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The rotational correlation function of medium-sized molecules in solution has 
been measured directly both by absorption [l,2J, and emission techniques [3, 
4J. SHANK and IPPEN [5J have described a technique based on induced dichroism 
which provides an attractive alternative to the above approaches. In their 
anisotropic absorption technique a strong, polarized, pump pulse creates a 
hole in the ground state distribution of orientations. The return of the 
orientational distribution to equilibrium is probed by a weak pulse polarized 
at 45° to the exciting pulse. Differential absorption of the components of 
the probe polarized parallel with, or perpendicular to, the excitation polar
ization induces a time-delay dependent transmission of the probe through an 
analyzer polarizer. 

Experimental 

A synchronously pumped dye laser (CR590/03)/Ar+ laser (.cR12) combination pro
vided the picosecond pulses. We have studied pulse to pulse reproducibility 
and the influence of coherence on autocorrelation measurements by using a 
zero background correlation set-up [6J to measure cross correlations of the 
form fIn{t) In_m{t+T)dt, when n labels an individual pulse and m the number 
of rouna trips separating the pair [7J. The results for m= 6 are shown in 
Fig. 1. When the dye laser cavity is set for optimum pulse length with no 
discernable structure or satelite pulses in the autocorrelation trace, the 
cross correlation (n,n-m) function (d) is indistinguishable from the auto
correlation (n,n) function (e). Fig.la-c show the results where the dye 
laser cavity length is incorrectly set and partial mod.e locking results. 
Autocorrelation traces such as the curve in Fig.lc are characteristic of a 
noise burst [8J. For bandwidth limit noise structure the autocorrelation 
has the form 

(1) 

~here Gp{T) represents the autocorrelation of the pulse envelope and GN{T) 
1S a gauss1an function resulting from the noise bandwidth. For pulse envel
opes significantly longer than the noise bandwidth limit (l) can be approx
imated by 

(2) 

The contributions from GN and Gp can be easily observed in Fig.la-c where 
there is a large cavity mismatch. In cases where there is little or zero 
mismatch, however, the contributions are much more difficult to distinguish 
(Fig.ld,e). Applying (2) to the pulse in Fig.le we find fltp = 5ps {for 
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a n,n-6 cavity length 
500flm too short 

b n,n-6 cavity length 
500flm too long 

c n,n cavity length 
500flm too long 

d n,n-6 cavity length 
optimum 

e n,n cavity length 
optimum 

~ Auto (n,n) and cross (n,n-m) correlation function measurements 

~T = 5.7ps) whereas the conventional method has been to divide ~T by between 
2 and 1·41 giving Mp of 2·9-4ps. 

The noise spike in Fig.la,b marches to one side or the other of the broad 
base, depending whether the dye cavity is too long or too short [7J. Con
sider the case where the dye laser cavity is too long. The leading portion 
of the pulse is amplified more than the trailing portion because of gain 
saturation, and the position of the peak of the pulse envelope is advanced. 
The result is that dye pulses circulate with the same period as the pumping 
pulses, even if the cavity length is mismatched. The substructure on the 
pulse, however, is reproduced during the amplification process, but becomes 
shifted relative to the pulse envelope. In other words, the substructure 
accumolates a phase shift on each round trip. Thus, in the n,n- m cross 
correlation the noise spikes add in phase for a value of T different from 
zero. This argument predicts a linear dependence of spike displacement on 
both m and cavity mismatch (in flm). Both linear dependences are observed 
experimentally [7J. Only when the cavity periods of the pump and pumped 
lasers are equal will the coherence spike be centered on the envelope portion 
of the correlation trace. The position where the n,n- 6 cross correlation 
trace becomes symmetric provides the first experimental determination of the 
dye laser length for perfect synchrony. In our experiments it corresponds 
to the optimum pulse duration, as might be expected·on intuitive grounds, 
but in contrast to theoretical predictions requiring slightly shorter [9l, 
or slightly longer [lOJ cavities than resonant length for optimal pulse dura
tion. 

Anisotropic absorption 

The vertically polarized output of the dye laser is split into two beams. 
The strong exciting beam is focused by a 5 cm focal length lens into the 
sample. The probe beam traverses a variable delay and is then focused into 
the sample by the same lens. The probe beam polarization is rotated by a 
half wave plate such that it is 45° to the polarization of the pump. The 
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Fig.2 Reduced reorientation time of oxazine versus mole per cent for isopro
panol water mixtures 

probe beam intensity through a crossed analyzer polarizer is measured as a 
function of time delay. The excited state lifetimes were measured by the 
time correlated single photon counting technique. The measured instrument 
response function has a duration of ~290 ps and the estimated time resolution 
is ~50 ps [llJ. For our experimental geometry [5,12J the observed time de
pendent intensity of the probe beam (T(t)) is (for small induced dichroism): 

T(t) = const [r(t) K(t)J 2 (3) 

where r(t) is the rotational correlation function and K(t) the excited state 
decay function [3J. In the most straightforward case where both r(t) and 
K(t) are single exponentials with characteristic time Tor and Tex respec
tively, T(t) is a single exponential with decay time 

-1 -1 -1 TM = 2(Tor + Tex )· (4) 

Results 

The observed anisotropic absorption signal (after the coherence spike [5, 
13J) could be well fit by a single exponential decay in all the solvents we 
studied. The fluorescence decays were also single exponential. In a series 
of alcohols, deuterated alcohols, water, heavy water, and acetone the orien
tation time showed linear behavior with viscosity and was in accord with 
stick hydrodynamics assuming a prolate shape for oxazine for all the solvents 
except H20 and D20, where the rotation was significantly slower than expected 
[12J. In this paper we discuss our results in mixed propanol water solutions. 

The reduced rotation time (Tor - Tor(O))/n vs mole per cent isopropanol is 
plotted in Fig.2. (Tor(O) is the zero viscosity intercept the plot of Tor 
vs n plot for all solvents). Over the range 100%- 20% alcohol the reduced 
reorientation time changes very slowly. Between 10% and 0% alcohol and re
duced reorientation time changes extremely rapidly, indicating a marked de
viation from simple hydrodynamic behavior with a stick Be. Fig.3 shows the 
excited state lifetime as a function of mole per cent propanol. There is a 
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rapid decrease in lifetime between 1% propanol and pure water corresponding 
to the rapid increase in rotation time over this range in Fig.2. 

Discussion 

The results in Fig.3 suggest a possible explanation of the striking be
havior observed in Fig.2. The measured rotational correlation function con
tains only ground state motion if the excited state is long lived compared 
to the reorientation time. However, if the two lifetimes are comparable the 
measured decay contains a contribution from molecules that have rotated in 
the excited state and subsequently returned to the ground state. In H20 the 
excited state has decayed by 40% during the lie time of the rotational motion. 
Thus, our results require a very large change in Tor in the excited state. 
Such a large change in Tor seems unlikely based on the results of EICHLER et 
al. [14J, additionally in the 19% (mole %) isopropanol water solution the 
excited state has decayed by 50% by Tor and yet no anomalous rotation results. 
We are thus confident that the data in Fig.2 represent a significant increase 
in the rotational diffusion coefficient in pure water as compared with alcohol. 

One possibility is to seek an explanation of Fig.2 in terms of the struc
ture of the solvent. It is possible that a very rapid change in the water 
structure occurs in the range 0-10% propanol possibly from the full three 
dimensional random network of pure water to the linear chain like structures 
of pure alcohols [15,16J. However, we must still explain why the particular 
structure of water inhibits the rotational motion of oxazine significantly 
more than is implied by the viscosity (assuming stick BC). A possible alter
native interpretation is that there is a specific interaction of the oxazine 
with propanol. More experiments are required to clarify these interesting 
results, and hopefully shed light on the influence of solvent structure and 
specific interactions on molecular rotation. 
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