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Abstract
The rotational re-orientations times of the 7-DHB dye molecule have been examined in non-associative solvents (DMSO and
Octanenitrile) by varying the temperature, by employing the Steady-State Fluorescence Depolarisation and Time-Correlated
Single Photon Counting (TCSPC) techniques. Rotational re-orientations time values in DMSO are found larger by a factor of
1.136 than octanenitrile, which indicates that 7-DHB laser dye is experiencing higher friction in DMSO than octanenitrile. To
determine mechanical friction Stokes Einstein’s Debye theory (SED) -with a stick, slip boundary conditions parameters are used
and found an interesting super slip trend. Point dipole models as Nee-Zwanzig (NZ) and van der Zwan-Hynes (ZH) fail to explain
experimental dielectric friction observed trends. Alavi-Waldeck model successfully explains the observed dielectric friction trend
in non-associative solvents.
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Introduction

A molecule rotating in solution experience frictions because
of its continuous interactions with its surrounding. The mo-
lecular motions may be restricted or free depending on the
physical and chemical properties of the surrounding medium.
In a free solvent, medium rotational and translational diffusion
molecular motions occur for any solute. Study of the rotational
and translational diffusion molecules are of key importance
because it leads to an understanding of the dynamic interac-
tion with surrounding molecules such as solvent-solute inter-
actions. Solute molecular rotations will function as a sensitive
probe of molecular structure and molecular dynamics, far

more results than translation motion. Molecular correlation
times provide useful information on the results of chemical
interest like aggregations, solvation’s, photochemical process,
isomerization, hydrogen bonding and many other [1]. A good
understanding of the molecular correlation functions and cor-
relation times tell us regarding what’s occurring in the imme-
diate neighborhood of the rotating probe molecules. The stud-
ies of rotational reorientation dynamics are broadly classified
into two categories, [2] Firstly, Polar probes embedded in
charged polar solvents to know how the electrostatic long-
range interaction influences the rotational dynamics of the
solute molecule. Secondly, non-polar probes embedded in
non-polar or polar solvents to understand the influence solute
to solvent size ratio and solute shape.

The diffusion motion of large solute molecules is generally
described by Brownianmotion theories [3]. The hydrodynam-
ic basis for determining the rotational friction experienced by
a sphere rotating in a solvent is given by Einstein [4]. The
theoretical descriptions of the molecular rotational motion of
any probe in the liquid are described by Stokes, Einstein’s,
Debye, Perrin equations, the rotational reorientation time (τr)
of the solute is related to the solvent viscosity parameter (η).
Most often the molecules are not spherical consequently, the
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rotational diffusion equation is extended to an ellipsoid [5].
Several important assumptions of the SED’s theory [6] must
be tested in the case of the solute-solvent interactions on a
microscopic scale molecule, stick and slip boundary condi-
tions parameters on the molecular scale and rotational relaxa-
tion times in the solvent on the molecular scales. These as-
sumptions strongly affect the solute-solvent interactions. A
number of investigations have dealt with the study of the
dependence of the rotational reorientation times [7–12] on
the nature of the solvent, solute size, shape, charges on it,
solvent temperature, pressure and solvent composition in bi-
nary mixtures to obtain a much better insight into the molec-
ular rotation dynamics.

Molecule rotating in solution experience frictions because
of its continuous interactions with its surrounding media and
this has been the motivating factor to carry out the experimen-
tal rotational reorientation times measurements in solutions.
How is this friction modeled? The general approach has been
to treat the solute molecule as an ellipsoid moving in a con-
tinuous, homogeneous medium characterized by its macro-
scopic properties such as dielectric constant and viscosity.
The friction has both mechanical and dielectric origins.
Mechanical friction is modeled by hydrodynamics theo-
ries and the dielectric friction by different continuum
theories [13–15]. The mechanical and dielectric friction con-
tributions to the friction are non-separable because of the
electrohydrodynamic coupling [16]. According to experimen-
talists, the non-separability of the total friction (ζtotal) can be
written as a contribution of mechanical (ζMeF) and dielectric
(ζDiF) components

ζtotal ¼ ζMeF þ ζDiF ð1Þ

However, elaborate examinations of rotational diffusions
have shown the existence of origin of another drag regarding
a rotating probe molecule because of specific solvent interac-
tions like H bonding among the solute-solvent molecules.
Such hydrogen bonding formation depends on the substituted
functional groups of the solute molecules and the hydrogen
bonding solvent molecules [17–22]. Under such conditions, the
longer reorientation time is noticed, as a result of an increase in
adequate rotating probe size. A number of investigations on
dielectric friction have appeared in the literature [23–35] among
which three theories are very important. The first one proposed
by Nee and Zwanzing [NZ] [21] treats the solute as a point
dipole rotating in a spherical cavity and solvent as a continuum
dielectric medium. Second is a semi-empirical approach, which
is proposed by van der Zwan and Hynes [24] in which fluores-
cence Stokes shift of the solute in the solvent media is related to
the dielectric friction. The third model proposed by Alavi and
Waldeck [27] is analogous and an extension to the NZ model
wherein the dielectric friction is determined by treating solute
as the arbitrary distribution of point charges. In this study, we

wish to validate mechanical and dielectric frictional theories.
We have chosen two solvents DMSO and Octanenitrile as their
viscosities are similar and dielectric being different, to under-
stand the variation in friction experienced by 7-DHB laser dye
[36], when macroscopic solvent viscosity parameter is varied
by varying the temperature.

Materials and Experimental Methods

Materials

The laser dye 7-[diethylamino]-2H-1-benzopyran-2-one: (7-
DHB) was purchased from Exciton Company USA (with
98% purity) and used without further purification. Optimized
geometry of studied dye molecular structure is shown in Fig. 1.
The solvents DMSO and octanenitrile are commercially avail-
able from S-D Fine Chemicals Ltd., India is of the spectroscop-
ic grade and used without further dilution. All the measure-
ments measured at 298–343 ± 1 K and the concentration of
the solution was maintained in the range of 10−5–10−6 M.

Experimental Methods

The steady-state absorption spectrum of the probe was record-
ed using a Shimadzu UV-1800 spectrophotometer with 1.0-
nm resolution. The steady-state fluorescence spectrum of the
probe was recorded using spectrofluorophotometer (Hitachi,
model F-2700). Excitation and emission bandpass range from
0 to 10 nm and the photomultiplier voltage (PM) was set to
400 V depending on the fluorescence yield of the probe.

The Fluorescence anisotropy occurs as a result of the photo
selection of fluorophore in the direction of the polarization of
the excitation source. Fluorescence anisotropies were mea-
sured with exciting polarizer light in the Z-direction (labora-
tory frame) and detecting the components of fluorescence in-
tensity polarized along with the Z and Y directions employing
a Hitachi F-2700 spectrofluorophotometer, with polarizer ac-
cessories (Hitachi Model 650–0155 and 650–0156). The fluo-
rescence intensity component polarized along the Z-direction
is referred to as parallel (I||) and that polarized along the
Y direction is called the perpendicular component (I⊥).
The steady-state Fluorescence anisotropy < r > is characterised
by [37].

< r >¼ I∥−G0I⊥
I∥ þ 2G0I⊥

� �
ð2Þ

where ‘G0’ is a correction factor term. It is measured by using
horizontally excitation polarized light intensity and horizontal
and vertical polarization intensity of the emitted light. The G0

correction factor term is given by G0 =
IHV
IHH:

h i
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Fluorescence decay of 7-DHB dye molecule in solvents
(Fig. 2) was recorded using picosecond laser as an excitation
source and a time-correlated single photon counting (TCSPC)
technique (Edinburgh Instruments, Model: FSP920) along
with Hamamatsu PMT is used for fluorescence detector. The
excitation source of 408 nmwavelength diode laser (< 100 ps,
1MHZ) was used. The device response function was ~260 ps
at FWHM. Fluorescence decays measured with an excitation
beam of vertically polarized and fluorescence was collected at
the magic angle (54.70). For all fluorescence detection, the
spectral bandwidth is kept at ~7.0 nm. Data analysis of fluo-
rescence decay was done by nonlinear least square and

iterative reconvolution methods. The fluorescence decay
curve analysis was performed by using the software IBH
(DAS-6) based on reconvolution technique.

The rotational reorientation times (τr) is found from exper-
imentally measured using the relation [37] by

τr ¼ τ f =
ro
rh i

� �
−1

� �
ð3Þ

where τf – is fluorescence lifetime and ro – is limiting anisot-
ropy found in the frozen state of the molecules. ro - measured
by dissolving the probe molecule in glycerol and cooling the
solution to a temperature below −18 °C.

Fig. 1 Optimized molecular structure of 7-DHB laser dye used in the study
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Computational Techniques

The Time-Dependent Density Functional Theory [TD-DFT]
calculations were carried out for the probe using the
GAMESS software package [38–40]. Ground state optimized
geometry were computed using TDB3LYP/6-31G basis set. To
incorporate both dynamical and non-dynamical correlations ef-
fects, the most familiar ab-initio methods were used. Vertically
excited zero-zero singlet states were also computed using the
same basis set.

Results and Discussion

Computational Results

Initially, optimized geometry was computed using QM-AM1
method. For 7-DHB diethylamine (-N-CH3) group bond length,
for atom N-12 and C-13 is 1.4866 Å and for atom N-12 and C-
15 is 1.4956 Å. In DMSO and octanenitrile solvents, HOMO-
LUMO is completely localized over the entire molecule expect
on diethyl amine group. Parameters such as partial charges,
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Fig. 2 Fluorescence decay curve of 7-DHB in DMSO and Octanenitrile solvents at 298 K

Table 1 Steady state anisotropy
<r>, fluorescence life time (τf)
and rotational reorientation

Temperature/
K

Viscosity η/ mPa Sa Anisotropy <r> Fluorescence
lifetime τf/ns

Rotational
reorientation time τr/ps

298 1.98 0.021 3.73 199.82

303 1.83 0.019 3.67 176.98

313 1.52 0.016 3.51 141.46

323 1.21 0.011 3.47 94.95

333 0.91 0.009 3.36 74.85

343 0.60 0.005 2.81 34.44

Time (τr) of 7-DHB in DMSO as a function of temperature
a - viscosity data from extrapolation data of Ref. 36
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coordinates, dipole moment, etc., of the probe molecule in the
excited state were obtained from the SCF density matrix.

Hydrodynamic Theory

Mechanical friction is modeled by hydrodynamics theories [13].
According to the SED theory, the τr−rotational reorientation
time relates to η-viscosity of the solvent, k – Boltzmann con-
stant, V- is the van der Waals volume of the probe, T – absolute
temperature, f – shape factor, which is given by the equation

τr ¼ ηV
kT

fc

� �
ð4Þ

To calculate the rotational reorientation times of probe mol-
ecules by applying SED theory the shape factor, stick and slip
boundary conditions parameters are determined as follows: In
accordance with van der Waals increment method [41], the
probe molecular volume of 7-DHB was found to be
203.5Å3. The thickness of the probes C = 1.9 Å for aromatic
molecules was taken as half-axis proposed by Fleming et al.
[42]. The longest axis (2a) of the probe molecules was taken
as the end to end distance. The short in-plane axes (2b) have
been found by employing the relation V = 4π

3 abc
� �

where V- is
the probe volume, the half-axis being a, b and c. The deter-
mined van der Waals, axial radii parameters of the probe mol-
ecules are 9.33 Å (=a), 2.7 Å (=b) and 1.9 Å (=c). From the
estimation of axial radii’s, 7-DHB probe is modeled as an
asymmetric ellipsoid.

The coefficients of friction along a, b and c axis with stick
boundary condition parameters were found by interpolation of
the numerical data of Small and Isenberg [43]. Slip boundary
condition parameters were found by numerical data of
Hochstrasser et al. [44]. The diffusion coefficients were

determined by the relation of the frictional coefficients ζi of
the form Di= KT/ζi by which the rotational reorientation times
are determined using the Eq.1 assuming transition dipole mo-
ment is along longest axes

τr ¼ 1

12

4D1 þ D2 þ D3

D1D2 þ D2D3 þ D3D1

� �
ð5Þ

Where D1, D2 and D3 are diffusion coefficients along long,
short and out-of-plane axes respectively. The rotational reori-
entation times of the dye 7-DHB molecule with a stick and
slip boundary conditions (using eq.6) values are found to
be176.38 ps and 105.0 ps. Also, f- shape factor (f) and Cslip

of laser dye 7-DHB are 3.565, 0.595 respectively.
Steady-state fluorescence anisotropy (<r>), fluores-

cence lifetime (τf) and rotational re-orientation times (τr)
of 7-DHB obtained experimentally with a change in tem-
perature, are tabulated in Tables 1 & 2. It can be inferred
that, fluorescence lifetimes of the probe marginally higher
in DMSO and Octanenitrile. The τf value range from 2.81–
3.73 ns and 3.77–3.86 in DMSO and Octanenitrile respec-
tively. Limiting anisotropy (r0) values for 7-DHB value is
0.413. Average values of fluorescence anisotropy’s (<r>)
are 0.0135 and 0.0105 in DMSO and Octanenitrile respec-
tively. From the values of r0, <r > and τf, the rotation re-
orientation times τr were determined (using Eq.3). The τr
values decrease in both the solvents with an increase in
temperature. τ r values in DMSO are larger than
Octanenitrile by a factor of 1.136, which indicates that 7-
DHB laser dye is experiencing higher friction in DMSO to
some extent than octanenitrile. Using Tables 1 and 2, data
for 7-DHB molecule, the plots τr v/s ƞ/T least square fitting
was performed in both the solvents. A negative intercept of
−22.18 ps in DMSO and − 41.25 ps in octanenitrile is no-
ticed, which represents the non-linear relationship between
τr and ƞ/T. So, logarithmic fits of τr and ƞ/T were per-
formed for both solvents, obtained relationship results are
tabulated in Table 3. From Table 3, it can be found data
between τr and ƞ/T to be nearly linear. A graph of τr v/s η/
T is plotted for 7-DHB in DMSO and octanenitrile solvents
along with slip and stick lines are shown in Fig. 3.

Table 2 Steady state anisotropy
<r>, fluorescence life time (τf)
and rotational reorientation time
(τr) of 7-DHB in Octanenitrile as
a function of temperature

Temperature/
K

Viscosity η/ mPa Sa Anisotropy <r> Fluorescence
lifetime τf/ns

Rotational
reorientation time τr/ps

298 1.65 0.018 3.86 175.90

303 1.54 0.014 3.83 134.39

313 1.31 0.012 3.83 114.61

323 1.08 0.011 3.81 104.25

333 0.85 0.006 3.80 56.02

343 0.62 0.002 3.77 18.35

a - viscosity data from extrapolation data of Ref. 36

Table 3 Relationship between τr and η/Tobtained from the logarithmic
fits of the data for 7-DHB in a) DMSO and b) Octanenitrile

Solute DMSO Octanenitrile

7-DHB (0.411 ± 0.09) η
T

� 	0:97
(0.639 ± 0.06) η

T

� 	0:99
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Rotational reorientation times (τr) are calculated with slip
(15.81 x ƞ/T) and stick (26.56 x ƞ/T) boundary conditions
parameters for the studied probe. The difference between ex-
perimental rotational time and slip rotational times are in the
range of about 9% - 21% for DMSO and 3% - 39% for
octanenitrile solvents. From the calculation of the hydrody-
namic friction amounts to 20% and 3% of the observed fric-
tion for 7-DHB in DMSO and octanenitrile solvents respec-
tively. A graph τr v/s η/T is plotted in DMSO and octanenitrile
solvents along with slip and stick lines Fig. 3. The experimen-
tally observed reorientation times for 7-DHB laser dye lies
below slip and stick boundary conditions lines in both sol-
vents (Fig. 3). The τr values for 7-DHB in DMSO are ob-
served to be slightly near with slip rotational reorientation
time as predicted by the hydrodynamic theory. It is interesting
to note that experimental and theoretical slip τr values con-
verge for higher temperature for both solvents. Generally, di-
electric friction is experienced in case of polar probe rotating
in a polar solvent. However, mechanical friction of 3% - 20%

is observed for the probe in solvents of the total friction.
Table 3 implies that; the probe is experiencing 24% more
friction in DMSO compared to octanenitrile solvent. The ob-
served deviations from the experimental results with that pre-
dicted SED theory have been quantitatively explained using
different dielectric theories.

Dielectric Friction

Two Semi-empirical methods proposed by Nee-Zwanzig
(NZ) [21] and Zwan-Hynes (ZH) [24] models and the third
model proposed by Alavi and Waldeck [27] by treating solute
as the arbitrary distribution of point charges have been
employed to calculate the contribution of dielectric frictions

Nee-Zwanzig (NZ) Model

When the molecule starts rotating, surrounding media cannot
polarise instantaneously and keep in phase with the new ori-
entation of the probe molecule, this lag exerts a retarding force
giving rise to rotational dielectric friction on the probe. NZ
model solvent is regarded as an extended dielectric media
described by a frequency dependants of dielectric constants
and probe to be a point dipole embedded in a cavity of radius
‘a’. If, ε0 – zero frequency dielectric constants and ε∞ - dielec-
tric constants at high-frequency of the solvent medium, μe - is
the excited state dipole moment and τD – Debye relaxations
time of the medium. The dielectric friction (τDF) of the probe
at the limit of zero frequency is followed by an equation as
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aFig. 3 Plots of rotational time as a
function of viscosity/Temperature
of 7-DHB in (a) DMSO (b)
Octanenitrile with the theoretical
stick and slip lines

Table 4 Solvent Dielectric and related properties of solvents used in
this study as a function of Temperature

Solvent Temperature/
K

ε0
a ε∞

b τD/
ps

A X 103 /
ps K−1

DMSO 298 48.9 3.9 24 12.3

303 47.4 3.3 21 9.03

313 44.5 2.3 15 4.51

323 41.5 1.4 9.0 1.88

333 38.6 24 3.0 0.44

343 35.7 0.4 1.3 0.33

Octanenitrile 298 13.0 2.72 31.4 2.92

303 12.4 2.35 29.4 2.51

313 11.2 1.71 25.5 1.83

323 10.0 1.16 21.6 1.32

333 8.80 0.72 17.7 0.95

343 7.60 0.38 13.7 0.68

a, b Dielectric parameters and τD values are obtained from interpolation/
extrapolation data Ref. 36

Table 5 Excited state dipole moments obtained from the slope of the
τDF v/s A using NZ theory

Solvent Slope Intercept Dipole Moment

a = 3.65 Å a = 9.33 Å

DMSO 6.96355 72.90972 64.86 28.41

Octanenitrile 24.4309 31.70013 121.49 53.22
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τDF ¼ μ2
e

9a3KT

ε∞ þ 2ð Þ2 ε0−ε∞ð Þ
2ε0 þ ε∞ð Þ2 τD

" #
ð6Þ

The τD values and static dielectric properties of studied
solvents are tabulated in Table 4. obtained from the litera-
ture [36]. The dipole moments in an excited state of the
probe is 11.651D were determined by using Lippert-
Mataga eq. [10] and shown in Table 5. Two sets of a0
values for a given solute are employed to determine the
contributions of dielectric friction which serves as two
maximum limits. The first set of values of a0 = 3.65 Å
found from the van -der-Waals volumes, considering the
probe as a spherical molecule and the second set of value
are obtained from the half-length of the longest-axes of
which values are a0 = 9.33 Å for 7-DHB in both the sol-
vents. To examine the experimentally obtained dielectric
friction with that of theoretically calculated dielectric fric-
tion, the contribution of τDF was calculated with the exper-
imental rotational reorientation time using the relation: τDF
= τExptr −τstickr and τDF = τExptr −τDKSr for the probe, where
τExptr – is the experimentally determined rotational reorien-

tation time and τstickr and τDKSr – are the theoretical deter-
mined rotational reorientation time as per SED and CDKS
theory respectively. A plot of τDF v/s A was plotted for the
probe (Fig. 4), where

A ¼ ε∞ þ 2ð Þ2 ε0−ε∞ð Þ
2ε0 þ ε∞ð Þ2 τD ð7Þ

From Fig. 4, it can be inferred that the contribution of di-
electric friction by NZ theory underestimates with the experi-
mental values for both maximum limits in DMSO and
octanenitrile solvent. That had been revealed in unrealistic large
dipole moments values, obtained from the slopes of τDF v/s A
plots (Table 5). From Table 4, the ‘A’ values are 1–4.2 times
greater in DMSO than Octanenitrile, as per NZ model the τDF
contribution be higher magnitude in DMSO. This may be prob-
ably the reason for higher dielectric friction consequently
slower rotation and higher rotational reorientation time in
DMSO than Octanenitrile experienced by 7-DHB probe.

Van der Zwan Hynes (ZH) Model

An advanced theory over the semi-empirical NZ theory for
determining dielectric friction was proposed by van der Zwan
and Hynes [45]. ZH theory describes dielectric friction expe-
rienced by the probe in terms of solute response to a solvent.
The dielectric friction experienced by the probe in a solvent is
related to the solvatochromic Stoke’s shift and solvation times
(τs). It is given by
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Fig. 5 Rotational time due
to dielectric friction τDF
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and (b) Octanenitrile
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τDF ¼ μ2

Δμ2

� �
hcΔν
6KT

τs �
�

ð8Þ

Where, μ – dipole moment, h - Planck’s constant, c - ve-
locity of light in vacuum, τs–solvation time, andΔν- Stoke’s
shift (energy difference between 0 and 0 transition for excita-
tion and 0–0 emission in a given solvent),Δμ – the difference
between excited and ground state dipole moment and K-
Boltzmann constant. Numerous studies [46–53] on solvation
dynamics imply that longitudinal relaxation time of the sol-
vent τl = τD (ε∞/ε0) is closely related to solvation time and is
nearly independent properties of the probes. So ′τl′ may be
replaced by solvation time. Using the Eq. 8 (ZH model) the
dielectric friction (τDF) contributions were calculated by,
employing stokes shift values as 3862.74 cm−1 and
3851.1 cm−1. The τDF values found from ZH model and ex-
perimental results are plotted as a function of τl/Tas shown in
Fig. 5. From Fig. 5. It can be noted that the dielectric friction
calculated theoretically by ZH model underestimates the ob-
served experimental dielectric friction for τDF = τExptr −τslipr

and is nearly equal τDF = τExptr −τstickr , it is exciting to note that

τDF = τExptr −τstickr are nearly equal for rotational reorientation
at lower temperatures, but it deviates slightly at a higher tem-

perature. The μ2

Δμ2 values are determined by the slopes obtain-

ed from τDF v/s τl/T plots and results are tabulated in Table 6
along with experimentally determined values. The determined
μ2

Δμ2 values are higher by a factor of 11.67 and 1.17 for DMSO

and octanenitrile. For the μ2

Δμ2 difference values obtained using

ZHmodel in DMSO and octanenitrile, it may be explained by
Stoke’s shift values being larger compared to the actual values

and that might be the cause μ2

Δμ2 values that are calculated

from the τDF v/sΔντl are smaller compared to the calculated
ones? So, solvatochromic Stoke’s shift values itself can-
not account for such a difference among the experimen-
tal and theoretical results. Evidently, both NZ and ZH models
also fail to explain the examined behavior, even in the quali-
tative way.

Alavi-Waldeck (AW) Model

To enhance the microscopic effect on dielectric frictions for
polar solutes and to describe dielectric frictions experienced
by it when embedded in polar solvents, Alavi-Waldeck et al.
(AW model) [29, 54–58] proposes that it is applied point
charge distributions than, the extended charge distributions
which contribute significantly to dielectric friction in addition

Fig. 6 Partial charge distribution in the excited state of 7-DHB molecule

Table 6 Slopes, intercepts andμ2/Δμ2 values obtained from the plot of
τDF v/s τl/T using the ZH theory in the solvents

Solvent Slope Intercept μ2

Δμ2

DMSO 2.52146 −5.32907 0.463429

Octanenitrile 25.13866 −1.77636 4.620337

906 J Fluoresc (2019) 29:899–909



to that of dipole moment and higher-order moments of the
solute, this is major difference in NZ and AW. AW model
adequately emphasizes the fact that solute with permanent
dipole should experience less dielectric friction compared
with no permanent dipole. The coefficient of frictions accord-
ing to AW theory is given by

ζDF ¼ 8

a

ε0−1ð Þ
2ε0 þ 1ð Þ2 τD � ∑N

j¼1∑
N
i¼1∑

Lmax
L¼1∑

L
M¼1

2Lþ 1

Lþ 1

� �
L−Mð Þ!
LþMð Þ!

�M2qiq j �
ri
a


 �L r j
a


 �L
� PML cos θið ÞPML cos θ j

� 	
cosM∅ij:

ð9Þ

Where, qi –the partial charge on an i
th atom with (ri, θi,∅i)

as spherical coordinates, ∅ji = ∅j −∅i, N – the number of
atoms in the probe, a – cavity radius, L – is a spatial variation
of distributed charge at the cavity surface and PML xð Þ – asso-
ciate Legendre’s polynomial. In AW model to determine

dielectric friction, sums of associated Legendre polynomials
are used, in order to describe the electrostatic field of the probe
due to partial charge distribution over the surface of the spher-
ical Onsager cavity. Lmax – is the limited value of L below
which the solvent respond to the solutes spatial variation of
distributed charge. Limited value Lmax is dependent on the
relative size of the solvent and probe. It is given by

Lmax ¼ 2
rsolute þ rsolventð Þ2

rsolventð Þ2
" #

ð10Þ

Where, rsolute – solute radii and rsolvent – solvent radii.
The dielectric friction in the AW model is dependent on

solvent dielectric properties similar to the NZ equation for a
point dipole but has a different electrical properties depen-
dence of the probe. Using eq.10 dielectric friction experienced
by the probe in solvents was calculated. Partial charges (Fig.
6), coordinates of excited atoms of the probe is described in
computational techniques section (Table 7). Using van der
Waals volume, radii found to be, rsolute = 9.33 Å which
is half the length of the longest axis, rsolvent = 2.64 Å for
DMSO and rsolvent = 3.29 Å octanenitrile solvents, for
Lmax values using Eq. 10 are found to be 42 in
DMSO and 30 in octanenitrile. Diffusion coefficients (Di)
along each axis were calculated from friction coefficients ζi
using the relation Di = kT/ζi and rotational reorientation times
is calculated using the eq. 5

As the charges are placed near to the boundary of the spher-
ical cavity, the AWmodel is very sensitive to the cavity radius
‘a’ for calculating rotational reorientation times. Awide range
of ‘a’ closer to half-length of the longest axis of the probe
molecule has been chosen. For different solvent-probe com-
binations, ‘a’ value is varied till calculated rotational reorien-
tation time at each temperature ‘matches with the experimen-
tal one. The maximum difference among the longest axial and
best-fit cavity radius is 23%. The ratio of calculated reorien-
tation time to the observed are more are less nearly equal to
one. Average of ‘a’ value is taken as the best fit radius of the
cavity. The best-fit radius of the cavity is 9.59 Å in DMSO and
9.88 Å in octanenitrile. Experimental and theoretical values
are in good agreement within 10% in DMSO and 30% in
octanenitrile. AWmodel is adequate to describe friction expe-
rienced by the probe at particular temperatures in a given
solvent.

Conclusions

Rotational reorientation time of 7-DHB laser dye is measured
in two non-associative solvents, DMSO and Octanenitrile by
varying the temperature. In DMSO rotational reorientation
times are observed to be slightly near with super slip rotational
reorientation time as predicted by the hydrodynamic theory.

Table 7 Cartesian coordinates and partial charges on the atoms in the
excited state of 7-DHB probe

Atom X Y Z Partial charges

C(1) −3.8816 −0.9077 −0.00070 0.402301

C(2) −4.1809 0.4931 −0.00009 −0.120708
C(3) −3.2458 1.5173 0.000270 −0.086358
C(4) −1.7881 1.1796 0.000160 0.167082

C(5) −1.4292 −0.1847 −0.000200 0.181429

O(6) −2.3358 −1.2167 −0.000500 −0.489771
C(7) −0.0493 −0.5847 −0.000200 −0.129935
C(8) 0.9732 0.3834 0.000089 0.280746

C(9) 0.6322 1.7559 0.000471 −0.108047
C(10) −0.7435 2.1222 0.000512 −0.194146
O(11) −4.6002 −1.9306 0.000143 −0.371554
N(12) 2.3976 −0.0716 −0.000002 −0.535183
C(13) 3.3793 1.0352 −0.000302 −0.066647
C(14) 4.8971 0.7803 −0.000912 −0.379655
C(15) 2.6269 −1.5442 0.000381 −0.061043
C(16) 4.0540 −2.1234 0.000771 −0.380842
H(17) −5.2493 0.7254 0.000231 0.129316

H(18) −3.5487 2.5646 0.000752 0.122269

H(19) 0.1293 −1.6563 −0.000622 0.115647

H(20) 1.3747 2.5476 0.000782 0.100585

H(21) −0.9953 3.1864 0.000831 0.098992

H(22) 3.1294 1.6667 0.879193 0.129873

H(23) 3.1287 1.6667 −0.879711 0.129903

H(24) 5.3840 1.7701 −0.001512 0.126597

H(25) 5.2433 0.2447 −0.89621 0.134592

H(26) 5.2441 0.2453 0.894265 0.134589

H(27) 2.0955 −1.9495 −0.88282 0.136155

H(28) 2.0952 −1.9493 0.883576 0.136167

H(29) 3.9486 −3.2211 0.001353 0.130241

H(30) 4.6291 −1.8485 0.895853 0.133702

H(31) 4.6292 −1.8494 −0.89454 0.133703
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SED theory couldn’t explain deviations from experimental
results for probe molecule and the observed deviations from
the experimental results with that predicted SED theory have
been quantitatively explained using different dielectric theo-
ries. Dielectric friction models NZ and ZH which treats the
probe as a point dipole, couldn’t describe even qualitatively
the observed trend. NZ theory underestimates with the exper-
imental values for both maximum limits in solvents. Though
ZH model explains through the stick dielectric behavior, it
fails to explain even qualitatively. Alavi-Waldeck treats ex-
tended charge distributions to explain the observed behavior
in a qualitatively way. It can be concluded that dielectric fric-
tion theories using point dipole moment fail to model both in
associative and non-associative solvents even in qualitatively
way, however, extended charge distribution model works at
least in non-associative solvents qualitatively.
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