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Resonance Raman spectra have been obtained for two electron donor-acceptor substituted “push-pull”
conjugated molecules possessing guaiazulene donor groups and thiobarbituric acid acceptor groups. One of
these was the subject of a recent detailed hyper-Rayleigh scattering excitation profile throughout the two-
photon resonant region [Hsu, C.-C. ; Liu, S.; Wang, C. C.; Wang, C. H. Dispersion of the first
hyperpolarizability of a strongly charge-transfer chromophore investigated by tunable wavelength hyper-
Rayleigh scattering.J. Chem. Phys.2001, 114, 7103-7108] and an effort to calculate this profile with a
Kramers-Kronig technique based on the two-state model for the first hyperpolarizabilities of strongly charge-
transfer molecules [Kelley, A. M. Frequency-dependent first hyperpolarizabilities from linear absorption spectra.
J. Opt. Soc. Am. B2002, 19, 1890-1900]. The resonance Raman spectra of both azulene donor molecules
show strong dispersion in the relative intensities of Raman lines of similar frequency as the excitation is
tuned across the absorption band. This suggests that the broad visible absorption band has significant
contributions from more than one electronic transition, although the presence of more than one molecular
species differing in charge distribution and/or conformation cannot be ruled out. These effects are not observed
in a chromophore having julolidine instead of guaiazulene as the donor group.

Introduction

π-conjugated organic molecules having strong intramolecular
charge-transfer electronic transitions often have large molecular
first hyperpolarizabilities (â) and show promise as chromophores
in polymer-based second-order nonlinear optical materials.1-3

In these molecules the lowest-energy excited electronic state
has both a large transition dipole moment to the ground state
and a large permanent dipole moment. The general quantum-
mechanical expression forâ, which involves summations over
all possible intermediate electronic states,4,5 is assumed to be
dominated by paths involving just these two electronic states.
When all of the optical frequencies fall below any one- or two-
photon resonances, the result is the now-standard two-level
formula for â initially derived by Oudar and Chemla (OC).6

The OC formula has recently been modified to account for
details expected to become important on or near resonance,
including the finite lifetime of the charge-transfer state, inho-
mogeneous broadening, and the vibronic structure of the
electronic transition.7-10

Molecular first hyperpolarizabilities are generally measured
via either electric field induced second harmonic generation
(EFISH) or hyper-Rayleigh scattering (HRS) at a single incident
frequency in the near-infrared, often near but usually below two-
photon resonance. Most studies of the frequency dependence
of â have utilized a rather limited frequency range entirely
within the nonresonant or preresonant regime. Although this is

the frequency range in which most practicalø(2) based devices
are designed to operate, the rather gentle and monotonic
dependence ofâ on frequency in the preresonant region makes
these measurements rather insensitive to the differences between
theoretical models. To test the two-level model in general and
its various refinements, it would be very helpful to have
measurements of the molecular hyperpolarizability throughout
the region of two-photon resonance, where strong variations
with wavelength are expected. We are aware of only two such
measurements for organic “push-pull” donor-acceptor sub-
stituted molecules: HRS profiles by Wang and co-workers on
a guaiazulene donor/thiobarbituric acid acceptor chromophore
(see inset of Figure 1),11 and SHG profiles in a poled DANS
(4-(dimethylamino)-4′-nitrostilbene) side chain polymer by
Otomo et al.12 One of us recently derived a new theoretical
equation for the frequency dispersion ofâ, based on a Kramers-
Kronig transform of the linear absorption spectrum, that
automatically incorporates the homogeneous line width of the
transition and its vibronic structure in a manner that is exact
within the two-electronic-state model.10 However, the HRS
dispersion curves calculated for Wang’s chromophore with this
method showed poor agreement with experiment, suggesting
that the two-level picture may be inadequate for this chro-
mophore.

Breakdown of the two-electronic-state model in this chro-
mophore would not be surprising. In most of the other push-
pull chromophores studied for nonlinear optical applications,
neither the donor group nor the acceptor group has any electronic
transitions in the visible region of the spectrum. The strong
absorption that results when the donor and acceptor are
covalently linked through a conjugated bridge is then reasonably
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interpreted as a charge-transfer excitation. In contrast, azulene
and substituted azulenes all have an electronic absorption, albeit
a weak one, in the same region of the visible spectrum as the
putative charge-transfer band. It seems reasonable that two
electronic states, one derived from the locally excited azulenic
transition and the other from the charge-transfer excitation, both
contribute to the strong visible absorption band. The locally
excited state, which has an oscillator strength of only about 0.01
in azulene itself, may gain intensity by mixing with the charge-
transfer transition in this low-symmetry system. If more than
one electronic transition contributes significantly to the linear
absorption spectrum and/or the first hyperpolarizability, the
relationships between the two quantities derived in ref 10 are
no longer expected to hold.

Resonance Raman spectra, excitation profiles, and depolar-
ization ratios can be sensitive to the presence of multiple
resonant states in several ways. In particular, if two electronic
transitions having very different orbital characters are partially
overlapping, one expects that the relative intensities of different
vibrations will vary strongly as the excitation is tuned from the
part of the absorption band where one state dominates to the
part of the band where the other state dominates. Raman
excitation profiles often have considerable structure (more than
the absorption spectrum) even with a single resonant state, and
fully interpreting that structure requires a detailed model for
the electronic transition.13,14 However, within the simple har-
monic oscillator approximation therelatiVe intensities of vibra-
tions having similar frequencies are very similar when a single
resonant electronic state is involved.13 Large variations in the
relative intensities of modes that are close in frequency but
correspond to very different vibrational motions, are a good
indication that more than one excited electronic state is involved.
In addition, depolarization ratios that differ from 1/3 provide

clear evidence for the contribution of more than one differently
polarized electronic transition to the Raman enhancement.

In this paper, we apply resonance Raman spectroscopy to
qualitatively evaluate the electronic state composition of the
strong, broad visible absorption of the chromophore shown in
Figure 1 (heretofore known as Chrom 2 as in the original paper
reporting its HRS).15 For comparison, we also present data on
a related azulenic/thiobarbituric acid molecule, Chrom 4 (Figure
2), and another chromophore having the same thiobarbituric acid
acceptor but with julolidine as the donor group (JTB, Figure
3). Julolidine itself does not absorb in the visible region of the

Figure 1. Resonance Raman spectra of 0.38 mM Chrom 2 in CH2Cl2
at the indicated excitation wavelengths. The asterisk marks a solvent
line, truncated in some of the spectra. The inset shows the excitation
wavelengths at various positions on the absorption spectrum in
CH2Cl2. The two vertical lines through the Raman spectra mark bands
that lose most of their intensity as the excitation wavelength is tuned
to the red.

Figure 2. Same as Figure 1, for Chrom 4 (1.4 mM in CH2Cl2).

Figure 3. Same as Figure 1, for JTB in acetonitrile (concentrations
vary with excitation wavelength).
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spectrum, and the solvent-dependent resonance Raman excitation
profiles of JTB were previously analyzed successfully assuming
a single resonant electronic state.16

Methods

Chrom 2 and Chrom 4 were synthesized as described
previously.15 Solutions for resonance Raman spectroscopy were
prepared in CH2Cl2 at concentrations of 0.38 mM (Chrom 2)
and 1.4 mM (Chrom 4). Excitation at 476.5 and 514.5 nm was
obtained from a continuous wave (cw) argon-ion laser (Lexel
model 95-4). Excitation at 633 nm was provided by a polarized
He-Ne laser (Melles Griot). Excitation at 706 and 737 nm was
provided by a Ti:sapphire laser (Spectra-Physics Tsunami)
pumped by a frequency-doubled diode-pumped cw Nd:YVO4

laser (Millenia Vs). The Ti:sapphire laser was designed to be
used as a mode-locked picosecond laser but was operated
without active mode-locking for this application, providing a
narrower spectral bandwidth. Unwanted wavelengths were
removed from the excitation source by passage through a grating
prefilter (Ar+), interference filter (He-Ne), or dispersing prism
(Ti:sapphire) before being focused onto the sample contained
in a rotating cell of about 2 mL volume. The Raman scattering
was collected with reflective optics from the front face of the
rotating cell in an approximately 135° backscattering geometry,
passed through a polarization scrambler, dispersed with a Spex
1877 triple spectrograph, and detected with a Spex Spectrum
One liquid nitrogen cooled CCD. Spectra were corrected for
reabsorption and for the wavelength dependence of the collection
and detection efficiency as described elsewhere.14 Weak fluo-
rescence backgrounds have also been subtracted from some
spectra, although neither Chrom 2 nor Chrom 4 exhibited much
fluorescence in the detection region of interest.

The resonance Raman spectra of JTB were obtained similarly
as described in a previous publication.16

Resonance Raman depolarization ratios were measured by
rotating a thin-film polarizer (Meadowlark Optics) placed before
the polarization scrambler.

Geometry optimizations and vibrational frequency calcula-
tions were carried out using density functional theory (DFT)
with the B3LYP exchange-correlation functional and the 6-31G
basis set as implemented in Gaussian 98.17 Semiempirical AM1
and MINDO3 calculations were also performed for comparison.
The ZINDO semiempirical method as implemented in Gaussian
98 was used to generate electronic transition frequencies and
transition dipole moments for each chromophore at the DFT
and semiempirical ground-state equilibrium geometries. The
ZINDO calculations included configuration interaction involving
all single excitations from filled to virtual orbitals.

Results

Figures 1 and 2 show the resonance Raman spectra of Chrom
2 and Chrom 4, respectively, in CH2Cl2 at three or four
excitation wavelengths ranging from the red side to the blue
side of the absorption maximum. The excitation wavelengths
used at various positions on the absorption bands are indicated
on the insets. The absorption intensities for both compounds
are very strong, with peak molar absorptivities of about 50 000
M-1 cm-1.15 Figure 3 shows comparable data for JTB in
acetonitrile. JTB is moderately fluorescent, and even in a
strongly Stokes-shifting solvent we could not obtain data of
adequate quality with excitation to the red of 551 nm. For Chrom
2, excitation to the red of 737 nm was not attempted because
of the declining collection and detection efficiency of our
instrument beyond 850 nm.

All of the observed Raman lines of both Chrom 2 and Chrom
4 have depolarization ratios that are within experimental
uncertainty of 1/3 at 476.5, 514.5, and 632.8 nm. The polariza-
tion data provide no evidence for contributions from more than
one differently polarized electronic transition to any of the
resonance Raman lines.

The spectra of Chrom 2 show more strong lines in the 1100-
1300 cm-1 region than do the spectra of Chrom 4, suggesting
that much of the intensity in this region arises from the
cyclohexenyl ring and/or the additional polyenic double bond
that differentiates the two structures. With the exception of two
lines, the general appearance of the Chrom 2 resonance Raman
spectra is similar at all excitation wavelengths. The increase in
the relative intensities of most lower frequency lines at the
reddest excitation is not necessarily significant; the excitation
profiles of lower frequency lines generally peak at longer
wavelengths than do the profiles for higher frequency lines for
simple Franck-Condon overlap reasons.13 However, the same
considerations also show that the relative intensities of lines of
similar frequency should not vary strongly with excitation
wavelength.13 In contrast, two vibrations of Chrom 2 that are
fairly strong when excited at 514.5 or 633 nm exhibit a
precipitous decline of intensity relative to other nearby lines as
the excitation is tuned to the red. These two features are at
∼1480 and 1678 cm-1, as indicated by the vertical lines in
Figure 1. Both of these modes also appear to decrease in
frequency somewhat as the excitation is tuned toward the red,
although this may simply be a result of overlap with a lower
frequency line that retains its intensity while the other line
disappears. It is clear that there are a number of overlapping
Raman transitions in the 1440-1490 cm-1 range.

Chrom 4 exhibits similar intensity patterns. The line at 1681
cm-1, which corresponds to the 1678 cm-1 line of Chrom 2
(see below), decreases dramatically in intensity relative to nearby
lines as the excitation is tuned to the red. The line at 1556 cm-1

also loses relative intensity although less dramatically, analogous
to the 1480 cm-1 line of Chrom 2. The apparent changes in
frequency observed in Chrom 2 are not seen in Chrom 4.

Chrom 2 in CH2Cl2 decomposes slowly (time constant of a
few days) when exposed to room light to form a product that
lacks the strong visible charge-transfer absorption band. Similar
behavior was previously reported in chloroform.15 We do not
believe that these decomposition products, which will not be
resonantly enhanced with visible excitation, influence our
qualitative resonance Raman spectra. The resonance Raman
spectra of Chrom 2 in acetonitrile, a solvent in which these
absorption spectral changes are not observed, are nearly identical
to those obtained in methylene chloride. In addition, Chrom 4
does not undergo evident decomposition in methylene chloride
but exhibits the same wavelength-dependent Raman intensity
pattern as Chrom 2.

JTB contains the same thiobarbituric acid acceptor group as
the other two chromophores, but the guaiazulene donor is
replaced by julolidine. Figure 3 shows that although the lower
frequency lines do have greater relative intensities with redder
excitation, there are no dramatic changes in the intensities of
strong lines as seen in the other two molecules. In particular,
the line at 1689 cm-1, analogous to the 1678 and 1681 cm-1

lines of Chrom 4 and Chrom 2, retains a fairly constant intensity
relative to other nearby lines as the excitation frequency is
changed.

MINDO3 and AM1 vibrational normal mode calculations
predict that the highest-frequency mode (apart from CH
stretches) in all three molecules is primarily the symmetric
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combination of the CdO stretches on the thiobarbituric acid
acceptor group. DFT(B3LYP/6-31G) calculations give the
symmetric CdO stretch as the highest frequency mode in Chrom
4 and JTB, in agreement with previous density functional theory
calculations on JTB that used a larger basis set (6-311G**).16

The DFT calculations place the symmetric CdO stretch
considerably lower in frequency and below one of the azulene-
localized vibrations in Chrom 2. We nevertheless believe that
the 1678 and 1681 cm-1 modes of Chrom 2 and Chrom 4, which
lose intensity dramatically with red excitation, correspond to
roughly the same acceptor-localized normal mode as the 1689
cm-1 mode of JTB, which shows no such intensity anomaly.
The other lines showing excitation wavelength-dependent
intensities, the∼1480 cm-1 band of Chrom 2 and the 1556
cm-1 line of Chrom 4, are not as straightforwardly assigned,
but the vibrational calculations suggest that they involve
predominantly the CdC stretch adjacent to the thiobarbituric
acid group, calculated to shift down by 63 cm-1 between Chrom
4 and Chrom 2. Table 1 summarizes the experimental and
calculated (DFT) vibrational frequencies for all three chro-
mophores in the 1470-1700 cm-1 region and also gives the
experimental and calculated frequencies of unsubstituted azulene
for comparison. The vibrational assignments of all lines except
the symmetric CdO stretch must be considered quite tentative.

Table 2 presents the results of ZINDO calculations of the
electronic excitations at the DFT ground-state geometry. In JTB,
the ZINDO model predicts that essentially all of the oscillator
strength is carried by a single transition that is predominantly
HOMO f LUMO in character. The ZINDO calculations also
give a lower excited state with almost no oscillator strength, as
do recent calculations employing the excited-state molecular
dynamics/collective electronic oscillator formalism with the
AM1 reference Hamiltonian.19 Chrom 4 is calculated to have a

weak lowest electronic transition that is dominated by the
HOMO f LUMO+1 configuration, followed by two strong,
nearly degenerate transitions that are both predominantly HOMO
f LUMO but have significant amounts of other configurations
mixed in. The transition dipole moments of these two higher
transitions are parallel to within 2°, whereas the weak lower
transition is polarized at a 28° angle to the strong ones. Chrom
2 has a weak HOMOf LUMO+1 transition considerably
below a very strong transition that is nearly pure HOMOf
LUMO, with an angle of 51° between the two transition dipoles;
the next highest electronic state is essentially forbidden.

The three computational methods employed predict very
different ground-state equilibrium geometries, particularly with
regard to the twisting of the azulenic group about its single bond
linker. All three methods predict almost identical twist angles
for Chrom 2 and Chrom 4, but these angles vary from 5 to 6°
by DFT to 31° by AM1 and 63° by MINDO3. These differences
in geometry translate into large differences in the predicted
electronic excitations. Table 3 summarizes the wavelengths and
oscillator strengths calculated for the three lowest singlet excited
states of Chrom 2 and Chrom 4 by ZINDO at the equilibrium
geometries resulting from the two semiempirical methods. At
the highly twisted geometries predicted by both of the semiem-
pirical methods, the strong charge-transfer transition is consider-
ably blue-shifted relative to experiment and to its calculated
wavelength at the nearly planar DFT geometry. In addition, the
observed large red shift of this transition on lengthening the
conjugated chain from Chrom 4 to Chrom 2 is reproduced fairly
well at the DFT geometry, whereas the semiempirical geometries
incorrectly give a blue shift of the strong transition on going
from Chrom 4 to Chrom 2.

Discussion

The S0 f S1 transition of unsubstituted azulene in solution
shows extensive Franck-Condon activity in several vibrational
modes and spans the entire region from 700 to 450 nm.20 This
transition involves predominantly the HOMOf LUMO excita-
tion.21 In the simplest picture, coupling of azulene to an acceptor
group having a low-energy LUMO should result in two
electronic transitions, the original azulene-localized excitation
and a charge-transfer transition from the azulene HOMO to the
thiobarbituric acid LUMO. In reality, of course, the situation is
much more complicated; because the conjugation nominally
extends across the molecule, the actual molecular orbitals will
be to some extent delocalized over both donor and acceptor
groups, and the resulting transitions may not be so simply
distinguished as locally excited or charge transfer. However,
we would expect more than one electronic transition in the
visible region of the spectrum. The long-wavelength absorption
of unsubstituted azulene has an oscillator strength of only about

TABLE 1: Calculated (DFT B3LYP/6-31G) and
Experimental Vibrational Frequenciesa

Chrom 2 Chrom 4 JTB azulene

mode description expt calc expt calc exptb calc exptc calc

sym CdO str 1678 1653 1681 1680 1689 1684
asym CdO str 1631 1640 1642
ethylenic CdC str. 1643
azulene ring str (a1) 1603 1619 1606 1618 1578 1660
cyclohexene CdC str 1522 1579
azulene ring str (b2) 1670 1668 1586 1665
azulene ring str (b2) 1531 1586 1530 1588 1476 1555
CdC str of TBA link 1480 1505 1556 1568 1506 1496
julolidine quinoidal str 1622 1672
azulene ring str (a1) 1575 1606 1539 1599 1534 1606
julolidine ring str 1552 1588

a TBA ) thiobarbituric acid (acceptor group). Symmetries given for
the azulene modes refer to unsubstituted azulene only.b Reference 16.
c Reference 18.

TABLE 2: ZINDO Calculated Electronic Excitations at DFT Geometry a

Chrom 2 Chrom 4 JTB

λ, nm f CI coeff λ, nm f CI coeff λ, nm f CI coeff

662 0.034 Hf L+1 0.64 587 0.043 Hf L+1 0.63
H f L 0.21

515 0.0001 H-1 f L+1 0.57
H-1 f L 0.38

573 1.71 Hf L 0.66 501 0.51 Hf L 0.49
H-1 f L+2 0.32
H-1 f L+3 0.27

423 1.01 Hf L 0.67

498 0.0001 H-2 f L+3 -0.55
H-2 f L+2 0.27
H-2 f L 0.27

500 0.39 Hf L 0.42
H-1 f L+2 -0.37
H-1 f L+3 -0.31
H-1 f L -0.20

396 0.002 H-5 f L 0.45
H-5 f L+2 -0.34
H-6 f L+2 -0.21

a Abbreviations: f ) oscillator strength, H) highest occupied molecular orbital, L) lowest unoccupied molecular orbital.
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0.01,22 but mixing with the charge-transfer transition could
increase its intensity considerably.

In both azulenic chromophores the Raman transitions corre-
sponding to the most acceptor-localized modes, the CdO stretch
and the band tentatively assigned as the CdC stretch of the
linker to the acceptor group, lose intensity as the excitation is
tuned to the red side of the absorption band. This would suggest
that the longer wavelength side of the band is dominated by
the azulene-localized transition whereas the absorbance at
shorter wavelengths has more charge-transfer character. The
absorption spectrum of azulene in solution has its origin near
700 nm and a broad maximum around 600 nm. Thus the idea
that an azulene-localized transition contributes more to the red
side of the band is more consistent for Chrom 4 than for Chrom
2. The much redder absorption maximum of Chrom 2 compared
with Chrom 4, which has the same electron donor and acceptor
groups and differs only in the conjugated linker, suggests that
most of the oscillator strength is carried by significantly
delocalized transitions and calls into question any arguments
based on localized transitions.

These qualitative expectations and the striking wavelength
dependence of the resonance Raman intensities provide a good
argument in favor of multiple electronic transitions. The ZINDO
calculations provide only partial qualitative support for this
hypothesis. The ZINDO calculations do predict that both Chrom
2 and Chrom 4 have a predominantly azulenic transition
(HOMO f LUMO+1, where both orbitals are localized on the
azulenic moiety) at lower energy than the predominantly charge-
transfer transition (HOMOf LUMO, where the LUMO is
located mainly on the thiobarbituric acid acceptor group). In
the case of Chrom 4 the charge-transfer transition is actually a
nearly degenerate pair of transitions having molecular orbital
coefficients of nearly equal magnitude but opposite sign.
However, in both molecules the azulenic transition is predicted
to be only slightly stronger than in azulene itself (the lowest
transition of unsubstituted azulene is calculated at 586 nm with
an oscillator strength of 0.023), whereas the charge-transfer
transition is stronger by more than an order of magnitude.
Although quantum-mechanical interferences between transitions
with highly disparate oscillator strengths can cause dramatic
wavelength dependences in resonance Raman intensities,23,24

when the two states are this strongly overlapping we would
expect the intensities to be dominated by the stronger transition.
The ZINDO calculations on JTB also give a transition at lower
energy than the strong charge-transfer state, but its oscillator
strength is negligible; this is consistent with our empirical
modeling results that found no evidence for contributions from
more than one electronic transition.16 It should be pointed out
that the ZINDO method employed here involves many ap-
proximations. In particular, it does not include the presence of
a polar and polarizable solvent environment, which may
substantially alter the properties of charge-transfer transitions.
The charge-transfer transitions of all three molecules are
calculated higher in energy than observed, and the red shift
accompanying solvation might lead to a greater degree of
coupling to the azulenic transition. In addition, the calculated

transition energies and oscillator strengths are quite sensitive
to the molecular geometry, as demonstrated in Table 3.

The long-wavelength transition of azulene is in-plane short-
axis polarized,22 whereas the charge-transfer transition is
expected to be polarized roughly along a line connecting the
centers of the donor and acceptor groups. The angle between
these two vectors is fairly large for both Chrom 2 and Chrom
4 in any reasonable geometry, so if an azulene-localized
transition and a charge-transfer transition were simultaneously
contributing to the intensity of any Raman line, that line should
exhibit a depolarization ratio different from 1/3 (the expected
value for a single, nondegenerate electronic transition). Our
observation thatF ≈ 1/3 for all lines does not, however,
necessarily mean that a single electronic transition contributes.
Depolarization ratios near 1/3 could arise from two different
electronic transitions that enhance different sets of Raman
modes, such that each Raman line draws most of its intensity
from a single electronic transition. Depolarization ratios near
1/3 would also result from two electronic transitions that have
nearly parallel transition dipole moments, although this is not
supported by the ZINDO calculations, which predict fairly large
angles between the two transition dipoles.

Other explanations for the striking relative Raman intensity
variations across the absorption band cannot be ruled out. One
possibility is that excitation in different parts of the absorption
band selectively enhances different subsets of the molecular
population that might differ, for example, in local solvation
structure and/or molecular conformation (torsional angles).
There is no obvious reason to expect particularly strong
inhomogeneity for these chromophores in CH2Cl2 compared
with other push-pull molecules in more strongly interacting
solvents, where no such anomalies are observed.9,16,25-27

However, the apparent excitation wavelength dependence of the
frequencies of the oddly behaved transitions in Chrom 2 suggests
some ground-state heterogeneity.28-30 A strong dependence of
the electronic transition moment on vibrational coordinate can
also produce odd intensity patterns. In the Herzberg-Teller
formulation of vibronic coupling, coordinate dependence of the
electronic transition moment results from mixing of the various
zero-order electronic states by a vibration, and so in a sense
this is also a manifestation of contributions from more than one
electronic state to the optical transition.

Conclusions

These experiments were initiated with the hope of under-
standing why the Kramers-Kronig based procedure for calcu-
lating hyperpolarizability dispersions from linear absorption
spectra gives such poor results for Chrom 2.10 The results
suggest a fundamental breakdown of the two-electronic-state
model as a reason for this failure. The Raman data also suggest
that the hyperpolarizability dispersion of Chrom 4 should not
be adequately described by a two-state model either, although
the data for this molecule are not available. JTB, on the other
hand, appears to behave as a reasonable two-electronic-state
molecule from the standpoint of its linear absorption and
resonance Raman spectra. It is hoped that the HRS or EFISH
data needed for these theoretical relationships between linear
absorption spectra and hyperpolarizability dispersions will
become available for JTB or other likely candidates for true
two-state behavior.
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