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Ground- and excited-state dipole moments of pyronin B (PyB) in n-alcohols (methanol to n-hexanol),
acetonitrile and acetonitrile-benzene solvent mixtures with different polarity were determined using
the solvatochromic method and quantum-chemical calculations. The ground-state dipole moments
were calculated using both the experimental Guggenheim-Smith method (GSM) and the theoretical
(SCF MO LCAO) in CNDO/2 and MNDO methods. The values of the theoretical dipole moments of
PyB were determined to be 11.29 and 3.43 D (Debye) for the CNDO/2 and MNDO methods, respec-
tively. Experimental ground-state dipole moments for PyB increased from 3.13 to 13.77 D in n-alcohols,
and 9.25 to 14.63 in AN and AN–BN solvent mixtures, with decreasing polarity. The excited-state dipole
moment values were determined from Lippert’s and Bakhshiev’s equations. The ground-state dipole
moments were found to be higher than the excited-state moments. It was determined that the ground-
state structure was more polar and stable as compared to the excited-state

topics: pyronin B, solvatochromic shift, ground- and excited-state dipole moments, solute-solvent inter-
actions

1. Introduction

The solvatochromic method is based on the spec-
tral shift of absorption and fluorescence maxima
with solvent effects. This method has also been
used to determine the excited-state dipole mo-
ments of molecules [1–7]. The electronic absorp-
tion and emission spectra of organic molecules
change as a function of solvent polarity. The dif-
ference between the wavenumbers of maxima of
the absorption and emission spectra is the Stokes
shift [3]. Upon excitation, the excited-state dipole
moments of the molecules have been determined us-
ing the solvent-dependent Stokes shifts and the sol-
vent polarity functions which are a function of
the dielectric constant and refractive index by Lip-
pert’s, Bakhshiev’s and Chamma–Viallet’s equa-
tions [4–6]. The plots of the Stokes shift against sol-
vent polarity functions using Lippert’s, Bakhshiev’s
and Chamma–Viallet’s equations should be linear in
the case of general solvent interactions [4]. These
equations do not consider specific solute-solvent in-
teractions such as a hydrogen bonding effect and
complex formation or charged states of excited
states and the occurring deviations from the lin-
earity of plots of the Stokes shift [3, 6].

On the other hand, the ground-state dipole
moments of the molecules can be determined
using both theoretical and experimental meth-
ods. As a theoretical method, the quantum-
chemical calculations have frequently been used
to determine the ground-state dipole moments of
the molecules [7, 8]. As an experimental method,
the Guggenheim-Smith method (GSM) [9] has been
used. Our aim was to determine the ground- and
excited-state dipole moments of pyronin B (PyB)
which is a xanthene dye, and has not been studied
in the literature so far. It is well known that PyB is
an environment-sensitive dye, widely used in biolog-
ical and synthetic polyelectrolyte systems [10], aside
from its use in the laser industry [11]. Such dyes are
greatly affected by environmental factors including
solvent polarity, concentration, pH, etc. [12]. These
environmental factors cause spectral shifts by affect-
ing the absorption and fluorescence spectra of a dye
molecule. In this study, the ground- and excited-
state dipole moments of PyB were determined in
polar protic and polar aprotic solvents using the-
oretical and solvatochromism methods. We used
n-alcohols (methanol to n-haxanol) as polar protic
solvents, and acetonitrile and acetonitrile-benzene
solvent mixtures as polar aprotic solvents.
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2. Experimental

PyB was obtained from Sigma-Aldrich and used
as received without any purification. The chemical
structure of PyB is shown in Fig. 1. The n-alcohol
solvents (methanol to n-hexanol), and acetonitrile
(AN) and benzene (BN) solvents, obtained from
Merck, were of spectroscopic grade. The n-alcohols
were used by distilling over CaH2. AN and BN
solvents were used as received. Stock solution of
1.0 mM of PyB was prepared in methanol and then
used freshly in the experiments. For the experi-
ments, the sample of 5 µl was taken from the stock
solution and then evaporated by argon gas. Then,
5 ml of n-alcohols, AN and AN–BN solvent mix-
tures were added to the evaporated samples, re-
spectively. The final concentrations prepared were
1 × 10−6 M in n-alcohols and the mixtures. Ab-
sorption spectra were recorded using a Shimadzu
UV-VIS 160A spectrophotometer at 1.0 nm slit
width. Fluorescence spectra were recorded at 5 nm
and 1.5 nm slit widths for excitation and emis-
sion at 90◦ of the incident excitation beam us-
ing a Shimadzu RF-5301 PC spectrofluorophotome-
ter. Jacobian transformation states of the ob-
tained absorption and fluorescence spectra of PyB
in n-alcohols, AN and AN–BN solvent mixtures are
shown in Figs. 2 and 3. The capacitance values (the
values of C and C0) for the dielectric constants (D)
were measured using a capacitor by a LCR meter
(Hewlett Packard 4284 A 20 Hz-1 MHz Precision
LCR meter). The refraction index (n) was deter-
mined using a refractometer (Jena). All measure-
ments were recorded at room temperature of 25 ◦C.

3. Results and discussion

3.1. Ground-state dipole moments

The ground-state dipole moments of PyB were
determined using both theoretical and experimen-
tal methods. The theoretical dipole moments
were determined with the SCF MO LCAO in the
CNDO/2 and MNDO methods [12]. The exper-
imental ground-state dipole moments were calcu-
lated in n-alcohols, AN and AN–BN solvent mix-
tures according to the GSM equation [9], namely:

µg =
27kBT

4πd

AD −An

(D + 2)2
M, (1)

where kB is the Boltzmann constant, T is the ab-
solute temperature, d is the density of the solvent,
D is its dielectric constant, and M is the molecular

Fig. 1. The chemical structure of pyronin B.

Fig. 2. Spectra of PyB in n-alcohols: (a) Absorp-
tion spectra, (b) Fluorescence spectra.

Fig. 3. Spectra of PyB in AN and AN–BN solvent
mixtures: (a) Absorption spectra, (b) Fluorescence
spectra.
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TABLE IDipole moments of PyB in the ground states (in Debye).

Solvent µe ∆µ µTheor
g

n-alcohols

1.61 (MNDO)
1.82 (from Lippert Eq.)

3.43 (from MNDO)
9.47 (CNDO/2) 11.29 (from CNDO/2)
2.30 (MNDO)

1.13 (from Bakhshiev Eq.)
10.16 (CNDO/2)

AN-BN solvent mixture

0.93 (MNDO)
2.50 (from Lippert Eq.)

8.79 (CNDO/2)
1.94 (MNDO)

1.49 (from Bakhshiev Eq.)
9.80 (CNDO/2)

TABLE II

The experimental ground-state dipole moments cal-
culated from the GSM (µexper

g ) and excited-state
dipole moments (µe) calculated with (2) and (3) of
PyB in the solvents. AN-BN reads as volume per-
centages of acetonitrile to benzene.

Solvent µexper
g

µe

Lippert’s
Eq. (2)

Bakhshiev’s
Eq. (3)

Methanol 3.13 1.31 2.92

Ethanol 4.95 3.13 4.81

n-propanol 8.56 6.74 8.48

n-butanol 10.19 8.37 10.12

n-pentanol 12.17 11.15 12.92

n-hexanol 13.77 11.95 13.72

Acetonitrile 9.25 6.75 9.12

90%AN-10%BN 9.81 7.31 9.69

80%AN-20%BN 10.04 7.54 9.93

70%AN-30%BN 10.34 7.84 10.23

60%AN-40%BN 10.71 8.21 10.60

50%AN-50%BN 11.19 8.69 11.09

40%AN-60%BN 11.47 8.97 11.37

30%AN-70%BN 13.26 10.77 13.17

20%AN-80%BN 14.63 12.17 14.55

weight of the solute dye. Further, AD and An

are the numerical values obtained from the solu-
tion dielectric constant and refractive index mea-
surements, respectively. The used dielectric con-
stants of the solvent and solutions were determined
as follows: D = C/C0, where C and C0 are capac-
itances which are measured when the capacitor is
full or empty with solvent or solution, respectively.

The values of the theoretical dipole moments
µtheor
g of PyB were calculated as 11.29 D (Debye)

for CNDO/2 and 3.43 D for MNDO. The value of
µtheor
g obtained from CNDO/2 was 3.29 times higher

than that of MNDO (see Table I). It was seen that
the values of µtheor

g obtained from CNDO/2 were
in agreement with the values of the experimental
ground-state dipole moments µexper

g estimated from
the GSM in n-alcohols and AN–BN solvent mixtures
(see Table II).

According to the GSM method, the experimental
ground-state dipole moments µexper

g of PyB were
determined in n-alcohols, and in AN and AN–BN
solvent mixtures (see Table II). From Table II, it is
seen that µexper

g values of PyB increase with the de-
crease in the solvent polarity in a series of n-alcohols
(methanol to n-hexanol) and in AN and AN–BN
solvent mixtures. For example, it was determined
that µexper

g values of PyB increased from 3.13 to
13.77 in a series of n-alcohols and grew from 9.25
to 14.63 in AN and AN–BN solvent mixtures, with
the decreasing values of polarity.

3.2. Excited-state dipole moments
The experimental excited-state dipole moments

of PyB in n-alcohols and AN and AN–BN solvent
mixtures were determined according to Lippert’s,
Bakhshiev’s and Chamma–Viallet’s equations.

Lippert’s equation [13] can be expressed as

ν̄a − ν̄f =
2∆µ2

a30hc

(
D − 1

2D + 1
− n2 − 1

2n2 + 1

)
, (2)

where ∆µ2 = (µe − µg)
2, and µg and µe refer to

the dipole moments of the ground- and excited-
states, respectively. The absorption and emission
wavenumbers at maxima, respectively, are denoted
as ν̄a and ν̄f (cm−1), the cavity radius of the solute
is denoted as a0, and D and n are the dielectric
constant and the refractive index of the solvent, re-
spectively.

Bakhshiev’s equation [14] reads as

ν̄a − ν̄f =
2∆µ2

a30hc

[
D − 1

D + 2
− n2 − 1

n2 + 2

]
(2n2 + 1)

(n2 + 2)
,

(3)
Chamma–Viallet’s equation [15] is given as
ν̄a + ν̄f

2
= −2∆µ2

a30hc
(4)

×
[

2n2 + 1

2(n2 + 2)

(
D − 1

D + 2
− n2 − 1

n2 + 2

)
− 3(n4 − 1)

2(n2 + 2)2

]
,

where ∆µ2 is equal to
(
µ2
e − µ2

g

)
, the remaining

symbols in (3) and (4) are the same as in (2).
The cavity radius of the solute molecule is a0 and
it is determined in the following way [16]:

a0 =

(
3M

4πδNA

)1/3

, (5)
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TABLE III

Some physical properties: F1, F2, F3 — solvent polarity function calculated with (6), (7) and (8), respectively; n25
D

— refractive index of the solvent; D25 — dielectric constant of the solvent; ET (30) — solvent polarity parameters
from Ref. [4]. AN-BN reads as volume percentages of acetonitrile to benzene.

Solvent F1 F2 F3 n25
D D25 ET (30)

methanol 0.309 0.854 0.651 1.3280 32.58 55.13
ethanol 0.290 0.813 0.649 1.3602 24.64 52.00
n-propanol 0.275 0.779 0.650 1.3833 20.15 50.35
n-butanol 0.264 0.751 0.645 1.3974 17.44 49.53
n-pentanol 0.250 0.703 0.627 1.4064 14.00 49.12
n-hexanol 0.245 0.692 0.629 1.4165 13.30 48.60
acetonitrile 0.307 0.861 0.663 1.3420 37.12 45.41
90%AN-10%BN∗ 0.301 0.852 0.665 1.3521 34.41 44.31
80%AN-20%BN 0.294 0.836 0.666 1.3642 30.46 44.00
70%AN-30%BN 0.287 0.817 0.662 1.3722 26.06 43.60
60%AN-40%BN 0.279 0.802 0.666 1.3903 24.30 43.00
50%AN-50%BN 0.270 0.785 0.667 1.4044 22.17 42.40
40%AN-60%BN 0.249 0.715 0.645 1.4245 15.18 42.00
30%AN-70%BN 0.233 0.665 0.628 1.4427 12.36 40.80
20%AN-80%BN 0.218 0.652 0.626 1.4616 10.67 39.96

where δ is the density of the solute molecule,
M is the molecular weight of the solute and NA

is Avogadro’s number. Herein, we determined
a0 = 5.28 Å for PyB.

From (2–4), solvent polarity functions depending
on the dielectric constant and refractive index, can
be expressed with F1(D,n), F2(D,n) and F3(D,n)
symbols.

F1(D,n) =
D − 1

2D + 1
− n2 − 1

2n2 + 1
, (6)

F2(D,n) =
2n2 + 1

n2 + 2

(
D − 1

D + 2
− n2 − 1

n2 + 2

)
, (7)

F3(D,n) =
F2(D,n)

2
+

3(n4 − 1)

2(n2 + 2)2
. (8)

The values of F1(D,n), F2(D,n), F3(D,n) for
n-alcohols, AN and AN–BN solvent mixtures are
listed in Table III [4].

Solvent-dependent spectral data of PyB are given
in Table IV. The maximum wavenumbers of the ab-
sorption and fluorescence emission spectra were
used to determine the Stokes shifts in n-alcohols
and mixtures. It was observed that the max-
ima of both the absorption and fluorescence emis-
sion spectra of PyB were blue-shifted slightly
with increasing solvent polarity in n-alcohols and
the mixtures (see Table IV). In order to determine
the excited-state dipole moment values, the Stokes
shifts (ν̄a − ν̄f )and the arithmetic means of Stokes
shifts (ν̄a + ν̄f )/2 were plotted against the sol-
vent polarity functions (F1, F2, and F3), according
to (2)–(4). Lippert’s, Bakhshiev’s and Chamma–
Viallet’s plots are presented in Figs. 4–6. The char-
acteristics of the correlations, i.e., the slopes, in-
tercepts, and determination of coefficient r2 values,

were determined from the linear regression analy-
ses of these plots. According to these three equa-
tions, the plots of the Stokes shifts versus solvent
polarity functions should be linear in the presence
of the general solvent effect. Deviations from lin-
earity can occur in the presence of specific solute-
solvent effects such as hydrogen bonding formation
between the solute and the solvent [3, 4, 17]. These
deviations are related to the extent of interactions
between the solute and solvent molecules.

According to the relationship µg = µe + ∆µ [17],
due to the blue shift of PyB in all solvents, the val-
ues of excited-state dipole moments µe were calcu-
lated using the values of ∆µ obtained from Lippert’s
and Bakhshiev’s equations (except for Chamma–
Viallet’s equation) and the µtheor

g values estimated
from the MNDO and CNDO/2 approximations
in n-alcohols and in the mixtures. According to
Chamma–Viallet’s equation, the plots of the Stokes
shift versus the solvent polarity function (F3) did
not show a harmony due to their positive slopes
in n-alcohols and the mixtures (see Fig. 4), and
therefore the excited-state dipole moments of PyB
could not be determined from Chamma–Viallet’s
equation. The same results with a positive slope
for Chamma–Viallet’s equation have also been ob-
tained for caffeine in various solvents [18] and fluo-
rescein dye in acetonitrile and acetonitrile-benzene
mixtures [4]. The values of µtheor

g obtained from
the MNDO and CNDO/2 approximations were
found as 3.23 and 11.29 D, respectively. The val-
ues of µe were determined using µtheor

g values and
the values of ∆µ were obtained from Lippert’s and
Bakhshiev’s equations. By using ∆µ obtained from
Lippert’s equation, the values of µe were deter-
mined as 1.61 D (MNDO) and 9.47 D (CNDO/2)
in a series of n-alcohols, and also 0.93 D (MNDO)
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TABLE IV

Spectral data of PyB in the solvents: wavelength of absorption maxima (λa), wavelength of fluoresence emission
maxima (λf ), wavenumber of absorption maxima (ν̄a), wavenumber of fluorescence emission maxima (ν̄b), Stokes
shift (ν̄a− ν̄f ), mean of Stokes shift ((ν̄a + ν̄f )/2). AN-BN reads as volume percentages of acetonitrile to benzene.

Solvent λa [nm] λf [nm] ν̄a [cm−1] ν̄f [cm−1] (ν̄a − ν̄f ) [cm−1] (ν̄a + ν̄f )/2 [cm−1]
methanol 551 575 18149 17391 758 17770
ethanol 552 576 18116 17361 755 17739
n-propanol 553 576 18083 17361 722 17722
n-butanol 553 576 18083 17361 722 17722
n-pentanol 554 576 18051 17361 690 17706
n-hexanol 555 578 18018 17301 717 17660
acetonitrile 553 576 18083 17361 722 17722
90%AN-10%BN∗ 554 576 18051 17361 690 17706
80%AN-30%BN 555 577 18018 17331 687 17675
70%AN-30%BN 556 577 17986 17331 655 17659
60%AN-40%BN 556 577 17986 17331 655 17659
50%AN-50%BN 557 578 17953 17301 652 17627
40%AN-60%BN 558 578 17921 17301 620 17611
30%AN-70%BN 559 578 17889 17301 588 17595
20%AN-80%BN 560 578 17857 17301 556 17579

and 8.79 D (CNDO/2) in AN, and AN–BN solvent
mixtures, respectively. Likewise, by using ∆µ ob-
tained from Bakhshiev’s equation, the values of µe

were estimated as 2.30 D (MNDO) and 10.16 D
(CNDO/2) in a series of n-alcohols, and 1.94 D
(MNDO) and 9.80 D (CNDO/2) in AN and AN–BN
solvent mixtures, respectively.

On the other hand, it was determined that
the excited-state dipole moments µe from Lip-
pert’s and Bakhshiev’s equations in n-alcohols and
the mixtures were lower than the values of both
µtheor
g and µexper

g (µe < µg) (see Table II). The fact
that µg is larger than µe is uncommon. This may
result from the blue shift of absorption and fluo-
rescence emission spectra with the increasing po-
larity function upon excitation. When the PyB
molecule is excited by the effect of the incident
excitation beam, it has been reported that an in-
ternal charge transfer in PyB does not occur in
the excited-state [10]. In the excited-state, PyB
showed the solute-solvent interactions via internal
conversion only. Therefore, in this study, the val-
ues of the µe were found smaller than those of
µg. Similar results have also been reported for
merocyanine 540 dye in nitrile solvents [17], fluo-
rescein in n-alcohols and acetonitrile-benzene mix-
tures [4], and purine and purine derivatives in var-
ious solvents [18]. Since µe values are smaller
than µg values, it may be said that the excited-
state of PyB is less polar relative to the ground-
state [18]. At the same time, these results indicate
a more stable ground-state structure as compared
to the excited-state [19].

The values of determination of coefficient r2 from
the plots of the Stokes shifts against solvent polar-
ity functions were found to be 0.78 and 0.79 for

Fig. 4. Lippert’s plot between the Stokes shift and
solvent polarity function F1.

Lippert’s and Bakhshiev’s equations in n-alcohols,
respectively. It was seen that the alcoholic solvents
caused deviations from Lippert’s and Bakhshiev’s
equations [4, 20].

Lippert’s theory assumes that general solvent ef-
fects are present in the solvent medium and the po-
larizability of the solute molecule is neglected.
This model does not contain any chemical interac-
tions. The direction of ground- and excited-dipole
moments is parallel to each other, namely it is
collinear. Deviations from Lippert’s theory occur
due to specific solute-solvent interactions such as
hydrogen bonding or a formation of charge transfer
states [7, 21].
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Fig. 5. Bakhshiev’s plot between the Stokes shift
and solvent polarity function F2.

Fig. 6. Chamma–Viallet’s plot between the Stokes
shift and solvent polarity function F3.

Bakhshiev’s theory takes into account the so-
lute polarizability besides specific solute-solvent
interactions [7]. The direction of dipole mo-
ments of ground- and excited-dipole state is not
collinear, but the linearity of the dipoles is close
to each other. Deviations from the linearity of
Bakhshiev’s equation may result from an incom-
plete solvent relaxation prior to fluorescence emis-
sion or specific solute-solvent interactions, such as
hydrogen bonding [5].

Chamma–Viallet’s theory assumes that the
molecular aspects of solvation are ignored in ad-
dition to Bakhshiev’s assumptions. Also, in the
case of Chamma–Viallet’s method, the values of
the excited-state dipole moment lie between those
of Lippert’s and Bakhshiev’s [22]. In our study,
it was seen that Chamma–Viallet’s equation did

not show any harmony with these interactions and
therefore the excited-state dipole moments could
not be determined.

Herein, the low r2 values of 0.78 and 0.79 ob-
tained from Lippert’s and Bakhshiev’s equations
probably result from the formation of hydrogen
bonding in n-alcohols. This hydrogen bonding oc-
curs from the specific interactions which occur along
with dipole-dipole interactions with the hydroxyl
groups of protic n-alcohol solvents and the pos-
itively charged amino groups of PyB [23]. The
formation of hydrogen bonding is probably under
the influence of the hydrogen bond donor (HBD)
acidity in protic n-alcohol solvents [24]. The α scale
of solvent HBD acidities describes the ability of
the solvent to donate a proton in a solvent-to-solute
hydrogen bond [24]. Also, the values of the α scale
for the alcohols between methanol and n-hexanol
have been presented as ranging from 0.93 to 0.78
by Kamlet et al. [24]. Therefore, specific solute-
solvent interactions occur as a result of the HBD
effect in n-alcohol solvents. This α value of alco-
hols indicates that solvent HBD acidities play a role
in solvent-soluble interactions and in non-HBD sol-
vents α = 0 [24].

As Fig. 1 shows, on the other hand, pyronin B
is an organic salt (containing FeCl−4 anion) which
in polar solvents may affect the molecular struc-
ture and influence the electrostatic interactions with
the solvent. At the same time, this may actually
be the reason behind the small solvatochromism
of the spectra in solvents. In this study, solva-
tochromism of PyB absorption as well as fluores-
cence spectra is really very small: 4 nm in n-alcohols
and 6 nm in AN–BN mixtures for absorption, 3 nm
in n-alcohols and 2 nm in AN–BNmixtures for emis-
sion spectra.

Furthermore, as seen in Figs. 2 and 3, the spec-
tra of the absorption and fluorescence at Jaco-
bian form [25] have peaks which are changed
from 2.146 eV to 2.131 eV for absorption and
from 2.057 eV to 2.046 eV for fluorescence emis-
sion in n-alcohols, with increasing solvent polarity
function. Likewise, these spectra have peaks which
are changed from 2.146 eV to 2.131 eV for absorp-
tion and from 2.057 eV to 2.046 eV for emission in
the mixtures, with increasing solvent polarity func-
tion. It is seen that the energy difference between
the spectra is 0.015 eV for absorption and 0.011 eV
for fluorescence emission in n-alcohols. In AN and
AN–BN solvent mixtures, the energy difference is
0.027 eV for absorption and 0.007 eV for fluores-
cence emission. These small energy values probably
indicate that a charge transfer could not occur in
the excited-state and therefore, the specific solute-
solvent interactions may be considered to play a role
in the occurrence of the energetic states.

The values of r2 from Lippert’s and Bakhshiev’s
equations — by eliminating the alcoholic solvents —
were found to be 0.96 and 0.94, respectively in AN
and AN–BN solvent mixtures. These high values
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Fig. 7. The plots between the Stokes shift and sol-
vent polarity parameter ET (30).

of r2 indicate the general solvent effects. A simi-
lar situation has also been obtained for the interac-
tions between fluorescein dye and AN and AN–BN
solvent mixtures [4].

It would also be useful to use the ET (30) func-
tion, the empirical measure of solvent polarity, to
better understand the effects of polarization and hy-
drogen bonding on spectral properties [26]. There-
fore, the plots of the Stokes shift (ν̄a − ν̄f ) against
the values of solvent polarity parameter, ET (30)
were drawn (see Fig. 7). From the linear regres-
sion analyses of these plots, r2 values were found
to be 0.7016 and 0.9716 for n-alcohols and the mix-
tures, respectively. If the dipole moment of a so-
lute molecule is dependent only on solvent polarity,
the plot of the (ν̄a − ν̄f ) versus ET (30) must have
a linear relationship in the solvents [4]. Herein,
while a satisfying fit was not observed for protic
n-alcohols (r2 = 0.7016), a good fit was obtained
with r2 = 0.9716 for aprotic AN and AN–BN sol-
vent mixtures. These findings are consistent with
the results obtained from Lippert’s and Bakhshiev’s
equations. Similar results have also been reported
for fluorescein in n-acohols and AN and AN–BN
solvent mixtures [4].

4. Conclusion

The ground- and excited-state dipole moments
of pyronin B (PyB) using the solvatochromic
method and quantum-chemical calculations were
determined in n-alcohols, acetonitrile (AN) and
acetonitrile-benzene (AN–BN) solvent mixtures.
The ground-state dipole moments were calculated
using both the experimental Guggenheim-Smith
method (GSM) and the theoretical (SCF MO
LCAO) in CNDO/2 and MNDO methods. The val-
ues of the theoretical dipole moments of PyB were
found to be 11.29 D for CNDO/2 and 3.43 D for

MNDO methods, respectively. The experimental
ground-state dipole moment values increased from
3.13 D to 13.77 D with decreasing polarity from
methanol to n-hexanol in n-alcohols and from 9.25
to 14.63 with decreasing polarity in AN and AN–
BN solvent mixtures. The excited-state dipole mo-
ments were determined from the plots of the Stokes
shifts against solvent polarity functions by means
of Lippert’s and Bakhshiev’s equations in n-alcohols
and AN and AN–BN solvent mixtures. The excited-
state dipole moments of PyB were lower than those
of the ground-state in n-alcohols and the mixtures.
This indicated that the ground-state was more polar
than the ground-state. Moreover, it was determined
that the ground-state compared to the excited-state
was more stable. The specific solute-solvent interac-
tions were estimated to be due to hydrogen bonding
between PyB and n-alcohol molecules. It was seen
that the low energetic states occurred via the spe-
cific solute-solvent interactions instead of the charge
transfer. The general solvent effects were seen
in AN and AN–BN solvent mixtures. All of these
interactions were confirmed by means of Lippert’s
and Bakhshiev’s equations and the use of the sol-
vent polarity parameter ET (30).
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