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Effects of reabsorption of chlorophyll fluorescence 
were investigated in measurements on chloroplasts and 
higher plant leaves. The excitation was performed at 
650 nm in a typical excitation/detection arrangement; 
with increasing chlorophyll concentrations, the mea
sured spectral distribution of the chlorophyll fluores
cence was significantly distorted, but no effects on the 
picosecond decay were observed, when this was detected 
at 685 nm.

Introduction

Reabsorption of fluorescence occurs when the 
absorption spectrum and the fluorescence 
spectrum overlap. Fluorescence photons, emitted 
after the initial excitation, are possibly reabsorbed 
and re-emitted as fluorescence again, distorting 
the measured spectral distribution of fluorescence 
and increasing the measured fluorescence decay 
times. Many factors, for example the excitation/ 
detection arrangement and the concentration of 
molecules, can amplify these effects (Birks, 1970; 
Sakai et al. , 1989; Ahmed et al., 1994).

In photosynthesis research it is well known that 
the measured spectral distribution of chlorophyll 
fluorescence depends on the pigment concentra
tion. The ratio of the chlorophyll fluorescence in
tensities in the maxima at about 685 nm and 
740 nm varies between 4 to 5 in dilute chloroplast 
suspensions and 0.5 to 1 in leaves, due to the ef-
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fects of reabsorption (Hak et al., 1990; Lichten- 
thaler et al., 1990). In view of these results it is 
interesting to note that reabsorption effects were 
not discussed in chlorophyll fluorescence decay 
measurements, that appeared in the literature un
til now. Because theoretical predictions of the re
absorption effects are complicated by the irregular 
distribution of chlorophyll molecules, by scattering 
of excitation light and fluorescence photons, and 
other factors, it is more reliable to obtain experi
mental evidence by combined measurements of 
the spectral distribution of chlorophyll fluores
cence and the corresponding chlorophyll fluores
cence decay times.

Materials and Methods

Measurements were carried out using leaves of 
spinach (Spinacea oleracea Atlanta). Chloroplasts 
were prepared according to Walker et al. (1987). 
Leaves and chloroplasts were treated with 3-(3,4- 
dichlorophenyl)-l,l-dimethylurea (DCM U) to 
block all photosystems II (PS II): leaves were put 
into a 10“3 m aqueous solution for about 15 min 
and the chloroplast suspensions were supplied 
with DCMU to give a 10~4 m concentration. This 
treatment maximized the chlorophyll fluorescence 
decay times (Terjung et al., 1997) and enabled a 
better resolution of the reabsorption effects than 
in the open state of PS II with the shorter chloro
phyll fluorescence decay times. Chlorophyll con
centrations of the chloroplast suspensions were 
determined after extraction in acetone, using the 
procedure and equation of Bruinsma (1961).

Excitation pulses (650 nm, pulse width of about 
15 ps FWHM) were generated by a synchronously 
pumped and capity-dumped dye laser-system 
(Spectra Physics 3000) with a repetition rate of 800 
kHz and an intensity of about 2 W/m2. Leaves and 
chloroplasts were excited under the angle of inci
dence of 50°, fluorescence was observed under the 
angle of detection of 40°, one of the excitation/ 
detection arrangements typically used in measure
ments on leaves. The fluorescence detection sys
tem consisted of a double monochromator (Jobin 
Yvon H25) and a multichannel plate-photomulti- 
plier (Hamamatsu R1564u-07). The time response 
of the setup was about 70 ps. The spectral sensitiv-
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ity of the detection system was corrected using the 
fluorescence standard Oxazine 1 (3 //m) in ethanol. 
After the measurement of the spectral distribu
tion, the chlorophyll fluorescence decay was de
tected at the wavelength of 685 nm by the method 
of inverse time-correlated single photon counting 
(O ’Connor and Phillips, 1984). The chlorophyll 
fluorescence decay was not detected at 740 nm 
due to the low fluorescence intensities at this 
wavelength in measurements on chloroplasts. D e
cay curves were analysed by iterative deconvolu
tion techniques (Marquardt algorithm). The qual
ity of the fits was checked by the reduced chi- 
square criterium % 2ed an<3 the random distribution 
of the weighted residuals. All decay curves were 
fitted with three exponential functions with %2r(ld 
between 1 and 1.1. The obtained amplitudes a j and 
lifetimes tx were used to calculate the average 
chlorophyll fluorescence decay time rm:

ZjOCiTi
(1)

Results and Discussion

The chlorophyll concentrations of the chloro
plast suspensions and the average chlorophyll flu
orescence decay times of the chloroplast suspen
sions and the leaf are given in Table I. The 
measured and corrected spectral distributions of 
the chlorophyll fluorescence of the chloroplasts

Table I. The chlorophyll concentrations of the chloro
plast suspensions (Chi) and the average chlorophyll flu
orescence decay times, detected at 685 nm (rm), in com
parison to the data of a leaf.

Chloroplast Chi
suspension No. [wg Chl/ml] [ns]

1 3 2.27
2 10 2.27
3 59 2.20
4 319 2.32

Leaf - 2.40

and the leaf are shown in Fig. 1. The effects of 
reabsorption are clearly observed in the spectral 
distributions and in the shift of the fluorescence

680 700 720
Wavelength [nm]

740

Fig. 1. The spectral distribution of the chlorophyll fluo
rescence to the data of Table I; the numbers correspond 
to the chloroplast suspension numbers of Table I. All 
spectra were scaled to the same fluorescence intensity 
around 740 nm. For chloroplast suspension No. 1, the 
fluorescence intensity around 740 nm was too low for 
the measurement of the complete spectral distribution.

maximum around 685 nm, but not in the average 
chlorophyll fluorescence decay times. Since the er
ror of the average chlorophyll fluorescence decay 
time is about 5%, no significant distortions due to 
reabsorption effects were observed. This was also 
observed for each of the three fluorescence decay 
components (data not shown). These measure
ments were repeated three times and gave the 
same results.

These measurements point out, that the chloro
phyll fluorescence decay, excited at 650 nm under 
the angle of incidence of 50° and detected at 
685 nm under the angle of detection of 40° is not 
significantly distorted, corrections for reabsorp
tion effects are not neccessary. This is a remark
able advantage compared with measurements on 
the spectral distribution of chlorophyll fluores
cence.
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