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Stabi le  freie  Radika le  in Humins~ iuren  

I n  der  A n f a n g s p h a s e  der  Humi f i z i e rung  yon  Poly-  
p h e n o l e n  in Mode l lve r suchen  t r e t e n  im a l lgemeinen  sehr  
unbes t i tnd ige  freie Rad ika l e  auf. ZIECHMANN 1 d i sku t i e r t  
e ine Vielzahl  v o n  Reakt ionsabl~ iufen  u n d  B i n d u n g s -  
m6g l i chke i t en  im Z u s a m m e n h a n g  m i t  dieser  Rad ika l -  
b i ldung .  

Freie  Rad ika l e  bes i t zen  m i n d e s t e n s  ein u n g e p a a r t e s  
E l e k t r o n ;  sie k 6 n n e n  d u r c h  die Messung der  E l e k t r o n e n -  
sp in re sonanz  (ESR)  nachgewiesen  werden.  Auf  diese 
Weise  w u r d e n  in na t t i r l i chen  Humins /~uren  von  STEELINK 
et  al. zwei A r t e n  s tab i le r  freier  Rad ika l e  nachgewiesen,  
welche d e m  Brenzca t ech in -Reso rc in -  bzw. d e m  Chin-  
h y d r o n - T y p  z u z u o r d n e n  s ind ~,8. 

I n  der  vo r l i egenden  A r b e i t  wird  t iber  U n t e r s u c h u n g e n  
a n  H u m i n s ~ u r e n  ve r sch iedene r  H e r k u n f t  be r i ch te t ,  die 
aus  fo lgenden  A u s g a n g s s u b s t a n z e n  isol ier t  w u r d e n :  Ce- 
p h a l o s p o r i u m  gordoni  (P i lz -Humins~ure)  (P-HS)  4; Moor-  
bodeI1 (M-HS)5;  Schwarze rde  (Braun-  und  G r a u h u m i n -  
s/iure) (B-HS,  G-HS)6 ;  Moorwasser  (wasserl6sliche Hu-  
minsAure (W-HS)  7 ; B r a u n k o h l e  (R-HS)  8. 

Ergebnisse. Die e l e m e n t a r a n a l y t i s c h e  Z u s a m m e n s e t -  
zung  der  Pr/~parate  is t  in  de r  Tabel le  wiedergegeben.  
Die A b s o r p t i o n s s p e k t r e n  der  ve r sch i edenen  H um i ns Auren  
in 0 ,01n  N a O H  s ind in de r  F igur  1 darges te l l t .  Die e- 
W e r t e  s ind i m  loga r i t hmischen  MaBs t ab  als F u n k t i o n  de r  
Wel l enzah l  a u f g e t r a g e n  (e = E /c  d;  c, K o n z e n t r a t i o n  in 
mg/100  ml  L6sung ;  d, Sch ich td icke  in cm ;  E, E x t i n k t i o n ) .  
Gemessen  wurde  m i t  d e m  U n i v e r s a l s p e k t r a l p h o t o m e t e r  
V S U  1 ( V E B  Carl-Zeiss, Jena ,  DDR) .  

W - H S  (wasserl6sliche Humins/~ure  = FulvosXure) zeigt  
die ger ingste ,  G - H S  die h6chs t e  E x t i n k t i o n .  M-HS,  ]3- 
H S  u n d  R - H S  s ind  a u f g r u n d  ih re r  op t i s chen  Eigen-  
s cha f t en  - wie sie auch  in r e f r a k t o m e t r i s c h e n  u n d  in ter -  
f e rome t r i s chen  B e f u n d e n  z u m  A u s d r u c k  k o m m e n  - 
u n d  ih re r  e l e m e n t a r a n a l y t i s c h e n  Z u s a m m e n s e t z u n g  den  
B r a u n h u m i n s / ~ u r e n  zuzuordnei1;  P - H S  u n d  G - H S  s ind 
G r a u h u m i n s / i u r e n  s-s. 

Die  un te r sch ied l i che  E x t i n k t i o n  bei  G r a u h u m i n s i t u r e n  
gegent iber  B r a u n h u m i n s ~ u r e n  k a n n  aus  den  E r gebn i s s en  
de r  E S R - M e s s u n g  (Messappa ra tu r :  E R S - X )  9 gedeu te t  
werden.  I m  Anzeige te i l  we rden  die Absorp t ionss igna le  bei 
R e s o n a n z  als F u n k t i o n  der  m a g n e t i s c h e n  Felds tXrke 
regis t r ier t .  I n  F igu r  2 s ind die gemessenen  E S R - S i g n a l e  
ftir die pu lve r f6 rmigen  H u m i n s ~ u r e n  wiedergegeben.  I n  
a l len S u b s t a n z e n  lassen sich freie Rad ika l e  nachweisen .  
Verg le i chsmessungen  m i t  d e m  S t a n d a r d r a d i k a l  D ipheny l -  
p i k r y l h y d r a z y l  ( D P P H ;  g-Wer t ,  2,0036) e r gaben  ftir die 
H u m i n s A u r e n  e inen  g - W e r t  yon  2,0055. 

Diskussion. B e m e r k e n s w e r t  ist, dass  die G r a u h u m i n -  
s/iuren, denen  die P i l zhumins~ure  zugeordne t  werden  muss,  
e inen  wesen t l i ch  h 6 h e r e n  R a d i k a l g e h a l t  aufweisen  als die 

B r a u n h u m i n s ~ u r e n .  Ber i i cks ich t ig t  man ,  dass  sich d u r c h  
Mesomer ie  s tab i l i s ie r te  1Radikale (Semichinone)  a u f g r u n d  
des a n g e r e g t e n  Z u s t a n d e s  de r  E l e k t r o n e n  d u r c h  eine 
dunk le  F ~ r b u n g  ausze ichnen ,  so is t  der  h6here  Rad ika l -  
geha l t  bei  den  Grauhumins~ tu ren  als Ursache  Itir die 
gr6ssere E x t i n k t i o n  gegent iber  den  B r a u n h u m i n s ~ u r e n  
anzusehen .  
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Fig. 1. Absorption der Humins~uren im ultravioletten und sichtbaren 
Spektralbereich. 
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Fig. 2. ESR-Signale in den verschiedenen Huminsfiuren. 

% C % H % N % Glfihrfick- 
stand 

P -HS 55,8 4,00 6,65 0,5 
M -HS 54,9 4,90 3,10 1,0 
B -HS 57,2 3,85 3,94 0,6 
G -HS 64,0 3,46 2,76 5,8 
R -HS 58,0 5,17 1,53 9,0 
W-HS 42,8 5,50 6,22 1,7 

(C, H und N bezogen auf organ. Substanz) 
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B e d e u t s a m  ist, dass bei der  wasserl6sl ichen W - H S  nur  
wenig Radika le  nachgewiesen  werden.  Das geringe Teil- 
chengewich t  sowie der  m6gliche - und viel fach v e r m u t e t e  
- Gehal t  an ak t iven  Humins / iurevor-  und  -zwischens tufen  
in der  wasserl6sl ichen Humins~iurefrakt ion liessen hier  
e inen h6heren  Radika lgeha l t  e rwar ten .  Offenbar  hande l t  
es sich bei diesen Teilchen jedoch  um relat iv  s tabi le  Aggre- 
gate, die die W - H S  als se lbs t ind ige  Gruppe  der  Humin-  
stoffe auszeichnen.  

Summary .  The electron spin resonance was measured  
wi th  several  humic  acids. The p repara t ions  used here con- 

ta in  s table  free radicals.  Grey humic  acids con ta in  more  
radicals  t h a n  b rown humic  acids. 

H. KLEIST und D. M/JCKE 9 

Insti tut  /~r Physiologische Chemic der Universitiit, 
Rostock (DDR),  20. September 1965. 

Herrn Dr. SEIFERT und Fraulein Dr. EBERT (Deutsche Akademie 
der Wissenschaften Berlin-Adlershof, Arbeitsgruppe: Physikali- 
sehe Methoden der Analytischen Chemic, Labor ftir Hochfrequenz- 
Spektroskopie; Dir.: Prof. Dr. KRIEGSMANN) danken wir ftir die 
Untersttitzung bei der Durchftihrung der Messungen. 

Excited Molecular  02 and Inact ivat ion of 
Indolebutyric  Acid (IBA) 

The exis tence of a me ta s t ab l e  exci ted  molecular  oxygen  
in solut ion is of ou t s t and ing  in te res t  in several  problems.  
Originally KAUTSKY 1, abou t  1935, had  specula ted  on the  
exis tence of such a species in connect ion  wi th  dye (e.g. 
eosin) photosens i t i zed  oxida t ions  3, b u t  the  suggest ion was 
lost  for w a n t  of direct  evidence.  The presen t  r epor t  con- 
f i rms KAUTSKY'S earlier specula t ions  and places t h e m  on  
a f i rm footing. 

The obse rva t ion  t h a t  a red-orange  chemi luminescence  
is p roduced  dur ing  the  reac t ion  of hydrogen  peroxide  and  
sodium hypochlor i t e  in aqueous  solution was repor ted  by  
SELIGER 3. KHAN and  KASHA 4, ex t ended  the spectroscopic  
s t u d y  of th is  chemiluminescence  and, in view of the  na tu re  
of the  reac t ion  and the  b a n d s  observed,  t h e y  t en t a t i ve ly  
assigned the  red chemiluminescence  bands  as the  0.0 and  
0.1 bands  of the  1Ek+ --> 3Xk t rans i t ion  of the  molecular 
oxygen. The s t u d y  of the  mechan i sm of the  reac t ion  by  
CAHILL and  TAUBE 5, using isotopic labell ing of the  per-  
oxide, also indicates  t h a t  the  O-O bond  remains  in tac t ,  
reaff i rming the  possibi l i ty  of exci ted molecular oxygen 
r a t he r  t h a n  atomic oxygen as a p r ima ry  p roduc t .  The 
results  of the  p resen t  inves t iga t ion  d i s t inc t ly  show t h a t  
there  is a d i rect  cause-and-e//ect re la t ionship  be tween  
molecular  oxygen  and its capac i ty  of inducing the  oxida-  
t ion  of IBA. 

In  this  endeavour ,  the  au thor  employed  the  'bean  
t e s t '  devised by  FERRI and CAMARGO 6 for the  rapid assay 
of p lan t  g rowth  regulators .  Y-shaped  segments  f rom 2- to  
3-week-old p lan ts  of Phaseolus vulgaris L. var.  'Blue Lake' 
enhance  the  angle be tween  the  petioles while reposing in 

wa te r  and decrease i t  while immersed  in IBA solut ion 
(Figure). The behaviour  is qua l i ta t ive ly  the  same w h e t h e r  
t he  t e s t  ob jec ts  are kep t  in l ight  or in da rkness  and  is n o t  
a t t r i bu t ab le  to  pFI a l te ra t ions  or osmot ic  influences.  

W i t h  the  aid of th is  biological test ,  it  was possible to 
evalua te  the  influence of exci ted molecular  O3 p roduced  
in aqueous solut ion by  the  in te rac t ion  of sod ium hypo-  
chlori te  and  hydrogen peroxide  on IBA solutions.  The 
mean  values  of a r ep resen ta t ive  expe r imen t  are cha r t ed  
in t he  Table.  I t  is a p p a r e n t  t ha t ,  while the  pieces reposing 
in wa te r  increased the  average angle be tween  the  petioles,  
those  res t ing in IBA solut ions decreased it b o t h  in the  
l ight and in the  dark.  The two ingredients  of the  reac t ion  
mixture ,  viz. sodium hypochlor i te  and  hydrogen  peroxide  
(at p H  7.0), were unable  to sensit ize the  des t ruc t ion  of 
IBA, as ref lected in the  response of the  p l an t  segments .  
B u t  as the  two  cons t i tuen t s  mingled toge ther ,  t he  resul t -  
ing red-orange  chemi luminescence  was i n s t rumen ta l  in 
abolishing the  IBA ac t iv i ty  wi th  unusual  av id i ty  and  the  
t e s t  objects  behaved  as if t hey  were in pure  water .  This 
h ighly  reproducible  expe r imen t  was r epea ted  wi th  o the r  
indole analogues,  e.g. fl-(indole-3)-n-propionic acid, wi th  
ident ical  results.  
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A upper part of the 2-week-old bean plant showing 
the primary leaves; B Y-shaped piece prepared from 
the same; C increase of ~ in water; D deqreas~ of 0~ 
in presence of IBA. 


