bonds involving an amine ligand of
the complex.!> The absorption spectrum of [Pt(NH;)2(bpy)]?*
(Figure 7) displays a quite intense absorption in the 290-340-nm
region, with two peaks located at 308 and 319 nm, due to metal-
perturbed transitions centered on the bpy ligand (hereafter
indicated by LC(bpy)). Atroom temperature,thecomplex shows
a structured emission (Figure 7) with a maximum at 488 nm and
a lifetime of 100 ns (Amax = 486 nm and 7 = 25 us at 77 K) that
can be assigned to a formally spin-forbidden 3LC(bpy) level.!6®
When solid [Pt(NH;)2(bpy)1(PFe). is added to a CH,Cl,
solution of 1, an adduct is formed as shown by the absorption
spectrum, which is noticeably different from the sum of the spectra
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Figure 9. Schematicenergy level diagrams for 1 and [Pt(NH;3)(bpy)]2+
(A) and for their 1.[Pt(NH;)2(bpy)]?* adduct (B).

of the twoseparated components (Figure 8). Inparticular, adduct
formation causes a decrease in the intensity of the 319-nm band
of the Pt complex and an increase in absorbance in the 320-
420-nm region because of the presence of a shoulder at 375 nm
(¢= 1800 M-! cm-!). By analogy with other similar adducts,!¢®
this shoulder can be assigned to a charge-transfer transition in
the adduct (CT(A)) involving the electron-rich DMN units and
the electron-deficient bpy ligand of the Pt(bpy)?* moiety. Upon
adduct formation, profound changes are also observed in the
luminescence spectra. At room temperature, both the CT(R)
band of 1 (Amax = 438 nm, Figure 2) and the *LC(bpy) band of
the Pt complex (Anax = 488 nm, Figure 7) disappear, and no
other luminescence band is present. At 77K, the 3LC(bpy) band
of the Pt complex and the fluorescence band of 1 disappear again,
but the phosphorescence band of 1 (Figure 3) is present and can
be observed even upon excitation in the absorption bands centered
on [Pt(NH;),(bpy)]?*. Itis also noteworthy that, in the adduct,
the lifetime of the phosphorescence emission of 1is much shorter
than that in free 1 (Table 1). As suggested by observation of
CPK models, the above results indicate that the [Pt(NH;),-
(bpy)]3* complex is hosted in the cylindrical cavity of 1, with an
amine ligand involved in hydrogen bonds with a crown and the
flat Pt(bpy)?* moiety sandwiched between the two DMN
chromophoric groups. The adduct charge-transfer excited state,
CT(A), lies certainly below the S,, Sy, and CT(R) levels of 1, as
well as below !LC(bpy) level of the Pt complex. Although the
exact position of the zero—zero level of the CT(A) excited state
is not known, from the extension of the corresponding absorption
tail to low energy (perhaps 440--450 nm, Figure 8), such a level
appears to be very close (perhaps below) to the zero—zero level
of the 3SLC(bpy) excited state of the Pt complex, which, in its
turn, is just above the phosphorescent T, state of 1 (Figures 3 and
7). Theoverall energy level situation for the 1.[Pt(NH3),(bpy) ]2+
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adduct can therefore be summarized as in Figure 9. One can
then understand that, in the adduct, the fluorescence of the free
receptor is quenched because the receptor-localized S, and CT(R)
levels undergo fast radiationless decay to the adduct charge-
transfer level, CT(A). On the other side, the substrate-localized
3LC(bpy) level is quenched by the T or even by the CT(A) level.
In its turn, the CT(A) level may be quenched by T, which, at
least at 77 K, is the lowest excited state of the adduct, since its
emission can be observed in rigid matrix. The strong decrease
in the excited-state lifetime of the T, emission in passing from
free 1 (2.6 s) to its adduct with the Pt complex (8 X 10~45) can
be accounted for by the perturbation induced on the formally
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spin-forbidden Ty — S, transition by mixing of the T, level with
the nearby CT(A) level which involves the heavy Pt atom.
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