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1. Introdnction

The photogalvanic effact in solid films of ehioro-
phyll and its analogues discovered by Evstignesy and
Terenin [1,2] is due to a combination of photochem-

ical and semiconductive phenomena. ifitersst in ihe in-

vestigation of this effect [3—5] may be explained by
the fact that the notions regarding the mechanism of
rhotogeneration and subsequent separation of charges
in condensed chlorophyll films in contact with donor
or acceptor admixtures in an electrolyte can, with cer-
tain yeservations, be applied to the primary photo-
‘chemical processes of photosynthesis. ,
~Simnce the high quanium efficiency of the primary
photoprocesses of photosynthesis is, to a large extent,
@etermined by the sitructural organization of chiore- -
phyll and its environment, it seemed to be advisable
to investigate the influence of the state of chlorophyll,

and in particular its link with protein, on the photopo-
tential generated in. films of 'ch]@:rophyﬂ and @'lher pig-

mems of snm]m struciure.

2. M tenals &mﬂ methi)ﬂs

Chilomphyll a anac@sd from nezﬂe Ieaves by a’
familiar procedure [6] and a synthetic pigment, Mg-
phﬂm’locyramne whose molecular strugtore is similar
to that of zhlorophy]l and which has been “mpioyewxi
,i‘mqnenﬂy in previous works for modelling chloro- -

phyll reactions [7, 8] , were used in the : expemnems. o -
The pumy Df the plomems was ».hecked spacimsc@pr :

Ically
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' Bolid chlorephyll films deposited on & platinum
{~ 0.5 cm?) or guariz {~ 3 cm?) plate were obtained
by evaporation of a drop of an ether solution of the
pigment; Mg-phthalocyanine films were @mamed [s5; y’
vacunm sublimation [1].

Chlorophyll—protein films wers prepared in the
following way. An egual volume of acetone solution
of chlorophyll 2 was added during coritinuous shaking
to an agueous solution of human serum albumin
{~10—3 M) (*"Reanal” reagent). A Jrop of the result-
ing mixtire was deposited on a quariz or platinum
plaie; the plates were then placed in a exsiccator with
CalCl,. The films obtained after evaporation of the
solvent were homogeneous and their immersion into
a 90% ethanol sclution for several hours did not re-
veal any extraction of the chlorophyll. This indicated
that the pigment was cmmparammy sirmnglv bound
to the protein.

In the measurements the films were immersed in'a
2 N 'K agueous sclution. A nonilluminates calome] :
or platinnm elemmde served as the Ieﬁerence elec-

frode.

The photopotential was measured wnh aLVU-01
pH-meter with an input resistance of 1012 Q. Absorp-

~ tion spectm were *esmded wzith a Specoz‘d spectmph@-
:i@I’FEuEI. o ’

-~ Astion specira ws;m, :mgasumﬁ with an appavams

- which automatically equalized the energy of quantum
B ﬁuzx in ihe QQD——]@G}G m. spemm] I;mge - :
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Fig. 1. Absorption speeira and photopotential action spectra
of chlorophyll  films. 1) Absorption spectrum of chioro-
phyll 7 solntion in ether. Z) Absorption spectrum of a “non-
activated® film om a guariz plate. 3) Abscrpiion spectrum of
an “‘activated™ film. 4) Photopotential action specirum of a
“nonactivated™ film. 5) Photopoteniisl action specirum of

_an “activated”™ film. The ordinates of curves 1, 2 and 3 are
plotted along the right hind side axis, those for curves 4 and
5 — along the left axis.

3. Resuits and ‘ﬂismlssmn

In a number of pravious investigations it has been
shown that the crystalline state of chlorophyll is char-
acterized by the appearance of an absorption maxi-

‘mum ia the 730—740 nm sange; the maxinmm in the
670—~680 nm range, on the: other hand, can be as-
cribed to e amorphous state of the pigment [9—117.

The travisition from the amorphous to crystalline
state of chiorophyll may be caused by the interaction
between the pigment and polar molecules (in our ex-
periments this could be the result of exposure to wa-
ter and ethanol vapour over a period of several hours).
A consequence of such treatment is a significant in-
crease of the photopotential,

The absorption and action spectra of the posmva
photopotential for the ordinary and *activated™ (as de-
scribed above) solid chlorophyll 2 films are shown in
fig. 1. The curves show that the pho:mpm:tentml action .
spectra for the amorphous films (curve 4) and for

-those containing erystalline chlorophyll correlate mﬂa "

:the | :espec?we absorption spectra {curves 2-and-3).

This indicates the participation of the excited si‘aies of - -
fhe pigment itself in generation of the, phoicpmenhal EE
. The! }nghef phoiopotenhal; in films containing crys-
f‘ta]lme forms of chlorophyll signify that in these forms: -
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- gen {fig, 2A) ‘Thus mte:acimn wnh ﬁme aelex:imn ac-

S ﬁugns: 1973' :

’Tihe most pmba‘b}e mechamsm of pmﬁucmo;n @f
the phompo‘tenbm is the | fol]owmg ths excited ‘
states created by hght (pmssﬂmy excitons) migrate : in

" the film and split up into electrons and holes at the

dissociation centers, Under aerobic cominmns sirch

centers at the film—slectrolyte miexface may be 1@"1’1—

tified as adsorbed electron acceptor{oxygen) mole-
cules: Inside the film they may be microcrystal imper-

fections, imbedded impurity p@]ar molecules, etc.
- However, the fact that removal of dissolved XY=

gen from the electrolyie resulis in an appreciable de-
crease of the photopotential and frequently even in
its disappearance, apparently signifies that it is pre-
cisely the surface dissociation centers which play the
most essential role. This is also confitmed by the fact

that the effect of oxygen removal is practically ob-

served only for non-treated pigment films. If the pig-
ment film is exposed to an ethanol solution of benzo-
quinone for several hours {one of the “activating” _
procedures) then besides a general increase of the pho-
topotential, the removal of oxygen ceases to signifi-
cantly affect the photopotential.

Experiments on the temperature dependence of
the photopotential of Mg-phthalocyanine films,
which mechanically and thermally are more stable
compared to chlorophyll films, confirm the Impor-
tant role of the adsorbed acceptos. An increase of the
electrolyte temperature from 10°C to 50°C resulis in
a decrease of the photopotential by more than fonr
times and this can be ascribed to a decrease of the
concentration of aﬁsm“baﬁ oxygen en the pigment
film surface with increase of temperature.:

Artificial chlorophyll—protein films may be re- -
garded as a rough model of the state of affairs prevail- -
ing #n vive [12,13]. In our experiments llumination

_of chlorophyli a—albumin films deposited on a plati-

num electrode in 90% ethanol {fig. 2A) induced a pro-
nounced increase of the positive potential. The sta-
tionary photopotential of such films may reach 156

200 mV which conmﬂemb]y exceeds the values for
" nion-activated c‘hlmophy]l a f‘fﬂms umﬁer 1denhca] ex-
S penme:ntal ‘conditions:"

. Removal of dissolved air- oxygen Teads to an a]mDSi o
compleie d:lsappearance of the’ phampmiemhal which

- may appear again afier s'subsequem admission of « oxy-: -

'the condmcns are more ‘favou:rab]e for’ efﬁclem phmo-, SRty

charges,

- gene.rahon_and separaﬁo of
248 |
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Fig. 2. A) Variation of the electrode potential on lumination
of chlcrophyli—protein fllms and ofier switching off of the
Jight. 1) In the presence of air. 2) After evacuation of air.

3) After admission of air. L = Light on; D = fight off.

B) 1 = Absorption spectrum of chiorophyll—protein film.
2= Phoippotential action spectram for chlorophyll—protein
film. The ordinates of curve 1 ars plotted slong right hand
side axis, those of curve 2 — along the lsft axis,

Both major absorption bands are manifest in the
photopotential action spectrum (fig. 2B). As can be
seen frora the figure, the action spaetrum markedly
differs from the absorption specira of either chloro-
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' phyll aor &h@@mphyll a—pmiam fiﬂms. The peaszs are 7
- broader and their ratio is different.

Further investigations are required for eﬁmmanen

- of the nature of the chlorophyll—protein comple:

‘In conclusion it may be stated that an increass 0& :
*Ine degree of m‘yb‘mﬂhzaumn of chlorephyll fiims and
the interaction between chlorophyll and protein may
appreciably enhance the efficiency of photogeneration
and separation of charges in the films and hem:zn the
magnitude of the photopotential. : :
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