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Measurements of the decay times of 
radiative emission provide information 
regarding energy transfer processes that 
follow electronic excitation. One of the 
main difficulties in making accurate 
determinations of decays is the lack of 
light sources that can produce both 
high-intensity and fast-decaying pulses. 
By exploiting the existence of stable, 
sustained interference in time between 
the optical frequencies of laser emission 
(1), one can produce high-intensity 
pulses with fast rise and fall time; these 
can be as short as tens of picoseconds 
in broad-band lasers. Such pulses are 
difficult or impossible to generate with 
conventional flash sources. Use of high 
peak power and sharp pulse shape re- 
sulting from locking of longitudinal 
laser modes has been reported (2). We 
have used a mode-locked He-Ne laser 
as the excitation source to measure 
fluorescence decay times as short as 80 
psec and have compared the phase- 
delay method of measurement (3) with 
direct measurement of decay (4). Mea- 
surements were carried out on dyes 
and photosynthetic samples. 

The components of the measuring 
apparatus are shown in Fig. 1. The 
He-Ne laser, oscillating at the funda- 
mental intermode frequency separation 
of 102.207 Mhz and emitting at 6328 
A, was conventionally constructed and 
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consisted of a 100-cm discharge sec- 
tion, 4 mm inside diameter. The maxi- 
mum average output power was on the 
order of 10 mw, whereas mode-locked 
average power was only a few milli- 
watts. The laser was operated at an av- 
erage power as low as 0.4 mw mode- 
locked for many of the measurements. 
The average intensity of the laser ir- 
radiation was 105 erg cm-2 sec-1. No 
special optical shielding precautions 
were necessary in these measurements 
because of the collimation and rela- 
tively narrow band of the laser light. 
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For direct measurement of fluorescence 
decay, the components included a He- 
Ne laser, a 1-cm2 glass cuvette, an 
optical filter, a photomultiplier (RCA 
7102), and a sampling oscilloscope 
(Tektronix 661) with camera attach- 
ment. The fluorescence was observed at 
right angles to the incident laser light. 
For the phase-delay measurement, the 
components and geometry were the 
same as those used for the direct mea- 
surement of decay, except that the 
sampling oscilloscope was no longer 
used as the monitor. Part of the inci- 
dent laser beam was deflected to 
another photomultiplier serving as ref- 
erence. The signals from the two photo- 
multipliers were passed through a low- 
pass electrical filter and then into a 
phasemeter. The phasemeter was nulled 
with scattered laser-radiation (with 
calcium carbonate suspended in water 
as scatterer) emanating from the same 
point as the sample fluorescence. The 
intensity of scattered light was made 
comparable to that of fluorescence by 
use of neutral density filters. 

Materials known to have very short 
fluorescence lifetime (r) were chosen 
to demonstrate the effectiveness of this 
method. In particular, fluorescence life- 
time of methylene blue at room tem- 
perature is measured as a function 
of potassium iodide concentration 
(Fig. 2). The results are reliable to 
within ?2 percent for the higher val- 
ues, approximately ?+ 10 percent for 
0.1 nsec, and ?20 percent for the 
lowest value (80 psec). The in- 
accuracy for the lower decay times 
results from the lower fluorescence 
yield and a consequent decrease in the 
signal-to-noise ratio. To our knowledge, 
no measurements of r for methylene 
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Fig. 1. Schematic of the apparatus for the measurement of fluorescence times. The inset 
shows a photograph of a sampling oscilloscope trace representing a mode-locked laser 
pulse (1 nsec/div). 
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Mode-Locked Lasers: Measurements of Very Fast 

Radiative Decay in Fluorescent Systems 

Abstract. A mode-locked laser was used to measure fluorescence decay down 
to 80 picoseconds. Measurements on the fluorescence of methylene blue quenched 
with potassium iodide demonstrate the effectiveness of the method. Fluorescence 
decay times of chlorophyll b (3.87 ? 0.05 nanoseconds) and c-phycocyanin 
(1.14 ? 0.01 nanoseconds) in vitro and chlorophyll a in the green alga Chlorella 
pyrenoidosa (1.14 to 1.6 nanoseconds) compare well with some of the existing data. 
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ported value of 1.8 ? 0.6 nsec (5). 
The consistency and accuracy of these 
measurements appear to validate the 
values obtained for methylene blue. 

Fluorescence decay time of chloro- 

phyll a in Chlorella pyrenoidosa was 
determined by both direct measurement 
of decay and the phase-delay technique. 
Our photomultiplier had 1-nsec re- 

sponse, and therefore decay times had 
to be determined from the associated 
convolution integral (6). A value of 
1.6 -- 0.2 nsec for T in Chlorella (mea- 
sured by direct method) is in fair 

agreement with that obtained by phase 
method (1.40 + 0.05 nsec); these re- 
sults provide evidence that the mode- 
locked laser method is applicable for 
both direct measurement of radiative 

decay as well as the phase-delay method 
of lifetime determination and is unique 
in this sense. Reported values for chlo- 
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rate of emission of these pulses makes 
the approach suitable for the well 
developed, high-speed electronic sam- 
pling techniques and provides the con- 
venience of instantaneous readout par- 
ticularly useful for measurements at 
cryogenic temperatures (8). 
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New Light-Sensitive Cofactor Required for Oxidation of 

Succinate by Mycobacterium phlei 

Abstract. Irradiation of the electron transport particles of Mycobacterium phlei 
with light at a wavelength of 360 manometers resulted in a loss of oxidase activi- 

ties of succinate and the reduced form of nicotinamide adenine dinucleotide. The 

lesion in the two pathways caused by irradiation of the particles differs. The suc- 
cinoxidase pathway was more labile to irradiation than the pathway linked to 

nicotinamide adenine dinucleotide. Restoration of succinoxidase activity (up to 

50 to 60 percent) occurred on addition of a thermostable, water-soluble material 

obtained from Mycobacterium phlei cells or with an extract of mitochondria from 
boiled rat liver. Other known cofactors, such as flavine adenine dinucleotide, 

flavine mononucleotide, benzo- and naphthoquinones, as well as sulfhydryl agents, 

failed to restore succinoxidase activity after irradiation. Water-soluble material 

from Mycobacterium phlei appears to function between the flavoprotein and cyto- 
chrome b on the succinoxidase pathway. In contrast to the requirements for res- 

toration of the pathway linked to nicotinamide adenine dinucleotide, restoration 

of succinoxidase does not occur with quinones or other cofactors such as flavine 
adenine dinucleotide. 
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