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I. l n t r o d ~ c t l o n  

The phologalvamc effect ha sol~d tiffins of c~ozo. 
phy]] and ,its an~o~n.es ,d~ covered b y  Evs~gnesv and 
Tezen in  11.2] is due ~o a e.or~bination of phoio~/lem- 
~cBI .and sen~iconduc~iw pheno~l~/cna, lnle~est i~ Uhe in- 
vesfiga~ion of tMs ef fect  {3--5] may be explained by 

the  fact tha t  the no t i ons  ~-ega~ng the mech, ,m/s~n of 
pho togene~af ion  and  s~bssqnen t  separa t ion  o f  charges 
in cond~nr~ed ~hlo~ophyll fal~s ~ eon~ct .~;~ith donoz 

OI a~ccptoI a~_nlix!~,~,es in.a~ e]eCt~o~,t~ can~ ~zJth eel-- 

rain ,eservations, b~ applied to the p~mary photo, 
~hemical p~o~esses ~f photosynthesis. 

Sknce the high quantur~ efficiency of ~.the p~-~ary  
pho~op~sc~s~es of pho~osynthesis.~s, ~:o a ]~rge e:g~ent, 
d e t e r m i n e d  b y  the  s i rac tu ,a l  ozganiza t ion  o f  ¢~h!ozo- 

phy~  and  i ts  environmenL i t  seemed :to be advisable 
to inves'dga~e the hffluence of the state Of chl,o~ophyll, 
a n d  in  pavfic~flav i ts  ~ wi th  pzo te in ,  o n  the  p h o t o p o -  
r e n t a l  gene;at ,ed in.I---Knas of eMo~ophyl l  a n d  oflu,e~ p~g- 
meri ts  o f  s imih~ s ' ~ c m ~ :  

2.  M~tedals  a n d  m e t h ~  

~],ozophy]3 a ,~xtracted f~,orn n~t t le  leaves by a 
f ~ l l i ~ r  p~o:~du~e ~6] and a. sy.nthet}c p igment ,  N #  
phhhalov-3,anine ~ h o ~  rnole.csl~z-~truciu~e is shn~]&~ 
to that of coh]o~:ophy]] and which has bc#n  e m p l o y e d  

Solid e_~iophyil ~s deposited on a p]a. ~tinu._Tn 
( ~  0.5 cm 2) oz quaTtz ( "  3 cm 2) plate  wer~ ob~mned 

by evapDzation of a d,zo? of an cth~x ~olsfion of ~e  
pigment ;  Mg-phth~flocyamne F ~ s  were  obtained b y  
vacun~ sub]#~at~on ~ t ]. 

C ~ h j o , ~ o p h y l ]  p i o i e : m  f ~ d r ~ s  " w e z e  p z ~ p ~ e d  , ~ , ~ . ~ e  

fo l lowing  w ay .  A n  equa l  v o l u m e  o f  a c e t o n e  so lu t ion  

o f  c~o~ophy~l  a was added  dur ing  c o n t h m o u s  ahakkng 
to an aqueous solution of h~man se~um a]bun~in 

% Rea~%l reag~nO. ~ d~op of ,~_he reo-~]t- 
irtg mixture ~ s  depD~ited o~ a quaz tz  or p]a~u,r~ 

plate;.the p l a ~  w ~ e  t h ~  pla~d m a exsiccato~ w],~h 
CaCI 2. T h e  f i lms o D tam ea  aster  evaporation of the 
sol~ent were  homogeneous and theiz "m~ms~s~on into 
a 90~ e . '~a~o]  solomon fo~ ~¥ezal ho~s did no~ ~re- 

ve~[ any extension of file c;~o.~opl~y~. This ~.~di~a~ad 
~ a t  th~ pigment was compara t ive ly  strong/y bound 

t o  "the prote'm. 
In ~ e  measu~mments fl~e fi lms ~e~e immersed i a  a 

2 N X C I  aqu~ou~ s¢)l'~tlon. A non-ilium. ~e~2 c~6Lome] 
or playroom eleC~,ode-~z~ed as the re~er.ence e]ec- 
irode. 

a L~ U.0] ~ r ~  phOtOpotenfi~fl was ~nea~u~ed w i ~  "~ " 
p H - m e t e r  w~fl~ an i n p u t  reSista~ce of 10 ]2 $2. Absorp-  
t i o n  spec~a Were ~eeo,ded wXV_ha Speco_~d spec:tropho- 

Action ~p¢c1~a weze meas~,ed wi2~ ~h an app~=at~s 

which  au tomat i ca l ly  e q u ~ e d  ~ ,e  c n e ; g y  0 l  q~an ' lum 
" f l~x in  ~h,~ 2 2 0 - - l O O a n z n  spech-al ~av.ge. 

f ,  equen~ly i n  l~*ev~ou~ works  fez  mofl~ ~]]ing cl~Ao~o- • - 
phy l l  , e a e t i ons  17~ 8 ] ,  w,e~e used  in Zh.e expe, imen~s.  " - " " • " " " 
• T h e  p u r i t y  :of the  p igmen t s  was  c h e c k e d  sp:eb~rOSCOpi- " - • " - " " " " : 
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The m.os,t probable mechamsm ,of prOduc~ion ~f 
,the pholopotenfial is ,the following: the_ excited 

s t a t e s  c r e a t e d  b y  ] i g h t ,  , ~ o s s i b i y  ex , c i t ons )  a rdg ra t e  i n  
~ - ~  :the £~1m a n d  s p ] i t . u p  hat.o e l e e t ~ o a s  a n d  h:oles  a t  ~ :e  

:d ies .octagon cen±ea-s.Ux~d-ex net.obOe ~on4fifions such " " 
c e n t e r s  a *  , the f i ] m - - e ] ~ c t z ,  o ] y t e  i n t e I ~ a c e  m a y  b e  i d e n -  

0~_~ 'tiffed as ~dsorbefl electron acceptor"(oxygen) mole- 
<a t a l e s :  ] :as ide  fine ffln~ t h e y  anay b e  m i c r o c r y s t a l  i r a p ~ r -  

~ e c t i o n s ,  i m b e d d e d  i~:npUfity p o ] a r  a n o l e c u ] e s ,  e t c .  
~ , o ~  

H o w e ~ e r ,  t h e  f a~ t  ?_hat l e m O v a ]  of,fli~olv~d o x y -  

gen  f r o m  ~ . e  e l e c t r o l y t e  rezultz i n  a n  a p p l e d a b l ~  d~-  

crease ,of ~ e  phot,opotenfia~ and frequ early eYen in 
its disappearance, app~ent ly  s~gnhq~s ~ a t  it is pIe- 
¢ise ly  t h e  s u r f a c e  ~ s s o e i a t i e n  c e n t e l s  w]fi.~h p ] a y  t h e  
.~nost ,~ssenti~fl role. T h i s  is  a l s o  con!~llned b y  ~hc fact 
,,thai t h e  e f f e c t  of oxygen r e m o v a l  is  p r a c t i c a l l y  ob- 

se~ed  Olfly for non-lr~a~cd pigm~n,~ films. ]f  ~ e  pig- 
ment  ~ i s  ,exposed to au ethauol solu~on ofbenz,o. 
quinon~ for seve,~a] h o ~ s  (one of the *'activating'" 
p~oced~es) En,en besides a g e n e l a l  i n c t e a s e  of 'fla= p~o- 
to~ot ,ent i~fl ,  fla~ ~emova] of oxygen ceases ~o signifi- 

cmt ly  affect the photopol~ntia]. 
E x p e l i m m ~ t s  on the t : e m p e ~ a t u r e  d e p e n d e n c e  of 

t h e  p h o t o p o , e n t i a ]  of M g - p h t h a ] o c y a n ~ n e  films, 
which m e e h  .mfical]y and thermally ate m o ~ ¢  s t a b l e  
~ompa~d t o  ~ ] l l , o I o p h y ~  f a ] m B ,  C ' O n ' ~  t ' t h e  irr~pox- 

rant r0le o f  the adsorbed acceplon An increase Of th= 
dectro],yte temperature from 1 O C to 5,0 C results ~u 
a d.ecrease of ' the  photopotenfial by nmr~ than four 
times and this can be ascribed to a decrease o f  the 
vonveal~tra~5ori ,o!~ a d s o r b e d  oxygen ~ ~ae p i ~ e n t  

~im marface with increase o f  ~empeza~re. 
Artificial chlorophyl/ protein £flms ~ a y  be re- 

,~ ,ded as a xough modal o f  the state, of a_~f~firs prevail- 
ing/n  ~No ~12, 1 3 ] .  In our expefmaents illumination 

. of chlor.ophyl~ a -a lbumin  films deposited on a plati- 
num e l e c t r o d e  ".an 913% "eth~mOl { f i g . 2 A )  i n d u c e d  a p r o -  
n o u n c e , d  i n c r e a s e  o f  :fire p o s i t i v e  p~tentiaL T h e  s t a -  

t i o n a r y  . p h o ~ o p o ' t e n t i a l  o f  s u c h  d i m s  m a y  r e a c h  15'0- 

,. 2 0 0  m Y  w h i c h  c o n s i d . e r a b ] y  e x c e e d s  t h e  v a l u e s  5 m  

~ig. 1. Absorp t i en  spee~a  .and pho~opolenl ia]  ac t ion  s~ctr.a 
o~ c]aloz~phyR a fflm~. 1) Abs0~pfion spect_r~arn o f  cMoro- 
p h y l l n  $oltxl"fion ila c r a w l  2) Abamrption spectrum ors "non-  
acTi~a~Vfl" fih-n , o n  z q~a~.rff.z # a ~ c .  3 )  Absoa~]on s p e e l v ~ a x n  o f  

"nonac~7~a,ted" f~lmo 5)  Pho~po'tcnfi, 'f l  a~tioa~ sp~etvarn ,.of 
an "at ; r ivaled" ffl~n. The  ~]?dhuales of cur~es t ,  2 and B a~.~ 
plo2~efl along ~.he right h~md side axis, those fox cu.aw~s 4 an~l 
5 -- ~ong the  lef~ axis, 

3, Results and disc,assign 

I n  a n u m b e r  o f  p r e v i o u s  i n v e s t i g a t i o n s  i t  h a s  b e e n  
~ao~n t h a t  t h e  c~ysIal lh~e s ta~e of c h l o r o p h y ] l  ~s ~haI -  
actexized b y  th~  appeaTan(:e of an abs~xp~ion ~ lax i -  

m u m  in ,th= 7 3 0 - 7 4 0  =m ~ange; 'the maxim,~m in 'the 
67:0-6801~,m ~ange, on thr. oth~r hand,  can be as- 
cribed to '~m amorphou~ s,a,e of the pi~;ment ~9--11~. 

The t,r~'mition f ;om 'the amorphous to e~ysta]line 
s t a t e  of ,e..htozophyl] m a y  b e  ¢ause f l  by t h e  interaction 
between the p~gmen~t and p~]ar mole¢,ule~ (in ore- ex- 
periments ~ i s  ¢oul.d be 'the result o f  exposure to we- 
t e l  a n d  e t h a n o l  v a p o u ~  ove~ a p e r i o d  o f  s e v e r a l  h o u r s ) .  

A c o n ~ . q u e n c e  o f  s u c h  t r ea ,*men i  is  a s i g n i f i c a n t  i n -  

c r e a s e  ,of t h e  photopotenfi~1. 
T h e  a b s o r p t i o n  ,and a c t i o n  s p e c t r a  ,of t h e  posi~iv~ 

p h , o t o p o t ~ n f i a ]  £ o i  Lh,e o r d i n a r y  a n d  * ' ;act iVated"  (as d e -  

scribed above) sol~,d ch]olophyll a films are ~hown in 
fig. 1. The cmwes Show that the ph..olop0tential action 

lane p i g m e n t  1,tselI .~n g e n e t a , t t o n  o t  t h e  p13o~opo te n t l a L  • ~nay appem aga'mafter Subsequent ad,m~ssion of Oxy- - 
The higher photopoten'ti~ls 'ha films Con~W(m . . . . .  . . . .  n!g c r y s -  . ,gen . (~g .  2 A )  ~ T h u ~  i n t e r a c * ] O n  w i ~ f l a e  , ~ l e e t r o n  ~ac- 

t a l l ~ e  f o r m s  o f c h l o r q i ? h y M  s l g r f i ~  t h a t  i n  h 'hese f o ~ r m s -  - c e " t O r  :OX~ - e n  ~, 
. ~ . ' . . . .  . .  . . . . . . . . .  P t '  y ~  ) 

,the eon ,d i f i0ns  a r e  n l o r .  f avou ,~ab]e  f o r  e f t 3¢ l en t  p h o t o -  ' -  " ) 0 t e n t i a i - g e h e m "  
" " " " " . . , ' . ,  ..i ._/  . .2 

g e a e ~ a f i . o a ' m a d  s e p a r a l ~ o n : o £ : ~ h a x g e s ~  -- ' - . . . .  ]: . . . .  . . . . . . . .  
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phylt a O~ c.hlO~ophy~ a--p,~oi:ein ~s. The pe:gcs a~e 
bloade,~ and ~ e k  ~ati.o is different. 

Furth,e,z :-~'~zstigations a,~e :,eq~:ked fo~ elucidafi0n 
Of fl'qe ~ t a ~ a  of d~ cbdo:01~hy'll--pzole~n oompl~x. 

i n  conclUs~om i~ ~'nay be stated that a~ imcr~a~,~ of 
~e de~ree of crys,~lliz~fio~ of ch~]o~ophy!l film~ a~d 
the int.e~action .b~tween ¢hlo~ophyN and p:otein may 
app:ec~ab]y e~hsnc~ hhe efficiency of  p~hotogenemfion 
anti ~pa~a,Iion of cha~g~s in the Trims and henc~ the 
~nag'~i tud~ of ~ e  photopo~en~_aL 

Ti~na (=i=) 

xC~m) 

1 ~5 

.O ¢D 

?OD aDO 

~. 2. A) ~qsr~'don of th~ eX==t~ofl~ pe~ne~ on il~urn~afion 
of ~h!ozop~y~--pzo~in f-flras and afl~ swi~hgng off. of ~/~ 
?dgh~_ 1) tm tlne ~;es~n~ of .sir. 2) .A-f~x ~.~;a~aB~.on ef ~. 
S) Af~eX sdmi-~ion ef ai~. L = L~$ on; D = 'ligi~ off. 
B) 1 = Ab~0~pfi0n spBg ,tram ~/ch]mop]~yl~-plo~nfih~... 
= Ph0~,Dpo~0nliR] a CtiOll spect rum fo; cMo~ophy]l-p~ot~Lu 

Both major" sbso~f ion  bands az~ manifest in ~ e  
pho'topot,~ntia] action spectram (fig. 2B). As can be 
~ n  fz.o:-~ the figa~e, ~e action spectrum markedly 
dfffez~ f~om fla~ absorption spectra of ei~,er chlo~o- 
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