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Efficient intramolecular triplettriplet energy transfer from aN,N-dialkylanilino donor to an alkene acceptor

was observed in 4-(4-(propan-2-ylidene)cyclohexyjN-dimethylaniline ) and 1-phenyl-4-cyclohexylidene-
piperidine @) using nanosecond transient absorption spectroscopy and time-resolved microwave conductivity.
This enables the unequivocal assignment of the absorption spectrum of the first singlet excited state of the
N,N-dialkylanilino chromophore in 4-cyclohexy;N-dimethylaniline (), 2, 1-phenyl-4-cyclohexylpiperidine

(3) and4. It has a maximum positioned between 600 and 635 nm.

Introduction CHART 1

TheN,N-dialkylanilino chromophore has been widely applied Q-NC>—C>=<°N @—NC>=<:>=<CN
CN CN

as electron donor in photoinduced electron-transfer stddies.
connection with this, and also for other reasons, the photo-

physical properties of the chromophore have been the subject/ @O ©{>=< @ Q—O @ C>=<:>
of numerous investigations. Among these are stddiesthe

ground-state UV absorptiott/ fluorescencé;? triplet absorp- —Q @- Q <:>=<:> ‘_é

tion,10-14 phosphorescend> 17 and excited-state dipole
momentsi8~20 Despite all these studies, the excited state
properties of the dialkylanilino chromophore have not yet been
completely disclosed.

Our interest in some aspects of the photophysics ofNthe
dialkylanilino chromophore was raised when studying photo-
induced charge separation in dontridge—acceptor com-
poundsDA1 andDA2 (Chart 1), in which thé\,N-dialkylanilino
chromophore and the central olefinic bond A2 act as
electron donors, while the dicyanoethylene moiety acts as an
electron acceptd® It was found that the presence of the central
olefinic bond inDA2 considerably reduces the fluorescence
lifetime 7 of the (conformationally extended) charge transfer
state [D""—bridge-A~]* as compared tdA1l (7t = 2 ns vs
36 ns in benzene). The olefinic bond also had a profound
influence on the excited-state properties of 1-phenyl-4-cyclo-
hexylpiperidine 8) and 1-phenyl-4-cyclohexylidenepiperidine
(4), which lack the dicyanoethylene acceptor. Whereas3for
transient absorption (TA) spectroscopy revealed a long-lived
triplet absorption at 475 nm, which is usual fafN-dialkyl-
anilines, in the case of this absorption was virtually absent,
suggesting that the triplet state 4fis effectively quenched,
presumably due to the presence of the olefinic b8rdnly a

short-lived ¢ < 5 ns) broad absorption band positioned at 635
nm was observed, which was tentatively interpreted to originate
from the S state of theN,N-dialkylanilino chromophore. In the
TA spectra of3 a shoulder in the same wavelength region was
detectable at short delay times. Observation of Nhél-
dialkylanilino §,— S; absorption has thus far not been reported.

Here we present evidence that the 635 nm absorption
observed fod is indeed derived from the;S$tate of theN,N-
dialkylanilino chromophore as provided by a study of the
photophysical properties of two structurally related compounds,
4-cyclohexyIN,N-dimethylaniline @) and 4-(4-(propan-2-
ylidene)cyclohexyl)N,N-dimethylaniline g). These compounds
consist of arlN,N-dialkylanilino donor substituted at ifsara-
position by a cyclohexane ring, to which in the case2ain
isopropylidene group is attached (see Chart 1). As a conse-
guence, the spatial separation between the olefinic bond and
theN,N-dialkylanilino group in2 is enlarged by a single-bond
in comparison to4. The detailed study of the photophysical
properties of1—4 provides unambiguous evidence that the
observation of only the sSabsorption spectrum in the caseof
is due to efficient triplet-triplet quenching.

The results presented here provide insight in the excited-state
properties of the importari,N-dialkylanilino chromophore.
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Figure 1. Absorption spectra of (—) and2 (- - -) in cyclohexane at

20 °C in the range 195350 nm.

200

TABLE 1: Absorption Maxima Amax and Molar Absorption
Coefficients £ of Compounds -6 in Cyclohexane at 20°C

com-
pound Amax (NM) [(L* M~ cm™Y)]

1 203.5[22.5+ 0.5] 253.5[16.54k 0.16] 302.0 [2.28 0.03]
2 204.0[35.5+£0.9] 253.0[18.80t 0.16] 302.5 [2.31: 0.03]

542 251.3[14.9] 297.6[2.3]

3?1 203[18.1] 255 [13.3] 289 [1.6]

421 210[22.9] 255 [15.5] 289 [1.8]

6'a 254.0 [12.00+ 0.24] 287 [1.58+ 0.03]

a Solvent 2,2,4-trimethylpentaneBroad shoulder.

and theN,N-dialkylanilino chromophore occurs, the absorption
spectra ofL. and2 were examined. They are presented in Figure
1 while absorption maximatfay and molar absorption coef-
ficients () are given in Table 1.

Compoundl shows absorption bands withnax values of

J. Phys. Chem. A, Vol. 105, No. 25, 2008985

TABLE 2: Time-Resolved and Steady State Fluorescence
Data of 1-4

solvent Amax.s (M) 75 (NS) loN
1 cyclohexane 335 2.33 0.16
benzene 343 2.70 0.14
diethyl ether 340 3.29 0.18
2 cyclohexane 334 2.39 0.12
benzene 343 2.81 0.13
diethyl ether 339 3.40 0.15
3% cyclohexane 336 1.7 0.25
benzene 343 25 0.35
4%3 cyclohexane 336 2.0 0.25
benzene 343 23 0.34
TABLE 3: TRMC Results for 1 and 22

compound solvent Tt (Us) S, ey Sutsph  Gisdutlus)?

1 cyclohexane >1 9.3 7.3 0.09

benzene >1 6.3 4.8 0.13
2 cyclohexane 0.16 10.8 7.7 0.10
benzene 0.21 6.6 4.6 0.16

2 Dipole moments (in debye) of the, State are given assuming a
cylindrical and a spherical geometry.

bond in2 and4 does not have an appreciable effect/anx

71, as well asds values. Even the solvent dependence of these
parameters does not differ from those of the reference com-
poundsl and3. Hence, upon going frorth to 2 and from3 to

4,21 the properties of the lowest excited singlet)(&ate, which

is localized on theN,N-dialkylanilino chromophore, are not
affected by incorporation of the olefinic bond. Consequently,
any difference in excited state behavior upon the incorporation
of the olefinic bond can only stem from states other than the S
state.

Time-Resolved Microwave Conductivity. Time-resolved
microwave conductivit’ (TRMC) transients ofl. and2 were
obtained in cyclohexane and benzene upon excitation at 308
nm. The transients measured in benzene are presented in Figure

203.5, 253.5, and 302.0 nm in cyclohexane. The last two bands,z_ They both show the contribution of the short-livedsgate

which are typical folN,N-dialkylanilines, represent thé , and
thelL transitions, respectivel/In the absorption spectrum of
2, the 203.5 nmN,N-dialkylanilino band overlaps with the
a* < g transition of the olefinic bond, which for bicyclohex-
ylidene (7) is positioned at 206 nm in-pentane{ ~ 11 x 1C®
M~1 cm™1).22.23 Since neither additional bands nor band shifts
are observed foR as compared td, it is inferred that the
electronic interaction between the two chromophoreg, iif
present, is small. The results fbrand2 are in line with those
previously reported foB and4.2!

Nevertheless, there is a small but distinct increase in
absorption intensity of thél_, band in both2 and4 relative to
their reference compoundsand 3. This cannot be explained

at early times and the Ttriplet state at longer times. The
transients were fitted with the singlet lifetimes fixed at the SPC
values (Table 2). The resulting Tifetimesz, as well as the S
state dipole moments for cylindricakd,) and sphericaluspn)
geometries and the quantitys(ut/us)?, in which us and ut
represent the dipole moments of thes$ate and the Tstate,
respectively, andpisc is the quantum vyield for intersystem
crossing, are collected in Table 3. From the transients it is clear
that the triplet lifetime ofl is much longer than that & Rather
short triplet lifetimes of 160+ 30 ns and 210t 20 ns were
obtained for2 in cyclohexane and benzene, respectively, which
agree very well with the lifetimes obtained by TA (see next
section). For 1 it was not possible to determine reliable triplet

by a superposition of bands, since the absorption onset of thejifetimes, since they were too long (in the microsecond range)

olefinic chromophore in bicyclohexyliden&)(is 230 nm?3 It
may, however, be attributed to intensity borrowing from the
a* < g transition of the olefinic bond by the anilint_,
transition. It is known that the polarization of the, transition
of N,N-dimethylaniline 6) has mixedx and z charactet8-1”
while the 7* <— x transition of 7 is polarized along the
axis23-26 providing a favorable orientation of transition dipole
moments for intensity borrowing to occur.

Emission Properties.The steady-state fluorescence maxima
(Amaxs) @and fluorescence quantum yieldBs) of 1 and2 together
with fluorescence lifetimesr{) obtained by the single photon

for the time window of the experimental setup.

An interesting parameter is the quantiy(us/ur)?. In both
cyclohexane and benzene the valuegigfus/ur)? for 1 and2
are of similar magnitude. If the ratjos/ut is equal forl and2,
this implies that the presence of an olefinic bond does not affect
the quantum yield of triplet formation. As is evident from the
values in Table 3, the;Slipole moments of and2 are almost
equal in a given solvent. Although guantitative information on
the dipole moments of the triplet states fbrand 2 is not
available, it is expected that the magnitude of their triplet dipole
moments should be similar due to the fact that their triplet states

counting (SPC) technique in three solvents are presented inare both localized on thi,N-dialkylanilino moiety (see next
Table 2. Excellent monoexponential decay fits were obtained section). This is corroborated by the very similar magnitudes
in all cases. The results show that the presence of an olefinicof the TRMC transients in the first 50 ns. Thus, the TRMC
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12 Singlet Excited State Absorption ofN,N-Dialkylanilines.

The TA lifetimes of the short-lived species agree well with the
fluorescence lifetimes (see Table 2). A short-lived<{ 5 ns)
absorption in the range 62535 nm was also observed f8r
and4 in benzené! Hence in all solvents, fot—4 a transient
absorption band is found in the wavelength range-6886 nm,

of which the lifetime is very similar to the fluorescence lifetime.
Therefore, it is concluded that this absorption stems from the
S, state of theN,N-dialkylanilino chromophore.

Further support for the nature of the 60635 nm band was
obtained by TA measurements 8fin benzene with a streak
camera. By means of principle component analysis using
singular value decomposition of the streak camera image, the
absorption spectra of the individual species and their time
dependent concentration profiles were obtaitféd As can be
seen from the concentration profiles presented in Figure 4A,
the formation of the triplet absorptionr & 3.3 ns) is coupled
to the decay of the 600 nm absorption £ 3.2 ns). The
associated spectra are shown in Figure 4B. While the spectrum
of the § state has a single maximum at 600 nm in the observed
range (446-750 nm), that of the triplet state has a maximum
at 470 nm. Note that the calculated concentration profiles bear
a large resemblance to the TRMC transients.

To our knowledge, the detection of an &sorption ofN,N-
dialkylanilines in the wavelength region 44@50 nm has not
yet been reported. Until now only one proposal for the S
absorption spectrum & is available in the literatur® From a
pulse radiolysis and flash photolysis studysoh the wavelength
range 3751600 nm it was tentatively concluded that its S

g T y T " T " T spectrum exhibits a broad and weak absorption band in the
0 100 200 300 400

Ao/l (a.u.)

Acl/l (a.u.)

region 700 to> 1600 nm; no broad band near 600 nm was found.
Time (ns) In view of our results this proposal now appears to be incorrect.
Figure 2. Time-resolved microwave conductivity transientslofA) Itis somewhat remarkable that a proper spectrum of {retee

and2 (B) in benzene. Apart from the measured signal (solid line), the Of the frequently employel,N-dialkylanilino chromophore has
contributions of the singlet (dotted line) and the triplet (dashed line) never been reported. There are however several reasons which
component to the fit (dashdot) are shown. provide an explanation for this: (1) unfavorable experimental
TABLE 4: Transient Absorption Data of 1 and 2 condlt_lons, such as an insufficient time rgsolutlon of_the
experimental setup; (2) A large overlap of singlet and triplet

com- Ty, Ty, S, Sy, absorption spectra, which prevents thespectrum from being
pound  solvent Amax (NM) 7 (¥S) Amax(nmP 7 (nsp discerned (for example, compare Figures 3C and 4B); (3) The
1 gy0|0hexane gg& %8: iggii g(l) gg‘zl é? occurrence of rapid deactivating processes such as singlet
enzene > : : excited-state energy transfer to chromophores with lower
5 g;ectlmeitgﬁé %i%i g jggig (1):?60 %12‘é 2255 excitation energy or electron transfer to an electron acceptor;
benzene 34% 10: 465+ 4 0.225 610 2.4 and (4) usually, lower energy chromophores than the anilino
diethyl ether 353t 4;461+2 0.180 613 2.6 group are excited. This is done either because of experimental

aEstimated error in peak position: 10 niEstimated error: convenience or in order to avoid energy transfer processes as
0.3 ns. mentioned under 3.
Triplet —Triplet Energy Transfer. The long-lived transient
results indicate that the triplet state is formed in equal amounts absorption ofl and2, with band maxima at 341355 nm (not
in both1 and2. The decay of th&l,N-dialkylanilino triplet state shown in Figure 3) and 459468 nm, is typical for the triplet
is however dramatically enhanced by the incorporation of the state ofN,N-dialkylanilines!# It was also observed fd8, but

olefinic bond. was absent in the TA spectrum 42t When comparing the
Transient Absorption Spectroscopy.Nanosecond TA spec-  lifetimes of the triplet absorption df and2 it is striking that

troscopy was performed adhand?2 in three solvents. Typical ~ those of2 are shorter by a factor of 10. Hence, the presence of

TA traces ofl—4 are presented in Figure 3; lifetimes) @nd an olefinic bond ir2 also leads to quenching of the triplet state.

absorption maximalay) of 1 and2 are reported in Table 4.  Interestingly, the effect is however much less pronounced. In
According to the analysis of the TA spectra, in all cases two the decay around 475 nm, where the triplet absorption band is
species were observed. Whereas one species is short-livedexpected, is slower than at 635 nm, where thst&te absorbs

(r 2.1-3.4 ns) and has &nax positioned at 602624 nm, the (Figure 3D). This shows that ihalso the aniline triplet state is
other species is characterized by a fast rise time and a longpopulated, but that it decays with a lifetime on the order of 10
decay time £ 0.160-2.1 us) and has absorption maxima at ns, which is a factor of about 20 faster tharRifsee Table 4).
341-355 nm (not shown) and 459168 nm. The latter species  This is consistent with a quenching process that is very strongly
can be readily associated with the triplet statg) @sorption distance-dependent, which is typical for energy transfer via an
spectrum ofN,N-dialkylanilines4 electron exchange mechani$Since triplet-triplet energy
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Figure 3. Transient absorption spectra D{A) and 2 (B) in diethyl ether in the range 42800 nm. The spectra &t= 0 ns are recorded at the
maximum of the excitation pulse. A cutoff filter@d20 nm) was used. For comparison transient absorption spec&x)fand4 (D) in benzene
in the same wavelength rarfgare given as well.

transfer has to occur via the electron exchange mechanism, thisalso established fa3.2! Here the equatorial orientation of the
is the most probable quenching process. The obvious triplet cyclohexyl substituent locks the piperidino ring in a single chair
energy acceptor is the olefinic bond. Further support is given conformation (and vice versa), while thd-phenyl group
by the triplet energies dfl,N-dimethylaniline and bicyclohex-  occupies a (pseudo) equatorial posittériH NMR indicates
ylidene which are ca. 3.5 é¥and ca. 3.3 eV respectively. that in 4 the incorporation of a double bond allows it to
Once populated, the triplet state of the olefinic bond is forced interconvert between two or two sets of degenerate conformers
to attain a twisted conformation which will deactivate rapidly which are interrelated by coupled chaghair interconversion
by crossing to the $ground staté® Even a very fast triplet and nitrogen inversion of the piperidino riRgSince this process
triplet energy transfer decay channel is not expected to influenceis rapid on the NMR time scale, NMR does not give much
the singlet excited state lifetime considerably if the kinetic information about the actual geometry. Therefore, calculations
scheme in Scheme 1 applies. This is in accordance with theat the B3LYP/6-31G level of theory were done on various
observed insensitivity of the singlet lifetimes to the presence conformers o#, viz., 4 (equatorial, eq), with the phenyl group
of the olefinic bond. in an equatorial position and the piperidino ring in a chair
Itis possible that the strong distance dependence of the tripletconformation,4 (axial, ax) with the phenyl group in an axial
energy transfer process is governed by the presence of conformposition and the piperidino ring in a chair conformation @nd
ers’l in which there is either a very small separation between (twist boat) with the piperidino ring in a twist boat conforma-
the chromophores or a favorable orientation for through-bond tion,5 respectively. A comparison of their energies shows only
interaction?33Therefore, the conformational propertieslef4 moderate differences. The lowest energy was found\f@q),
were assessed wiflH NMR spectroscopy and calculations at  while 4 (ax) and4 (twist boat) are 0.79 and 0.70 kcal/mol higher
the B3LYP/6-31G level of theory. As judged from the tt-like in energy, respectively. Consequently, several conformers are
coupling pattern of the methingéd NMR resonances centered accessible fod. However, for all conformers, the through-space
ato 2.39 (1) andd 2.59 @) ppm, respectively, which is typical  distance between the anilino and alkene chromophores is similar.
for a proton in an axial position, the anilino group in bdth Taking the closest atom-to-atom distance, this distance amounts

and2 occupies-as expectedtan equatorial positioft Further- to 2.9-3.0 A. For2, the anilino-alkene separation in the B3LYP/
more, from the presence of distinbdi NMR resonances for ~ 6-31G optimized geometry is 4.4 A. Thus, in b&and4 not
axial and equatorial positioned methylene protong iih can only the through-bond distance (four and three bonds respec-

be deduced that the equatorial position of the anilino group locks tively) but also the through-space distance between the anilino
the cyclohexyl ring in a single chair conformation on the NMR and alkene chromophores appears to be well-defined in the
time scale. Conformational uniformity of the saturated rings was ground state.
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magnitude as the observed rakig(4)/keet(2) = 20. The most
important reason for the actual ratio being somewhat larger than
predicted may be the difference in the way the anilino
chromophore is oriented. |14 the nitrogen atom is directly
connected to two parallele3bond pathways leading to the
double bond. Ir2 the connection is by a single bond that allows
rotational freedom diminishing through-bond interactién.

Conclusions

The olefinic bond in compound® and4 hardly influences
the ground and singlet excited-state properties of Khis-
dialkylanilino chromophore. The TRMC results indicate that
the quantum yield of triplet formation is also independent of
the presence of a double bond.2rand 4, however, theN,N-
dialkylanilino T; state is quenched by the olefinic bond via
triplet—triplet energy transfer. This quenching process is much
faster in4 than in2 due to the shorter distance (les$onds)
between the chromophores4nFurthermore, it was shown that
the short-lived 606635 nm transient absorption band in
compoundsl—4 stems from the Sstate of theN,N-dialkyl-
anilino chromophore.

rel. concentration

10 15

Time (ns)

Experimental Section

General. 'H NMR spectra were recorded at 300 K using a
Bruker AC300 NMR spectrometer operating at 300.133 MHz.
Chemical shifts are given relative to internal TMS. Spectroscopic
grade solvents were used throughout in the photophysical
measurements.

Synthesis of Compounds +4. The synthesis o8 and 4
has been reported previougly Whereas compound was
prepared by catalytic hydrogenation of 4-cyclohex-1-exy\-
dimethylaniline, compoun@ was synthesized by decarbox-
ylative dehydration of g-hydroxy acid obtained by coupling

0.0

6(I)0 760

A(nm)
Figure 4. Time dependent relative concentration profiles of the excited
singlet () and triplet state+¢-) of 3 in benzene as reconstructed from

the streak image by singular value decomposition (A) and the Of 4-(4-(N,N-dimethylamino)phenyl)cyclohexanone and isobu-
corresponding absorption spectra in the range—4D nm (B). tyric acid using procedures described in ref 38. Eaand 2

Excitation wavelength: 300 nm. Note that this sample was not purged satisfactory analytical data were obtained; details will be
with Ar. published elsewhere.

Steady State Absorption and Fluorescence Spectroscopy.
UV —vis absorption spectra were recorded on either a Cary 1
or a Cary 5 spectrophotometer (Varian) operating with 0.5 nm

500

SCHEME 1: Schematic State Diagram for
Triplet —Triplet Energy Transfer for 2 and 4

St =1 . spectral resolution. Peak positions are given with 0.5 nm
accuracy. Steady-state fluorescence measurements were carried
T out on a Spex Fluorolog-2 spectrofluorometer consisting of a
Ty—— I - 150 W high- - i | itati
E i -l igh-pressure ozone-generating Xe arc lamp excitation

source, a Spex 1680 0.22m double spectrometer as the excitation
monochromator, a Spex 1681 0.22m spectrometer as the
emission monochromator, and a Hamamatsu R928 photomul-
tiplier tube as detection system. Emission and excitation spectra
0 were corrected for the wavelength-dependent response of the
detection system with the aid of correction files provided by
the manufacturer. Fluorescence quantum yields were determined
relative to naphthalene in cyclohexare=£ 0.23+ 0.029) at

In a series of donor-bridge-acceptor systems containing 20 °C (excitation at 285 nm). Solutions were purged with Ar
bridges related to those employed here, it has been establishedor at least 10 min prior to measurement. Corrections for solvent
by Closs et af® that triplet energy transfer occurs dominantly refractive indices were made according to E&tevhen needed.
by a through-bond mechanism unless D and A are in very close Time-Resolved MeasurementsThe experimental details for
proximity. Thus, also in our systems it is likely that a through- time-resolved microwave conductivity measurements were the
bond mechanism prevails. The rate of energy transfer via same as described in ref 21. An absorbance of I'cah the

Sp ——

'N,N-dialkylaniline' ‘olefinic bond'

electron exchangekger is expected to be subject to an

excitation wavelength was chosen. No evidence of solute

exponential dependence on the distance as expressed in thaggregation was found. Up to 60 transients were averaged to

number of intervening bonds keet ~ exp(—an). Employing

a typical damping factor of. = 2.6 per bond?¢ it is predicted
that (all others being equal) energy transfe4 should be faster
than in2 by a factor of 13.5. This is of the same order of

enhance the signal-to-noise ratio.

For the measurement of transient absorption spectra a
Coherent Infinity-XPO laser with SHG option was used as the
excitation source, delivering 2 ns, 3 mJ pulses in the wavelength
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range 226-340 nm. The excitation wavelength was chosen to
be close to the absorption maximum around 300 nm of the
sample studied. Typical absorbance of the samples wé&s 1

cm! at the excitation wavelength. A pulsed low pressure Xe
lamp (5 J maximum energy at 10 Hz pulse repetition rate) was
used as probe light in a right angle geometry. The probe light
was collected on a Princeton Instruments time gated (5 ns)

intensified CCD camera after passing through a spectrograph,

J. Phys. Chem. A, Vol. 105, No. 25, 2008989

(16) Lim, E. C.; Chakrabarti, S. KI. Chem. Physl967, 47, 4726.

(17) Lim, E. C.; Chakrabarti, S. KChem. Phys. Lettl967, 1, 28.

(18) Prabhumirashi, L. S.; Kutty, D. K. N.; Bhide, A. Spectrochim
Acta, Part A 1983 39, 663.

(19) Weisenborn, P. C. M.; Varma, C. A. G. O.; de Haas, M. P.;
Warman, J. MChem. Phys1988 122 147.

(20) Shimamori, H.; Sato, Al. Phys. Cheml1994 98, 13481.

(21) Hoogesteger, F. J.; van Walree, C. A.; Jenneskens, L. W.; Roest,
M. R.; Verhoeven, J. W.; Schuddeboom, W.; Piet, J. J.; Warman, J. M.
Chem. Eur. J200Q 6, 2948.

covering a spectral range of 600 nm. The detector was gated at, (22) Allan, M.; Snyder, P. A.; Robin, M. B. Phys. Cheml985 89,

5 ns. Typically 25 spectra were averaged to obtain a satisfactory

signal-to-noise ratio.

(Zé) Hoogesteger, F. J.; van Lenthe, J. H.; Jenneskens, LCAW¥m.
Phys. Lett 1996 259 178.

Picosecond single photon counting (SPC) fluorescence decay (24) Havenith, R. W. A; van Lenthe, J. H.; Jenneskens, L. W.;

was measured using the setup and computer programs describeld

in ref 40. The samples were degassed by purging with Ar for
10 to 15 min and were excited at 31820 nm.

Calculations. The geometries of the various conformers of
4 were optimized without any geometrical constraints at the
B3LYP/6-31G level of theory using GAMESSJK.*! The

oogesteger, FJ. Chem. Physl997 225 139.

(25) Snyder, P. A,; Clark, L. BJ. Chem. Phys197Q 52, 998.

(26) Yogev, A.; Sagiv, J.; Mazur, Y. Am. Chem. Sod972 94, 5122.

(27) de Haas, M. P.; Warman, J. I@hem. Phys1982 73, 35.

(28) Koeberg, M.; Werts, M. H. V.; van Ramesdonk, H. J.; Verhoeven,
J. W. Hamamatsu New200Q 2, 16.

(29) Werts, M. H. V. Luminescent Lanthanide Complexes. Ph.D. Thesis,

University of Amsterdam, Amsterdam, The Netherlands, 2000.

obtained total energies (in hartree) and, between parentheses, (30) Turro, N. J.Modern Molecular Photochemistrenjamin/Cum-

the closest atom-to-atom distances (in angstroms) as defined i

the text areZ) —717.433160,4, eq) —716.225851 (2.90)4(
ax) —716.224590 (2.96),4( twist boat) —716.224738 (2.98)
(see also Supporting Information).
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