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The one- and two-photon spectra of trans-stilbene are reinvestigated and compared to the spectra of two
stilbene derivatives in which rotation around the vinyl-phenyl bonds is prevented by methylene or ethano
bridges. The spectra are compared to recent theoretical results that did not agree with some of the earlier
assignments. The new experimental data lead to a consistent assignment of the low energy part of the singlet
spectrum of trans-stilbene up to an excitation energy of about 50 000 cm-1, which is in excellent agreement
with the theoretical findings. Special consideration is given to the weaker of the first two allowed singlet
transitions whose location has been under discussion for quite some time.

Introduction

In the field of spectroscopy stilbene (1) is certainly one of
the most extensively investigated organic compounds. One of
the reasons for the continuing interest in this molecule is its
leading role in the investigation of photoinduced isomerizations,
processes that are not only crucial for the understanding of many
photochemical transformations and their solvent dependence but
also for our own view of the external world as they form a key
step in the visual process.1-7 One concern among others was
and still is the ordering of the low lying electronically excited
states as this order is a cornerstone in the understanding of the
photophysical and photochemical behavior of the molecule.
Recently a breakthrough has been achieved by Molina, Mercha´n,
and Roos8 who succeeded in calculating the electronically
excited singlet states of stilbene up to an energy of about 6 eV
with high quality ab initio methods. The CASPT2 method9-11

applied in this study yields results which in most cases are
accurate up to 0.3 eV.11-13

Earlier, mostly semiempirical calculations had shown that
stilbene is one of those molecules for which results depend
strongly on the parametrization of the electron interaction in
these methods.14-18 Despite some general understanding that
was achieved by combining the results of semiempirical
calculations with the information obtained from spectroscopic
investigations, the overall picture was not very conclusive. Even
now, with the new theoretical results, there remain questions
about how to combine these results with the available experi-
mental information.

In the present contribution we supplement the findings of
Molina et al. with some new experimental results on stilbene
and two stilbene derivatives in which the rotation around the
vinyl-phenyl bond is blocked by alicyclic rings.19a In addition
to the long-knowntrans-1-(1-indanylidene)indane2 we included
trans-1-(1-benzocyclobutenylidene)benzocyclobutene3, a com-

pound only recently synthesized by one of the authors19b

(Scheme 1).

Materials and Methods

For this work,trans-1 was purchased from Aldrich and used
after recrystallization.

The compoundtrans-2 was prepared from 1-indanone ac-
cording to the procedure described in the literature.20 The crude
product was purified by chromatography on silica using
n-hexane as eluent and further crystallization from methanol.
The yellow product (needles) has a mp of 140-141°C with an
isomeric purity of about 99.9% shown by TLC. The product
was completely characterized by spectroscopic properties.19 All
attempts to isolate the more polar cis isomer by this chromato-
graphic method failed, because the cis isomer partly rearranges
to the more stable trans product under these conditions on
silica.19b

The compoundtrans-3 was prepared from benzocyclobuten-
one21 by treatment with low valent titanium species. Details can
be found in ref 19b. The crude product, a 1:1 mixture of the
isomers, was separated by preparative HPLC. The less polar
trans isomer was crystallized from methanol yielding colorless
crystals with a mp of 148-150 °C. The more polar cis isomer
has a mp of 123-125 °C.

Absorption spectra were measured on a UV spectrometer
(Perkin-Elmer 559). A commercially available low-temperature
cell was used to measure spectra at liquid nitrogen temperature
(≈77 K).

Fluorescence as well as one- and two-photon excitation
spectra were obtained with essentially the same setup as
described in ref 15. In contrast to the earlier measurements, an
added low-temperature cell now allowed measurements down
to 77 K. Excitation spectra were detected at the 0-0 transition
or on the first intense vibronic peak of the fluorescence emission
with bandwidths of several 100 cm-1. One-photon excitation
spectra were used to check if the observed fluorescence is due
to the investigated compound.* To whom correspondence should be addressed.
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All spectroscopic measurements were performed in 3-meth-
ylpentane (3MP) solutions, concentrations ranging between 10-3

and 10-5 mol/L. 3MP was purchased from Aldrich and purified
according to literature procedures.

What is obtained in the two-photon measurements is the
product of the two-photon cross-sectionδ(ν) and the fluores-
cence quantum yieldη(ν). Application of linearly and circularly
polarized excitation light yieldsδvvη andδcη, respectively.δvv

andδc are the two independent quantities that can be obtained
from two-photon measurements on isotropic samples in a one-
color experiment.22,23 The η independent ratioΩ ) δc/δvv is
known as the two-photon polarization parameter.Ω, which lies
in the range between 0 and 3/2, is an excellent symmetry
indicator.22 Data points were taken in steps of 5 Å if not stated
otherwise.

Prolonged irradiation of solutions of2 and 3 leads to the
appearance of cis products, which in contrast to1, absorb at
lower energies than the corresponding trans forms (Table 1).
Reconstruction of the spectrum ofcis-2 from the spectra of a
photostationary mixture and of puretrans-2, both measured at
liquid nitrogen temperature (LNT), leads to a result19a very
similar to that obtained by Saltiel.24 Application of the same
procedure to3 also resulted in a spectrum with well resolved
vibrational peaks (Table 1). To avoid the influence of ac-
cumulating amounts of the cis forms, samples were repeatedly
changed during optical measurements.

Coordinate Systems and State Assignments.The coordinate
system used in this paper is shown in Scheme 1. There is now
overwhelming evidence that trans-stilbene in its zero vibrational
level is planar in S0 as well as in S1.25-28 However, the barrier
to rotation around one of the vinyl-phenyl bonds is so low
(825 cm-1 in So in the gas phase29) that there is nearly free
rotation at room temperature.30 This is in agreement with an
angle of about 30° found by Traetteberg et al. from an electron
diffraction study oftrans-1 in the gas phase.31 In solution there
will be a distribution of torsional anglesΘ (compare Figure 5)
that depends on the temperature and probably also on the
viscosity of the solvent.32

To compare the electronic states of stilbenes with different
geometries and therefore different symmetries it is convenient
to relate to the topological symmetry of the planarπ-system
which is D2h.8,15,18 This not only has the advantage of easily
relating excited states of trans and cis forms of the same species
but it also allows monitoring of states that interchange their
order either due to changes in molecular geometry or due to
the uncertainties in the theoretical calculations.

The CASPT2 Results.Before we present and discuss our
own findings we briefly summarize the theoretical results of
Molina et al.8 and compare them with the experimentally

available information. Figure 1 shows the CASPT2 results in
form of a line spectrum. Table 2 contains additional theoretical
and experimental information. The calculated states are labeled
with respect to point groupC2h and, in parentheses, with respect
to the topological symmetryD2h. The latter is easily derived
from the leading configurations reported by Molina et al.
Numbers in the order of increasing energy are used only in
connection with the topological symmetry labels to avoid
confusion in cases where the order is not the same in theory
and experiment.

The three transitions with larger oscillator strength are in near
perfect agreement with what is known experimentally as bands
A, B, and C.18 The 0-0 transition of band A is located at 32242
( 3 cm-1 in the gas phase33,34 and at 31100 cm-1 in an Ar
matrix at 12 K.18 In solvents, such as 3MP, which yield glasses
at liquid nitrogen temperature, the 0-0 transition is at 30 700
( 200 cm-1 and the Franck-Condon maximum, which relates
most closely to the vertical transition, at 32 200( 200 cm-1.
At room temperature the FC maximum shifts to higher energies
(ca 33 700 cm-1) in nearly all solvents in accordance with the
increased average deviation from planarity.

Because of the preferred short axis orientation there is no
doubt that1Bu(31B2u) is the transition responsible for the main
body of band B. The calculated angle with respect to the first
allowed transition is 43° compared to an experimental average
of about 50° (see ref 18 for details).1Bu(31B3u), which is
assigned to band C, is again predicted to be preferentially long-
axis polarized (9° with respect to1Bu(11B3u)). Dicroitic mea-
surements lead to an angle of (21( 8)° between the two
transition moments.18 The first Rydberg transition (11Au) was
found at 43 000 cm-1 in the CASPT2 result, slightly below the
second strongerπ-π* transition and much lower than the first
1Au transition predicted by CNDO/S (54 000 cm-1).18

Earlier semiempirical calculations13-18 led to the same
assignment as far as the nature of the three intense transitions
is concerned. The weak transitions, however, depended strongly
on the parametrization18 and varied to such an extent that there
were always some questions on the validity of the assignment
of bands B and C. A relatively weak1Bu transition was found
in most of the semiempirical calculations between bands A and
B, prompting discussion on the proper assignment of the
spectrum. The CASPT2 results reveal that the energy of this
transition has been underestimated considerably in the semiem-
pirical calculations. CASPT2 puts it close to1Bu(31B2u), the
intense transition responsible for the main body of band B.
Because of the nearly equal orientation of the transitions1Bu-
(21B2u) and1Bu(31B2u) and another weak transition1Bu(21B3u)
that is predicted to lie in this region, it will be difficult to detect
the weak transitions experimentally even if they contribute
somewhat to band B.

The 1Ag states that result from the CASPT2 calculation do
not agree with our earlier assignment of the two-photon
excitation spectrum.15 On the basis of the results of semiem-
pirical calculations, we had placed the second excited1Ag close
to the first one leading to a large gap between the third and the
fourth 1Ag state. In light of the CASPT2 results, such an
assignment is no longer acceptable. We come back to this point
when we discuss our new experimental results.

One problem that remains is the relative order of the first
two 1Bu transitions in trans-stilbene. The CASPT2 calculations
predicted a weak transition1Bu(11B2u), that lies vertically 2400
and adiabatically 1500 cm-1 in front of the strong1Bu(11B3u).
This weak transition results primarily from a combination of
local phenyl excitations (Lb-). Molina et al. argue that1Bu(11B2u)

SCHEME 1: Structures and Coordinate System
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may indeed be the lowest singlet state and not yet be discovered.
They refer to the low lying1Ag states of polyenes that have
been overlooked for such a long time. However, these1Ag states
have finally been discovered from the incompatibility of
fluorescence and absorption spectra (Stokes shift, structure,
fluorescence decay time).35 Such an incompatibility does not
occur in trans-stilbene. The observed fluorescence is clearly
related to band A and no additional fluorescence has been
detected thus far. High-resolution gas-phase experiments,25,27,33,34

as well as matrix isolation studies,36 did not show indications
of a second electronically excited state below or directly above
the 0-0 transition of band A.

If 1Bu(11B3u) is the lowest excited singlet state S1 in trans-
stilbene,1Bu(11B2u) must be located somewhere on the high
energy side of the onset of band A. The existence of an
additional transition in the region of band A is, however, not a
new concept. It was first suggested in 1973 by Bernstein that a
second transition may be hidden under the high energy flank
of band A.37 Somewhat later Yogev and Margulis provided
further evidence for such a transition in 4,4′-dimethyl trans-
stilbene.38 The onset of this transition was estimated to lie not
more than 1000 cm-1 higher than the onset of the intense long

axis polarized one. The continuing difficulties with the assign-
ment of this state resulted in part from the fact that most semi-
empirical calculations predicted1Bu(11B2u) to be preferentially
short-axis polarized. Because there is no clear indication of a
short-axis polarized transition in the linear dichroism spectra
of 1 and2,15,18,39,40it was argued that if this transition is really
underlying band A it must be too weak to influence the observed
polarization. The new calculations of Molina et al. confirm a
result found earlier from semiempirical studies:18 As soon as
the first two 1Bu transitions come close together they start to
mix and the weak1Bu(11B2u) borrows some intensity from the
strong 1Bu(11B3u), but with this borrowed intensity it also
acquires the long-axis polarization of the latter. The lack of
pronounced short-axis polarization is therefore not in disagree-
ment with the location of1Bu(11B2u) in the region of band A.

Results and Discussion

Figure 2 shows the newly measured two-photon absorption
spectrum of1 (lower panel) together with the spectrum measured
earlier at room temperature in ethanol15 (upper panel). The new
spectrum shows the same general structure as the older one with
two distinct differences: A broad band around 35 500 cm-1

and a peak at 39 300 cm-1 are missing in the new spectrum.
We believe that these two bands have been due to photoproducts
in the older measurements. It is well known that under irradiation
trans-1 forms dihydrophenanthrene in addition tocis-1. Special
care was taken in the new measurements to prevent the
accumulation of photoproducts by changing the sample after
short periods of light exposure.

The absence of the broad band around 35 500 cm-1 in the
newly measured two-photon spectrum reveals three members
of a progression with a spacing of 1550 cm-1. The maxima at
31 700, 33 200, 38 400, and 40 900 cm-1 are shifted by 100 to
200 cm-1 to higher energies compared to the old spectrum. This
is quite different from the 400 to 500 cm-1 low energy shift
(measured at the 0-1 transition) that we observed for bands A
and B in the one-photon spectrum when we went from room
temperature to liquid nitrogen temperature (Figure 2 and Table
1). This shift is very similar for ethanol and 3MP. The different
shift of band A and the structure we termeda is a clear
indication that these two bands result from different transitions.
If a were due to vibronically induced two-photon activity
connected to band A, it had to shift in the same way as the
one-photon allowed part of A. That we are dealing with two
different transitions is further confirmed by the fact that the
vibrational structure of banda does not become much sharper
when we go from RT to LNT, a sharp contrast to the vibronic
structure of band A. This behavior is in line with the assignment
of banda to 1Ag(11B3g). This transition corresponds mainly to
the in-phase combination of the two local1Lb transitions (1Lb

+)15

and is therefore less affected by twists of the phenyl rings than
the first strong1Bu transition. Because of the localized nature

TABLE 1: Peak Positions Measured in 3MP (in 1000 cm-1)

A a B

0-0 0-1 0-0 0-1 A′ b c 0-0 0-1

trans-1 RTa 32.7 44.0
LNTb 30.7 32.2 31.7 33.2 38.4 40.9 42.15 43.55

trans-2 RT 29.6 31.1 34.6 40.8 42.15
LNT 29.4 30.95 31.5 34.5 40.4 41.8 40.7 42.05

cis-2 LNT 28.4 30.0 39.8 41.2
trans-3 RT 31.0 32.5 35.8 41.95 43.25

LNT 30.7 32.2 33.9 35.3 35.6 ≈40 ≈41.5 41.65 43.0
cis-3 LNT 29.9 40.75

a RT: room temperature.b LNT: Liquid nitrogen temperature.

Figure 1. Vertical excitation energies and oscillator strengths (f) as
found in the CASPT2 calculation of ref 8. The labels are explained in
the preceding section.

TABLE 2: CASPT2 Results from Reference 8

C2h D2h Evert/1000 cm-1 Ead/1000 cm-1 ftheor ∠ to x fexp
a

1Bu 11B2u 30.4 29.0 0.038 50°
1Bu 11B3u 32.9 30.5 0.723 43° 0.74
1Ag 11B3g 33.3
1Ag 21Ag 40.0
1Ag 31Ag 42.8
1Au 43.0 0.001 per
1Bu 21B2u 43.8 0.117 0° }0.291Bu 31B2u 43.8 0.371 0°
1Bu 21B3u 44.9 0.019 0°
1Bu 31B3u 48.0 0.524 52° 0.41

a From ref 18.
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of 1Ag(11B3g), the progression forming mode in banda is most
likely a ring breathing mode and not the stretching mode of the
central double bond that dominates the vibrational structure of
band A.

What must be assigned as vibrationally induced is the weak
two-photon activity in front of banda. It could result from
vibronic coupling between1Bu(11B3u) and the nearby1Ag(11B3g),
but there is also a possibility that the yet unidentified1Bu(11B2u)
transition contributes to this activity. In 3MP the distance
between the 0-0 transitions of1Bu(11B3u) and1Ag(11B3g) is only
900 cm-1. In the free molecule the two transitions are expected
to be even closer together because of the larger solvent shift of
the one-photon allowed transitions.41 For the 0-0 transition of
band A, this shift is 1500 cm-1 for 3MP at 77 K and 600 cm-1

for an argon matrix at 12 K.18

With the CASPT2 results at hand the further assignment of
the two-photon spectrum is now obvious: bandb corresponds
to 1Ag(21Ag) and bandc to 1Ag(31Ag). Semiempirical calcula-
tions predicted moderate two-photon activities andΩ values
around 0.75 for these two transitions.15 With this new assign-
ment the distances between the three lowest1Ag transitions and
their location with respect to the two low lying intense1Bu

transitions are now in close agreement with the CASPT2 results.
In trans-1-(1-indanylidene)indane2 the bands A and B are

shifted to lower energies with respect to1 by 1300 and 1400
cm-1, respectively (Figure 3). A freshly prepared 3MP solution
measured at LNT did not show a shoulder at the onset of band
A. Such a shoulder was observed by Vogel et al.42 (see also ref
32) and attributed to the formation of association complexes.
We observe such a shoulder only after irradiation and attribute

Figure 2. Two-photon excitation spectrumδvvη and two-photon polarization parameterΩ for trans-1. Upper panel: in ethanol at room temperature
(from ref 15). Lower panel: in 3MP at liquid nitrogen temperature (≈77 K). The one-photon absorption spectrum is shown by the dashed curve.
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it to the apperance ofcis-2 as discussed in section 2. A low
energy shift of bands A and B is predicted by CNDO/S and
INDO/S calculations if theπ systems of both molecules are
assumed to be planar. Therefore, this shift cannot be taken as
an indication for a nonplanarπ system in1 (compare the
discussion in ref 32). The spectral shift and the increase in
vibrational fine structure between RT and LNT is much smaller
than in1 in accordance with the strongly hindered twist around
the vinyl-phenyl bonds. The shift is of the order of 300 cm-1

for all discernible maxima, except the one at 34 600 cm-1 that
does not move by more than 150 cm-1 (Table 1). Together with
the fact that this maximum does not fit into the progression
observed for band A this is a strong indication that this
maximum does not belong to band A and results instead from
a separate transition. For this reason we put a separate label
(A′) to this structure.

The fluorescence is clearly related to band A. First of all,
the estimated radiative lifetime of 1.6 ns4 is in disagreement
with a weak electronic transition. Second, as already discernible
from the low resolution spectra of Figure 3, the frequencies of
the progression forming modes 7ag and 8ag, which strongly
involve the stretching of the central double bond,43 are reduced
in S1 by about 60 cm-1 compared to S0. If the fluorescence
were related to1Bu(11B2u) we should not observe such a
reduction because of the local phenyl character of that excitation.

The two-photon excitation spectrum of2, measured in 3MP
at LNT, is shown in Figure 4 together with the one-photon
absorption spectrum. As in the case of1, the two-photon
spectrum consists of a weak band (a) at the onset followed by
a stronger one between 38 000 and 44 000 cm-1. Unlike 1, we
did not observe any detectable two-photon activity prior to the
onset of banda. The vibrational fine structure of banda is more
complex than in1. It leads to modulations inΩ beginning with
values larger than one. It is interesting to note that compared
to 1, banda does not shift toward lower energies. The location
of the 0-0 transition of banda is nearly the same in1 and2
(Table 1), leading to a larger energetic separation between the
onsets of bands A anda. Because we assign banda to a
transition strongly localized in the phenyl rings, this lack of
shift is not surprising: The 0-0-transitions of toluene and
o-xylene differ by only 300 cm-1.

The bands that we assigned to1Ag(21Ag) and1Ag(31Ag) in 1
are shifted toward higher energies in2 so that they are strongly
overlapping with the one-photon allowed band B. From the
comparison of all three investigated compounds we assign the

maxima at 40 300 cm-1 (b) and 41 700 cm-1 (c) to the vertical
transitions to1Ag(21Ag) and1Ag(31Ag), respectively. However,
because of the strong overlap with band B, it is possible that
some of the two-photon activity in this region is due to vibronic
coupling.

Finally we turn to the newly available 1-(1-benzocyclobute-
nylidene)benzocyclobutene (3). Figure 5 shows the result of ab
initio (DFT/B3LYP/6-31G*44,45) geometry optimizations for the
trans and cis forms. The carbon skeleton is predicted to be planar
in both cases. The strain of the four-membered rings leads to
C-C-C bond angles of up to 146° but this is only of minor
importance to theπ system. The overall structure of the elec-
tronic spectrum oftrans-3 (Figure 6) is indeed similar to what
we observe for1 and2. Bands A and B are shifted to higher
energies compared to2 so that the 0-0 transition of band A
coincides with that of1 in the LNT spectra (Table 2). The 0-0
transition of band B lies 400 cm-1 lower than in1. The struc-
ture A′ is more pronounced than in2 and shifted by 1100
cm-1 to higher energies. The corresponding shift of the 0-0
transition of band A is only 1000 cm-1. This, together with the
different shift of A and A′ between RT and LNT (see Table 2),
provides further evidence that A′ results from a separate
electronic transition. It is interesting to note that the narrowing

Figure 3. Absorption and fluorescence (F) spectra from a 3-methyl-
pentane (3MP) solution oftrans-2. Dashed line: room temperature;
full line: ≈77 K. The intensity of the low-temperature absorption
spectrum is not corrected for the volume contraction of the solvent.
The fluorescence intensity is in arbitrary units and not corrected for
instrumental response.

Figure 4. Two-photon excitation spectrumδvvη and two-photon
polarization parameterΩ for trans-2 measured in 3MP at≈77 K. The
one-photon absorption spectrum is shown by the dashed curve.

Figure 5. Selected bond lengths in Å and bond angles in degree as
obtained from a DFT calculation with Becke3 exchange44 and Lee-
Yang-Parr correlation45 potential. Basis set: 6-31G*.

Two Photon Spectra of Stiff Stilbenes J. Phys. Chem. A, Vol. 103, No. 45, 19998973



between RT and LNT is more pronounced in3 than in2. This
is most likely due to the remaining conformational mobility of
the five-membered rings in2. The barrier to inversion between
the two possible envelope forms of each ring is so low that the
inversion is not frozen at LNT.

Band A exhibits two well resolved vibrational progressions
that cover a more complex vibrational fine structure as we know
from high-resolution measurements.43 Therefore, it is not
surprising that the mirror symmetry between absorption and
emission is far from being perfect. The comparison of emission
and absorption is further complicated because our sample of
trans-3 contained a small amount ofcis-3 that could be identified
in the above-mentioned high-resolution measurements. Ascis-3
absorbs at longer wavelengths thantrans-3, energy transfer can
lead to a non-negligible amount of cis fluorescence even when
the cis isomer is not detectable in absorption. However, the two
dominating maxima in the fluorescence band clearly belong to
the trans form. In accordance with the assignment of band A to
1Bu(11B3u) we again observe an increase of the distance between
the main vibronic bands of about 60 cm-1 when we compare
fluorescence and absorption.

The two-photon excitation spectrum is shown in Figure 7.
The spectrum is noisier than those of1 and2 because we had
to work with more dilute solutions. However, the overall
structure is the same as in1 and 2. Bandsb and c appear at
similar energies as in2, leading to a somewhat better separation
from band B. The 0-0 transition of banda is shifted by 2500
cm-1 toward higher energies compared to1 and2. This shift
further increases the separation between the onsets of bands A
anda. As in the case of2, we did not find any detectable two-
photon activity below the onset of banda. Vibronic coupling
that makes the1Bu(11B3u) transition partially two-photon allowed
appears to be suppressed by the increased energetic separation
from banda and perhaps the rigidity of2 and3.

Conclusions
The combined spectroscopic information that is obtained from

the one- and two-photon absorption spectra of trans-stilbene1
and two of its sterically confined derivatives (2 and3) provides
a solid experimental basis for a consistent description of the
low lying electronically excited states of the trans-stilbene
system up to an energy of about 50 000 cm-1. With the
exception of1Bu(11B2u), the experimental results agree in detail
with the recent theoretical findings of Molina et al.8 1Bu(11B2u)
was found as the lowest excited singlet state in the CASPT2
calculation, but there is no experimental evidence for a weak
transition at energies lower than the onset of band A whose
assignment to1Bu(11B3u) is unquestioned. There is, on the other
hand, a clear indication for a weak to medium intense transition
(A′) that starts somewhere between 1000 and 5000 cm-1 above
the onset of band A. We assign A′ to 1Bu(11B2u). The alternative
assignment to1Bu(21B2u), a weak to medium intense transition
predicted between1Bu(11B3u) and1Bu(31B2u) by many semiem-
pirical calculations, is not feasible in the light of the CASPT2
results. It would mean that, different from all other low lying
singlet states, this state is predicted by more than one eV too
high, about three times the error margin experienced in earlier
applications of the CASPT2 method.11

For the rest of the low lying excited singlet states the as-
signment is straightforward. Band C results from the transition

Figure 6. Absorption and fluorescence (F) spectra from a 3MP solution
of trans-3. Dashed line: room temperature. Full line:≈77 K. See
caption to Figure 3 for details.

Figure 7. Two-photon excitation spectrumδvvη and two-photon polarization parameterΩ for trans-3 measured in 3MP at≈77 K. Dashed line:
one-photon absorption at room temperature.
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to 1Bu(31B3u). The main body of band B is related to the more
intense and more short-axis polarized of the transitions to1Bu-
(21B2u) and 1Bu(31B2u). The exact order of these two states,
which are predicted to be nearly degenerate in the CASPT2
result, cannot be determined from the available experiments.
The first excited1Ag state (1Ag(11B3g)) lies only 1000 (in1) to
3000 cm-1 (in 3) higher than1Bu(11B3u). It will be interesting
to see if the different separation between these two states in1
and3 is reproduced by the CASPT2 method. The second and
the third excited1Ag states are located around 40 000 cm-1.
The separation between the three lowest excited1Ag states, as
well as their location with respect to the states1Bu(11B3u) and
1Bu(31B2u), is in excellent agreement with the theoretical results.

Although the incorrectly predicted order of the first two1Bu

states still falls into the 0.3 to 0.4 eV margin that is claimed for
well-designed CASPT2 calculations, it is tempting to discuss
possible reasons for this failure. One explanation comes from
the specific character of1Bu(11B2u). In the topological symmetry
D2h, this state results mostly from the out-of-phase combination
of the 1Lb states of the two phenyl rings (1Lb

-). The corre-
sponding in-phase combination (1Lb

+) leads to the lowest1Ag

state. InD2h these states belong to the irreducible representations
B2u and B3g, which means they cannot interact with B3u and Ag

singlet states. Deviation from the topologicalD2h symmetry
causes 11B3g to mix with the1Ag states and 11B2u with the1B3u

states. As there is no doubt that1Ag(21Ag) is located above1Ag-
(11B3g), this interaction can only stabilize the latter (see Figure
8). For 1Bu(11B2u) the situation is more complicated. If 11B2u

lies below 11B3u in the D2h model, the mixing increases the
stabilization of1Bu(11B2u) (Figure 8, left). This is what appears
to happen in the CASPT2 calculation. If, however, 11B2u lies
only slightly above 11B3u in the parentD2h system (Figure 8,
right), the interaction increases the separation of the two states
with the likely consequence that1Bu(11B2u) or 1Lb

- is now at
higher energies than1Ag(11B3g) or 1Lb

+. This is exactly what
we observe in2 and 3 where the band labeled A′ is located
2000 to 3000 cm-1 above the onset of the first band (a) in the
two-photon spectrum. It may well be that it needs only minor
changes in the geometry to reverse the order of the first two
1Bu states in the CASPT2 result.
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