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To account for  the 0 b s e r v a t i o n ~ , ~ 3 ~  t h a t  i l l m i n & t i o n  prevents the 

appearance of newly assimilated carbon i n  the compounds of the t r i c a r b o q l i c  

acid cycle, it was suggested5 tha t  the l i g h t  sh i f t s  the steady-state condition 

of the thioot ic  acid-containing coenzyme6'' (protogen, l ipo ic  acid, thioct io  

acid, P.O.F.) toward the reduced (d i th io l )  form, i n  which condition it is 

incapable of oxidatively decarbolrglating p p u v i o  acid, 8 9  newly formed from 

GO2 t o  give r i s e  t o  the acetyl-Go8 10911,* required t o  bring t h i s  carbon i n t o  

%he compounds of the Krebs cycle. We are here reporting some observations 

leading t o  the fur ther  suggestion t h a t  t h i s  s h i f t  toward the d i th io l  form is 

the d i r ec t  r e s u l i  of the l i g h t  act ion and tha t  a biradical  formed by dissoc9a- 

t ion  of the disu1fi.de bond i n  a strained five-membered disulfide containing 

ring (as i n  6,8-thioctic acid and trimeth.lenedisulfide) i s  the species in 

which the qwnttuu absorbed by the plant pigments and stored as electronic exci- 

t a t ion  i n  chlorophyll13 appears f i r s t  a s  chemical bond potential  energy; i.e., 

t h a t  a possible primary quantum conversion a c t  of photosynthesis i s  represented 

by the equation 



Subsequent abstractior.  of H a t ~ r n s l ~ ~ "  from a s ~ t a b l e  donor by the t h i p i  

f r e e  r s d i c a l s  v o d d  l e a l  to the ciit,hioi which would he r ~ o x i d i a e a  vAtirnatelj 

by COr.. The res idual  oxidation protduct of the  H Uormr would lead i n  the  end 
L 

t o  molecular oxygen. It i s  o 3 ~ i o u a  that  on both the reductant  m d  oxidant 

s i d e s  the chemical. products of the  conversion of s e v e r d  quanta w i l l  be required 

t o  accomplish the  reduction of each CU2 molecule mu t he  generation of each O2 

molecuie . 
These subsequent reactions,  being s t r i c t l y  chemical, my lead t o  diverse 

energy rearrangementsP For example, t he  chemiczl po ten t ia l  of reduced carbon 

niiigclt be converted by oxidative 1$?0s+fi~rJ ilt,.i.of: 1 %r,ct c.or 3 y - l - ~  t k c  rjnprgy ~ f '  

phos?horic anhydrides, which i n  turn,  could r a i s e  the  p ~ t e n t i a l  energy of 

intermediates i n  the  reac t ion  sequences leading t o  the  evolution of nolecular 

oxygen and t o  4the reduction of lQ,1? 

A value of the  d i ssoc ia t ion  energy f o r  th is  par t i cu la r  d i su l f i ae  link 

lying i n  the  region of 30-4.0 Bcals, would cons t i t u t e  not. only permissive e r i -  

dence for  reac t ion  (1) but posi t ive  evidence i n  its mpyort ,  s lcce h i t he r to  it 

has been d i f f i c u l t  t o  suggest any l i k e l y  primary chemical s t e p  capable of use- 

fully absorbing the  geeater  pa r t  of the  r3G-40 Keal, quantum of e lect ronic  

exc i t a t i on  available f o r  photosynthesiso %stimirtes of D(BS-SF.) Tram simple 

"fi 

5,8-thioctic acid i s  color less ,  while b,8-thioctlc acid i s  y e l l ~ w , ~ "  s ~ ~ ~ ; e s t e d .  

that  the  incorporation of the S-S bond i n t o  a 5-mgibered r i n g  ~ i h t  indeed iutro- 

duce su f f i c i en t  s t r a i n  into it so  as to reduce the 5-S dissoc l s t i cn  energy 'p 

of experin~ents have been performed using the  product sf the  react ion cf Ma,S2 - - 



spectrum together with tha t  of the two th ioc t ic  acids and n-propyl disulfide 

is  shown i n  Figure 1. A l i g h t  induced fading of dipherylpicrylhydrazy122 a t  

room temperature and dependent upon the  presence of the disulfide was demon- 

scaatedo A photochellii-cal polymerization of the disu1fi.de by l i g h t  of wave 

length greater  than 4,000 w a s  sensit ized by Zn tetraphenylporphin. These 

r e su l t s  may be taken t o  indicate t h a t  the dissociation energy of the disulf ide 

bond i n  t h i s  compound i s  something l e s s  than 50 Kcalso and tha t  t h i s  dissoeia- 

t ion  may be brought about by energy t ransfer  from some other molecule in a 

suitably excited s t a t e o  

That such energy t ransfers  may take place, and especially e f f ic ien t ly  i n  

condensed systems, has been amply demonstrateda 239249259269i7 Since the grana 

have the opt ica l  properties of a condensed chlorophyll phase, 28,29,30,31 a 

quantum absorbed anywhere within t h a t  phase i s  very rapidly transferred among 

the ident ica l  molecules of tha t  phase a t  the s inglet  or the t r i p l e t  levelso 

Concomitant with this, there occurs a decrease i n  the probability of emission 

a s  fluorescence 23924s25932 and hence an increase i n  the avai labi l i ty  of the 

quantm fo r  chemical transformation (disulf ide f iss ion) .  In  such a system, 

the high efficiency of energy conversion may be retained even though the 

r a t i o  of chloraphyll to disulfj.de molecules be large (1s-1-103 1. 
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