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CHLOROPHYLL CATALYSIS AND EINSTEIN’S
PHOTOCHEMICAL LAW IN PHOTOSYNTHESIS
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ment of the splitting of the photolyte is 1 and [2]
that the quantum requirement of the splitting plus
resynthesis of the photolyte is 3. This agrees with
Einstein’s photochemical law and with thermodyna-
mics.

Yet our results were not accepted by the late
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much higher and erratic quantum requirements. The
discrepancies were so enormous that they baffled
everyone concerned with photosynthesis.

An explanation for the discrepancies is now
offered. Photosyntehsis is a chlorophyll catalysis.
There are two states of the chlorophyll : chlorophyll
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chlorophyll. Only light absorbed by the combined
chlorophyll is the photolyte, whereas light absorbed
by the free chlorophyl! is lost for photosynthesis.

The quantum requirement of photosynthesis can
be determined only when the photolyte is known
and when it is measured during photosynthesis
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duced into the calculation and light absorbed by the

free chlorophyll is ignored, using the equation:
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where [ is the incident quantum intensity, « ihe frac-
tion absorbed by the total chlorphyll, dO;/dt the rate
of oxygen evolution, ¢ the combined chlorophyll, A
the total chlorophyll and € = ¢/A is the fraction of
light that is absorbed by the combined chlorphyll.

It is assumed in this derivation that the light ab-
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hUlleUll LUCIIILIUHLD U e COImoiiney and 1r€éc Coro-
phyll are equal, whereas Edmund Birkicht and Giinter
Pahlke in this laboratory recently discovered a differ-
ence of 2% at 600 my. This difference is negligible in
comparison to the enormous differences that are ob-
tained if eq. (2) instead of eq. (1) is used for the cal-
culation of the quantum requirement:
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Equations (2) and (1) are equivalent only in extreme
cases when the factor e approaches 1, as in our pioneer-
work of 1922 and 1923. In all other conditions erratic
and nonsensical results were obtained with €q. (2), be-
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pigment were mixed in the calculation.

Methods were developed to determine € under all
possible conditions in dark and illuminated Chlorella.
This we succeeded in doing at CO7-pressures from 2
to 10% of an atmosphere and at incident light inten-
sities from 100 to 1200 ul quanta per minute.

A few results are described in the figure. For the
same cell suspension, under different conditions, the
quantum requirements were calculated with the light
absorbed by the rotal chlorophyll or the light ab-
sorbed by the combined chlorophyll only. In the latter
case, the same quantum requirements were obtained,
namely 3, at light intensities from 100 to 800, in ac-
cordance with Einstein’s law. When the light-absorp-
tion by the total chlorophyll was used in the calcula-
tion the well known nonsensical quantum requirements
were obtained, namely 12 up to 34 at the highest in-
tensity. Thus the reason for the 100 to 1000% discre-
pancy between Dahlem and the other institutes has
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Table 1

The table gives the data from which the quantum requirements shown in fig. 1 were calculated.
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Fig. 1. Quantum requirements of photosynthesis. The curves
are based on the data given in the table. When the quantum
requirements of the upper curve are muitiplied with the fac-
tor ¢ (chiorophyll combined with CO9/total chlorophyll) the
nonsensical values of the upper curve are transformed into
the value of 3 which is in accordance with Einstein’s law.

been the failure to distinguish between the two forms
of chlorophyll.
The experiments will be described in full detail in

the American Journal of Botany.
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