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Absorption and resonance Raman spectra have been measured over a wide range of solvents for two
merocyanine dyes containing the indoline (“Fischer” base) electron donor group with different accepting
groups. One appears to be near the cyanine limit (equal contributions of the neutral and zwitterionic resonance
forms to both ground- and excited-state structures) based on electrooptic absorption data showing a very
small dipole moment change upon electronic excitation. The resonance Raman spectra of both molecules
show significant frequency shifts and intensity redistributions that evolve monotonically with increasing solvent
polarity and are consistent with increasing zwitterionic character of the ground-state structure. The vibrational
reorganization energies of both molecules, obtained by simulating the absorption band shapes, are smaller in
polar solvents than in nonpolar or weakly polar ones, consistent with a more cyanine-like structure at higher
solvent polarities. However, the vibrational reorganization energies of both molecules exceed ¥00alm
solvents, larger than in many true cyanine dyes, and the optical absorption maxima do not correlate well with
either solvent polarity or vibrational reorganization energy. This indicates some limitations to the structural
conclusions that can be reached from the two-state modet-fanjugated doneracceptor systems.
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Figure 1. Neutral and zwitterionic forms of conjugated doraicceptor

substituted molecules.

Many organic molecules contain electron donor and electron
acceptor groups connected through-aonjugated bridge. The
structures of such molecules can be written in two possible

resonance forms, one neutral and the other zwitterionic, with \ / \ /
formal charge transfer from donor to acceptor accompanied by N N — N N
interconversion between single and double bonds irrthddge AN NN

(Figure 1). In the simplest picture of the electronic excitations Figure 2. Equivalent resonance forms of a cyanine dye.
of such molecules, the neutral and zwitterionic resonance
structures are treated as basis states whose linear combinationﬁqportam because of its influence on the nonlinear optical

compose the actual ground and lowest excited electronic poperties. The two-state model for the ground and first excited
states:™* The relative contributions of the neutral and zwitter-  gjactronic statd< can be used to predict the dependence of the
ionic states to the true molecular eigenstates are functions of .,1ecular polarizability and hyperpolarizabilities on the degree
the donor and acceptor groups as well as the solvent and canyt ground-state charge transfer or, equivalently, the bond-order
be tuned by varying either or both. If the ground state is largely jternation in the ground state. The general predictions of this
neutral and the excited state largely zwitterionic, electronic simple model are supported by semiempirical and ab initio
excitation produces a large change in both the charge distributiongjecylar orbital and finite-field (hyper)polarizability computa-
and the equilibrium bond lengths of the conjugated bonds. AS ti51556 The first hyperpolarizability £) should be maximized

_the contribution of the zwitterionic form to the ground state ot an intermediate degree of mixing given &= 0.276 or
increases, the ground state becomes more polar and the excited . _ \/—2
state less polar, and the difference in bond lengths between thed-724, where we definq = v1—c'yy + cyz andyn and

two structures becomes smaller. In the limit where both ¥z are the neutral and zwitterionic basis states, respectively.
resonance forms contribute equally to both electronic states, O the other hand, both the linear polarizability) @nd the
there is no change in dipole moment upon excitation and all of S€cond hyperpolarizabilityy§ are maximized in the cyanine
the conjugated bonds have equal bond orders of 1.5 in both/IMit (¢2 = 0.5: equal contributions from both resonance
ground and excited states. This is known as the cyanine limit structures, zero bond-order alterngtlon). I_nterest in devglopmg
by reference to the cyanine dyes, which, for symmetry reasons,Polar dyes that approach the cyanine limit has been driven by

have structures that are equal contributions of two resonancelNterest in these dyes as chromophores for photorefractive
forms (Figure 2). materials. Photorefractivity in organic chromophore-doped

The ability to tune the ground-state charge-transfer characterPClymers with low glass transition temperatures is interpreted

of these donoracceptor substituted conjugated molecules is 5 @ Kerr effect which has contributions from both the linear
polarizability anisotropy and the first hyperpolarizability, but

t University of California. for typical chromophores the birefringenico() contribution is
* Universitd Wurzburg. dominant’-® Optimization of chromophores for this purpose
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therefore corresponds to seeking the highest possible linear
polarizability consistent with other requirements such as solubil-
ity, chemical compatibility, and thermal stability.

The fractional charge-transfer character, or degree of bond- 160000+
order alternation, in molecules of this type should be tunable
by changing either the donor and/or acceptor strength or the
polarity of the solvent. While many experiments have demon- 120000
strated such tuning of the ground-state structure and/or one or
more optical propertie¥,1° rarely have both ground- and T
excited-state properties been examined for consistency with the 80000 t:,ue,.e
predictions of the two-state model. Previous publications by the --’é‘ ~——— dioxane
Kelley group utilized resonance Raman spectroscopy and .S 80000 ——cH,gl,
intensity analysis to examine the solvent dependence of both
the ground-state vibrational frequencies and the ground- to
excited-state vibrational reorganization energies for several
push-pull chromophored?-24 These were molecules far from
the cyanine limit in which the ground state is predominantly
neutral and has significant bond-order alternation. While the
vibrational reorganization energy is found to decrease with
increasing solvent polarity as expected by the simple two-state
model, the ground-state structure as inferred from the vibrational 50000
frequencies is almost independent of solvent polarity, in contrast
with the predictions of that model. It should be noted, however, 40000
that most of the molecules examined had largely aromatic rather
than polyenic conjugated linkers, and the one largely polyenic 30000+
molecule showed better consistency with the two-state nfddel.

Other workers have also reported substantial solvent effects on 20000+
ground-state vibrational spectra for pugbull molecules with
mainly polyenic linkerg318

In this work we apply solvent-dependent resonance Raman 0=
and absorption spectroscopy to two merocyanine dyes of the 250
class being developed as photorefractive chromophores (Figure Wavelength / nm

3). One of these dyemdolineDimethinedDxoPyridine (IDOP), Figure 3. Absorption spectra of IDOP (top) and IDMN (bottom) in

appears to be near the cyanine limit in polar solvents, as its the ingicated solvents. Atom numbering of the main carbon skeleton
absorption spectrum exhibits a strong origin band with relatively is shown.

weak vibronic structure. The otherindolineDimethine- ) - _
Malond\itrile (IDMN), couples the same donor group to a Was a0.6-m Spex 1877E triple spe(_:trograph utilizing reflgctlve
weaker acceptor and is farther from the cyanine limit as judged collection optics, a 1200 g/mm grating blazed at 500 nmiin the
by its absorption band shape. Conversion between neutral andPectrograph stage, and a liquid nitrogen-cooled CCD detector.
zwitterionic resonance structure does not require any loss of Samples of-3 mL volume were contained in a spinning cell,
aromatic stabilization for these molecules, and therefore we illuminated with 1-20 mW of laser power focused with a 10-
might expect to observe larger solvent-dependent variations in¢M f.I. lens, and the Raman scattering was collected#135’
ground-state bond order than in molecules containing aromatic Packscattering geometry. The other was a 0.64-m Jobin-Yvon
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linkers. T64000 triple spectrograph with microprobe sampling 10
objective), either a 1200 g/mm grating blazed at 750 nm or an
Experimental Methods 1800 g/mm grating blazed at 500 nm in the spectrograph stage,

and a UV-coated, back-illuminated, liquid nitrogen-cooled CCD
IDMN was synthesized according to ref 25, and IDOP was detector. Samples of10-mL volume were circulated with a

synthesized by the method described in ref 26. Both compoundsperistaltic pump through a 1-mm path-length liquid flow cell,
were characterized by 200 MH# NMR spectroscopy in  excited with<5 mW of laser power, and Raman scattering was
CDCl; (TMS as internal standard) and elemental analysis. collected in a confocal 18Mackscattering geometry. Excitation
IDOP: 8.03 ppm (2H, s, CH methine), 7.38 ppm (2H, m, CH wavelengths between 458 and 514 nm were provided by either
aromat), 7.27 ppm (1H, m, CH aromat), 7.11 ppm (1H] & a Lexel argon-ion laser or a Coherent Innova 90C argon-ion
7.9 Hz, CH aromat), 4.06 ppm (2H,X~= 7.1 Hz, NCH), 3.92 laser. Wavelengths between 360 and 450 nm were obtained from
ppm (2H, m, NCH), 2.53 ppm (3H, s, Ch), 1.9 ppm (3H, m,  a frequency-doubled Spectra-Physics Tsunami Ti:sapphire laser
CHy, CH), 1.73 ppm (6H, s, C§), 1.51 ppm (2H, m, Ch), producing 1-2-ps pulses at 82 MHz. Excitation at 532 nm was
1.31 ppm (8H, m, Ch), 1.02 ppm (3H, tJ = 7.4 Hz, CH), provided by a Spectra-Physics Millennia frequency-doubled cw
0.90 ppm (6H, m, Ck). Anal. Calcd for GiHaiNzO2: C, 76.35; Nd laser. In both instruments the scattering was collected at
H, 8.47; N, 8.62. Found: C, 76.37; H, 8.49; M, 8.61. mp: 58  9(* to the incident laser polarization direction and the scattered

160°C. polarization was randomized by passage through a polarization
Absorption spectra were measured on a Hitachi U-3010 UV/ scrambler placed before the spectrograph entrance slit. The
vis spectrophotometer. intensities measured therefore correspond to the differential

Resonance Raman spectra were obtained at concentrationRaman cross section, ¢@lQ2),+n. For the Raman polarization
of 0.17-0.44 mM for IDMN and 0.088 mM for IDOP. Two  measurements, the laser polarization was purified by passage
different sampling and detection systems were employed. Onethrough a GlarTaylor prism and a rotatable film polarizer was



1572 J. Phys. Chem. A, Vol. 109, No. 8, 2005

placed in the scattered beam path before the polarization

scrambler. Spectral resolution was & cni ! for the argon-ion
and Nd laser excited spectra and-11% cnt? for the Ti:sapphire

excited spectra. Spectra were calibrated in Raman shift by
reference to Raman lines of the solvent. All spectra were

obtained at ambient temperature {222 °C).

Computational Methods

Energy minimizations, normal mode calculations, and elec-
tronic structure calculations were carried out using the Gaussian

98 suite of progran®é running under Windows. All alkyl groups

were replaced by methyls. Ground-state normal mode calcula-

tions were performed using the B3LYP density functional with
the 6-311G** and 6-31G** basis sets for IDMN and IDOP,
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respectively. The reported frequencies are unscaled. Qualitativerigyre 4. Resonance Raman spectra of IDMN in the five solvents
normal mode descriptions were obtained by viewing the indicated, all excited at 391 nm. Asterisks mark solvent lines.

calculated normal mode motions with Molden 3%6.

Absorption spectra were simulated via the time-domain wave

packet method? The vibronic structure was modeled as arising
from four harmonic oscillators, each linearly coupled to the

electronic excitation. Although the resonance Raman spectra
show that there are many more than four coupled vibrations,
inclusion of more modes does not significantly improve the

calculated fits to the absorption spectra. Each mode was

characterized by a vibrational frequeneoyand a displacement

A, in dimensionless normal coordinates, between the potential
minima in the ground and excited states. The electronic line
width was modeled as a Gaussian distribution of electronic
zero—zero energies, which represents some combination of
inhomogeneous broadening and coupling of the electronic
transition to an overdamped Brownian oscillator representing

the solvent degrees of freeddf® The vibrational displace-
ments, electronic line width, and zefraero energy were
adjusted to obtain the best fit to the absorption band shape.

Results

Figure 3 shows the absorption spectra of IDOP and IDMN
in five solvents of significantly different polarity and polariz-

Frequencies that show large solvent dependences are labeled.
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Figure 5. Resonance Raman spectra of IDOP in the indicated solvents.
Excitation wavelength is 465 nm for methanol and 476 nm for the
other four solvents. Asterisks mark solvent lines. Raman frequencies
that show large solvent dependences are labeled.
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solvent effects on both the frequencies and the intensities of
the lines in the 15001700 cn1?! region. While the line at

ability: cyclohexane, dioxane, toluene, dichloromethane, and ~1540 cnt!is strongest in all solvents and shifts only slightly
acetonitrile. Spectra were also obtained in five other solvents. in frequency, the lines at 1523, 1588, and 1690 &rm
In both molecules the absorption maximum generally red-shifts cyclohexane all shift to lower frequencies with increasing solvent

with increasing solvent polarity and/or polarizability. The weak
dependence ofmax On solvent polarity for IDOP suggests that

in this chromophore the change in charge distribution upon

polarity (19-25 cnt! from cyclohexane to acetonitrile) and
undergo substantial intensity redistributions.
The resonance Raman spectra in both Figures 4 and 5 were

excitation is relatively small, again consistent with the idea that obtained using excitation wavelengths considerably to the blue

IDOP is fairly close to the cyanine limit. Both chromophores
appear to exhibit a decrease in vibronic activity (i.e., the
electronic zere-zero transition becomes relatively stronger

of the absorption maximum. In the more polar solvents,
fluorescence of both chromophores was sufficiently strong that
adequate quality Raman spectra could not be obtained with

compared with the higher vibronic transitions) as solvent polarity excitation near the absorption maximum. Only in cyclohexane
increases, although this is partially an illusion caused by the could complete excitation profiles be measured. In neither

increase in absorption line width in the more polar solvents,

making the vibronic structure appear less pronounced.

molecule do the vibrational frequencies in cyclohexane exhibit
any significant dependence on excitation wavelength.

Figures 4 and 5 present the resonance Raman spectra of both Tables 1 and 2 tentatively assign the prominent resonance
chromophores in five solvents. Both molecules exhibit large Raman lines to the vibrational modes calculated with density
solvent dependences in the intensities and/or frequencies of soméunctional theory. Figure 3 gives the atom numbering. In IDMN,

modes. In IDMN, the two strong lines at 1540 and 1568 &m

the lines that exhibit the largest frequency reductions with

in cyclohexane shift to considerably lower frequencies in more increasing solvent polarity are assigned to modes having

polar solvents while the line at 1134 cfin cyclohexane moves

dominant contributions from thegCio and G1Cy, stretches.

to progressively higher frequencies with increasing solvent These are double bonds in the neutral structure but single bonds
polarity. There are also large changes in the frequencies and/oiin the zwitterion, which should make a larger contribution to

intensities of the lines in the 1178.250 cnt? region, with the
lines near 1176 and 1213 cigaining intensity in the more
polar solvents while the 1234 crhcyclohexane line is absent

the structure in polar solvents. The lines in the 122350 cnT?!

region that undergo large changes in frequency and/or intensity

with solvent are assigned to modes having large contributions

or strongly shifted in the other solvents. IDOP exhibits large from the GoCi1, CgNg, or Ci12—CN stretches, all of which are
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TABLE 1: Experimental and Calculated (DFT, B3LYP/6-311G**) Raman Frequencies for Prominent Lines of IDMN?
IDMN Raman frequency/cnt

cyclohexane dioxane GBI, methanol CHCN DFT calcd DFT mode description
1073 1075 1075 1077 1074 1065 —ICH; str— C,Cg str — C;Cg str
1134 1138 1142 1145 1143 1180 asym-CN str
1176 1179 1173 1176 1176 1201 7@ str
1203 * 1206 1214 1214 1238 16511 str — CgCy str+ C1Cy str
1234 vw 1239 vw VW 1273 Cy str— CgCy str— C,Cy str
1263 1264 1262 1264 1264 1295 8N str — C,Cy str
1337 1336 1332 1332 1330 1368 12C15 str— C11012 str, CllH rock
1373 1374 1368 1370 1370 1384 3@ str+ CgNg str — C4Cs str — CgNg str, GoH rock
1395 1398 1396 1399 1398 1414 (@¥rock, GCg str+ NgMe str
1465 1460 1465 1468 1467 1493 2@ str — CsCg sStr
1482 1483 1481 1482 1483 1523 1@ str— CeNg str
1540 1536 1533 1531 1531 1578 11Ci2 str — CgCyp Str — Cy1oCy Str
1568 1560 1557 1557 1568 1619 830 Str — C1¢Cay Str
1611 1610 1609 1610 1608 1657 5@ str+ C,Cs str+ CgCyo Str

a Asterisk indicates frequency regions obscured by solvent lines.

TABLE 2: Experimental and Calculated Resonance Raman Frequencies for IDOP

IDOP Raman frequency/cm

cyclohexane dioxane GBI, methanol CHCN DFT calcd mode description
1064 1065 1063 1064 1063 1068 o-Blkyl str+ Cy3Me str
1108 * 1102 1106 1100 1100 acceptor ring def
1120 * 1120 1121 1118 1107 1C7 str+ donor ring def
1200 1202 1199 1200 1197 1244 12013 str+ C14C15 str
1219 * 1219 1220 1216 1254 16C11 str+ C,Cy str
1332 1333 1333 1333 1330 1346 highly delocalized str
1399 1401 1409 1406 1406 1417 6N str — Ng-alkyl str
1467 1468 1467 1469 1466 1502 2@ str— CsCq Str
1523 1513 1506 1502 1502 1576 8o Str+ C13Ci4 Str — CgNg str — C;Cg str
1542 1541 1538 1538 1536 1593 11C12 str+ C13C14 str— C10C11 str
1588 1582 1578 1568 1569 1634 8o Str+ C13Cia Str — C1oCy1 Str
1606 1602 1599 1603 1599 1655 1@ str+ C3Cy str— CyCs str — C,C, str
1618 1618 1619 1619 1616 1667 5@ str+ C,Cs str
1690 1678 1670 1670 1665 1762 syrFO str

a Asterisks indicate frequency regions obscured by solvent lines.

formally single bonds in the neutral molecule and double bonds modes were adjusted, along with the electronic zero
in the zwitterion. In IDOP, the highest-frequency (except for energy and the line width, to best fit the absorption spectra.
CH stretches) mode that exhibits the strongest solvent sensitivity The line width was assumed Gaussian with a full width at half-
is clearly assigned as predominantlsO stretching, while the ~ maximum of 805 cm! for IDOP and 9251175 cn1t,
significantly solvent-dependent lines at 1588 and 1523cm depending on solvent, for IDMN. The reorganization energy

(in cyclohexane) both have large contributions from thE€{ arising from the high-frequency molecular vibrations was then
stretch. obtained as
In previous work on conjugated puspull chromophores,
the absorption spectra and resonance Raman intensities were 41
modeled self-consistently to obtain the solvent and vibrational Avib = —Aizwi

reorganization energies as a function of solh&nt224Raman i=

excitation profile analysis was needed to extract vibrational

reorganization energies because the absorption spectra in thd able 3 gives the results for both chromophores, and Figure 6
more polar solvents were too diffuse to allow the relative shows an example of a four-mode fit to the absorption spectrum
contributions of solvent and vibrational reorganization to be of IDMN in tetrahydrofuran.

deduced. In the two molecules studied here, we could obtain  The vibrational reorganization energies of both molecules are
complete excitation profiles only in cyclohexane because of the significantly larger in cyclohexane, toluene, and dioxane than
stronger fluorescence in more polar solvents. However, becausén the more dipolar solvents. Among the more dipolar solvents,
the absorption spectra retain some vibrational structure even invariations indy, are fairly small and are probably not significant
polar solvents, it is possible to make a reasonable estimate of(the estimated uncertainties in the best-fit values,gfare about

the vibrational reorganization energy by fitting the absorption +5%). When all 10 solvents are included, neither the absorption
spectra alone. The absorption spectra of both molecules in 10maximum nor the first moment of the absorption spectrum (a
different solvents were modeled by assuming four vibrations better measure of vertical excitation energy) correlates very well
with frequencies of 600, 1000, 1350, and 1550 &nthosen with solvent dipolarity or polarizability (refractive index) or any
to span the observed modes with significant Fran€kndon of their combinations often used to describe polar and nonpolar
activity (both molecules have several Raman lines of moderate solvation3! However, all of the solvent shifts are quite small
intensity in the 406-850 cnt! range, but this region of the  (a maximum of 8.5 nm for IDOP and 12.5 nm for IDMN). If
spectrum shows only weak solvent dependence and is not plottedhe comparison is limited to the seven more polar solvents, the
in Figures 4 and 5). The displacement parameters of all four absorption spectrum of IDOP is seen to shift smoothly to lower
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TABLE 3: Absorption Maximum ( Amax), First Moment of Absorption Spectrum (vmean), and Vibrational Reorganization Energy
(Avin) for the Two Chromophores in Ten Solvents, along with the Refractive Indexi{p) and Dielectric Constant ) for Each
Solvent at 20°C

IDOP Amax IDOP Vmean IDOP Ayip IDMN  Amax IDMN Vmean IDMN Ayip
solvent No € (nm) (cm™) (cm™) (nm) (cm™) (cm™)
cyclohexane 1.426 2.023 519.5 19988 1000 427.5 24390 1220
1,4-dioxane 1.422 2.029 523 19767 860 434 23878 1180
toluene 1.496 2.379 526.5 19708 880 436.5 23770 1180

chloroform 1.446 4.806 528 19581 730 440 23552 1130
tetrahydrofuran 1.405 7.52 524.5 19704 770 435.5 23798 1150
dichloromethane 1.424 9.08 526.5 19612 710 438.5 23602 1090
acetone 1.359 20.7 521.5 19751 740 435.5 23759 1110
ethanol 1.361 24.3 523 19736 770 436 23708 1170
methanol 1.329 33.62 519.5 19833 800 4355 23714 1120
acetonitrile 1.344 36.6 520 19782 740 435 23736 1100

energies as solvent refractive index (polarizability) is increased. contribution of the zwitterion to the excited-state structure. It
The same general trend is observed for IDMN, but it is less is expected that in both IDOP and IDMN the neutral basis state
clear (Figure 7). It should be noted that protic solvents (ethanol will be lowest in energy in nonpolar solvents. As the solvent
and methanol) often behave anomalously because of hydrogempolarity and/or polarizability are increased, we expect the
bonding interactions and also that toluene and dioxane, which electronic transition to red-shift as the energy gap between
have large quadrupole moments, tend to behave as solvents ofieutral and zwitterionic basis states is reduced, while the
somewhat higher dielectric constant in solvatochromic experi- vibrational reorganization energy should decrease as the neutral
ments. and zwitterionic basis states make more nearly equal contribu-
tions to both electronic eigenstates. If the point is reached at
2.01 which the neutral and zwitterion have equal energies, the
vibrational reorganization energy should go to zero and the
electronic excitation energy should reach a minimum. Further
increases in solvent polarity/polarizability should then start to
reverse these changes, blue-shifting the absorption maximum
and again increasing the vibrational reorganization. In contrast,
because increasing solvent polarity always increases the con-
tribution of the zwitterionic form to the ground-state structure,
the ground-state vibrational frequencies and normal mode
descriptions should change monotonically with increasing
solvent polarity even if the cyanine limit is reached and/or

- -
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O
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Figure 6. Experimental absorption spectrum of IDMN in tetrahydro- Our observations are reasonably consistent with the conclu-

furan (solid) and spectrum calculated from 4-mode model (dashed). sion that IDOP is quite close to the cyanine limit, at least in
polar solvents. The absorption maximum in polar solvents is a

' ' ' ' o ' | 23800 function of solvent polarizability rather than solvent polarity,
19900 o as expected for a conjugated structure having zero or small
e o ) change in dipole moment upon excitati®ilhis conclusion is
2 o ) L 23700 s supported by the small2 D) ground- to excited-state dipole
§ 19800 . § moment change obtained through electrooptic absorption mea-
E s surements in dioxane on a very closely related structure that
B ) e | 23600 O differs only in the alkyl group8.However, the reorganization
£ 19700 L4 3 energy in all solvents examined is significantly greater than zero,
§ © § indicating that the structural implications of the two-state model
o ® |DOP L 23500 3 in the cyanine limit should not be taken too literally; that is,
Q 19600+ O IDMN o 3, there are still nonnegligible changes in some of the bond lengths
® and/or angles upon electronic excitation. The resonance Raman
132 134 136 138 140 142 144 146 spectra are not fully interpretable without definitive normal mode
Solvent refractive index assignments, but they do change in a monotonic manner as

Figure 7. First moments of the absorption spectra for IDOP and IDMN ~ Solvent polarity is increased. The spectra of Figure 5 show a
plotted as functions of solvent refractive index. Only the seven most Clear qualitative evolution from a nonpolar solvent (cyclohexane)
polar solvents of Table 3 are included. to highly polar solvents (acetonitrile and methanol), with the
spectra in CHCl, appearing intermediate between them. IDMN
also exhibits the expected monotonic evolution of its vibrational
The commonly employed two-state valence-bond model for spectrum with solvent polarity. Both the more extended vibronic
the structure of “pushpull” conjugated molecules treats the structure in IDMN’s absorption spectrum and the more com-
neutral and zwitterionic resonance structures of Figure 1 as basisplicated solvent dependence of its absorption maximum would
states whose linear combinations compose the actual groundmply that it is farther from the cyanine limit than IDOP. This
and first excited electronic states. An increased contribution from conclusion is supported by dipole moment data derived from
the zwitterionic form to the ground-state structure must therefore electrooptical absorption spectroscopy, which found the dipole
be accompanied by a decrease of equal magnitude in themoments of IDMN in dioxane to be 9.0 D in the ground state

Discussion
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and 12.7 D in the excited staté Thus the change in dipole
moment upon excitation is significantly greater for IDMN than
for IDOP. However, while the standard picture would imply
that this molecule should become closer to the cyanine limit as
solvent polarity is increased, the vibrational reorganization
energies are not reduced much in the most polar solvents.
Comparison of these results to those for nominally symmetric,
true cyanine dyes is hindered by the lack of data on solvent
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