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We have observed fluorescence at visible wavelengths from spinach chloroplasts su-
spension (20ug. chl/ml) excited with chl d Q-switched ruby laser pulses (10ns full at half
maximum) of a wavelength of 694. 3nm and power flux densities in the range ~10%-3 X 108
w/cm?.  In observation of emisson of ligth in the visible region (360-580nm), we used
a monochromator, a EMI 9558B photomultiplier (rise time 10ns), and a 300MHz oscil-
loscope.

The fluorescence spectrum shows peaks at 410, 490 (the broadest) and 500 nm (See.
Fig. 1). The fluorescence intensity increases exponentially with the excitation inten-
sity. The fluorescence integrated intensity decreases (about 5-159%,) in the presence of
FeCY ... (25p¢ moles). The fluorescence lifetime was not longer than the response-time
of the detection system and the duration of the excited pulse. '

These results can be explained as follows: (1) The observed photons (410 nm) have
up to twice the energy of the absorbed photons, and the emitted light intensity increas-
es exponentially with the excitation intensity in the range of interest. It is clear that two
or more absorbed photons must have contributed to the energy of the emitted photens,
that is (a) s,+hr—>s,, s;+hv—>s,, s,—s,+h», or (b) s,+Nhr—>s,, s,—s,+hv’
(Sos 81, Sn are respectively the ground, the first excited and a higher excited singlet states of
Chl, N is the number of photons) (2) The lifetime of emission light was estimated not lon-
ger than the response-time of the detection system and the duration of the excited pulse.
This means that the phenomenon is dependent on singlet excited states and not on tri-
plet states and that “fluorescence” rather than” phosphorescence” is the correct descri-

ption. (8) the possible source of fluorescence quenching by FeCY is FeCY-Chl singlet-reac-
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tion center charge transfer state interaction, that is A,+D——A *+D (A D*")*—>

(AsD*) (A, A,* are chl singlet-reaction center charge transfer state ground and a higher
excited singlet states, respectively, D-FeCY; if the excited complex (AD) is non-fluoresc-
ing, the addition of D to A result merely in quenching of the fluoroscence of A, which is
generally believed to be a possible mechanism of the so-called dynamic quenching of
fluorescence; on the other hand, if the excited complex is fluorescing, a new fluorescence
band appears, while the original fluorescence dissappears with the addition of D.

In summary the observation of a fluorescence from excited state higher than the first
singlet excited state provides further evidence for the non-linear effects at high intensi-
ties, and high light intensity effects are beginning to provide information on topology
of photosynthetic pigment systems. Under high intensities, the emission of fluorescence
can be explained as arising from higher excited states of a pigments system populated
through exciton-exciton annihilation, or through second photon absorption, or through
multiplier photon absorption.

We are indebted to Prof. Y. G. Shen for his help and express our thanks here.
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