
Modem Physics l.ettel'5 B. Vol. 10. Nos. 1 .... 2 (1996) 6l~7 
© World Scientific Publishing Company 

A STUDY OF PBOTOACOUSTIC EFFECTS 
AND OPTICAL LIMITING IN THE SOLUTION 

OF Ceo IN TOLUENE 

RIJU C. ISSAC, c. v. BINDHU. S. s. HARILAL. GEETHA K. VARIER 

v. P. N. NAMPOORI and C. P. G. VALLABHAN 

LI)$~ Diws;on, Inte .... "tion4l School of Photonics. 
Cochin University of Science & Technology. 

Cochin 682 022. KeNla, j"di4 

Received 29 January 1996 

Pulsed photoacoustic studies in solution of Coo in toluene have been made using the 
532 run radiation from a frequency doubled Nd:YAG laser. Though Coo is found to 

exh.ibit Lhe phenomenon of opticallimiLing. the results on phoLoa.coustic measurements 
do not give any indication ofmultiphololl transitions as suggested in some ofthe earlier 
works. Results of photoacoustic measurements show that excited state absorption is 
the dominant process responsible for optical limiting while phenomena like nonlinear 
scattering may contribute to a les&er extent. 

1. IDtroductioD 

Discovery of high molecular weight stable carbon clusters called fullerenes1 opened 
up a new and exciting field of research especially after it became possible to syn
thesize and isolate them in macroscopic quantities using simple and straight for
ward methods.2 Many experiments on fullerene based materials point out to their 
unique properties like superconductivity, ferromagnetism, electroluminescence, high 
degree of hardness even higher than that of diamond etc.3-1\ It has been found that 
C60 exhibits optical nonlinearities leading to second harmonic generation6 and op
tical Iimiting.7 Photophysical8 and excited state kinetic properties of fullerenes, 
including fluorescence have been studied at low temperatures9 ,lO as well as at 
room temperature. ll Because of the very high rate of intersystem crossing to the 
excited triplet state at room temperature, the fluorescence emission spectra of 
these molecules are very weak with an extremely low fluorescent quantum yield 
of ~ 2 x 10-4 for C60 at room temperature.12 The small singlet-triplet splitting, 
the very low value of fluorescent rate constant and expected large spin-orbital inter
action in these spherical molecules indicate the occurrence of intersystem crossing 
as a dominant process. 

Kost et aI.13 studied optical limiting with Cso in solid polymer matrices like 
polymethyl methacrylate. They observed higher threshold for optical limiting in 
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polymer matrices as compared to solutions and attributed this to increase in light 
scattering cross section in solid matrices. McLea.n et al. 1. suggested various mech
anism other than excited state absorption (ESA) for the observation of opticallim
iting in C60 . Joshi et aI.1S have found that the optical limiting in C60 deviates from 
a theoretical model based on large excited state absorption cross St-'Ction alone and 
they ha.ve attributed the di.'~crepancy to the possibility of multiphoton absorption 
(MPA) apart from ESA. The study of MPA in a.bsorbing media can very effectively 
be carried out using the pulsed photoacoustic (PA) techniquel6 ,17 In this paper, we 
report the results of PA measurements in C60 solution in toluene carried out with 
a view to elucidate the role of multiphoton absorption process, if any, in optical 
limiting. 

In general the pulsed PA signal amplitude q(v) generated in an absorbing liquid 
media at input laser frequency 11 can be written as16 

(1) 

i.e. q(v) is proportional to the mth power of the incident laser power density l{v), 
m being the number of photons involved in the process. In the above equation A is 
a constant determined by calibration factors which include cell geometry, acoustic 
transducer property etc., u(v) the absorption cross section at laser frequency v, 
N the density of absorbing molecules, Lefr the effective optical path length in the 
cell given by L.,ff = (I - e-aL)/a where a is the absorption coefficient in units of 
cm-1 and Wo is the beam waist radius at the focal spot. Therefore assuming the 
dominance of m photon absorption, the slope of the plot of log q(v) vs log I(v) will 
give an indication of the number of photons involved in the process. 

2. Experimental 

Coo used in our experiment wa..<; prepared by following Kratschmer-Huffman 
technique2 and the sample was further purified by employing high purity liquid 
chromatography. The extract oC Coo has the characteristic color and its electronic 
absorption spectrum was identical with that reported in the literature. 18 

The schematic diagram and other details of the experimental set up used for 
PA measurements are given elsewhere. IT Solution of Coo is taken inside the PA 
cell. The 532 nm radiation from a Q-switcbed frequency-doubled Nd:YAG laser 
is focused into the center of the PA cell containing the solution. A dichroic filter 
separates out the fundamental radiation (1064 nm) from the second harmonic. The 
laser pulse width is 9 ns with pulse repetition frequency of 16 Hz. The pump pulse 
energy is monitored using a laser power meter and the strength of PA signal is 
measured using a 200 MHz digital storage oscilloscope. The average amplitude of 
PA signal is monitored as a function of pump pulse energy. 

Simultaneous measurement of the transmitted intensity of the excitation beam 
at 532 nm shows opticaJlimiting in Coo. Figure 1 shows the transmitted laser energy 
as a function of the input laser energy. At lower energies the output varies nearly 
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Fig. I. Variation of output laser energy with input laser energy showing optical limiting in C60. 

linearly giving a low intensity transmission of:::: 8% and at higher laser energies the 
transmission is virtually constant. The low percentage of transmission is evidently 
due to the longer path length of laser light through the solution (4.5 cm). The pump 
pulse energy and transmitted energy were measured by averaging over sixteen pulses 
and after making corrections for reflection at window and lens surfaces. The graphs 
show optical limiting beyond a threshold laser energy 30 mJ. 

3. Results and Discussion 

At very low laser energies the transmission increases with increasing iaput energy 
with a slope equal to exp( - NoCt} L) where 0'1 is the absorption cross section of the 
ground state, No the number density of the C60 molecules and L the optical path 
length. From the above expression we estimate No to be 4.36 X 1017 cm-3 for C60 

solution with L = 4.5 cm and1$ Ct] = 1.25 X 10-18 cm2 . At higher laser energies, 
taking into account the ground state absorption as well as ESA the transmission 
varies at a rate exp -(NoO't + N10'2)L where NI and 0'2 are the population density 
and absorption cross section for the photoexcited triplet state respectively. It has 
been found that8 (12 :::: 2.9 (1t. Using the above expressions we estimate I'll and it is 
plotted as a fun<:\ion of the input laser energy in Fig. 2. For lower laser energies the 
population at the excited state grows faster than that in the power limiting region 
which means that at higher laser energies most of the molecules are in the excited 
state and the dominant process involved in optical limiting arises mainly from the 
excited state. 

The graph of PA signal as a function of laser energy shown in Fig. 3 exhibits a 
tendency of saturation at higher laser energies. Optical limiting has been attributed 
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Fig. 2. Plot showing variation of excited state population wil,h input laser energy, 
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Fig. 3. Change in PA signal amplitude with input la.ser energy. 

mainly to enhanced optical absorption by the sample at higher laser energies due to 
ESA.1s The radiative de-excitation cross section of the excited molecules should be 
small as seen from very low fluorescence quantum efficiency of fullerenes. 12 Therefore 
one expects enhanced nonradiactive de-excitation probability, particularly at higher 
laser energies. This should logically result in a major enhancement in the PA signal 
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amplitude in the range of laser energies exhibiting optical limiting. However, the 
experimental results as given in Fig. 3 do not show any indication of such a ma.jor 
enhancement of PA signal amplitude though a slight increase is observed at the 
limiting threshold followed by a saturation. 
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Fig. 4. PA signal strength a. .. a function of input laser energy (.) toluene shows quadratic depen
deIKe and (.) Coo showing linear dependence. 

Log-log plots of PA signal as a function of laser pulse energy for eGO and toluene 
are given in Fig. 4. In the case of pure toluene the initial linear dependence of 
PA signal on the input laser eDergy changes into a quadratic dependence after a 
threshold laser energy thus giving evidence of two photon tr&nsitions corresponding 
to the (one photon) absorption band at 266 nm due to the transition 1 Al ~ I B2 • 

But after Cco is dissolved in toluene the intensity dependence ofPA signal is found to 
be linear and there is no tendency for it to change over to a higher order dependence 
which suggests that mul\iphoton transition may not contribute to optical limiting 
as doubted by Joshi et al. IS 

In the power limiting region, the leading part of the laser pulse excites most of 
the molecules to the excited singlet state from where, due to intersystem crossing, 
the molecules cross over to the triplet state which has a longer life time. After 
resonantly absorbing a single photon, the molecule in the triplet state goes to a 
higher excited state, the life time of which is considered to be in the picosecond 
region due to fast internal conversion. The molecule can relax to the lower excited 
triplet level by collissional energy transfer to the surrounding solvent molecules. 
This process repeats in cycles within the duration of the nanosecond laser pulse. 
Since single photon absorption alone is involved in these cycles the PA signal exhibits 

478 



66 R. C. ]U4C et 41. 

only a linear dependence on the laser pulse energy. Thus our PA measurements and 
determination of excited state populations support the mechanism of excited state 
cyclic photon absorption to be the major reason for optical limiting in Coo. This 
is further confirmed by the fact that at around the limiting threshold, the nature 
of variation PA signal as well as that of NJ exhibits identical behavior. Though to 
a lesser extent, other nonlinear processes like photon induced chemical reactions, 
nonlinear scattering etc. also may contribute to the phenomenon of optical limiting 
in fullerenes along with excited state cyclic one photon absorption which evidently 
plays a major role in this process. 

4. Conclusion 

In conclusion, our PA studies show that simultaneous absorption of two photons is 
an unlikely mechanism for opticailimiting in C60 solution. Phenomena of optical 
limiting, therefore, can be attributed to ESA, nonlinear scattering and cyclic photon 
absorption. 
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