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Two pulse photon echoes (2PPE) and photochemicall'y accumulated stimulated photon echoes (PASPE ) were measured under
identical conditions for the system octaethylporphin in a polystyrene mairix. Experiments at 1.9 K show that both echoes have a
different decay behavior. Whereas the 2PPE-signal decays with a time constant of 1300 ps, the PASPE-signal decays faster with a
time constant of 600 ps. The different temporal behavior of both signals is tentatively attributed to spectral diffusion.

1. Introduction

In the past decade excited state relaxation pro-
cesses of molecular solids have been subject to con-
siderable interest. It was shown in 1976 [1] that the
method of photon echoes [2] can be applied to or-
ganic solids, yielding picosecond information on ex-
cited state dephasing processes. A year earlier (1975)
the Fourier-related method of excited state hole
burning [3] had been carried out for ruby; yet, the
transient features of the excited state hole burning
experiment seem 1o be a severe limitation for many
studies and applications. This is due to the fact that
excited state lifetimes of organic molecules (77,) are
typically 1078 s and, hence, the experiment was, to
our knowledge, only performed for the ruby R;-
bands, here the lifetime of the excited state is in the
us time regime. A breakthrough was reached through
a photochemical variation of the hole burning ex-

periment, the photochemical hole burning experi-

ment [4,5], in which the refilling of the ground state
with 7, was blocked by a photochemical scheme, thus
vielding an “infinitely” long lifetime of the photo-
chemical hole (see for instance [6,7]).

With the photon echo experiments yielding dy-
namical information in the time regime <1 ns and
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the photochemical hole burning experiments being
limited to a real time resolution of about one second,
the question which remains, up to now, unanswered
is the question of spectral diffusion [8], ie. of
changes occurring during the time interval between
the typical time of a **instantaneous hole™ as created
through an excited state hole burning or echo ex-
periment (nanoseconds)and the slow spectroscopic
creation and detection of a photochemical hole (sec-
onds). Even though this'‘question was addressed sev-
cral years ago [9,10] it is still not clear, whether or
not the inverse hole burning linewidth should or
should not correspond 1o a typical echo decay-time
[11,12]. In the case of negligible spectral diffusion
the echo experiment and the hole burning experi-
ment should yield the same dynamical information.
However, experiments at ultralow temperalures
(720.05 K) [13] and recent experiments on tem-
perature cycling of photochemical holes [14] seem

10 be supportive of the existence of spectral diffu-

sion. This situation is especially given at low tem-
peratures, since under these conditions the spectral
diffusion contribution dominates the two phonon
Raman processes which are believed to be respon-
sible for the dynamical dephasing processes in the
excited state [6.14]. The reason for the dominance
of the spectral diffusion contribution is given by its
linear temperature dependence as compared 10 an
exponential of higher power 7-dependence of 1h¢
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corresponding Raman-phonon processes..

To shed light on the controversial question of
spectral diffusion, one would have to perform ex-
periments in the time regime of | ns<¢<1 s in order
1o detect the contribution of spectral diffusion to the
“conventional” hole burning linewidth. An attractive
approach seems to be the comparison between pho-
tochemically accumulated echoes and two pulse
echoes for the same sample under identical condi-
tions. The technique of accumulated echoes, first
demonstrated in ref, [15] has been shown to be
rather universal and can be easily interpreted, if one
uses the photochemically accumulated stimulated
photon echo (PASPE) and the time domain holo-
graphic scheme as proposed in ref. [16]. This ex-
periment corresponds to a free induction decay of an
ensemble of excited states, whose inhomogeneous
band exhibits a pattern of photochemical holes. The
accumulation time of this echo experiment is the
crucial time interval during which the spectral dif-
fusion processes can take place and, hence, broaden
and smear out 4 hole pattern. A direct comparison
between the accumulated echo and the two pulse echo
should give an immediate answer to the question of
the “fast dephasing processes” (75) as seen in a dy-
namic echo and the “slow processes’, as seen by an
accumulated echo. Our experiments on the system
octaethylporphin in polystyrene show marked dif-
ferences between the two types of echo-experiments
which we.attribute to spectral diffusion.

2. Experimental

As laser system a Quantel PTLI0 pulsed picose-
cond dye laser was used; it was pumped by a Quantel
YG3501 mode-locked YAG laser. A typical pulse du-
ration was 235 ps; a typical pulse energy was about
400 pJ per pulse. The laser could be operated at a
repetition rate of 5 Hz. Its spectral width was about
20 em~—'. With the above instrument about 10 to 100
pulses were needed to produce an easily detectable
photochemically accumulated stimulated photon
echo (PASPE) with a conventional photodiode.

The geometry of the complete optical set-up is de-
picted in fig. 1. The main beam is divided into two
beams by the 50%-beam splitter BS2. Beam one and
two intersect at an angle of 5°; the geometrical in-

OPTICS COMMUNICATIONS

15 Apnl 1989

>400p)
SHz 25ps PTL10 YG 501
M1.2_<: dye laser < mode-locked
YAG laser
D—. -—
BS1 s _me
NF=ﬁ= A, PELAY ygsw{r
= 0+10ns
¢ ' BEAM
8527 _n2 =1 Siop
50% N \=7
! U
/,/”l; o ECHOE T/P02
~
M

Fig. 1. Experimental setup (see text). S=sample: NF=neutral
density filter; PD1 =reference photodiode; PD2 =signal photo-
diode; BSI. BS2=beam splitters, MI, M2=mirrors,
D =diaphragm.

tersection point is the sample location S in the he-
lium cryostat. One of the two beams (beam 2 in fig.
1) could be delayed by as much as | ns through a
variable delay-line as shown in fig. 1. The pulse en-
ergy could be monitored with the photodiode PDI.
The diameter of the laser spot in the cryostat was
about 2 mm; a typical pulse energy, measured at the
location of the sample, was 2 pl.

The cryostat had plane windows as depicted in fig.
I: it was rigidly mounted on an optical table, to-
gether with all the optical components, to eliminate
fluctuations of the optical pathlengths. The sample
temperature was kept at 1.9+0.3 K, to maintain the
liquid helium in its superfluid state. The detection of
the optical echo signals was achieved with photo-
diode PD2 under appropriate echo conditions (see
below).

The sample was polystyrene doped with free base

- octaethylporphin at a concentration of about 1073 to

10-* M/Q. The sample thickness was 0.7 mm; the
area of the sample which was accessible to the laser
beams was about 10X 10 mm.

A typical low temperature spectrum of the sample
is shown in fig. 2. The maximum of the §,-S; ab-
sorption is at 619 nm and had an optical density of
0.8. The experiments were carried out at 620 nm. The
band located at 650 nm is due to impurities; it is ab-
sent in freshly prepared samples (dotted line) and
has no measurable influences on the echo signals.

For the echo experiments we used the following ex-
perimental procedures:

(a) The two pulse photon echo (2PPE) occurred,
when two excitation pulses (beam | and 2) were si-
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Fig. 2. Low temperature absorption spectrum (1.6 K) of free base
octacthylporphin in polystyrene (see text).

multaneously applied to the sample. The 2PPE sig-
nal propagated at an angle of 5° with respect to the
second pump pulse and, hence. could be scparated
geometrically via a pinhole in the beamstop (fig. 1).
The intensity of the 2PPE signal was measured by a
photodiode and a boxcar averager. The signal of the
photodiode PD1 was used to trigger the boxcar.
(b) The photochemically accumulated stimulated
photon echo (PASPE ) occurred after the sample had
been exposed to 10 to 100 excitation pulse-pairs of
well defined deldy. After this exposure the overall
photon echo signal was a superposition of the 2PPE
and the PASPE with both echo signals having iden-
tical temporal and spatial properties. The separation
of the PASPE from the 2PPE could be achieved in
a rather straightforward fashion: The first pump pulse
was blocked and only the second pump pulse was ap-
plied to the sample. In this configuration only the
PASPE was produced. This echo was generated by
the photochemically stored (accumulated) spectral
grating in the ground state population (i.e. modu-
lation of the optical density). In contrast to this ac-
cumulated echo the 2PPE requires simultaneous
pumping through both pulses 1 and 2 (see fig. 1).

3. Experimental procedure - discussion of results

In the following we will make a direct comparison
between the 2PPE signal which reflects the fast de-
phasing processes in the sample (t<7)) and the
PASPE which reflects the sum of the fast dephasing
processes and the slow spectral diffusion processes
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(> T,) during the accumulation time (1ypically
tens of seconds ). Since both experiments are carried
out with the same sample and under identical ex-
perimental conditions, we believe that this experi-
ment provides a crucial test for the presence or ab-
sence of spectral diffusion. For understanding the
significance and the present limitations of the ex-
periment, we will describe the experimental proce-
dures in detail.

For measuring the 2PPE we had to operate in the
“low exposure limit". This limit is characterized
through the condition that the amplitude of the ex-
cited state grating (transient grating) is larger than
the amplitude of the photochemically produced (sta-
ble) grating. For this condition to hold. we were lim-
ited to less than 50 pulses on a “‘virgin sample”.

For measuring the intensity of the PASPE-signal
the sample was exposed 10 350 exeitation pulse-pairs
(exposure time 70 s, total exposure was 0.24 ml per
mm?) of well defined delay. After this exposure the
first pulse beam was blocked and the second pulse
beam produced the PASPE as described above. To
reconvert the sample into its “virgin condition”, one
had to refill the photochemically produced hole pat-
tern. This was achieved by illuminating the sample
for 5 minutes with a 50 W tungsten lamp. This pro-
cedure has proven to be sufficient and less time con-
suming than going through a thermal cycle to room
temperature after each PASPE data point.

The results of a series of experiments are depicted
in fig. 3 (sce insert). Here the decay of the two pulse
echo is depicted over a delay period of 200 ps
(squares). It decays slower than the corresponding
PASPE-signal (triangles), indicating that the “ex-
cited state hole grating™ is characterized by a nar-
rower hole width than the corresponding ‘‘photo-
chemical hole grating”.

To check the validity of the above experiments, W¢
have plotted the logarithm of the ratio (/zppe/fpasee)
as a function of delay time from 0.4 to 1 ns (see fig.
3). If one assumes that both, the 2PPE-signal and
the PASPE-signal follow monoexponential decays.
one would expect a straight line, whose slope is given
by the difference of the pertinent decay constants (s¢¢
below). s

Before discussing the data in a quantitative fash-
ion, we would like to point to some experimental dif-
ficulties, which we could not resolve completely:
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Fig. 3. Insert: Decay of the 2-pulse photon echo signal (squares)

and the photochemically accumulajed stimulated photon echo

signal (triangles). Main figure: Ratio of the two echo signals (log
ot) versus delay time (see text).

Since both, the 2PPE-signal and the PASPE-signal
exhibits similar spatial and temporal properties, in-
terference of both signals was observed, after the two
pulse excitation had been applied repeatedly. At de-
lay values of less than 0.4 ns, the PASPE-part of the
echo contributed about 10% to the total echo am-
plitude. This was enough to disturb the measure-
ment of the “pure” 2PPE-signal intensity. To min-
imize this interference effect of both signals, an offset
of 0.4 ns was chosen between the first and the second
excitation pulse. ‘

A guantitative analysis of the experiments was
performed, based upon data which are depicted in
fig. 3. From the insert we can extrapolate the effec-
tive T>-times according to the relation

1t:h0=Cexp(_4rd/T;‘) ' (l)

where I 1 the echo intensity, 74 is the delay time
between the two pulses in beam 1 and 2 respectively
and C is an arbitrary constant.

Taking the data as displayed in the insert, we ob-
tain for the faster décaying component of the echo,
the PASPE-signal an effective decay time of
T-(PASPE ) =600 £ 80 ps and for the slower decay-
ing component, the dynamic two pulse echo, a decay
time 7> (2PPE) = 1300+ 300 ps. Thus, the above ex-
periments can, in our eyes, be taken as unequivocal
documentation of the influence of spectral diffusion.
The two T»-times, as given above, correspond to the
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slope in the plot log (I>ppe/Tpaspe) as is given in fig.
3 (broken line). For the “bendover" of the experi-
mental points for decay times exceeding 800 ps we
have no immediate explanation. At the present time
we attributed the bendover to the larger experimen-
tal error at long decay times, where both echo signals
have lost considerable amplitude and thus the ratio
of the respective signals is not as well defined as it
is for the shorter decay times.

Eventually the curve log(Zppe/Ipaspe) has to bend
over to a constant value at times which are charac-
terized by tsp. the time which characterizes the dy-
namics of the spectral diffusion. More precise data
along similar lines, however, are needed to charac-
terize the time constant for the spectral diffusion.

A final comment should be made, concerning the
order of magnitude of the above dephasing times, as
compared to similar hole burning experiments. We
take, for instance, the optical linewidth data of the
dye molecule free base phthalocyanine in polysty-
rene, i.e. a different guest molecule in the same host
matrix. -Here, in recent interpretations of the hole
burning widths [14] (of slightly less than 1 GHz, at
2 K) about one third of the linewidth was attributed
to phonon scattering processes and two thirds to
spectral diffusion processes [17] *'. This is in qual-
itative agreement with the above data, The most
promising future goals for discriminating between
various processes would be the inveéstigation of the
temperature dependencies of the various echo sig-
nals below 1 K. At very low temperatures, one would
expect the largest differences between the “slow™
spectral diffusion processes and the “fast” dynamic
dephasing processes.
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