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Abstract

A configuration interaction singles wavefunction, in conjunction with a self-consistent reaction field and a simple Onsager
spherical cavity model, has been used to calculate the solvent induced shifts in Reichardt’s dye (RD). The results from this
simple method are in good agreement with experiment for aprotic solvents, but large discrepancies exist for protic solvents.
This discrepancy can be partially compensated for by including one explicit solvent molecule H-bonded to RD. Geometry
optimization of the S, state in RD predicts a pyramidal sp* hybridized N atom and an overall structure that differs significantly
from that in the S, state. Analysis of the calculated dipole moments and selected molecular orbitals are in accord with previous
analyses of the Sy — S, charge transfer transition in RD. However, the nature of the S, — S, transition appears to change with
solvent dielectric strength (€). At low e this transition seems to have significant charge transfer character that decreases as €

increases. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Reichardt’s Dye (RD), also known as Betaine-30
or 2,6-diphenyl-4-(2,4,6-triphenyl-N-pyridinio)pheno-
late, is a betaine dye with a large solvatochromatic
shift in the lowest energy electronic transition. This
transition has been attributed to an intramolecular
 — a* charge transfer (CT) excitation in the mole-
cule and has one of the largest known solvent induced
shifts [1]. Due to the large solvent dependent shift of
this transition, the properties of RD have been care-
fully studied in terms of their correlation with solvent
[1-5] and theoretically [6—12].

The large negative solvatochromatism in RD is
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due to the highly dipolar nature of the ground
state and the much less polar nature of the first
excited state. The origin of the dipolar ground
state can be seen from the simple structure of
the molecule shown in Fig. 1 that shows a formal
negatively charged phenolate system and a posi-
tively charged pyridinium ring. The ground state
electric dipole moment () of RD has been
measured in 1,4-dioxane as 14.8 £ 1.2 D and is
consistent with a dipolar structure [13,14]. The
excited state u has also been measured as
6.2 = 0.3 D in the same solvent [13] and clearly
demonstrates the large intramolecular CT in this
molecule upon excitation. The electronic spectrum
of RD is particularly sensitive to electron pair
acceptor solvents due to the accessible lone pair
on the oxygen of the phenolate. On the other
hand, the formally positive N on the pyridinium
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Fig. 1. Schematic representation of bonding in RD.

ring does not interact strongly with solvent mole-
cules since it is quite shielded by the bulky groups
surrounding it [12].

The large sensitivity of the lowest energy electronic
transition in RD has made it a good candidate for
probing the polarity of the solvent medium. In fact,
the ET-30 scale [1,3,5] has been developed and used
to indicate bulk solvent polarity, as well as the local or
nonlocal nature of the solvation [15]. This scale has
also been used as an indicator of the solvent environ-
ment of micelles, microemulsions, and phospholipid
bilayers [16].

Previous theoretical work on RD has included an
investigation by Jano [6] in which measured electro-
nic transition energies and a multiple regression
procedure were used to test an empirical model for
solvent shifts. Detailed theoretical analyses of the
solvation in RD by Matyushov et al. [7] and Perng
et al. [8] have also been performed. The investigation
by Matyushov et al. [7] used a first principles
approach and sought to partition the specific solute—
solvent interactions in terms of induction, dispersion,
and dipole—dipole forces. A major conclusion of this
study was that dispersion effects on the solvent shift
are important contributors even in very polar solvents.

A number of recent studies have combined quan-
tum mechanical calculations with a variety of solvent
models to investigate this system. Bartkowiak and
Lipinski used their Langevin dipoles/Monte Carlo
model and a sum-over-states formalism to calculate
the conformational and solvent dependence of the first

molecular hyperpolarizability of RD [9]. Lobaugh and
Rossky used a semiempirical Pariser—Parr—Pople
Hamiltonian and a quantum molecular dynamics
methodology to study the excited state dynamics of
RD in acetonitrile [10]. In a separate study these
authors used a similar method to study the effect of
torsional modes on the electronic absorption spectrum
in the same solvent [11]. Work by Mente and Maron-
celli used a combination of Monte Carlo methods and
ab initio and semiempirical quantum mechanical
methods to explore the geometry and charge distribu-
tion of RD and its effect on the absorption spectrum
[12]. Very recently, Ishida and Rossky have used the
RISM-SCF method to study the ground state structure
and properties of a smaller related betaine dye mole-
cule in acetonitrile and water [17].

In this work, we investigated the nature of the
lowest two excited states of RD and the solvent
dependence of the electronic spectrum. Ab initio
calculations at the restricted Hartree—Fock (RHF)
level, in conjunction with the Self-Consistent Reac-
tion Field (SCRF) formalism and the configuration
interaction singles (CIS) methods [18,19] were used
to extract the relevant information. As in a previous
report [20], we used a simple Onsager spherical cavity
model (OM) [21,22] to represent the non-specific
effects of the solvent. In that previous study, this
simple method that treats the solvent as a continuum
proved to be sufficient to describe the relative solvent
shifts in non-H-bonding solvents. It was found that
implementing the more ‘accurate’ treatment of the
solute shape via the isodensity polarized continuum
model (IPCM) did not lead to better agreement of the
predicted values with those from experiment. In the
present work, we have also investigated a modifica-
tion of the simple OM by explicitly including one or
more solvent molecules into the system before
embedding the solute in the solvent medium.

2. Computational

Calculations were performed using the Gaussian 94
[23] program. Molecular orbital (MO) plots were
generated using the MacSpartan Plus program [24].
Due to the size of the molecule studied and the
computational facilities available, the basis set
chosen was a compromise between accuracy and
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Table 1
Comparison of the basis set dependence of AE(eV), oscillator
strengths (f), and electric dipole moments (u in D) (the symbols
0, 1, and 2 denote the ground, first excited, and second excited
states)

Basis set AEy, AEy, fi b Lo Ly
3-21G 2.90 4.15 0.15 0.14 17.90 1.64
6-31G 3.02 4.20 0.15 0.17 18.23 1.92

6-31G* 3.03 4.14 0.15 0.19 17.74 1.70

computational expense. The unpolarized 3-21G basis
set [25] was used for most calculations in this work,
although selected calculations were performed with
the 6-31G and the polarized 6-31G* basis sets [26].
All calculations were carried out using an RHF
wavefunction as a reference. Geometry optimizations
were performed at the RHF/3-21G level. Structures
were converged to 0.001 A for bond lengths and
0.1° for bond angles in each simulated solvent envir-
onment. Some dihedral angles may not be converged
to this extent, owing to the flatness of the potential
energy surface for the coordinate. Geometry optimi-
zations in the presence of solvent were performed
using an SCRF wavefunction with the OM [21,22]
as implemented in the Gaussian 94 program [18,23].
The solvent dielectric constants (€) chosen (2, 5, 9,
20, 24, 33, 38, 47, and 79) roughly correspond to those
for the solvents: n-hexane, chloroform, methylene
chloride, acetone, ethanol, methanol, acetonitrile,
dimethyl sulfoxide, and water, respectively [27].
The majority of these solvents are aprotic and cannot
H-bond to the solute. In these cases, the use of a
continuum model for the solvent may be quite appro-
priate. The H-bonding solvents with € = 24, 33, and
79 were included to study local effects on solvation. In
addition to the general OM implemented in this work,

Table 2

Comparison of calculated solvent shifts for 6-31G and 3-21G basis
sets (the symbols 0, 1, and 2 denote the ground, first excited, and
second excited states)

€  AEy,(321G) AEyn(631G) AEp(321G)  AEn(631G)
2 000 0.00 0.00 0.00
5 028 0.29 0.09 0.08
9 043 0.43 0.12 0.10
20 052 0.53 0.13 0.11

a series of calculations with the H-bonding solvents
was done in which an individual solvent molecule was
hydrogen bonded to the phenolate oxygen atom. The
relative bulkiness of RD hinders direct solvation to the
N atom in this molecule, however, the O site is readily
open for hydrogen-bonding. In fact, an X-ray crystal
structure of the 4-bromo substituted derivative of RD
(recrystallized from ethanol) shows a coordinated
ethanol molecule in very close proximity to the
phenolate oxygen [28].

The procedure used for optimizing the geometry of
RD in solvent involved an interative cycle of deter-
mining the solvent cavity radius (a;) and geometry
optimization as was described in Ref. [20]. Although
the spherical cavity model is a large assumption in this
work, the overall shape of RD is not that far from
spherical, as can be seen from a space filling model
(see for example fig. 2 in Ref. [12]).

Solvent effects in the excited state were implicitly
included by using the ground state wavefunction and
external electric field from the SCRF-RHF-OM calcu-
lation as the starting point for a CIS calculation [20].
This simple procedure neglects any solvent relaxation
upon excitation. These calculations are designated
CIS-SCRF-OM in this work. In all CIS calculations,
the five lowest excited states were calculated,
although only the lowest two will be discussed here.

3. Results and discussion
3.1. Basis set dependence

Given in Tables 1 and 2 are data that indicate the
relative insensitivity of the calculated results on basis
set. Test calculations indicated that the 3-21G basis
set provided reasonable agreement with the excitation
energies calculated using the larger 6-31G and 6-
31G* basis sets for both the first and second excited
states. This result is in agreement with the minor basis
set dependence, going beyond a double zeta basis set,
that was previously found for transitions involving
valence-like excited states [29]. In the current calcu-
lations the predicted gas-phase lowest energy CIS
excitation energy for the 3-21G, 6-31G, and 6-31G*
basis sets of 2.90, 3.02, and 3.03 eV are all much
larger than the extrapolated experimental value of
1.17 eV [6]. Such a deviation is expected since the
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Fig. 2. Plot of calculated and experimental shifts for the Sy — S, electronic transition in RD (O, calculated; X, experimental; @, calculated with
explicit solvent molecule). All values are referenced to € = 2.
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Fig. 3. Plot of calculated shifts for the Syo— S, electronic transition in RD (O, calculated; @, calculated with explicit solvent molecule). All
values are referenced to € = 2.
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absolute values of the calculated excitation energies
using the CIS method are known to overestimate the
energy differences between ground and excited states
[19]. The data in Table 2 show that although the abso-
lute energy of the lowest two excitations differs some-
what with the 3-21G and 6-31G basis sets, the relative
solvent shift is almost identical for these two basis
sets.

The basis set effects on overall structure were not
thoroughly investigated. However, a comparison of
the calculated gas-phase structures for a related
betaine dye molecule was done. The results in this
betaine system from a larger DZP basis set [17] and
those with the 3-21G basis set in this work yielded
bond lengths for the pyridinium and phenolate ring
systems that agreed to within 0.01 A. The exception
was the C—O length which differed by 0.015 A. The
torsional angle between the planes of the two rings
was also in good agreement (38.4° for the 3-21G basis
set and 39.9° for the DZP basis set).

3.2. Solvent effects on electronic absorptions

Fig. 2 shows a plot of the spectroscopic shift for the
lowest energy excitation vs € for the solvent for both
calculated and experimental results. In both cases, the
data are referenced to a solvent of € =2. This was
done to account for the known overestimation of the
calculated excitation energies using the CIS method.
Fig. 3 shows the solvent shift for the second excited
state, also referenced to € = 2.

Although it has not been shown that the shifts
would be the same if a larger basis set and more
extensive electron correlation had been included into
the wavefunction, the utility of the method used can
be seen from the data. Fig. 2 shows very good agree-
ment for the experimental and calculated solvent
shifts for the lowest energy excitation in non-H-bond-
ing solvents using the CIS-SCRF-OM model. The
number of experimental points plotted shows that
the calculated shifts fall well within the range of varia-
tion for these data. When comparing these data it is
important to remember that the calculated excitation
values have not included any effects due to the solvent
response during the excitation. Therefore, these
values can only be considered a rough estimate of
the true transition energies.

For protic solvents the agreement with the simple

OM is quite poor as expected for a solute molecule
containing a site that can strongly interact with the
solvent. The points plotted in Fig. 2 as filled circles
for dielectric constants of 24, 33, and 79 represent the
results of calculations using RD plus a single solvent
molecule embedded in the OM spherical cavity. It can
be seen that in all three cases, the addition of the lone
coordinating solvent brought the calculated shifts into
better agreement with those from the experiment,
however, there are still significant discrepancies. In
an effort to understand these differences, several
other calculations were performed.

Since the SCRF-RHF-OM calculations with the 3-
21G basis set would be expected to give shorter than
expected H-bond lengths between the phenolate O
and the solvent H atom, a simple check on the effect
of the H-bond length was made. In the case of ethanol
and methanol the solvent molecule was translated so
that the O---O distance between RD and the solvent
was equal to that determined from the experimental
X-ray crystal structure of RD - ethanol. The experi-
mental value for the O---O distance was 2.71 A [28]
while those found in the calculations for ethanol,
methanol, and water were 2.65, 2.66, and 2.72 ;\,
respectively. In the case of ethanol, this modificaton
led to a decrease in the predicted shift by 0.07 eV,
bringing it in closer agreement with experiment.
However, in the case of methanol, the effect was to
increase the calculated shift by 0.03 eV and led to
poorer agreement.

In the case of water, the discrepancy between the
calculated and experimental shift is quite large. The
current model predicts the solvent shift to be too
small, in contrast to the results for methanol and etha-
nol. In the case of H,O, supplemental calculations
were done in which two additional water molecules
were coordinated to the O atom of the coordinated
water. The RD - 3H,0 system was then embedded in
the spherical cavity and the geometry was optimized
as described previously. The result from this calcula-
tion predicted a value for the shift that was too large.
Therefore, although explicitly adding the extra water
molecules increased the interaction, it leads to a result
that overestimated the shift by as much as the calcula-
tion with one water underestimated it.

Fig. 3 shows that a similar pattern of spectroscopic
shifts occurs for the S;— S, excitation. In this case,
the solvent shifts are much smaller than for the
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Table 3

Calculated electric dipole moments, u (D) for selected values of €
(the symbols 0, 1, and 2 denote the ground, first excited, and second
excited states)

€ Mo I3 M2

1 17.90 1.64 5.23
2 20.13 3.62 12.36
5 22.31 5.69 19.17
9 23.40 6.76 21.42
20 24.15 7.51 22.68
38 24.47 7.83 23.16
47 24.55 791 23.28

So— S, excitation. We could not find extensive
experimental data reported for this excitation, so it
is difficult gauge the accuracy of the calculated shifts.
Although the relative shifts as a function of € are
smaller in this excitation, the calculational model
that adds a lone solvent molecule to RD has a much
larger percentage effect on the second excitation than
the first.

The relatively good agreement of the experimental
results with the CIS-SCRF-OM results from our work
may seem to be inconsistent with the results of
Matyushov et al. [7] in which it was concluded that
solute-solvent dispersive effects play a significant role
in determining the solvent induced shift in RD.
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However, close examination of their results show
that although these dispersive effects are significant,
they are essentially constant as a function of €. Since
our calculations are referenced to the € = 2 value, the
major contribution of the dispersive effects that would
be present are essentially subtracted out by the refer-
encing. Therefore our model which includes only the
dipolar interaction with the solvent is consistent with
previous results.

3.3. Dipole moments and intensities

Given in Table 3 are selected values of w calculated
in this work. The calculated dipole moments are found
to increase greatly with solvent, as was previously
noted [11,12]. At the RHF level, calculated w values
are known to generally be too large for ground states.
Here, the calculated value for the ground state, 20.1 D
is about 36% larger than that measured in 1,4-dioxane,
14.8 = 1.2 D. Surprisingly, Table 1 shows that the
change in u on going to a much larger 6-31G* basis
set at the RHF level seems to be extremely small
(A =0.16 D). Therefore, the major error in the
calculation of the dipole appears to arise, not from
the basis set, but from the lack of extensive electron
correlation. For the first excited state, the calculated
electric dipole moment is found to be smaller than the
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Fig. 4. Calculated values for oscillator strengths in RD (O, So— S;; @, S;— S; with solvent molecule; A, So— S,; A, Sp— S, with solvent

molecule).
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Table 4

Selected geometric parameters from RD calculations (all bond lengths in A, angles in degrees)

State € C-0 CN Cy-Cs Cs-Cs N-Cs $(C5-N-C;-C3) O---H-0
So 1 1.250 1.466 1.368 1.378 1.360 65.6
2 1.254 1.467 1.369 1.375 1.360 66.5
24 1.259 1.468 1.373 1.373 1.362 67.7
33 1.259 1.467 1.372 1.373 1.363 67.8
79 1.260 1.468 1373 1.373 1.363 67.8
24 + EtOH 1.277 1.468 1.378 1.373 1.363 1.682
33 + MeOH 1.278 1.468 1.377 1.370 1.364 1.688
79 + H,0 1.273 1.468 1.375 1.371 1.365 1.757
S 1 1.229 1.435 1.353 1.358 1.423

experimental value, 3.62 D vs 6.2 = 0.3 D, respec-
tively. In this state as well, the calculated p with a
larger 6-31G* basis set leads to a small change as
compared to the 3-21G basis set result at € = 1. The
calculated values for w in acetonitrile (e = 38) from
the current work are in reasonable agreement with
those of Lobaugh and Rossky [11]. They obtained
values for u of 24.95 D, 5.5 D, and 20.7 D for the
So, S1, and S, states, respectively, while those from the
current work are 24.5, 7.8, and 23.2 D.

The dependence of u on € for the S, state is differ-
ent than that for the Sy or S; states. After starting out at
a value close to that of the Sstate, the electric dipole
moment for the S, state increases rapidly and is essen-
tially the same as that for the ground state by € = 20.
This may indicate some general change in the nature
of the excited state as € increases. (This possibility
will be discussed later.)

Given in Fig. 4 are the calculated oscillator
strengths (f,) for the lowest energy transitions as a
function of e. The calculated oscillator strength for
the Sp— S, excitation is predicted to show little
dependence on €. This result is not consistent with
the results of Zong and McHale [30] and Kovalenko
et al. [31] who measured a substantial increase in
intensity on going from methanol to acetonitrile,
instead of the decrease predicted in our calculations.
As was mirrored in the large change in w with € for
the S, state, the So— S, excitation is predicted to
show a large initial increase in f as € increases. The
data indicate that although the Sp— S; and Sy — S,
transitions would have comparable values of f at
€ = 1, by € =5, the intensity of the Sy — S, excitation
is predicted to be three times as large. Limited
experimental data from our lab [32] seems to

support the change in the ratio f,/f; at low e,
but are not definitive.

3.4. Structure and structural changes

Table 4 lists selected structural parameters for RD
at a number of different values of €. These data show
very small changes in the selected bond lengths as a
function of €. Suprisingly, the C4-N distance is essen-
tially constant over the full range of solvent dielectric
strengths studied. The constant value of this distance
is in contrast with the results of Ishida and Rossky for
a similar betaine molecule [17]. In that case they
predicted an increase of 0.018 A in the phenolate—
pyridinium C—N bond length upon going from the
gas phase to acetonitrile. We do not believe that the
constant value of the C,—N distance in our calcula-
tions for RD is an artifact of the model. Use of our
model on the betaine studied by Ishida and Rossky
also predicts a substantial increase in this bond length.
The difference in behavior of these two systems may
be attributable to increased steric effects. In RD the
C,—N distance starts at a much longer 1.466 A in the
gas phase due to presence of the adjacent phenyl rings.
Since this distance is so long to begin with, further
lengthening cannot be induced by the solvent. This is
consistent with the fact that no change occurs in this
bond length even upon coordination of explicit
solvent molecules.

As expected larger changes in the C;—O bond
length are seen in the cases where a lone solvent
molecule is coordinated to the phenolate O. For
methanol, ethanol, and water, these increases
compared to the comparable € continuum solvent
models are 0.018, 0.019, and 0.013 A, respectively.
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(a)

(b)

Fig. 5. Structures for the (a) Sy and (b) S; states of RD, illustrating the overall structural change upon excitation.

The O---H hydrogen bond distance in the three calcu-
lations with the explicit solvent molecule are probably
too short due to the small basis set used and the
associated basis set superposition error [33]. The
bond length of 1.682 A for the O---H distance in the
ethanol calculation corresponds to an O---O distance
of 2.65 A, which is shorter than the experimental
distance from the X-ray structure of 2.71 A [28].

In previous work [9,11], a great deal of effort has

Fig. 6. Qualitative representation of the HOMO of RD from € = 1
calculation.

been expended in calculating properties of RD as a
function of the torsion angle between the pyridinium
and phenolate rings. In the current work, this angle
changes very little as a function of solvent, from 65.6°
at e =1 to 67.8° at € = 79. Even the addition of the
explicit solvent molecule increases this angle only by
about 1°. The values of this torsional angle of between
66 and 68° are in good agreement with the value of 65°
found in the experimental structure of Br substituted
RD [28].

Substantial changes occur in the structure of RD
when comparing the gas-phase structures for the S
and S; states. There are significant decreases in the
C,—0 and C4—N bond lengths of 0.021 and 0.031 A.
The C,—C; and Cs—Cg lengths also shorten by 0.015
and 0.020 A. An extremely large increase of 0.063 A
occurs for the N—Cs bond length. However, the most
dramatic change in the structure is the pyramidaliza-
tion of the N atom. These changes can be qualitatively
seen from Fig. 5 and to our knowledge have not been
noted previously. The phenolate and pyridinium rings
in this structure lie almost perpendicular to each other.
The resultant C—N bond lengths and the pyramidal N
are consistent with an sp> hybridized N atom.

The changes in the bonding of RD upon going from
the Sy to the S, state are predicted to involve signifi-
cant rearrangement of electron density (for example
see fig. 1 in Ref. [30]). Predicted decreases in the
C,—0 and C,—N bond lengths are in accord with
the development of more formal double bond



P.G. Jasien, L.L. Weber / Journal of Molecular Structure (Theochem) 572 (2001) 203-212 211

Fig. 7. Qualitative representation of the LUMO of RD from € = 1
calculation.

character, as are the shortening of the C,—C; and
Cs—C¢ bonds as they go from aromatic to formal
double bonds. In addition, the increase of the N—Cs
bond is consistent with the structure as this bond goes
from a formal aromatic C—N to a ‘pure’ single bond.
However, the one major discrepancy with the current
calculated structure and the formal bonding in the S
state is in the hybridization of the N atom. In terms of
the overall bonding around N, an sp” hybridization
would be expected, however, the pyramidal N atom
predicted in our calculations is more consistent with

Fig. 8. Qualitative representation of the LUMO + 1 of RD from
€ =1 calculation.

an sp” hybridized N atom. While the exact geometric
parameters for this excited state structure cannot be
given at this level of calculation, we believe the CIS
wavefunction with its limited correlation is capable of
qualitatively describing the structural differences
between the S, and the S; states.

3.5. Nature of the electronic transitions

Analysis of the CIS results indicate that the wave-
function for the first excited state is dominated by a
contribution from the HOMO — LUMO single excita-
tion. For all values of € studied, the coefficient for this
single excitation is approximately 0.67. The HOMO
from the € = 1 calculations is presented in Fig. 6 and
clearly has a large contribution from atomic orbitals
centered on the O and adjacent C atoms. On the other
hand, the LUMO, presented in Fig. 7, shows negligible
contribution from the atomic orbitals on these same
centers. This is consistent with the large change in
dipole moment from the S to the S; state and the desig-
nation of this transition as CT in character.

Analysis of the S, wavefunction from the CIS calcu-
lations is somewhat more complex than that for the
ground state. At € = 1 the S, wavefunction has a large
contribution (coefficient of 0.65) for the HOMO —
LUMO + 1 single excitation. However, this coefficient
decreases to a smaller value (0.35) as € increases. A full
analysis of the wave function has not been done at other
€ values, but it should be noted that the HOMO —
LUMO + 1 contribution is also seen to a significant
extent in the S5 state which is calculated to have a negli-
gible oscillator strength for the So— S; transition. The
picture in Fig. 8 shows the LUMO + 1 ate = 1.Itis seen
that just as for the LUMO, the LUMO + 1 has negligible
contribution from atomic centers on the phenolate ring
and is dominated by contributions from centers on the
pyridinium. However, whereas the LUMO had a contri-
bution from the N center, this is absent in the
LUMO + 1. In addition, the LUMO + 1 is predicted
to be m anti-bonding with respect to all atomic centers
on the pyridinium ring, in contrast to the LUMO orbital
that was m bonding with respect to pyridinium ring
carbons. The small dipole moment of this S, state at
small € and its rapid increase with € indicates that the
nature of the S, state changes from one with little CT
character to one with increased dipolar character as €
increases. This is also consistent with the negligible
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effect that the single coordinated solvent molecule has
on the calculated f for the Sy — S, transition.

The question of the nature of the second excited state
is discussed by Lobaugh and Rossky [11] in relation to
the assignments made by Levinger et al. [34]. The
experimental work seems to indicate that there are two
closely spaced transitions assigned to So— S, and
So— S;. One of these transitions is CT in nature,
while the other is a weak localized excitation. These
results are consistent with the current calculations as
discussed above, where there may be a change in the
nature of the S, and S; states as a function of solvent €.
On the basis of the orbital analysis and the change in u,
the So— S, transition at low € can also be classified as a
CT type with a large ™ — 7* component, that decreases
greatly in CT character as € increases.

4. Conclusion

Calculations using a simple CIS-SCRF-OM method
to calculate the solvent induced shifts in RD gives good
agreement with experiment for aprotic solvents, but
large discrepancies for protic ones. This discrepancy
can be partially taken into account by explicitly includ-
ing a single solvent molecule H-bonded to the phenolate
O atom. Although improved in terms of the qualitative
extent of the shift, the results are still not in good quan-
titative agreement. Inclusion of more water molecules
explicitly in the calculations, showed a change consis-
tent with the experimental results, however one water
molecule underestimated and three water molecules
overestimated the experimental shift. The optimized
structure for the S; state in RD is predicted to have a
pyramidal sp® hybridized N atom and an overall struc-
ture that differs significantly from that in the S, state.
Analysis of the calculated dipole moments and selected
molecular orbitals substantiate that there is a large CT in
the So— S; transition in RD. However, the nature of the
So— S, transition appears to change from one with a
great deal of CT character at low € to one with signifi-
cantly decreased CT character at higher €.
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