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Picosecond pulse induced transient molecular 
birefringence and dichroism 

David Waldeck, Albert J. Cross, Jr., Daniel B. McDonald, and Graham R. Fleminga) 

Department o/Chemistry. and James Franck Institute. The University o/Chicago. Chicago. Illinois 60637 
(Received 3 November 1980; accepted 25 November 1980) 

Excitation of dye molecules in fluid solution can lead to transient birefringence (caused by change in the 
polarizability anisotropy) and transient dichroism (caused by change in the absorption cross section). In the 
anisotropic absorption method of Shank and Ippen, both effects are observed, and in some cases the measured 
signal is dominated by the birefringence contribution. Very small amounts of external birefringence can lead 
to erroneous values for the rotational reorientation time. We present an analysis of these effects in a Jones 
matrix formalism, and use the results to show how to obtain correct reorientation times. The changes in 
polarizability anisotropy for the dyes oxazine-725 and DODeI are evaluated as + 75 and + 4 A,', 
respectively, at 585 nm and we believe these to be the first direct measurements of this change between ground 
and first singlet states. The rotational reorientation times of four molecules in ethanol are presented and 
compared with hydrodynamic predictions. 

I. INTRODUCTION 

The development of picosecond spectroscopic tech
niques has prompted considerable interest in direct 
measurements of orientational correlation functions of 
medium sized molecules in liquids. 1-4 The basic prin
ciple of the experimental methods used is that an in
tense, polarized ultrashort pulse of light disturbs the 
equilibrium distribution of ground state molecular ori
entations by preferentially exciting those molecules 
whose transition dipoles are nearly aligned along the 
electric field vector of the exciting pulse. The relaxa
tion of the perturbed distribution is observed either with 
a second polarized pulse or by time dependent fluores
cence depolarization. Data analysis involves the com
bination of experimental intensities so that any phase 
information is lost. 

Shank and Ippen5,6 proposed a novel variant of the 
former technique in which the linearly polarized pump 
and probe pulses have an angle of 45° between their po
larization axes. The intensity of the probe pulse is then 
monitored as a function of time delay through an analyzer 
polarizer crossed with the polarization axis of the probe. 
The differential absorption (dichroism) of the probe com
ponent parallel with and perpendicular to the pump po
larization produces a rotation of the polarization of the 
probe beam. This rotated, linearly polarized, probe 
is partially transmitted through the analyzer and de
tected. In this Simple case the detected intensity (in 
the small signal limit) decays as [r(t) K(t) ]2, where r(t) 
is the rotational correlation function -and K(t) is the ex
cited state decay law. 3 In this experiment amplitudes 
are combined in the sample and phase information, if 
present, is retained. 

In the course of our experiments using this technique 
with a synchronously pumped picosecond dye laser as 
the source of ultrashort light pulses, we observed re
producible changes in the observed decay constant de
pending on experimental conditions. In particular, 
change of the focusing lens (see Fig. 1) (without change 

alAlfred P. Sloan Fellow. 

of focal length) produced decay times differing by as 
much as a factor of two for some samples, but much 
less for other samples. In this paper we will show that 
these effects arise from an induced birefringence in the 
sample in addition to the induced dichroism described 
above. The induced birefringence arises from differ
ences in the anisotropy of the polarizability between 
ground and excited states. We will show how external 
birefringence (e. g., in a strained optical component) 
interacts with the transient birefringence to change the 
form of the observed decay, how the magnitude of the 
signal at short time can be used to obtain the sign and 
magnitude of the change in the polarizability anisotropy, 
and how these effects can be exploited to obtain accurate 
and precise rotational correlation functions. We be
lieve ours to be the first direct measurement of the 
change in polarizability anisotropy between the ground 
and first excited singlet state. Previously Eisenthal 
and Rieckhoff7.8 and Kuball et al. 9 obtained polarizability 
anisotropy values for triplet-triplet transitions in naph
thalene, and naphthalene and phenanthrene, respective
ly, by steady state methods in solid matrices. The use 
of a picosecond pulse freezes the orientations for a 
short time and enables the measurement to be made in 
fluid solution and for short lived excited states. We 
conclude the paper with a study of the rotational corre
lation time for four dye molecules. 

IGNAL 

TRANSLATION STAGE 

FROM LASER 

FIG. 1. Optical and detection system for the anisotropic ab
sorption technique. The source of ultrashort light pulses is 
a synchronously mode locked dye laser. P = polarizer. A 
= analyzer. V Fe = voltage to frequency converter. ')../2 = half 
wave plate. F = filter. 
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II. EXPERIMENTAL 

Pulses of about 5 ps duration and - 2 nJ energy were 
generated from a synchronously pumped CR590/03 dye 

y 

laser with a 7~ transmitting output coupler. The pump pump 
probe laser was a CR12 argon ion laser actively mode locked 

via a Rockland 5600 frequency synthesizer and ENL 300L 
rf amplifier driving a standard mode locking prism. 
Pulse durations and characteristics were determined 
by zero background second harmonic generation and 
spectral measurements with a 1m spectrograph/SIT 
vidicon OMA combination. 10,11 

The experimental arrangement is shown in Fig. 1. 
Polarizers were Glan Taylor quality E from Karl Lam
brecht, lenses were from Optics for Research or Melles 
Griot. The sample was flowed from a conventional dye 
laser nozzle to avoid sample heating and problems from 
sample windows. The signal was detected by an 
EMI9789QA photomultiplier/Brookdeal 9503 lock-in am
plifier combination. Time delays were obtained by 
changing the probe pathlength in 10 micron steps with 
a microcomputer controlled Micro Controle MT160-250 
translation stage. The lock-in amplifier signal at each 
dwell position is digitized and stored in the memory of 
a Tracor Northern TN1706 multichannel analyzer. Data 
were analyzed by fits to single exponential decay on the 
departmental VAX 11-780 computer. 

The extinction ratio r (defined as the ratio of the in
tensity transmitted with polarizers crossed to that with 
polarizers parallel) of the po1arizers and various opti
cal compo nents were measured by means of a photodiode 
and calibrated neutral denSity filters, using the probe 
beam as the light source. With no optical components 
between, our po1arizers gave an extinction ration 1 
x 10-7• Addition of the pair of Optics for Research 10 
cm fl. lenses increased this to 2 x 10-7 • All other lenses 
gave much poorer extinction ratios with the standard 
Melles Griot lenses giving 1.2x10-4 -1.4x1O-5. With 
the quarter wave plate .(Melles Griot) appropriately 
aligned extinction was 4X 10-7• Final alignment of the 
analyzer polarizer was obtained by minimizing the 
transmitted probe signal with the pump blocked. This 
means that the angle between input and analyzer polar
izers may not be exactly 90° . 

Samples were Oxazine 725 (Exciton), Cresyl Violet 

DODCI 

Cresyl Viole! 

Oxazine 725 

~r 
'-../ ~~~" "

~/OH 

V
C
,,<> 

Rhodamine B 

FIG. 2. Molecular structures of oxazine 725, noDeI (3,3'
diethyloxadicarbocyanine iodide), cresyl violet, and rhodamine 
B. 

L---~--------~x 

FIG. 3. Axis system for the pump and probe polarizations. 
The probe propagation direction is the Z axis (into the plane 
of the paper). 

(Exciton) ,DODC! (Eastman), and Rhodamine B 
(Eastman) in a variety of solvents in the range 10-5_10-4 
M. The molecular structures of the four molecules are 
shown in Fig. 2. 

III. THEORY 

A. Induced dichroism 

In the ideal case of perfect optics and only induced 
dichrOism, the time dependence of the measured signal 
can be handled in the conventional way through the time 
dependent distribution functions for the molecular ori
entations. 12 The axis system is shown in Fig. 3. The 
strong pump beam is linearly polarized along the y di
rection, the weak probe beam is polarized at an angle 
of 45° to the perpendicular x direction. The intensity 
of the probe is measured through a polarizer crossed 
with the initial probe polarization. The amplitude of 
the probe light transmitted by the sample is 

EII(t) = n exp{ -d[(] 0 N~(t) + (] 1 N,~(t)]} , (1) 

(2) 

where (] j is half the absorption cross section for state i, 
the superscripts label ground and excited state 0 and 1 
and d is the sample thickness. 

N~(t) =N1(0) [i + h(t) ]K(t) , 

Nl(t) =N1(0) [i - i ret) ]K(t) , 

N~(t) = iN - N~(t) , 

N~(t) = iN - Nl(t) , 

(3) 

(4) 

(5) 

(6) 

where N = N~ + N,~ + 2(N~ + Nl) is the total number of mole
cules, N1(0) is the number of initially excited molecules 
summed over all orientations. r(t) =%(P2[J.L(0)· J.L(t)D is 
the rotational correlation function assumed to be the 
same in both ground and excited states, and K(t) =N,~(t) 
+ 2Nl(t) is the excited state decay law. 

NII(t) and NJ.(t) represent integrals over the orienta
tions of all moleculesu of the contribution to the ab
sorbance, such that NII,J.(t) is the effective concentra
tion for Beer's law absorbance of light polarized in the 
parallel or perpendicular direction. All orientational 
information is contained in NII(t) and NJ.(t) provided that 
the absorption is of electric dipole nature. 

Returning to Eqs. (1) and (2), the signal observed 
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through the analyzer polarizer 1(t) can be obtained in a 
concise form. For many systems 0'1 = 0, at the excita
tion wavelength, will be an excellent approximation: 

I (t) = t E~ (exp[ - 2d0' 0 N,:(t)] + exp[ - 2d0' 0 N1(t)] 

(7) 

With the assumption of small signal limit [2dO' ~,!(f)« 1] 
Eq. (7) can be written as 

I (t) = t E~ (dO' 0)2 [N~(t) - N~(t)]2 

Substitution of Eqs. (3) -(6) in Eq. (8) yields 

(8) 

I (t) = t E~ exp( - 2d(7 0 N/3)(dN1(0) (70) [r(f) K(f)]2. (9) 

In the case where r(f) and K(t) are single exponentials, 
with time constants 'Tor and T, respectively, Eq. (9) de
cays as a single exponential5 with measured time con
stant TN' where 

(10) 

B. Induced birefringence and dichroism 

When both transient birefringence and transient di
chroism are induced by excitation, and when the excita
tion or probe light is not perfectly polarized a more 
general approach is required. All the experiments we 
have performed can be described concisely by repre
senting the optical components and the sample by Jones 
matrices. 13 An experiment can now be simulated by 
taking the products of Jones matrices in the appropriate 
order for the experimental setup. We approximate the' 
effect of strain in lenses by treating the lens as a frac
tional waveplate. The required matrices were obtained 
from standard forms 13 via the appropriate rotational 
transformation. For example, an experiment where the 
probe light is polarized at 45 0 to Y is written 

The matrix is diagonal since the pump beam polariza
tion defines the coordinate system. The previous re
sult [Eq. (9)] is obtained when cp(t) = O. When CP(t) *- 0 
and 0' 0 *- 0' 1, the previous simple dependence on 
[ret) K(t)]2 [Eq. (9)] no longer holds, and I(t) no longer 
decays as a single exponential, but as the sum of anum
ber of exponential t-erms involving powers of r(f) and 
K(t) whose coefficients depend in a complicated way on 
the extent of the induced and external birefringence. 
Rather than use this cumbersome analytical expansion, 
we have used numerical solutions of Eq. (11) to de
scribe our results. 

IV. RESULTS 
The reorientation relaxation time of oxazine was mea

sured under various experimental conditions with re-

(EJ.) (POlarize)~sam le)~y.-wav~ Plate) (nEO) 
= at angle tP. WIth axIS near 1 . 

Ell rna rlX 45 0 E 
<l 72 0 

(11) 

The observed intensity I(f) is given by I(f)= IE!(f)1 2 

+ 1 EII(t) 1
2, where EII(t) and EJ.(t) are the electric field 

amplitudes emerging from the analyzer polarizer along 
the y and x directions. 

We now require a time-dependent matrix for the sam
ple. The matrix should include the influence of both the 
transient dichroism derived in the previous section and 
the transient birefringence. Birefringence arises when
ever the refractive indices along the x and y axes differ. 
The refractive index is related to the molecular polar
izabiUty through the Clausius-Mossoti equation, and thus 
if the polarizability of the excited state differs from that 
of the ground state, excitation of molecules with polarized 
light can lead to transient birefringence. For a sym
metric ellipsoid with polarizabilities <la and <lb (= <lc) 

(where a, b, c label the principal axes of the polarizabil
ity tensor), and transition moment along the a axiS, the 
phase retardation cp (t) is 

21T 
CP(t) = X d [nll(t) - nJ.(t)] 

:: 4~2 dNl(O)[(<l!-<l~)-(<l~-<lg)]r(t)K(t) (12) 

where the quantity in square brackets is the difference 
in the anisotropy of the polarizability in the excited and 
ground states. nll(t) and nJ.(t) are the refractive indices 
parallel with the y and x axes respectively at the probe 
wavelength X. More general cases (for steady state 
excitation) have been treated by KubaU et al. 9 and 
Eisenthal and Rieckhoff8 but the above case suffices for 
our experiments. 

The sample Jones matrix can now be written as 

(13) 

suiting lifetimes ranging from 30-67 psec. Figure 4(b) 
shows the experimental result for oxazine in methanol 
obtained with the 10 cm fl. Optics for Research lenses. 
The fitted exponential decay constant is 35 psec. The 
sharp initial spike is the Coherent coupling artifact. 14.15 

Figure 4(a) shows the result under the same experimen
tal conditions except that the focusing lens is a 6.3 cm 
fl. Melles Griot lens. The decay is much slower, a 
Single exponential fit giving 67 psec. Similar results 
were obtained for Cresyl Violet and DODCI, although 
the difference between the two values was Significantly 
smaller in DODCI (see Fig. 6). We investigated the ef
fects of total pump, and probe laser intensity with both 
lenses. The decay time was independent of intensity in 
both cases, however in the short decay case the signal 
amplitude was proportional to I!ump whereas the long de
cay had a signal amplitude more nearly linear in pump 
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FIG. 4. Anisotropic absorption signals from oxazine in 
methanol at 23°C. (a) signal obtained with 6.3 cm lens, (b) 
signal obtained with 10 cm lens. The decay time in (a) (69ps) 
is roughly twice that in (b) (35ps). Decay (b) is the correct 
one, the long decay in (a) results from the interaction of induced 
birefringence with the external birefringence of the lens. See 
text for details. 

intensity. In the small Signal limit, an [2 dependence is 
expected for a linearly polarized input probe [see Eq. 
(9)]. The decay time was also independent of laser 
wavelength (570-645 nm), beam crossing angle, and 
slight depolarization of the pump beam. 

The decrease in extinction ratio with the 6.3 cm lens 
is mainly caused by birefringence in the glass. To in
vestigate this in a more controlled manner we used a 
quarter wave plate between the probe input polarizer 
and focusing lens. The 10 cm lens was used for these 
experiments. If the quarter wave plate was aligned with 
its optic axis parallel with the probe polarization the 
"normal" 35 psec decay was obtained for oxazine in 
MeOH. However, by rotating the quarter wave plate 
fast axis slightly from the input probe polarization axis, 
and away from the pump polarization, significantly 
longer decays with a nonzero background were produced. 
As the quarter wave plate was rotated to higher angles 
the measured decay time progressively increased. A 
plot of T M against extinction ratio is given in Fig. 6(a) 
(upper branch). If the quarter wave plate was rotated 

slightly toward the pump polarization direction the very 
odd looking result shown in Fig. 5(a) was produced. The 
signal rises from a steady background, falls abruptly be
low the background, and then rises slowly to the back
ground. In this case the time constant for the initial de
cay decreased as the quarter wave plate rotation was in
creased (Fig. 6(a) lower branch). Even without the 
quarter wave plate it was possible to generate curves 
with this form with several of our lenses. 

If the probe light after the sample is linearly polar
ized (as would be expected for transient dichroism) it 
should be possible to remove the observed signal by 
rotating the analyzer polarizer. This was not possible 
for oxazine, but for DODCI the signal could be essen
tially eliminated by rotation of the analyzer. However, 
the signal could be eliminated for oxazine by rotating a 
quarter wave plate placed between the sample and 
analyzer to an appropriate angle. This indicates that 
the signal from oxazine is primarily from induced sam
ple birefringence, whereas from DODCI the signal 
comes primarily from induced sample dichroism. In 
the next section we show how our various results can 
be obtained from this information. 

~ 
c:: 
:::> 
o 
'-' 

<J) 

c: 
:::> 

8 

45000 

30000 

.~'-' 

15000 

o 

2000 

1000 

o 

(0) 

//-r""~-~-:"~'C"-'<' ··-,~~,c"'~""'_~""'.>:, .. ~, .• ~,._,,-.. / __ :.<,._,. 

/". 

100 

100 200 

TdeIOY( pS) 

200 300 

(b) 

300 400 

FIG. 5. (a) "Dip" signal obtained from oxazine in methanoL 
A quarter wave plate was placed in the probe beam. between 
polarizer and sample, and oriented with its fast axis rotated 
slightly toward the pump polarization from 45°. (b) "Dip" sig
nal generated by the Jones matrix simulations. A phase shift 
of 0.5° and a value of [aD N I(O)d) = 0.1 were used. 
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FIG. 6. (a) Plot of fitted single exponential decay time 'I'll 
against log of the extinction ratio (r) for DODCI 0 - • - 0 and 
oxazine 0 - - 0 . The results were obtained with a quarter 
wave plate in the probe beam. The lower branch arises from 
signals with dips. (b) '1'1/ vs logr from the Jones matrix simul
ations. uO N l(o)d = 0.1 in all cases. Sample phase shifts of 
o. 50 ~). 0.10 (0) and 0" (0) were used. Imperfect polarizers 
with an extinction ratio of 10.7 were used. and a quarter wave 
element used to vary r. Again lower branch signals have dips. 
With large values of sample phase shift the lower branch sig
nals exhibit only a rising exponential for the larger r values 
and thus could not be fitted to a single exponential decay. 

v. ,COMPARISON OF THEORY AND EXPERIMENT
GENERAL CONCLUSIONS 

Before going on to present the molecular parameters 
obtained from our experiments we must first show how 
to account for the above observations with the Jones ma
trix formalism described in Sec. III. Theoretical decay 
curves were calculated by multiplying the appropriate 
form of the matrices in Eq. (11) together on a VAX 11/ 
780 computer. The intensity observed through the ana
lyzer polarizer was then calculated as a function of 
time. As in the experiments the analyzer polarizer was 
oriented to give minimum transmittance in the absence 
of the exciting pulse. 

A number of general conclusions emerge from the 
simulations: 

(1) A purely dichroic sample (no contribution from 
polarizability anisotropy change between S1 and So) ex
hibits a decay of I (t) cc [r(t) K(t) J2 independent of any ex
ternal birefringence. 

(2) In the limit of perfect polarizers and perfectly lin
early polarized probe light, purely dichroic, purely bi
refringent or samples exhibiting both effects give decays 
cc [r(t) K(t) J2. 

(3) Purely birefringent or dichroic and birefringent 
samples have decays strongly dependent on the sense 
and magnitude of any external birefringence (i. e., el
lipticity in the probe beam polarization). Depending on 
the sign of the quantity ~a, where 

(14) 

rotation of the major axis of elliptically polarized probe 
light away from the pump polarization axis lengthens 
(positive ~a) or shortens (negative ~a) the observed 
decay. The results of some typical calculations are 
shown in Fig. 6{b) where, as in Fig. 6(a), the upper 
and lower branches refer to rotation of the probe el
lipse away from (upper branch) or toward (lower branch) 
the pump axis. The calculations reproduce our observa
tions very well. 

(4) Samples exhibiting transient birefringence and 
dichrOism, or pure birefringence can produce the "dip" 
shown in Fig. 5(a). Purely dichroic samples dci not pro
duce dips. Figure 5(b) shows a calculated signal where 
the dip belOW the baseline is clearly exhibited. When a 
dip signal is obtained, both in the experiments and the 
calculations the initial decay is much faster than in 
cases with external birefringence but no dip. Qualita
tively the origin of the dip can be understood as a can
cellation of the external birefringence by the transient 
birefringence in the sample. At the point in time where 
the magnitudes of the two phase shifts are most similar 
but opposite in sign, the probe light will be extinguished 
to a greater extent by the analyzer than if the sample 
was unexcited. 

Thus in experiments where the transient and external 
birefringence introduce a phase shift with the same sign 
no dip will be produced; here the measured decay is 
longer. Which effect is observed-dip or lengthening
clearly depends on the orientation of the axis of the ex
ternal wave plate and the sign of ~a. 

VI. EVALUATION OF ~a 

The sign of the change in polarizability anisotropy can 
be obtained from the orientation of a quarter wave plate 
required to produce a dip. Both oxazine and DODeI have 
positive ~a. If aa> a b the excited state polarizability is 
more anisotropic than the ground state. Experimentally 
at a particular delay time, the signal from oxazine can
not be removed, or even decreased very much, by rota
tion of the analyzer polarizer. However, it can be es
sentially eliminated by an appropriately oriented quarter 
wave plate between sample and analyzer. We thus con
clude that the signal from oxazine arises almost com
pletely from birefringence. This is in line with the 
finding that the absolute signal heights are very similar 
in oxazine and DODeI, whereas Eq. (9) predicts about 
a twenty fold decrease in the signal from dichroism for 
oxazine as compared with DODeI at an excitation wave
length of 585 nm. 

J. Chem. Phys., Vol. 74, No.6, 15 March 1981 
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TABLE 1. Rotational reorientation times (ps) Tor in ethanol at 23°C. o = oblate. P=prolate. 

Tor Literature Tor Tor Calc 
Molecule value This workc Stick 

Oxazine 268 [21]C 144± 10 176 

Cresyl Violet 270 [2]," 220 [23]" 223 ± 10 137 

Rhodamine B 260 [2]." 228 [22]b 196 ± 12 186 

DODC! 160 [24]. b 200 [5]C 153±8 153 

"Transient absorption depolarization. 
bFluorescence depolarization. 

Thus, although an upper limit, the initial signal 
height in oxazine should lead to a reasonable estimate 
of Aa. The observed intensity is consistent with a phase 
lag <t>(0) =0.7°. UsingK(O)=l, r(O) =0.4, d=O.l cm, 
A", 585 nm, and NI(O) = 10-5 M (10% excitation) leads to 
Aa =75 AS. In other words, we find the polarizability 
to be significantly more anisotropic in SI than So. For 
DODCI most of the signal arises from dichroism and 
the estimation of Aa is more difficult. Based on the 
proportion of the signal remaining after the analyzer 
was recrossed we estimate Aa - + 4 As for DODC!. 

Returning to oxazine it is, of course, expected that 
the total polarizability should increase on excitation, 
but it is less obvious that the anisotropy should in
crease. Measurements of the change in polarizability 
along the transition moment direction for a number of 
molecules have been reported by Seibold et al. 16 and 
Liptay 17 from electric field induced spectral changes. 
In all cases the polarizability increases significantly 
in the transition moment direction. If oxazine is ap
proximated as a prolate rotator, the transition moment 
is almost certainly along the long (a) axis 18 and thus 
a~ - a~ is expected to be positive. The polarizability 
along the b(= c) axis should be much smaller than along 
the a axis l7 and so the dominant effect is expected to be 
in aa' and thus the positive sign for Aa is compatible 
with the results of Seibold et al. 18 and Liptay. 17 Molec
ular orbital calculations of Aa made for some aromatic 
hydrocarbons using various approaches19,20 are in quali
tative agreement with our results, although no calcula
tions have been performed on the particular molecules 
studied here. 

VII. DETERMINATION OF CORRECT Tor VALUES 

It is important to note that very small amounts of ex
ternal birefringence will produce large changes in the 
measured decay time. Experiments of the kind re
ported here have generally been carried out with ex
tinction ratios (r) of> - 10-5• For oxazine this leads to 
values of Tor roughly twice the value obtained with r S 5 
x 10-7• 

In general, strained lenses produced long decays, al
though some of our lenses do give dip signals with no 
external wave plate present. Signals with dips have 
probably been rejected (as we initially did) as being due 
to bad alignment. Thus literature values for Tor mea
sured with the anisotropic absorption technique should 
be treated with caution. The results reported by Bed-

Tor Calc Volume Axial Ellipsoid 
Slip (A3) ratio type 

63 316 2.5 P 

60 216 .2.9 P 

64 439 0.44 0 

66 299 0.38 0 

cAnisotropic absorption. 

dard and co-workers21 for oxazine certainly represent 
significant overestimates of Tor for oxazine in a series 
of solvents. However, the results in Fig. 6 suggest a 
method by which upper and lower bounds can be placed 
on TM provided extinction ratios of < 10-7 can be reached 
experimentally. The calculations described above show 
that even for a purely birefringent sample perfectly lin
early polarized probe light will enable the correct value 
of TM to be measured. Thus, by using an unstrained 
lens, high quality polarizers and a quarter wave plate, 
experimental determination of TM vs r as in Fig. 6(a) 
serves to bracket the "correct" value of TM to within 
± 2-5%, with the lower precision arising from highly 
birefringent samples. When these precautions are taken 
the anisotropic absorption method is probably the most 
accurate method for direct measurements of Tor present
ly available. 

Table I shows a comparison of our values for the ro
tational reorientation time Tor of four molecules dis
solved in ethanol with literature values. Our values are 
generally in agreement with results obtained by ground 
state recovery2'23 and fluorescence depolarization. 22.24 
Previous results obtained by the anisotropic absorption 
method are seen to lead to values of Tor that are too 
high5

•
21 in comparison with those obtained in this work 

or by other techniques. When the effects described in 
this paper are taken into account Tor may be obtained 
very accurately by the anisotropic absorption method, 
and we can now go on to study the influence of solvent 
composition, temperature, etc., on the rotational dif
fusional time with confidence. The results of a com
parison of changes in Tor when solvent viscosity is varied 
(a) by change of solvent (including mixed solvents) and 
(b) by change of temperature in pure solvents, will be 
presented in a forthcoming publication. 25 Here we will 
restrict ourselves to a brief discussion of the hydrody
namic boundary condition. 

The classical model of rotational diffusion, the 
Stokes-Einstein model, is based on the hydrodynamic 
"stick" boundary condition. 28 By approximating the 
molecule as a rigid, symmetric ellipsoid, the expected 
reorientation time can be calculated. 12 Molecular vol
umes were obtained from van der Waals radii,27 and the 
ellipse axial ratio from space filling models. The val
ues used are listed in Table I. A symmetric top with 
the transition moment parallel to the symmetry axis 
gives a single exponential correlation function. If the 
transition moment is perpendicular to the symmetry 
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axis nonexponential decay is expected. However, for 
oblate molecules the two decay times are very similar12 

and Millar et al. 23 suggest that the correlation can be 
well described by a single exponential with decay time 
TOr = (3D" + 3DJ-1, where D,,, D~ are the diffusion coeffi
cients about the symmetry axis and a perpendicular axis, 
respectively. This approximation was used for the ob
late molecules in Table I. Values for TOr assuming a 
"slip" boundary condition, calculated using the correc
tion factors of Hu and Zwanzig,28 are also listed. 

The experimental values are in rather good agree
ment with the stick predictions, as might be expected 
for charge~ molecules in a hydrogen bonding solvent. 26 

For DODCI the rotation time corresponds to an oblate 
shape (cis isomer), as was suggested earlier. 24 A trans 
isomer (prolate shape) would rotate roughly twice as 
slowly as the measured time implies. A possible alter
native explanation is that intramolecular flexibility is 
responsible for the short correlation time2 and this 
point deserves further exploration. 

The molecules shown in Fig. 2 have shapes rather 
far from symmetric ellipsoids, in addition measure
ments as a function of viscosity and temperature are 
required before our results could be interpreted as sup
porting stick hydrodynamics. Studies ofthis nature will 
be described in a future paper. 
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