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C O G I T A T I O N E S  

On the Diffusion Model of Localized Exciton in 
the Photosynthet ic  Sys tem 

In  the  molecular  assemblage of chlorophyl l  A, in ti le 
photosynthet ic  appara tus ,  there  is only  local orderness 
but  no long range orderness of molecular  or ientat ion.  The  
absorpt ion and fluorescence spectra  of ch lorophyl l  A in 
the pho tosyn the t i c  sys tem are  no t  d i f ferent  in main  
features f rom those of chlorophyl l  A in the  solut ion 
system, excep t  for the  shif t  of the  spect ra  towards  wave-  
lengths longer  by  about  20 m~ t h a n  the  spectra  of chloro- 
phyll  A solution. I t  is well known tha t  the  local concen- 
t ra t ion  of chlorophyl l  A amoun t s  to 0.06 ~ 0.2 mole/1 in 
the g rana  of the  pho tosyn the t i c  appara tus  on the  aver-  
a ~  1, 

Our present  purpose  is confined to seeking the  molecular  
mechan ism and the  ex ten t  of the  migra t ion  of exc i ta t ion  
in the  sys tem of chlorophyl l  A molecular  assemblage which 
may  be t hough t  of as a simplif ied mode l  for the  grana.  

Genera l ly  speaking,  the  presence of a non-local ized ex- 
ci ton brings t he  change of the shape of the  absorpt ion  and  
emission spectra  of the crystal l ine sys tem as a resul t  of 
' exci ton spl i t t ing '  which comes f rom the  physical  con- 
di t ion t h a t  the  f requency  of in ter -molecular  energy  trans-  
fer is larger  t h a n  the  f requency  of molecular  v ibra t ion ,  
10 ~z sec-L The  comple te  per iodic i ty  of the  c rys ta l  sys tem 
excludes t he  presence of a localized exci ted  state.  How-  
ever, if there  are s t ruc tura l  imperfect ions  present ,  like t he  
grana in the  pho tosyn the t i c  system, a localized exci ted 
s ta te  occurs in the  sys tem.  Owing to the  weak  inter-  
molecular  in terac t ion ,  such a localized exci ted s ta te  on a 
cons t i tuen t  molecule  m a y  m o v e  into o ther  ne ighbour ing  
molecules. The  f requency  of in ter -molecular  t ransfer  of a 
localized exci ted s ta te  will be smal ler  t han  t h a t  of molec- 
ular v ibra t ion ,  and larger  t han  the  emissive frequency.  
Therefore,  t he  exci ted s ta te  localized on a molecule  is 
swung by  the  molecular  v ib ra t ion  to  lose the  v ib ra t iona l  
excess energy  of the  exci ted s tate ,  bu t  al lowed to t ransfer  
the electronic exc i ta t ion  to o ther  neighbours  dur ing the  
l i fe t ime of emission, The  mot ion  of an  exci ted s ta te  which 
shows a high degree of localizat ion in the  molecular  
assemblage m a y  be pursued as a quasi-part icle ,  which is 
called a localized exci ton,  and m a y  be l ikened to  the  
Brownian  mot ion  of a par t ic le  in aper iodic  molecular  
assemblage.  

The  aper iodic i ty  of the  molecular  appara tus  of the  bio- 
logical sys tem will  be one of the  character is t ic  features  in 
molecular  level. I t  m a y  na tu ra l ly  be expec ted  t h a t  this  
i m p o r t a n t  cha rac t e r  will be ref lected in the  biological  
funct ion of  t he  appara tus .  In  the  case of the  photo-  
synthe t ic  system, the  aper iodic i ty  of chlorophyl l  A molec- 
ular  assemblage in the  grana  allows the  presence and the  
migra t ion  of a localized exci ton  in the  sys tem wi thou t  
special var ia t ions  in Absorption and f luorescence spectra.  
Here  we m u s t  not ice  t h a t  the  funct ion  of the  photo-  
synthe t ic  appara tus  exists not  on ly  in t r anspor t ing  the 
exc i ta t ion  to spat ia l ly  di f ferent  place in the  system, bu t  
also in t ransforming  the  exc i ta t ion  into  chemica l  energy 
through coupl ing wi th  enzyme  react ion.  Therefore ,  t he  
rote of the  migra t ion  ~ of localized exci ton mus t  be eluci- 
da ted  f rom the  wide po in t  of view. In  con t ras t  wi th  t he  
non-localized exciton,  the  s tabi l i ty  of the  localized exc i ton  
against  the  ex te rna l  pe r tu rba t ion  from the  chemica l ly  
reac t ive  substances  m a y  be t hough t  to be i m p o r t a n t  in t he  
pho to reac t ive  sys tem like grana,  because the  migra t ion  of 
a localized exc i ton  is guaran teed  by  the  aper iodic  molec-  
ular assemblage of chlorophyl l  A. 

The  dipole-dipole in terac t ion  be tween  the j - th  and the  
k-th molecules, 

I [ ( , , - R j ~ ) ~ " k .  Rj,~) I 
Vjk == ~ /Aj "/~k -- 3 -- - ~  "1' (1) 

is t aken  as the in te r -molecu la r  in terac t ion  which brings 
the  energy transfer ,  where Rj~ = ] R j -  Rk[ = [Rjkl is 
the in ter -molecular  distance,  z is the  dielectr ic  constant ,  
and p j  and/*k are the  dipole m o m e n t  opera tors  of the  ]-th 
and k-th molecules, Then  the  t ransfer  p robab i l i ty  of ex- 
c i ta t ion  in the  first  e lect ronical ly  exc i ted  s ta te  from the  
]- th molecule to  the  k-th one per  uni t  t ime  is g iven  in the  
form of 

1 (R0~6 

where ~0 is the  opt ical  l i fe t ime of tile first exci ted  s ta te ,  
and R 0 is called the cri t ical  dis tance of the energy transfer ,  
at  t h a t  dis tance Rjk = R0, the  t ransfer  f requency Wjk 
becomes equal  to t h e  emissive f requency 1/z 0. In  Eq.  (2), 

6 Ro for the  couple  of the  energy donor  and acceptor  for the  
same kind is g iven  in the  var ious  bu t  equ iva len t  forms, 
according to the  several  authors ,  on the  assumpt ion  of 
r andom molecular  or ienta t ion  as the  followings: 

3.00. in lO f f(;)~(;) (2a) 
R6° - f f~ i  a"Z N l - - - ~  Y - -  dr, (after FORSTER ~) 

3 {hC.4Q £ I(E) A(E) (2b) 
R~ = -4~t-nl J - --E(--- dE, (after DEXTERa) 

AIJ-/'  (2c/ 
R6° = 4zt~2nn! " (after GALANIN a) 

or  in the  more  conven ien t  following form in which  the  
mir ror - image re la t ion wi th  respect  to an axis of wave-  
n u m b e r  ~ = v0 be tween  the  absorpt ion  and fluorescence 
spectra  is used: 

, . ~  3 • 1 0  e . ( I n  10)2cv0/" 
R o -- -~-~.r~n~y 2 ~ d e ( ; )  ~ (217,-- ; )  d~,  (2d) 

(after FoRSTER 2) 

where N is Avogadro ' s  number ,  h is P lanck ' s  cons tan t  
d iv ided  by 2 =, c is the  l ight  ve loc i ty  in vacuum,  n is the  
ref rac t ive  index of medium,  E is the  energy which is equa l  
to he; ,  being } the  w a v e - n u m b e r  in cm -~, ](~ o r E )  is 
the  normalized funct ion  character iz ing the  shape of fluo- 
rescence spect rum,  e(g) is the  decadic molar  ex t inc t ion  
coeff icient  a t  ~, Q is the to ta l  absorpt ion cross sect ion 
which is re la ted by Q .  A (E) = a(E) wi th  the  absorp t ion  
cross section of energy E,  in which A (E) is normal ized so 
t h a t  f A  ( E ) d E  = 1 and character izes  the  shape of t he  
absorpt ion band,  ~ is the  mean  wave- leng th  in the  over lap  
region between the  absorpt ion and f luorescence spectra,  
and ~ = QfI(E)  A (E) dE is the  mean  absorp t ion  cross 
section in cm ~ in the  same over lap  region as the  above.  I t  
has been noted t h a t  Eq .  (2) is val id  for t he  case of the  
weak coupl ing be tween  the  energy  donor  and the  accep- 
tor  n, or, in o ther  words, for the  case of 's low energy  trans-  
fer '  in F(~RSTER'S sense z. 

The following numer ica l  va lues  for the  (methanol  or  
ether) solut ion sys tem of chlorophyl l  A are obta ined  by  

a E. RAgINowvrcu, Photosynthesis (Interscicnee l'ubl., New York 
1945), vo[. 1, p. 41~2. 

2 TII. F6RSTER, Radiation Research, Supplement 2, 326 (1960). 
D. L. DEXTER, J. Chem. Phys. 21, 836 (1953), 

4 M. D, GALANIN, Zhur. Ekspth i. Teoret. Fiz. 28, -185 (1955). 
5 N. TAKEVA~A, Nature 191, 1359 (1961). 
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m e a n s  of g raph ica l  i n t e g r a t i o n  of t h e  ove r l ap  a rea  b e t w e e n  
t h e  a b s o r p t i o n  a n d  f luorescence b a n d s :  

f o e ( ; )  e(2 v0 -- ?) d~ = 2.15 x 101~ c m  a, 

~0 = 15  × 10 a c m  -~, a n d  % 1 × 10 -8 sec. 

B y  m a k i n g  use of Eq .  (2d),  R o is f ound  to  be  6.31 x 10 -7 
cm,  where  n =  1.5 was  used.  I n  t h e  p h o t o s y n t h e t i c  
sys tem,  in vivo, t h e  a b s o r p t i o n  cross sec t ion  was  exper i -  
m e n t a l l y  e s t i m a t e d  b y  ARNOLD a n d  OPPENHEIMER * as 

Q (for ch lo rophy l l  A invivo) = 0.5 ~ 1.4 × 10 -in c m  s. 

Then ,  b y  m a k i n g  use of t he  va lues  

~ 1 × 10 -*~ c m  2, ~_~ 68 × 10 -~cm,  a n d  n .... 1.5, 

a n d  of Eq .  (2c), R 0 for  t h e  couple  of in vivo ch lo rophy l l  A- 
ch lo rophy l l  A can  be e s t i m a t e d  a p p r o x i m a t e l y  as 
6.3 a × 10 .7 cm. T h u s  i t  is f ound  t h a t  t he  va lues  of R o for 
b o t h  couples  in vivo a n d  in vitro of ch lo rophy l l  A-chloro-  
phy l l  A are  n e a r l y  equa l  to  a b o u t  63 A. Th i s  va lue  is used 
h e r e a f t e r  in  t he  ca l cu la t ion  of t he  d i f fus ion  c o n s t a n t  a n d  
t h e  d i f fus ion  l e n g t h  of a local ized exc i t on  in ch lo rophy l l  A 
molecu la r  assemblage ,  a n d  also in  t he  ca l cu la t ion  of t he  
f r e q u e n c y  of ene rgy  t r ans fe r .  

L e t  us t a k e  t h e  ch lo rophy l l  A molecu la r  a s semblage  
whose  d e n s i t y  of ch lo rophy l l  A pe r  c m  a is Orn = [C] × N × 
× 10-L where  [C] is the  c o n c e n t r a t i o n  of ch lo rophy l l  A in  

mole/1 a n d  N is A v o g a d r o ' s  n u m b e r .  
I t  m a y  be  said t h a t  t he  d i f fus ion  of localized exc i tons  in  

a macroscopic  level  resu l t s  f rom t h e  B r o w n i a n  m o t i o n  of a 
quas i -pa r t i c le  of t i le e x c i t a t i o n  in aper iod ic  molecu la r  
a ssemblage .  

W h e n  P ( R ,  t) is t h e  p r o b a b i l i t y  t h a t  a n  exc i ton  is found  
in t h e  pos i t ion  R in  t h e  s y s t e m  a t  t i m e  t, t h e  d i f fus ion  
m o t i o n  of  t h e  local ized exc i ton  7 is descr ibed  b y  

0 
~tP(R ,  t) = D e V ~ P(R , I ) ,  (3) 

where  t he  d i f fus ion c o n s t a n t  of t h e  localized exc i ton  is 

1 ( R ~ )  (~a) De 6 T , 

where  ( R  ~) is the  m e a n  squa re  of the  d i s p l a c e m e n t  f rom 
the  s i te  R to the  s i te  R '  of the  local ized exc i ton ,  a n d  
R = IR - -  R '  t, wh ich  is g i v e n  b y  

(R~)  = f~u  n~ W ( R ;  3) dv (3b)  

w i t h  dv = 4 :u R ~ dR.  
Here  Ru is t h e  ef fec t ive  la t t i ce  c o n s t a n t  of the  assem- 

b lage  g iven  b y  t he  r e l a t i on  of 

4~Ra  -1 (3c) 
--5- , , = e , , .  

I n  Eq .  (3b),  IV(R; z) is t h e  t r a n s f e r  p r o b a b i l i t y  of a 
local ized exc i ton  d u r i n g  t ime  i n t e r v a l  r for t h e  d isplace-  
m e n t  R, a n d  no~mal ized  so t h a t  

f n , ,W(R ,  3) dv = 1. (3d) 

B y  m a k i n g  use of Eq .  (2), t h i s  c an  be  w r i t t e n  as 

W ( R ;  ~) = r {no~* ,-~ " ~'-ff ) . 0 m" (3 e)  

B y  Eqs.  (3d) and  (3e), we o b t a i n  t h e  e q u a t i o n  

1 _  ( ~ ) :  R] . N ~ .  IO_,.[C]S ' (4) 

w h i c h  gives t he  f r e q u e n c y  of i n t e r - m o l e c u l a r  ene rgy  
t r a n s f e r  in  t h e  s y s t e m  of t he  c o n c e n t r a t i o n  [C]. T h e  cr i t i -  
ca l  c o n c e n t r a t i o n  [Co] of e n e r g y  t rans fe r ,  a t  t h a t  concen-  
t r a t i o n  % is e q u a l  t o  ~t ( t r ans fe r  t ime) ,  is o b t a i n e d  f r o m  

--5-  " R .  N ~. 10 -~ .  [Co] ~ ~ t (4a) 

as [C0] (for ch lo rophy l l  A) = 1.57 × 10 -8 mole/1. If  the 
a v e r a g e  l i fe t ime of f luorescence  r/l = ~ - % is t a k e n  instead 
of %, whe re  rj is t h e  q u a n t u m  yield of f luorescence and 
~ /=  0.3 for  ch lo rophy l l  A so lu t ion  sys tem,  we o b t a i n  the 
v a l u e  of [Co] = 2.86 × 10 -8 mole/1. 

Accord ing  to  WEBER'S e x p e r i m e n t a l  d a t a  s [Co] is found 
to  be  a b o u t  1.7 x 10 -3 mole/1. 

B y  m a k i n g  use of Eqs .  (3a),  (3b),  a n d  (3e), t he  diffusion 
c o n s t a n t  of a local ized exc i t on  becomes  

wh ich  t akes  t he  usua l  phys ica l  i n t e r p r e t a t i o n  of 
I/2 • ( t r ans fe r  f requency)  - ( e l e m e n t a r y  j u m p  dis tance)  2. 

The  d i f fus ion  l e n g t h  d u r i n g  t h e  l i f e t ime  of a localized 
exc i ton  re is g iven  b y  

1 e = V D ~  e = Ra lffe!2Vt, (6) 

where  ve is t a k e n  a c t u a l l y  to  be % or  v/v 
T h e  t r a n s f e r  f r equency ,  t h e  d i f fus ion c o n s t a n t  a n d  the 

d i f fus ion l e n g t h  of  localized exc i ton  in t h e  ch lo rophyl l  A 
molecu la r  a s semblage  arc  ca l cu l a t ed  w i t h  t h e  p a r a m e t e r  
of ch lo rophy l l  A c o n c e n t r a t i o n  (in mole/ l )  on  t h e  basis  of 
t he  above -desc r i bed  equa t ions ,  a n d  s d m m a r i z e d  in Fig- 
a res  1 a n d  2. 

I t  is a r e m a r k a b l e  t h i n g  t h a t  the  reg ion  of c h l o r o p h y l l A  
c o n c e n t r a t i o n  in t h e  g r a n a  fi ts in  t h e  a l lowed reg ion  of t he  
t r a n s f e r  f r e q u e n c y  of local ized exc i ton  w h i c h  is l imi ted  by  
t he  inequa l i t i e s  of 10 xa see -1 2> 1/-( t ~ l 0  s sea -1. 

The  ca lcu la ted  v a l u e  of t he  t r a n s f e r  f r e q u e n c y  of local- 
ized exc i ton  for t he  s y s t e m  of ch lo rophy l l  A concen t r a t i on ,  
[C] = 0.1 mole/ l ,  is 

1/~t=4.07 × 1011 sec -1. 

W h e n  t h e  op t ica l  l i fet ime,  T0 = 1 × 10 -s sec, of the  
localized exc i ton  is t aken ,  we o b t a i n  t h e  roo t  m e a n  square  
of t he  n u m b e r  of e n e r g y  t r ans f e r s . f rom 

n , =  V @  = ~ (7) 

as n t  = 64 for  t h e  s y s t e m  of ch lo rophy l l  A c o n c e n t r a t i o n  
0.1 mole/1. I f  t he  a c t u a l  l i fe t ime of f luorescence of chloro-  
p h y l l  A in  t he  p h o t o s y n t h e t i c  s y s t e m  ~ is t a k e n  as Tit = 
1.5 × 10 -9 sec i n s t ead  of %, ~ becomes  a b o u t  25. How- 
ever ,  cons ide r ing  t i le  d i f fe rence  in  q u a n t u m  y ie ld  b e t w e e n  
t h e  p h o t o s y n t h e t i c  s y s t e m  a n d  t h e  s o l u t i o n  sys t em,  ~t = 
0.03 for  t h e  fo rmer  a n d  ~ = 0.3 for  t h e  l a t t e r  respec t ive ly ,  
)7 t recovers  a b o u t  78. H e n c e  i t  m a y  be  said t h a t  60 ~ 80 
h o p p i n g s  of a local ized exc i ton  a re  poss ible  in  t h e  l inear  
d i m e n s i o n  o n  t h e  average .  The  e x p e r i m e n t a l  va lue  for the  
n n m b e r  of ene rgy  t r a n s f e r s  in  t h e  p h o t o s y n t h e t i c  sys t em 
is ~7 t = 141. w h i c h  was  o b t a i n e d  b y  TEALE l° f rom the  
m e a s u r e m e n t  of t h e  f luorescence  depo l a r i z a t i on  of Chlo- 
rella w i t h  t he  aid of t h e  modi f ied  VVEnER'S f o r m u l a  n .  By  
t h i s  e x p e r i m e n t a l  va lue ,  t h e  f r equency  of ene rgy  t r a n s f e r  
is found  to  be  

141 
1/'rt = n~/*iZ = 1-i-~-o × 109 --~ 1 × 1011 (see-l) ,  

s W. A. ARNOLD and J. R. OPPEm~EI~I~R, J. gen. Physiol. 33, 423 
0950). 

7 N. TAKEYAI~IA, Exper. 17, 43 (1961). 
G. WEBER, Comparative Biochemistry o/ Photoreactive Systems (ed. 
by M. B. ALLEN, Academic Press, New York 1960), p. 395. 

a S. S. BRODY aI~d E. RABINOWITCtt, Proc. 1st Natl. Biophys. Conf. 
(ed. by H. QUASTLER and H. J. MOROWITZ, Yale Univ. Press, New 
Haven 1959), p. 110. 

lo F. W. J, TEALE, Biochim. biophys. Acta 42, 69 (1960). 
11 G. WEBER, Trans. Faraday Soc, 50, 552 (1954). 
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where t he re  is no  need  to  t ake  i ~  for ~ ,  because  t he  

essential c h a r a c t e r  of WE~ER'S f o r m u l a  exis ts  in t he  l inear  
dependence  of t h e  inverse  of f luorescence po l a r i z a t i on  on  
the concen t r a t i on .  The  o b t a i n e d  va lue  of t r a n s f e r  fre- 
quencY agrees  w i t h  t h e  above - ca l cu l a t ed  v a l u e  in t h e  
order. 

The  e x t e n t  of t h e  m i g r a t i o n  of a localized exc i ton  d u r i n g  
its a c t u a l  l i fe t ime  in  t he  p h o t o s y n t h e t i c  s y s t e m  a m o u n t s  
to 200 ~ 400 ]k w h i c h  is ca l cu la t ed  f rom t h e  d i f fus ion  
length  of Eq .  (6), a n d  is sma l l e r  t h a n  t h e  a v e r a g e  d i a m e t e r  
of a g r a n u m  b y  a b o u t  10 -~ t imes .  Th i s  v a l u e  of t h e  e x t e n t  
of ene rgy  m i g r a t i o n  is c o m p a r a b l e  w i t h  t h e  e x p e r i m e n t a l  
va lue  102 ~ w h i c h  was  o b t a i n e d  b y  THOMAS, BLAAUW, a n d  
D~VSESS ~-° f rom the  r e l a t i o n s h i p  b e t w e e n  t h e  size a n d  t h e  
p h o t o c h e m i c a l  r e a c t i v i t y  for Hil l  r e ac t i on  of f r a g m e n t s  of  
sp inach  g rana .  

I t  m a y  b e  sa id  t h a t  t h e  d i f fus ion m o d e l  of t h e  localized 
exc i ton  will be  a power fu l  a p p r o a c h  to  t h e  p r o b l e m  of t h e  
m i g r a t i o n  of e x c i t a t i o n  in  a n  aper iod ic  molecu la r  assem-  
blage like t h e  g r a n a  in t h e  p h o t o s y n t h e t i c  a p p a r a t u s .  

Zusammen/assung. Das  P r o b l e m  der  E ne r g i e i i be r t r a -  
gung  i m  p h o t o s y n t h e t i s c h e n  A p p a r a t  wi rd  m i t  Hilfe des  
Dif fus ionsmodel l s  yon  loka l i s i e r t em E x c i t o n  u n t e r s u c h t .  

13 
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Fig. 1. The relationship between the logarithm of the transfer 
frequency (l/zt) of localized exciton and the concentration of chloro- 
phyll A, where the allowed region of the transfer frequency must be 
restricted by the inequalities 10 TM sec -x > 1[~ t > l0 s see -~, according 
to the physical meaning of the localized exciton in an aperiodic mole- 

cular assemblage. 
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Fig. 2. The dependencies of the diffusion constant (De) and the 
diffusion length (l¢) of localized exciton in the chlorophyll A molecular 
assemblage on the concentration of chlorophyll A. (1): l e during the 
optical lifetime To = 1 • 10 -8 see. (~) : l e during the actual lifetime of 
fhmrescence of chlorophyll A, z/l = 1.5 • 10 -9 sec, in the photo- 

synthetic system. 
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PRO E X P E R I M E N T I S  

T h e  R e c o v e r y  o f  E l e c t r o n  M i c r o s c o p e  G r i d s  

Severa l  a t t e m p t s  h a v e  b e e n  u n d e r t a k e n  in t h i s  l abo ra -  
t o r y  to  c l ean  used  c o p p e r  e i ec t ron  mic roscope  grids,  t he  
p u r c h a s e  of w h i c h  c o n s i d e r a b l y  cha r ge s  t h e  budge t .  Boil-  
ing  w i t h  d e t e r g e n t s  was  inef fec t ive ,  as well  as  t h e  t r e a t -  
m e n t  w i t h  so lven t s  because  of t h e  i n so lub i l i t y  of e lec t ron  
b o m b a r d e d  sec t ions  a n d  s u p p o r t i n g  m e m b r a n e s  as well  as  
of t h e  c a r b o n  coat ings .  

The  fol lowing p rocedu re  ha s  been  found  effec t ive  a n d  
gives a re l iable  h i g h  yie ld  of r e -usab le  gr ids :  t h e  gr ids  are  
p laced  on  a piece of b r o n z e  m e s h  ( a b o u t  2 × 4 c m  mesh)  
and  d r a w n  t h r o u g h  t h e  u p p e r  t h i r d  of a b u n s e n  gas f lame.  
The  speed  a t  w h i c h  t h e  b r o n z e  grid is d r a w n  t h r o u g h  t h e  
f lame ( a b o u t  10 cm/sec)  is r egu l a t ed  so t h a t  t he  gr ids  

b a r e l y  glow. Af te r  passage  t h r o u g h  t he  flame, t he  gr ids  
t a k e  on  a b l u e - b l a c k  colour.  I m m e d i a t e l y  t he rea f t e r ,  t h e  
b ronze  m e s h  c o n t a i n i n g  the  grids  is immersed  in a n e a r b y  
d i sh  c o n t a i n i n g  m e t h y l -  or  e t h y l  alcohol.  The  oxide  c o a t i n g  
of  t h e  h o t  gr ids  is i m m e d i a t e l y  reduced,  whi le  t h e  old  
m e m b r a n e s  a n d  t h e  sec t ions  h a v e  been  f l a m e d  off. I t  
shou ld  be  s t ressed  t h a t  the  f l amed  m e s h  shou ld  n o t  be  
a l lowed to  cool before  i m m e r s i o n  in t he  a lcohol .  

Zusammen/assung. Es  wird  ein e in faches  V e r f a h r e n  zu r  
R e i n i g u n g  e l e k t r o n e n m i k r o s k o p i s c h e r  T r g g e r n e t z c h e n  aus  
K u p f e r  b e s c h r i e b e n :  A b f l a m m e n  de r  N e t z c h e n  u n d  n a c h -  
fo lgende R e d u k t i o n  de r  geb i lde t en  O x y d s c h i c h t  d u r c h  
Alkohol .  
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