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structures of the dication salts have been reported recently,?® and
theoretical studies of the 1,** cation have been reported.”® The
X-ray structure reveals that the dication is a cyclic 4-membered
ring in the crystal. Since little is known about other dications,
such as F,2* and Cl,2*, we carried out ab initio calculations for
these two species. Optimization of 1,2* exceeds our computational
resources even with the minimal STO-3G basis set.

The optimization of F2* with the 6-31G* basis set showed that
it has an open Z-like geometry. All the fluorine atoms are in the
same plane with the FFF angles equal to 110°. The central FF
bond is 1.368 A, which is shorter than the terminal FF bonds
(1.572-1.575 A). This dication was calculated to be 202 kecal/mol
less stable than two isolated radical cation F,** species.

The optimized geometry of Cl,2* is nonplanar and has C,
symmetry, with a CICICICI torsional angle of 95°, The central

(27) Birchall, T.; Myers, R, D. J. Chem. Soc., Chem. Commun. 1982,
117

(28) (a) Gillespie, R. J.; Kapoor, R.; Faggiani, R.; Lock, C. J. L.; Murchie,
M.; Passmore, J. J. Chem. Soc., Chem, Commun. 1983 8. (b) Fagglam, R.;
Gillespie. R. J.; Kapoor, R.; Lock, C. J. L,; Vekris, J. E. Inorg. Chem. 1988,
27, 4350.

(29) Harcourt, R. D. J. Mol. Struct. (THEOCHEM), 1988, 122, 235.

CICI bond length is 2.013 A and the terminal ones are 2.063 A.
The CICICI bond angles are 108°. This dication is 135 kcal/mol
less stable than two Cl,** radical cations. The structures of both
F,2* and Cl,2* resemble those of the corresponding [HFFH]?*
and [HCICIH]?* dications.’®

Conclusion

The monatomic halogen cations have triplet ground states, while
most of the triatomic cations and hydrohalonium ions have singlet
ground states. These singlet complexes generally have bent ge-
ometries with halogen atom at the center. The triplet complexes
adopt structures resembling the most stable radical cation of the
diatomic species associated to a radical.

These data should be of use for the better understanding of
halogenation reactions with halogen cations, since the consequences
and complications on mechanisms of the existence of low-lying
triplet states has not been considered previously.
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Abstract: Enhanced quenching of the benzophenone triplet state is observed with a series of multifunctional aromatics in acetonitrile
and carbon tetrachloride. After accounting for statistical differences, the multifunctional aromatic quenchers show reaction

rates 3 to 13 times faster than a monofunctional model.

The optimal quenching found with 1,3-diphenylpropane and

1,3,5-triphenylpentane is associated with DDA type exciplexes where the phenyl donor groups assume an excimer-like arrangement
in a triple complex with the benzophenone triplet as the acceptor. The proposed mechanism involves initial formation of a
DA exciplex, which undergoes conformational interchange to the DDA exciplex in competition with deactivation and dissociation.
p-Methoxy-substituted analogues show relatively little accelerated quenching because conformation interchange is slow compared

to quenching via the initially formed DA exciplex.

The quenching of the n,x* triplet state of benzophenone (°B*)
and other phenyl ketones by benzene (Q) and its substituted
analogues is well documented.!-!12 It is generally accepted that

(1) (a) Bell, J. A.; Linschitz, H. J. Am. Chem. Soc. 1963, 85, 528. (b)
Parker, C. A; Joyce, T. A. Trans. Faraday Soc. 1969, 65, 2823, (c) Saltiel,
J.; Curtis, H. C.; Metts, L.; Miley, J. W.; Winterle, J.; Wrighton, M. J. Am.
Chem. Soc. 1970, 92, 410. (d) Guttenplan, J. B.; Cohen, S. G. J. Am. Chem.
Soc. 1972, 94, 4040.

(2) Wagner, P. J,; Leavitt, R. A. J. Am. Chem. Soc. 1973, 95, 3669 and
references therein.

(3) Schuster, D. 1.; Weil, T. M.; Halpern, A. M. J. Am. Chem. Soc. 1972,
94, 8248,

(4) Blanchi, J. P.; Watkins, A. R. J. Chem. Soc., Chem. Commun. 1974,

(5) Loutfy, R. O.; Yip, R. W. Can. J. Chem. 1973, 51, 1881.

(6) Wolf, M. W.; Legg, K. D.; Brown, R. E.; Singer, L. A.; Parks, H. J.
J. Am. Chem. Soc. 1975. 97, 4490.

(7) Wagner, P. J.; Ersfeld, D. A. J. Am. Chem. Soc. 1976, 98, 4515,

(8) Wolf, M. W.; Brown, R. E.; Singer, L. A. J. Am. Chem. Soc. 1977,
99, 526 and references therein.

(9) Das, P. K.; Dobrowski, K. J. Chem. Soc., Faraday Trans 2 1981, 77,
1009.

(10) Olea, A. F.; Encinas, M. V,; Lissi, E. A. Macromolecules 1982, 15,
11

(1 1) Netto-Ferrerira, J. C.; Leigh, W. J.; Scaiano, J. C. J. Am. Chem. Soc.
1988, /07, 2617.

transient exciplexes (E) with some degree of charge transfer (CT)
character are involved, with 3B* assuming either the acceptor or
donor role (E = 3B*,Q < B~,Q* or 3B*,Q <> B*,Q") depending
on the redox capabilities of Q.%"%12 The kinetic scheme® for B*
(Scheme I) adequately explains these observations,

Scheme I

All first-order radiative and nonradiative decays

ky

’Bp* — B (I.1)

Reversible exciplex formation

kﬂ
3B*+ Q —E (1.2)
Exciplex deactivation

ke

E—B+Q (1.3)

This study explores the quenching capabilities of multifunctional
aromatics, such as 1,3-diphenylpropane (1b) and 1,3,5-tri-

(12) Wagner, P. J.; Truman, R. J.; Puchalski, A. E.; Wake, R. J. Am.
Chem. Soc. 1986, 108, 7727.
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Figure 1. Emission spectra of (A) toluene (6.19 X 1073 M), (B) 1,2-
diphenylethane (5.10 X 10~ M), (C) 1,4-diphenylbutane (2.96 x 10~
M), (D) 1,5-diphenylpentane (3.10 X 107 M), (E) 1,3,5-triphenyl-
pentane (1.42 X 10~ M), and (F) 1,3-diphenylpropane (7.17 X 1073 M)
in cyclohexane at room temperature. Excitation at 253.7 nm.

phenylpentane (4), relative to appropriate monofunctional aromatic
quenchers. The reactivity pattern of these and related compounds
(1-4) follows from a few simple, but fundamental, factors that
help elucidate the requirements for multifunctional quenching.
These results should serve as a model for quenching of carbonyl
triplets by macromolecules such as polystyrene in solution.'

P XCeHy(CHCetaY-p Cd“sCHzCHzC'?HCHzCHzCsHs

Y=H; n=2(a),3(b),4(c),5(d) CeHs
H; Y =CHyO—: n =2 (a), 3 (b)
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Experimental Section

Materials. Benzophenone (99%, Aldrich Chemicals) was recrystallized
several times from diethy! ether/petroleum ether. Toluene (Analytical
Reagent Grade from Baker-Analyzed) and p-methylanisole (99%, Ald-
rich Chemical) were refluxed over sodium metal for 24 h under a dry
nitrogen atmosphere and distilled prior to use. Carbon tetrachloride
(Spectrophotometric Grade from EM Science) was distilled prior to use.
Acetonitrile (UV Grade from Burdick and Jackson Laboratories) was
refluxed over phosphorus pentoxide for 24 h and distilled. The distillate
was refluxed over calcium hydride for 24 h and redistilled under a ni-
trogen atmosphere prior to use. Quencher Preparations. All aromatic
quenchers were prepared by conventional organic syntheses and rigor-
ously purified by column chromatography prior to use. The physical and
spectral properties of these compounds were in agreement with literature
values.

Sample Preparation. Solutions containing 5.0 X 10~* M benzophenone
and variable concentrations of quenchers in carbon tetrachloride or
acetonitrile were degassed t0 less than 1-um pressure by several freeze~
pump—thaw cycles and sealed in 1-cm? borosilicate cuvettes. The samples
were protected from light prior to use.

Transient Measurements. The basic instrumentation used for transient
measurements with a nitrogen laser (337-nm excitation) and boxcar
integrator has been previously described.!> The benzophenone phos-
phorescence decays were recorded at ambient temperature (approxi-
mately 20 °C).

Spectra. All ultraviolet-visible spectra were recorded on an Hew-
lett-Packard Model 8450A spectrometer attached to an HP 7225A

J. Am. Chem. Soc., Vol. 112. No. 10, 1990 3927

@
£
3
S
>
&
4
&
=
g
s A
>
=
[%]
z
=
z B
w
2
E
3
& C
™ T T T T T -
nm 300 400

Figure 2. Emission spectra of (A) p-methylanisole (4.12 X 1073 M), (B)
1,3-bis(4-methoxyphenyl)propane (1.64 X 107} M), and (C) 1-(4-meth-
oxyphenyl)-3-phenylpropane (2.44 X 107 M) in cyclohexane at room
temperature. Exctiation at 253.7 nm.

Table I. Quenching of Benzophenone Triplet by Multifunctional
Aromatics

kg X 1052 M1 5 relative rates?

quencher CH,CN CCl, CH,CN¢ CCl¢
toluene 5604 51£03 (1.0) (1.0)
1,2-diphenylethane 386 343 34 33
1,3-diphenylpropane 150 £ 10 120£ 10 13 12
1,4-diphenylbutane 738 0£6 6.5 6.9
1,5-diphenylpentane 625 518 5.5 5.0
1,3,5-triphenylpentane 210 £ 20 160 £ 10 13 10

aAn average of two or more determinations at 20 °C. ®Relative
rates = k,(observed) /k.(expected) where kq(expected) is kq(toluene) X
statistical factor. °Values of k (expected) are 11.2 X 10°and 16.8 X
10° M~ 57! for the diphenyl- and triphenylalkanes, respectively.
“Values of ky(expected) are 10.2 X 10°and 15.3 X 10° M~! 57! for the
diphenyl- and triphenylalkanes, respectively.

plotter. All steady-state emission spectra were recorded at ambient
temperature with an American Instrument Co. spectrofluorimeter.
Emission spectra were not corrected for response of the Hamamatsu
R446 photomultiplier tube.

Results

Phosphorescence Quenching. The benzophenone phosphores-
cence decays in the presence and absence of added quenchers
displayed exponential behavior through at least 3-4 half-lives. The
k, for each quencher was graphically determined from the rela-
tionship

‘robs-I = ‘rL-I + kq[Q] )

where 74, and 7| are the measured phosphorescence lifetimes in
the presence and absence of [Q], respectively, and 7| = k;”!. These
values of k, in carbon tetrachloride and acetonitrile are sum-
marized in Tables I and 11.

Steady-State Emission Spectra of the Aromatic Quenchers. The
fluorescence spectra of toluene, 1a, 1b, 1¢, 1d, and 4 in cyclohexane
are shown in Figure 1. The fluorescence spectra of the mono-
and bis-methoxy compounds 2b and 3b, with p-methylanisole as
a reference, are shown in Figure 2.

Discussion

According to earlier observations,® all of the aromatic quenchers
used in this study should assume the donor role in the transient
exciplexes (E). We expect a structure for E that facilitates electron
transfer between the aromatic m-system and the electron-deficient
n-orbitals of 3B* 81214

(13) Brown, R. E.; Legg, K. D.; Wolf, M. W.; Singer, L. A.; Parks, J. H.
Anal. Chem. 1974, 46, 1690.

(14) Wilson, R. M.; Outcalt, R.; Jaffe’, H. H. J. Am. Chem. Soc. 1978,
100, 301,
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Table II. Quenching of Benzophenone Triplet by
Methoxy-Substituted Aromatics

kg X 1072 Mt st relative rates?
CH,CN __ CCl, CH,CN CCl,

35202 26£02 (1.0) (1.0
41£03 28+0.2 1.2° 1.0¢

quencher

p-methylanisole

1-phenyl-2-p-methoxy-
phenylethane

1,2-bis(p-methoxyphenyl)-
ethane

1-phenyl-2-(p-methoxy-
phenyl)propane

1,2-bis(p-methoxyphenyl)- 11+
propane

88+09 51£03 124 104
5004 3.1£02 1.4 1.1¢

7.1 £0.5 1.6 1.34

2An average of two or more determinations at 20 °C. *Relative
rates = k,(observed) / ko (expected) where k (expected) is k,(toluene) +
kq(p-methylanisole) or kq(p-methylanisole) X statistical factor of 2.
“Values of ky(expected) are 3.6 X 10" M~ s in CH,CN and 2.7 X
177 M~ sl in CCl,. 4 Values of k(expected) are 7.0 X 10" M~! s in
CH,CN and 5.2 X 10" M1 57! in CCl,.

Within the context of Scheme I, the experimentally determined
quenching rate constant can be expressed as® k, = kk,/(k, + k).
Since the observed k.'s are all less than the éiffusion limit (ca.
10%-10"° M- s71), k, < k., k_, so that k, = k.(k./k_). By this
analysis, variations in the measured k, mirror changes in the
intrinsic rate of deactivation of E (k,).

The Di- and Triphenylalkane Quenchers. All of the di-
phenylalkanes, as well as 1,3,5-triphenylpentane, show enhanced
quenching capabilities relative to toluene, the monofunctional
model, even after accounting for the statistical factor of 2 in the
diaryl quenchers. The relative quenching profiles of these com-
pounds in acetonitrile and carbon tetrachloride are similar. In
both solvents, 1,3-diphenylpropane shows the largest enhancement
in k, among the diphenylalkanes over the expected value [2k -
(toluene)]. After accounting for the larger statistical factor,
1,3,5-triphenylpentane shows the same quenching rate enhance-
ment as |,3-diphenylpropane.

The reactivity profile of the diphenylalkanes parallels the ability
of these compounds to form intramolecular excimers. As was
pointed out some time ago by Hirayama,'’ intramolecular excimers
are formed most easily in systems where the aryl rings are sep-
arated by three carbons (“1,3-Rule™). This structural arrangement
allows the rings to approach one another in parallel planes ap-
proximately 3-4 A apart without steric strain.

The fluorescence spectra in Figure | clearly show this pattern.
The 1,2-, 1,4-, and 1,5-diphenylalkanes reveal only “monomer”
(benzene ring localized) fluorescence identical with the model
compound (toluene) near 285 nm while the spectra of 1,3-di-
phenylpropane and 1,3,5-triphenylpentane display excimer
fluorescence near 320 nm.

This same 1,3-relationship of the aromatic rings seems to be
the optimal arrangement for enhanced quenching of 3B*. A
plausible explanation of this observation is quenching of 3B* by
way of an exciplex having a DDA structural assembly, with the
donor groups assuming an excimer-like geometry. Triple com-
plexes of the DDA type have been proposed previously for several
singlet state exciplexes.!s

The DDA structure is expected to be stabilized relative to a
DA exciplex. Both experimental'? and computational'® studies
indicate greater stability for a radical cation dimer (D*-D) relative
to its dissociative state (D*.-D) with benzene and its analogues
because of the important contribution of charge resonance!® in
the former. For example, the gas-phase dissociation energy of
the benzene radical cation dimer has been measured as 17.0
kcal/mol'? while charge resonance results in a more favorable

(15) Hirayama, F. J. Chem. Phys. 1965, 42, 3163.

(16) (a) Beens, H.; Weller, A. Chem. Phys. Lett. 1968, 2, 140. (b) Mi-
mura, T.; Itoh, M. J. Am. Chem. Soc. 1976, 98, 1095. (¢) Caldwell, R. A.;
Creed, D. Acc. Chem. Res. 1980, 3, 45 and references therein.

(17) Meot-Ner (Mautner), M. J. Phys. Chem. 1980, 84, 2724.

(18) Chandra, A. K.; Bhanuprakash, K.; Jyoti Bhasu, V. C.; Srikhnthan,
D. Mol. Phys. 1984, 52, 733.
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ionization potential for [3.3]paracyclophane (7.6 eV)'® compared
to toluene (8.2 eV).2%  Also, the symmetrical, parallel plane
geometry proposed for the radical cation dimer structure'®?!
correlates with the accelerated quenching observed with the
multifunctional aromatics capable of assuming an excimer-like
geometry. In contrast to the DDA complexes, the very small
attractive charge resonance term calculated for radical anion
dimers?? would seem to minimize the importance of triple com-
plexes of the structure DAA.

The inherently more favorable features for cation stabilization
in the dimer (DD) should lead to a greater CT contribution to
the triple complex DDA with a resulting increase in spin—orbit
coupling?® and a related enhanced rate of deactivation. The
somewhat greater solvent dependencies, k(CH;CN/k (CCl,),
of 1,3-diphenylpropane and 1,3,5-triphenylpentane (1.25 and 1.31,
respectively) relative to toluene (1.10) support the picture of a
greater CT contribution to the DDA exciplex in comparison with
the DA structure.

Quenching within the DDA exciplex by triplet energy transfer
between 3B* and the DD assembly cannot be conclusively ruled
out but seems unlikely. Unfortunately, benzene and substitut-
ed-benzene excimer triplets are not well defined.2* However,
according to observations by Lim and co-workers,?S the naph-
thalene excimer triplet does not have the symmetrical, sand-
wich-like geometry of the singlet excimer. The appearance of
triplet excimer phosphorescence from 1,2-bis(a-naphthyl)ethane
and bis(a-naphthyl)methane indicates a preferred skewed geom-
etry. This structural requirement for a triplet state excimer is
inconsistent with our results in Table 1 and would seem to rule
out energy transfer as a likely quenching mechanism.

The DDA exciplex is also proposed for the 1,3,5-triphenyl-
pentane system since it shows the same inherent reactivity as the
1,3-diphenylpropane system. There is no kinetic evidence at this
time to support a DDDA exciplex.

Kinetic Scheme. Scheme 11, a modification of the general
exciplex quenching mechanism, is proposed as an explanation of
the above observations. Diffusive encounter between 3B* and the
multifunctional aromatics initially yields a DA exciplex that can
dissociate (k_.), deactivate (k,), or, with conformational changes
(keon), Yield a DDA exciplex that deactivates (k,).

Enhanced quenching by the multifunctional quenchers occurs
when k., > k.. Recent studies on intramolecular excimer for-
mation? suggest that k., > 108 57! for 1,3-diphenylpropane and

(19) Kovac, B.; Mohra, M.; Heilbronner, E.; Boekelheide, V.; Hopf, H.
J. Am. Chem. Soc. 1980, 102, 4314,

(20) Franklin, J. L.; Dillard, J. G.; Rosenstock, H. M.; Hesson, J. T.;
Draxi, K.; Field, F. H. Jonization Potentials, Appearance Potentials and Heats
of Formation of Gaseous Positive Ions; U.S. Department of Commerce, NBS;
U.S. Government Printing office: Washington, DC, 1969.

(21) (a) Howarth, O. W.; Fraenkel, G. K. J. Am. Chem. Soc. 1966, 38,
4514, (b) Badger, B.; Brocklehurst, B. Faraday Soc. Trans. 1969, 65, 2582.

(22) Malar, E. J. P,; Chandra, A. K. J. Phys. Chem. 1981, 85, 2190.

(23) See McGlynn et al. McGlynn, S. P.; Azumi, T.; Komoshita, M.
Molecular Spectroscopy of the Triplet State; Prentice-Hall: Englewood
Cliffs, NJ, 1969; p 284) for a discussion of the effect of CT on spin-orbit
coupling.

(24) Avouris, P.; El-Bayoumi, M. A. Chem. Phys. Lett. 1973, 20, 59 and
references therein. These authors report excimer phosphorescence for 1,3-
diphenylpropane at 420 nm. Others® report only normal phosphorescence
from 1,3-diphenylpropane.

(25) Okajima, S.; Subudhi, P. C.; Lim, E. C. J. Phys. 1977, 67, 4611.
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1,3,5-triphenylpentane under the experimental conditions. The
intrinsic rate of quenching of the DA exciplex (k,) may be es-
timated from k, for toluene (5.6 X 10° M! s7') and the rela-
tionship k, = k (k_/k.). Since ko = Kggrusions (K—/ke) is expected
to be close to or smaller than unity so that k, < k_ for toluene.
Accordingly, ke, > k., which allows multifunctional quenching
to be an operative mechanism in these systems.

It is not possible to determine from the current data whether
the measured k_'s for the 1,3- and 1,3,5-systems reflect k,” or K.
For example, i? k/ > ko conformation interchange would be
the rate-limiting step for multifunctional quenching.

The data in Table | indicate that the 1,2-, 1,4-, and 1,5-di-
phenylalkanes show lesser degrees of enhanced quenching re-
activity than the 1,3-system. With |,2-diphenylethane, confor-
mational interchange should be much faster than in the 1,3 system,
but the inability to achieve the preferred excimer-like geometry
retards the intrinsic quenching step. Slower rates of conforma-
tional interchange in the 1,4- and 1,5-systems,?’ as well as steric
strain considerations in the excimer-like structure, may inhibit
multifunctional quenching.

The Methoxy-Substituted Diphenylalkane Quenchers. In con-
trast to the diphenylalkanes, the methoxy-substituted difunctional

(26) 1to et al. measured k., = 7.9 X 108 57! for 1,3-bis(2-naphthyl)propane
and 7.9 X 108 s™! for meso-2,4-bis(2-naphthyl)pentane in THF at 25 °C: TIto,
S.; Yamamoto, M.; Nishijima, Y. Bull. Chem. Soc. Jpn. 1981, 54, 35. (b)
Zacharaijasse et al. measured k., = 1.28 X 10% 57! for 1,3-bis(2-pyrenyl)-
propane and 5.62 X 10% s! for meso-2,4-bis(2-pyrenyl)pentane in methyl-
cyclohexane at 25 °C: Zacharaiasse, K. A.; Daveneck, G.; Kuhle, W.;
Reynders, P.; Striker, G. Chem. Phys. Lett. 1987, 133, 390. (c) De Schryver
et al. measured k., = 2 X 10° 5! for meso-2,4-diphenylpentane in isooctane
at 20 °C: De Schryver, F. C.; Moens, L.; van der Auweraer, M.; Boens, N.;
Monnerie, L.; Bokobza, L. Macromolecules 1982, 15, 64,

(27) With the fluorescence lifetime of toluene (34 ns?¥) as a model for the
lifetime of the locally excited phenyl x,x* state in 1,4-diphenylbutane and
1.|5-diphcnylpemane. the absence of excimer fluorescence implies k., < 107
sh

aromatic quenchers show little enhanced reactivity relative to
p-methylanisole. However, to the extent that there is enhanced
quenching, the 1,3-system again is a better quencher than the
1,2-system.

This modest quenching enhancement may simply result from
the more competitive nature of k, and k., in the mono- and
bis-methoxy systems. Note that the monofunctional model
quencher, p-methylanisole, displays a k, almost two orders of
magnitude greater than toluene so k, = 107-108 5!,

An upper estimate of k., for the bis-methoxy system is available
from fluorescence data on p-methylanisole. From the fluorescence
lifetime of the locally excited monomer state (9 ns®) and the
absence of excimer formation in 3b, it appears that k., < 108 s,
Accordingly, in the methoxy-substituted systems k, > kg, 5O most
of the quenching occurs by way of the DA exciplex.

Conclusions. Quenching of the benzophenone triplet state by
multifunctional aromatic quenchers involves both DA and DDA
exciplexes. The initially formed DA exciplex dominates the
quenching when its deactivation rate is much faster than con-
formational interchange, as is the case with the p-methoxy systems.
When k.., is much faster than deactivation of the DA exciplex,
the DDA exciplex intervenes. The enhanced quenching within
the triple complex results from a greater CT contribution. The
structural features of the DD component seem similar to those
of intramolecular excimers with the aromatic rings being in parallel
planes 3-4 A apart.
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Abstract: 'H NMR spectra of the 1,n-bis(1-pyrenylcarboxy)alkanes (IPC(n) IPC) and |,n-bis(2-pyrenylcarboxy)alkanes
(2PC(n)2PC) with n = 1-16, 22, and 32 were measured in chloroform-d at room temperature. From the changes in chemical
shift of the aromatic protons in 2PC(#)2PC, as compared to the hexyl ester of 2-pyrenecarboxylic acid, it is concluded that
an intramolecular ground-state dimer is present for n = 3-16, 22, and 32, a sandwich dimer for n > 8, and a shifted symmetric
dimer for n = 3-8. With 1PC(n)1PC, dimer formation is found for n = 3-16: predominantly an asymmetric dimer, next
to a symmetric one (especially for n = 3-7). The solvent dependence of the dimer formation (2PC(5)2PC) can be correlated
with the Hildebrand solubility parameter. Variation of temperature has practically no influence (1PC(5)1PC). The conclusions
based on the NMR data are confirmed by time-resolved (picosecond) excimer fluorescence measurements. In the case of
2PC(3)2PC, the presence of a ground-state dimer is seen from the dependence of its fluorescence spectrum on the excitation
wavelength. In the series of 1PC(n)1PC and 2PC(n)2PC as well as with the dipyrenylalkanes 1Py(n) 1Py and 2Py(n)2Py mutual
through-bond interactions of the aromatic end groups are detected up to n = 8.

Excimers and exciplexes are generally defined as bimolecular
species only existing in the electronically excited state,! setting
them apart from dimers, EDA complexes, and other molecular
aggregates in the ground state.'®? This sharp distinction does
not universally hold, however, as in a number of systems

* Correspondence and reprint requests may be addressed to this author.
! Dedicated to Professor Anton Stier on the occasion of his 60th birthday.
t Present address: AT&T Bell Laboratories, Murray Hill, NJ 07974-2070.

ground-state dimers have been detected next to the excimers.?
Information on the absence or presence of excimer-like ground-

(1) Concerning the definitions of “excimer” or “exciplex” see: (a) Mo-
lecular Luminescence, Lim, E. C., Ed.; Benjamin: New York, 1969; p 907.
(b) Birks, J. B. Photophysics of Aromatic Molecules, Wiley-Interscience:
New York, 1970. (c) An excimer or exciplex can be defined as a species, made
up of at least two molecules, existing in the excited state. Whether or not a
dimer is present in the ground state does not directly reflect on the excimer
or exciplex.
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