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Rotational Dynamics of Excited Probes:
Analysis of Rate Constants Based on the
Predictions of Hydrodynamic Theory

Bradley R. Arnold, Dustin Levy, and Xuefang Lu
Department of Chemistry and Biochemistry, University of Maryland,
Baltimore County, Baltimore, Maryland, USA

Abstract: The rotational diffusion of benzo(rst)pentaphene (RST) in n-hexadecane
solvent has been investigated using time-resolved linear dichroism spectroscopy.
Theoretical models of rotational diffusion predict biexponential decays of the
observed dichroism for this planar polycyclic aromatic probe in solution. Consistent
with theory, two time constants of 7y = 12 + 5 and 7, = 180 + 10 ps are observed
in the loss of dichroism for RST. The ratio of these two time constants is 7,/ ~ 15
and they occur with approximately equal weights within the decay. Hydrodynamic
theory, using either slip or stick boundary conditions, would suggest a ratio of only
ca. 2—4. Detailed analysis of the preexponential factors for the decay components
according to current hydrodynamic theory reveals that there are no physically
allowed conditions that would result in a ratio of time constants that exceed ca. 4
while simultaneously allowing the two exponentials to be observed with nearly
equal weights within the decay. Based on this finding, it is unlikely that both
observed decay components can be due to random diffusional motion.

Keywords: Debye—Stokes—FEinstein diffusion theory, fluorescence anisotropy, hydro-
dynamic theory, polarized spectroscopy, slip boundary, stick boundary

INTRODUCTION

The availability of ultrafast lasers has enabled the development of polariz-
ation-specific time-resolved spectroscopic techniques that can monitor the
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rotational motions of excited probes directly. These techniques use the aniso-
tropic nature of light absorption to produce partially oriented samples of
excited states by a process known as photoselection.”! =" If such samples
are subsequently probed using a second beam of linearly polarized light of
wavelength A, the optical densities observed when the electric vector of the
probe beam is parallel (AODy,, and perpendicular (AODy,)) to the
electric vector of the initial excitation beam may be different. The ratio
of these optical densities is known as the linear dichroic ratio, d,, and is
given by:

_ AODz(A)

dy, =
* 7 AODy,

()

Other measures used to describe the anisotropic distribution of molecular
orientations include the orientation factor, K,, which is defined as,

AODz(,\)

K, = 2
» 7 AODy ) + 20Dy @
and the anisotropy, r,, as defined by,
AOD — AOD
ry = Z(N) Y(») 3)

~ AODyz) + 2A0Dy

Orientation factors are generally used to describe absorption measurements,
whereas anisotropy has been used more frequently when considering
emission processes. Conclusions derived from the analysis of experimental
data are the same, however, and do not depend on which description is used.

The magnitude of K reflects the extent of alignment of the sample as well
as the average projection of the probe transition moment vector (TMV) onto
the initial absorption TMV used to excite the sample. Information gleaned
from these measurements can be used to study molecular structure,“*’g’”
the distribution of photoproduct structures relative to the orientation of
starting materials,’™” and the rotational dynamics of molecules in
solution,H'0=2%

It is well established that the general description of molecular rotational
diffusion in solution includes a series of five time-dependent exponential
terms.!”*!*?! All five terms are rarely accessible experimentally, and restric-
tions on their values are possible when molecular symmetry is considered. For
example, the TMV projections for 7-7* excited states of planar polycyclic
aromatic systems must lie in the molecular plane.!'~*! For molecules of
C,,, or higher symmetry, all TMV directions are confined to lie along three
mutually orthogonal axes, which will correspond with the symmetry and
inertial axes of the molecule."! ~*! As a result of these restrictions on the tran-
sition moment vectors for highly symmetric planar probes, the time depen-
dence of polarized 7-7* absorptions will be described completely using a
biexponential model function.””*!**! In the following report, the principal
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symmetry axes will be given the labels L (long), M (medium), and S (short)

within the molecular frame of reference (Scheme 1). For high-symmetry
probes, the polarized optical densities will be given by

AOD,(t) = P(t){é + Ay exp[—(6D + 2A)f] + A exp[—(6D — 2A)t]} 4)

AODy (1) = {@ 2000 Z(’)} 5)
6 2
and
AODz(t) +2A0Dy(t) P(t
20D (1) = SOPAD T 220D/ PO ©
where
1
D= 3(DL + Dy + Ds) (M
A= \/Dg + D3, + D3 — DDy — D.Ds — Dy Ds 8)

In these equations, AODz(f), AODy(z), and AODy(¢f) are the optical
densities observed with the probe beam linearly polarized along the laboratory
Z-axis, the Y-axis, and at the magic angle (54.7°) with respect to the Z-axis,
respectively, assuming the excitation beam was polarized along the laboratory
Z-axis. D; represents the diffusion coefficient for rotation about the indicated
molecular axis where i = L, M, or S. D is the average diffusion coefficient, and
A is a measure of the degree of rotational anisotropy. The function P(¢) in Egs.
1-3 describes the time dependence of the excited state population. Plots of d,,
K), or r, versus time are independent of P(¢) but may require an accurate
description of the instrument response function, which can be determined
using P(¢), if deconvolution of the instrument response is necessary. As can
be observed in Eq. (6), the time course of the magic angle trace is independent

Scheme 1. Benzo (rst) pentaphene (RST).
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of the TMV projections and the diffusion coefficients and allows P(#) and the
instrument response to be measured in the absence of dichroic effects. In the
following report, the magic angle trace will be used to determine the correct
form of P(¢) and the instrument response functions, which will be used in
the subsequent calculation of the individual AODy(¢) and AOD+(¢) traces.
Single exponential model functions [Eq. (9)] are used frequently to
describe the experimentally observed dichroism (anisotropy) decays,!®!*2%

AOD(1) = P(t){é + (4 eXp[—(6Dim)t]} ©

Here D,y is the diffusion coefficient assuming isotropic rotation of the probe
with A = 0, and Egs. (5) and (6) are still valid. In an earlier report, we used
simulated decay traces assuming stick boundary conditions to predict the
relative values of the diffusion coefficients for a general ellipsoid and
showed that the simulated dichroism decay traces could be described using
single exponential model functions with exceptionally small error.””*! Thus,
the appearance of biexponential decays, while predicted by theory, should be
unusual in practice because of the inherent noise included in experimental data.

This report evaluates the rotational diffusion of the first excited singlet
state of benzo(rst)pentaphene (RST) in n-hexadecane using time-resolved
linear dichroism spectroscopy. The experimentally determined dichroic
decays are evaluated using both the single exponential and biexponential
model functions. The results show clearly that a single exponential decay is
not sufficient to accurately fit the observed decays and that a biexponential
function is the minimum required to accurately fit the data. The time
constants obtained from the biexponential fits were evaluated in terms of
the hydrodynamic model at different boundary conditions to assess their
relationship to the random rotational diffusion of RST.

MATERIALS AND METHODS
Methods

The picosecond pump-probe apparatus used in these experiments has been
described in detail elsewhere.”* A Continuum PY61C Nd:YAG laser (Santa
Clara, CA) was used to produce 1064-nm pulses that were subsequently
tripled to produce 355-nm pulses for sample excitation. Focusing the 355-nm
light into a 25-cm solution cell of water and isolating the resulting stimulated
Raman emission allowed excitation pulses at 404 nm to be obtained. White
light continuum pulses were generated by focusing 12 mJ of residual 1064-
nm light into a 10-cm cell containing a 1:1 mixture of H,O/D,0. The typical
instrument response was between 40 and 60 ps assuming Gaussian profiles.
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An IBM-compatible personal computer allowed automated control of the exper-
iment in addition to data storage and manipulation.

RST and n-hexadecane were obtained from Aldrich Chemical Co.
(Milwaukee, WI) and were used as received. Solutions of RST were placed in
a quartz cuvette with n-hexadecane as solvent. Ground state absorption spectra
were recorded at 22 + 1°C using a Beckman DU 640 UV-Vis spectrometer
(Fullerton, CA). For time-resolved measurements, the optical densities of the
samples at the excitation wavelength were adjusted to a value of 0.2. Decay
traces were collected at 22 + 1°C and were constructed by averaging 200 laser
pulse pairs at each delay setting. Samples were stirred using a magnetic stirrer,
and no changes to the optical spectra of the samples were observed during the
course of the experiment. The resultant time-resolved curves were fit using a
custom computer routine to find the nonlinear least squares minimum of the
error between a model decay function and the observed data trace.

RESULTS

The ground state absorption spectrum of RST in n-hexadecane solvent is
shown in Fig. 1. The absorption spectrum of the first excited singlet state is
also included in the figure. The excited state spectrum was obtained when
the continuum pulse was delayed 5 ps relative to the excitation pulse with
the relative polarizations of the two beams at the magic angle. The transient
spectrum recorded does not change for delays longer than a few nanoseconds
and therefore does not include artifacts due to stimulated emission, triplet
formation, or secondary reaction products of the excited state. The ground
state and first excited state spectra both exhibit a complex series of vibronic
progressions with multiple overlapping electronic transitions.!*!

Magic angle and polarized decay trace sets were obtained using 355-nm
excitation with 554- or 640-nm probe wavelengths. These traces are shown in

—_—
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Figure 1. Normalized absorption spectra of the RST ground state (thick line) and the
RST excited singlet state in n-hexadecane recorded 5 ps after excitation at 355 nm
(thin line).
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Figure 2. Picosecond pump-probe absorption decays of RST in n-hexadecane
obtained using 355-nm excitation polarized linearly along the laboratory Z-axis with
a 554-nm probe beam (top panel) and a 640-nm probe beam (bottom panel) polarized
along the Z-axis (open boxes), Y-axis (closed boxes), and at the magic angle (open cir-
cles). The fitted curves represent the best fits of the magic angle trace [Eq. (10)] and the
dichroic traces using Egs. (4) and (5).

Fig. 2. Using otherwise identical conditions, 404-nm light was used for sample
excitation, and similar sets of traces at probe wavelengths of 554 and 640 nm
were also collected. These traces are shown in Fig. 3.

DISCUSSION
Evaluating P(1)

The magic angle decay traces for the RST excited state produced with either
355- or 404-nm excitation and observed at either 554 or 640 nm are shown in
Figs. 2 and 3 (open circles). The excitation beam used to produce these traces
was linearly polarized along the laboratory Z-axis, and the probe beam was
linearly polarized at 54.7° with respect to the laboratory Z-axis. As
described above, the magic angle traces do not contain dichroic information
but are instead exclusively due to the formation and decay of the RST
excited state convoluted with the instrument response function of the laser
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Figure 3. Picosecond pump-probe absorption decays of RST in n-hexadecane
obtained using 404-nm excitation polarized linearly along the laboratory Z-axis with
a 554-nm probe beam (top panel) and a 640-nm probe beam (bottom panel) polarized
along the Z-axis (open boxes), Y-axis (closed boxes), and at the magic angle (open cir-
cles). The fitted curves represent the best fits of the magic angle trace [Eq. (10)] and the
dichroic traces using Eqgs. (4) and (5).

photolysis apparatus. Thus, the magic angle traces can be used independently
to determine the correct form of P(z).

The magic angle traces were analyzed assuming a single exponential
excited state decay according to:

P(I) = 9AODMA(t) = 9A 4 CXp[—kMAt] (10)

Nonlinear least squares analysis of all four magic angle traces included in
Figs. 2 and 3 yielded an average value of kya = 3.43 + 1.33 x 10" s "
with the individual preexponential factors, Apa, given in Table 1. In each
case, the instrument response functions were between 40 and 60 ps
assuming a Gaussian intensity profile. The best fit of each magic angle trace
is included in the figures as a solid line. The 500 ps observation window
used in these experiments does not allow the ca. 20—40 ns decay of the
excited state to be measured accurately, but the decay constant obtained is
consistent with a long-lived excited state as expected for RST.!**! More
germane to the current discussion, the parameters obtained from fitting the
magic angle data will be used as fixed values to describe the form of P(¢)
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Table 1. Fitting parameters for magic angle and dichroic traces of benzo[rst]penta-
phene in n-hexadecane

a b c b
AEX Apr Ama kma Ay T1 Ay )

(tm)  (@m) (OD) (10’s”") (©OD) (ps)  (OD)  (ps) K

355 554 0.177 343 0.0359 12 0.0493 180 0.493
355 640 0.153 0.0365 0.0482 0.520
404 554 0.127 0.0425 0.0530 0.584
404 640 0.128 0.0507 0.0390 0.567

“+10%.

*Time constants obtained by fitting all four sets of dichroic traces simultaneously,
+5ps.

“+5%.

“Initial orientation factor, + 0.03.

and the instrument response function within the analysis of the dichroic
decays.

Analysis of Time-Resolved Linear Dichroism Decays

The single exponential dichroism decay model, given by Egs. (9) and (5), was
used to describe the individual dichroic decay traces for RST in n-hexadecane.
Figure 4 includes the experimental data for excitation at 355 nm and probe of
640 nm displayed as the observed orientation factor as a function of time. To
obtain these plots, the polarized traces in Fig. 2 were fit according to the single
exponential dichroism decay [Eqgs. (9) and (5)] and then the orientation factors
were calculated as a function of time according to Eq. (2). The experimental
(filled circles) and the predicted (solid line) orientation factor traces are
included in Fig. 4 as is the residuals plot obtained as the difference between
the experimental data and the predicted orientation factor. The residuals
plot shows the unmistakable sinusoidal hallmark of a single exponential fit
to a multi-exponential decay. The first few data points are severely underesti-
mated while the next ca. 20 points are generally overestimated and the
remaining points, on average, underestimated. Similar residuals plots were
obtained after analysis of the remaining data sets. On the basis of the
nonrandom distribution of residuals, it was concluded that the RST
dichroism decay traces could not be described using a single exponential
model function.

When the time-resolved linear dichroism traces were analyzed according
to the biexponential model function given in Egs. (4) and (5), excellent fits to
the data were achieved. Each of the four sets of dichroic traces could be fit
simultaneously using the same two time constants while the weights of the
exponentials were allowed to vary within each data set. Figure 5 includes
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Figure 4. Top panel: Orientation factor decay of RST in n-hexadecane observed at
640 nm following excitation with 355-nm light. The fitted curve indicates the best fit
according to a single exponential decay model (please see text) displayed as orientation
factor, K;. The dashed line represents the isotropic K; value of 1/3. Bottom panel:
Residuals plot for the single exponential decay model.

the experimental (filled circles) and predicted (solid line) orientation factor
decay and the residuals plots according to the biexponential model for exci-
tation at 355 nm with a probe wavelength of 640 nm. These plots were con-
structed in the same way as the plots shown in Fig. 4, except that a
biexponential dichroism decay was assumed. No systematic errors could be
detected in the residual plots shown in Fig. 5, which shows the data points
are randomly scattered about the predicted orientation factor. Excellent fits
of the remaining three data sets were also achieved, and the decay constants
and preexponential factors determined are collected in Table 1.

Although it appears to be a necessary condition to require biexponential
decays for dichroic traces of RST, the appearance of a biexponential decay
is not sufficient to prove that both decay components are related to the
random rotational motions of the probe. For RST in n-hexadecane, two
time constants are observed as expected by hydrodynamic theory, but it is
not yet clear that both time constants describe the random rotational
diffusion of the RST excited state. The ratio of the observed time
constants falls between the values 7,/7 =~ 12 to 20. Similar ratios of time
constants have been reported for disk-like perylene!">'”'® and rod-like
tetracene!'®  in n-hexadecane, as well as coumarin 153 in several
solvents.”™ Can such large ratios of time constants be consistent with ani-
sotropic rotational diffusion? To answer this question, the time constants
observed experimentally will be compared with those predicted by hydro-
dynamic theory.
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Figure 5. Top panel: Orientation factor decay of RST in n-hexadecane observed at
640 nm following excitation with 355-nm light. The fitted curve indicates the best fit
according to the biexponential decay model displayed as orientation factor, K; (please
see text). The dashed line represents the isotropic K; value of 1/3. Bottom panel:
Residuals plot for the biexponential fit.

Debye—Stokes—Einstein Theory

Debye—Stokes—Einstein (DSE) theory for diffusional motion'”! attempts to
relate solvent properties, specifically viscosity, to the rotational time
constants of a probe molecule in solution according to Eq. (8).

= " CF) + 11
7 lBT( ) 70 ( )

Here, nis the viscosity of the solvent in poise, V is the hydrodynamic volume of
the probe molecule in m3, kg is the Boltzmann constant in J Kil, and T is the
absolute temperature, to give Tog in units of seconds. The free-rotor relaxation
time, 7o, given by 27/9)(I/ kBT)l/ 2 is generally of the order a few picoseconds,
much shorter than diffusional motion in solvents of moderate viscosity, and is
frequently omitted. Calculated values of Tor are generally within a factor of
two or three of experimentally determined values although better estimates
can be achieved using variations in DSE theory, where the coefficients f and
C take on values related to probe shape and diffusion boundary conditions,
respectively.®~'>! The hydrodynamic volume of RST can be estimated using
several different methods. Considering RST as a general ellipsoid, its
molecular dimensions'?”! based on van der Waals diameters are L = 16.11&,
M=93 A, and S=3.9 A, and a volume of V= 3.1 x 1072® m® is obtained.
Utilizing the average density of aromatic hydrocarbons (p ~ 0.88 g/mL) and
the molecular weight of RST leads to a volume of V=757 x 10~ m’,
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nearly a factor of two larger than the van der Waals diameters would suggest. It
seems reasonable to assume that the hydrodynamic volume would be between
these two limiting values. Numerical evaluation of 7or leads to values of
Tor = 250 to 500 ps in n-hexadecane at room temperature depending on
which limiting value of the hydrodynamic volume is used. Clearly, DSE
theory overestimates the reorientation lifetime under these conditions
(Table 1). The theoretical values can be adjusted through convenient choices
of the shape factor and boundary conditions, and several methods of estimating
these correction factors have been proposed.”!

It seems reasonable that the longer of the two experimentally observed
time constants is due to random rotational motion, but it is still not clear if
the shorter of the two time constants is consistent with such motion. Unfortu-
nately, the uncertainty in the value of the hydrodynamic volume will persist
regardless of which methods of evaluating f and C are used, and the determi-
nation of an absolute value for the time constant will be hampered by this
fact. On the bright side, absolute values of the time constants are not
required, but simply the ratio of the two time constants is all that is
needed. Taking into account the shape factors of RST and the possible
boundary conditions will be sufficient to determine the ratio of time
constants, and determination of the hydrodynamic volume of the probe
will not be required.

Ratio of Time Constants Based on Probe Shape
and Boundary Conditions

It has been shown that the diffusion coefficients for rotation about each
molecular axis can be linked by a function of the axial ratios of the
probe.*® The ratio of the diffusion coefficients for the principal axes of a
general ellipsoid assuming stick boundary conditions can be scaled relative
to the diffusion coefficient of a sphere of the same volume. In this context,
the probe shape determines the scaling factors that will subsequently define
the principal diffusion coefficients. If the probe shape is known, all of the
exponential functions can be linked to a single adjustable parameter, D.
According to the results of Small and Isenberg,[zg] (see footnote 1), the
rotational diffusion coefficients for the three molecular axes of RST will be
given by Dp =0.93D,, Dy = 0.44D,, and Dg = 0.45D, under stick
boundary conditions. Using these diffusion coefficients, it is possible to
calculate the expected ratio of time constants given by

™ 6D +2A
7 6D —2A (12)

'The tabulated diffusion coefficients from ref. 28 were plotted and the data interp-
olated to estimate the values at the axial ratios of RST.



02: 56 30 January 2011

Downl oaded At:

160 B. R. Arnold et al.

where D and A are described in Egs. (7) and (8). Notice that this ratio of time
constants will be independent of the value of D, and therefore no longer
dependent on the hydrodynamic volume assumed. Using the diffusion coeffi-
cients listed above, the ratio of the time constants for RST excited state under
stick boundary conditions is predicted to be only 7,/ 7 = 1.7! The experimen-
tally observed ratio of between 12 and 20 is well outside any reasonable
prediction of the diffusion coefficients under stick conditions. We conclude
that the observed time constants are not consistent with these boundary
conditions.

A similar calculation is possible if slip boundary conditions are assumed.
The rotational friction coefficients of the general ellipsoid under slip con-
ditions have been tabulated by Youngren and Acrivos'*” and subsequently
recalculated in their dimensionless form.*”’ The tabulated values of the
friction coefficients, A;, are related to the inverse of the rotational diffusion
coefficients, which can be used to calculate D and A as was seen above.
Given the rotational friction coefficients A; = 2.63, Ay =9.12, and
As = 2.00 at the slip boundary,”® the ratio of the two time constants is
expected to be only 7,/7; = 2.1. Again, it is apparent that the experimentally
observed ratio of time constants cannot be consistent with the predictions
of hydrodynamic theory for random rotational motion under slip boundary
conditions either.

Are there any boundary conditions that can be defined which would
allow the experimentally observed ratio of time constants to be rationalized?
This question can be addressed if we return to the data sets for a more
detailed analysis of the preexponential factors. Examination of the fit par-
ameters collected in Table 1 reveals that when 355-nm excitation is used,
the initial magnitude of the orientation factor is significantly different than
the theoretical limits of 0.6 or 0.2 expected for a high-symmetry probe.
This result suggests that there are overlapping transitions of different polar-
ization in the ground state absorption spectrum of RST at 355 nm. The
published analysis of the polarized ground state absorption spectrum of
RST is consistent with this ﬁnding.m] In contrast, when 404-nm excitation
is used, the initial orientation factor approaches the theoretical limit of 0.6.
This result suggests that the absorption at 404 nm in the ground state, as
well as both of the transitions probed in the excited state, must be purely
polarized and are parallel to each other. Once the theoretical limit
has been observed for a set of excitation and probe wavelengths, additional
information can be obtained by considering the magnitudes of the preexpo-
nential factors as given by Eqgs. (13) and (14),

(13)

(14)
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where

|
B=aiYL+ G + 5% — 3 (15)

D
a=f(%@ﬁﬁ¢1§?§-%iﬁ+@i+ﬁ)

D
+ 3 (a1 + 45 — 2457 + diy + )

F @A G -2k G R) - 16)

The symbols g; and v; represent the projections of the excitation and probe
TMVs, respectively, onto the indicated molecular axis. The TMYV projections
are given by ;. = cos6, gy = sinf, v, = cos¢, and yy; = sin¢, where 6 and ¢
represent the angle between the long hydrodynamic axis and the excitation and
probe TMVs, respectively. For high-symmetry probes, such as RST, 6 and ¢
must be either 0 or 90°. The polarized ground state spectrum shows that
the TMV at 404 nm is directed along the long in-plane axis of RST.*®! The
ground state TMV projections must therefore be gi = 1 and g = 0, and the
excited state TMV projections are required to be y. = 1 and yy = 0. With
these TMV projections, 3 can be calculated, 8 = 2/3, and Eq. (16) reduces to:

_D-Dy
A

a

(17

The relationship between « and A given by Eq. (17) indicates that the ratio of
time constants, which is dependent on A as shown Eq. (12), must also be
related to the ratio of preexpontial factors, as defined using « and shown in
Eq. (18).

A 23+«
A 23—«

(18)

In the specific case of the RST dichroism decays recorded using 404-nm exci-
tation, the observed ratio of time constants is large, requiring A to be large. At
the same time, the observed weights of the two exponentials are nearly equal,
which requires « to be small. Is it physically possible for random rotational
diffusion to allow large differences in time constants yet have similar
weights of the two exponentials within the decay? In other words, according
to models of random diffusional motion, is it possible for A to be large and
a to be small at the same time?

According to Eq. (18) it is clear that the ratio of preexponential factors
will approach 1 only when a approaches zero. Equation (17) shows that «
approaches zero only when D — Dy approaches zero. There are two limiting
cases where D — D = 0. The first of these is the isotropic limit where
D; = Dy = Ds = D, in which case A also approaches zero and both time
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constants are equal (see footnote 2). The second limit requires values of Dy
(or Dg) =0, and Dg (or Dy) = 2D. In this case, a again approaches zero,
but A approaches a maximum value of only ./3D. Therefore, the largest
ratio of time constants that can be expected when the ratio of preexponential
factors is 1 is 7/7 = 3.7. We are left to conclude that for purely polarized
transitions, there are no physically allowed combinations of diffusion coeffi-
cients, consistent with any boundary conditions or probe shapes, where
random rotational diffusion can lead to a ratio of time constants greater than
3.7 with equal weights of the preexponential factors.

The observed time-constants for RST in n-hexadecane cannot both be due
to random diffusional motion. DSE theory suggests that the longer time
constant, ca. 7, ~ 180 ps, may be due to random rotational motion and is
therefore likely to be a weighted average of two exponential decay terms as
hydrodynamic theory requires. We can only speculate about the identity of
the fast component. It is likely that solvent polarization, vibrationally hot
rotations, rapid structural changes on the excited surface, or some combination
of these processes is responsible for the appearance of the 7, & 12 ps decay.
Similar phenomena have been postulated in the case of a very rapid initial
decay for perylene!'”'®! and for coumarin 153,*”" among others."”

It becomes clear why reorientational diffusion is frequently described accu-
rately using only single exponential model functions."'®'*?*! When the time
constants are significantly different, one of them will dominate the observed
dichroism decay. Conversely, when both time constants can be expected to
have similar weights within the decays, the time constants must be nearly equal.

The RST data presented here is unique in that the limiting value of the
orientation factor was observed, and therefore the starting orientation of the
excited probes, on average, is well understood. When the theoretically
limiting values of the orientation factors are not observed, the analysis of the
preexponential factors requires a detailed understanding of the process(es)
that are responsible for the loss of apparent orientation, which is not readily
available in general. However, when the limiting orientation factors are not
observed, it is possible to obtain two significantly different time constants
with similar weights within the decays if there are overlapping transitions of
differing polarization at the excitation or probe wavelengths. Examples of
this type of exception may include perylene in several solvents.!'>!7-!8!

We conclude that the rotational dynamics of RST include (at
least) two exponential terms in the description of the orientation decay but
that it is unlikely that both of the observed decay processes can be
described by random diffusional motion regardless of the boundary conditions
assumed.

’It is important to consider the magnitudes of the quantities D — Dy and A as the
isotropic limit is approached. Near the isotropic limit, D — D; must approach zero
faster than does A if Eq. (17) is valid. Thus, for isotropic diffusion, the ratio of time
constants approaches unity and both A and o must approach zero.
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