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ABSTRACT

S o l i d  s o i l  humic a c i d  c o n t a i n s  s t a b l e  o r g a n i c  f r e e  r a d i c a l s ^  

on the-  o r d e r  o f  1 0 ^  r a d i c a l a /g ®  D e g r a d a t io n  s t u d i e s  u s i n g  GuO=NaOH 

r e v e a l  t h a t  t h e s e  r a d i c a l s  a r e  n o t  c a u s e d  "by i m p u r i t i e s  o r  by  un

s t a b l e  s p e c i e s  t r a p p e d  i n  t h e  s o l i d  humic a c i d  .pdlymer.§ b u t  r a t h e r  

, a r e  a n  i n t e g r a l  p a r t  o f  th e  m o l e c u l e «, From t h i s  s t u d y ,  e s t i m a t e s  

a r e  made a s  t o  t h e  p e r  c e n t  o f  t h e  se m iq u in o n e s  p r e s e n t  i n  th e  o r t h o  

o r  p a r a  form* A n a l y s i s  o f  t h e  EPR s p e c t ru m ,  a f t e r  r e d u c t i o n  o f  t h e  

sa m p le , ,  and a f t e r  sodium  s a l t  f o r m a t i o n ,  y i e l d e d  e v id e n c e  t h a t  two 

s t a b l e  f r e e  r a d i c a l s  c o e x i s t  i n  hu m ic .ac id ®  One o f  t h e s e  i s  a  s e m i-  

qu inone  o f  a  c a t e c h o l  o r  h y d r 9 q u in o n e  ty p e ;  t h e  o t h e r  c o u ld  be a 

q u in h y d ro n e  ty p e  r a d i c a l *  I t  i s  a l s o  found  t h a t  humic a c i d  e x h i b i t s  

s a t u r a t i o n  e f f e c t s  a t  h lg tr  power v a lu e s *
' '  ' f

C o r r e l a t i o n s a r e  a l s o  made b e tw e en  th e  EPR d a t a  and  th e  IR 

s p e c t r a  o f  t h e  - sam pleso



I  INTRODUCTION

Definition :: : y : V; V ' . '\'-r v

The p ro b le m  o$ d e f i n i n g  htimic a c i d  h a s  p la g u e d  s c i e n t i s t s  f o r  

t h e  - p a s t  two h u n d red  y e a r s  o ' I t  c a n  no t  be  de f  in e d  i i i  t h e  m anner in ,w h ich  

m oat o r g a n i c  compounds a r e  d e f i n e d a  T h a t  i s j  . i t  c a n  n o t  be g iv e n  a 

d e f i n i t e  S t r u c t u r e ;  i t  h a s  no Unique m e l t i n g  p o i n t ;  m o l e c u la r  w e ig h ts  

have  b een  g i v e n b y  d i f f e r e n t  w o rk e rs  ( 1 ,  2 )  w h ich  r a n g e  from  500 to  

5 0 y 0 0 d b u t  m ost  commonly c i t e d  m o l e c u la r  w e ig h t  i s  i n  t h e  r a n g e  

2 o 0 - 5 o 0 k  I 0 ^ ( 3 ) s an d  i t  c o n t a i n s  l i t t l e  o r  no c r y s t a l  l in e : ,  s t r u c t u r e  

( t h l s w i i l  be d i s c u s s e d  i n  more d e t a i l  l a t e r ) 0

The commonly a c c e p t e d  d e f i n i t i o n  o f  humic a c i d  i s  " t h a t  p o r t i o n  

o f  t h e : s o i l  o r g a n i c  m a t t e r  w h ich  i s  s o l u b l e  i n  b a s e  and  i n s o l u b l e  i n  

m i n e r a l  a c i d  and  a l c d h o l ,!o, T h is  d e f i n i t i o n  h a s  b e e n  c r i t i c i z e d  by many 

i n v e s t i g a t o r s  f o r  t h r e e  m ain  r e a s b n s o  F i r s t s o t h e r  n on -hum ic  su b -  

s t a n c e s  su c h  a s  p b ly u r d r i i c  a d i d s ,  com plexed  p r o t e i n s ,  and  m e t a l l i e 1i o n s  

c o - o r d i n a t e d  w i t h  t h e  humic a c i d  may be  s e p a r a t e d  from  t h e  s o i l  by 

b a s i c  e x t r a c t i o n o  T h e r e f o r e ,  t h e  d e f i n i t i o n  may be amended t o  r e a d  

" t h a t  p o r t i o n  o f  t h e  s o l i  o r g a n i c • m a t t e r  w h ic h  i s  s o l u b l e  i n  b a s e ,  

i n s o l u b l e  i n  m i n e r a l  a c id >  and  r e m a in s  a f t e r  m i ld  a c i d  h y d r o l y s l s , ,o 

The se co n d  m ain  o b j e c t i o n  t o  t h i s  d e f i n i t i o n  i s  t h a t  i t  i s  to o  b ro a d  

i n  t h a t  i t  d o e s  n o t  i n c l u d e  t h e  s o u r c e <, I t  h a s  been  shown by many 

i n v e s t i g a t o r s  ( 4 ,  5 ,  6 ) t h a t  s l i g h t  c h a n g e s  a r e  a p p a r e n t  i n  humic a c i d



from  d i f f e r e n t  s o u rc e s *  V a r i a t i o n  i n  t h e  a p p a r e n t  d e g re e  o f  conden  

s a t i o n  i s  t h e  p r o b a b le  c a u s e  o f  t h i s  c h a n g e • Thus, t h e  d e f i n i t i o n  

sh o u ld  be amended a g a in  t o  i n c l u d e  th e  s o u r c e ,  e s p e c i a l l y  s i n c e  v 

Raudni.tz  (7> 9 )  has  r e p o r t e d  r e c e n t l y  t h e  o c c u r r e n c e  o f  humic a c i d  

i n  l i v i n g  p l a n t s .  The t h i r d  o b j e c t i o n  to  t h e  d e f i n i t i o n  o f  humic 

a c i d  i s  n o t  t h a t  i t  i s  to o  b r o a d ,  b u t  r a t h e r  t h a t  i t  i s  to o  n a r ro w .  

T h is  o p i n io n  i s  v o i c e d ,  b e c a u s e  a s  s e e n  i n  t h e  f o l l o w i n g  e x t r a c t i o n  

scheme ad v an ced  by S c h e f f e r  and W elte  ( 9 ) ,  o t h e r  f a c t i o n s  r e s u l t  

w hich  many w o rk d rs  f e e l  a r e  t h e  same o r  v e r y  s i m i l a r  to  humic a c i d .

decomposed m a t t e r  i n  s o i l

n o n d a rk  c o lo r e d  (nonhum ic)  d a r k  c o l o r e d  (hum ic)

c o ld  aqueous  a l k a l i 11

I n s o l u b l es o l u b l e

" a l k a l i  d e c o m p o s i t io n  
p lu s  a c i d  p p t . "

s o l u b l ei n s o l u b l ei n s o l u b l es o l u b l e

Humic a c id  Humus c o a l HuminsF u lv ic  a c id s
Hymatomelanic a c id
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3

I t  h a s  b een  shown by c h ro m a to g r a p h ic  and  o p t i c a l  s t u d i e s  (10^ l i p  12s 13) 

t h a t  f u l v i c  a c i d s  a r e  p r o b a b ly  th e  i n i t i a l  form s o r  th e  d e c o m p o s i t io n  

p r o d u c t s  o f  humic a c i d 9 and t h a t  th e  f r a c t i o n a t i o n  o f  e x t r a c t s  o f  s o i l  

o r g a n i c  m a t t e r  i n t o  a c i d  p r e c i p l t a b l e  ( ” hum ic^)  and a c i d  s o l u b l e  ( ^ f u l v i c ^ )  

m a t e r i a l  i s  a  v e r y  a r b i t r a r y  p ro ce d u re , ,  F o r  example', L a a t s c h  (1 4 )  

o b s e rv e d  t h e  f o r m a t io n  o f  a brown f l o c c u l e n t  p r e c i p i t a t e  c h a r a c t e r i s t i c

o f  humic a c i d s  a f t e r  p r o lo n g e d  d i a l y s i s  o f  a  s o l u t i o n  o f  f u l v i c  a c i d s
■ 1 ■

( f ro m  s t r o n g l y  p o d a o l i c  s o i l )  f o l lo w e d  by  e v a p o r a t i o n  t o , 1 /1 0  volumeo 

O th e r  w o rk e rs  ( 1 5 ,  ,16) have  been  a b l e  t o  show w i t h  some s u c c e s s  t h a t  

hum ins a r e  n o t  a  s e p a r a t e  g ro u p  o f  humic s u b s t a n c e s ,  b u t  a r e  a p p a r e n t l y  

humic acids o c c u r r i n g  i n  a  s t a b l e  l i n k  w i t h  t h e  m i n e r a l  p a r t  o f  t h e  

s o f l o  T h i s  c a l l s  f o r  a  d i f f e r e n t  m ethod  o f  e x t r a c t i o n  f o r  humic 

a c i d ,  w h ic h  i s  b e in g  i n v e s t i g a t e d  by d i f f e r e n t  w o rk e rs  ( 1 7 ) a

The d e f i n i t i o n  o f  humic a c i d  i s  v e r y  u n s a t i s f a c t o r y  a t  t h i s  

v p o in t  and  i t  i s  hoped t h a t  t h e  p r e s e n t  w ork b e in g  c a r r i e d  o u t  on 

humic a c i d  u s in g  e l e c t r o n  p a ra m a g n e t ic  r e s o n a n c e  s p e c t r o m e t r y  w i l l  

h e l p  i n  t h e  f o r m u l a t i o n  o f  a m ore m e a n in g fu l  d e f i n i t i o n  f o r  humic 

a c i d  o

H i s t o r y  o f  S o i l  Humus S tu d y

Humic a c i d  was f i r s t  e x t r a c t e d  by A chard  (1 8 )  i n  1786, by a 

m ethod w h ic h  i s  a lm o s t  t h e  same a s  t h a t  u se d  t o d a y 0 By t h e  end o f  

t h e  1 8 th  c e n t u r y ,  i t  was e s t a b l i s h e d  t h a t  humic a c i d  was a p l a n t  „  

n u t r i e n t  and t h a t  i t  was a u n iq u e  n a t u r a l  compound,,



B e r s e l i u s  and h i s  p u p i l  M ulder (1 9 )  were two o f  t h e  m ain  p r o 

p o n e n t  s P i n  t h e  1 9 th  c e n t u r y ,  o f  many d i f f e r e n t  s o i l  a c i d s  o f  d e f i n i t e  

c h e m ic a l  s t r u c t u r e  w h ich  th e y  th o u g h t  w ere  d e r i v a t i v e s  o f  c a r b o h y d r a t e s

Ulmin C40 H32 9 l l

Humin c 40 h 30 °15

Ulmic C40 h 28 °12

Humic C40 H24 O12

G re n ic c 40 H24 °1 6

A p o c re n ic c 24 h 12 .°12

The c l a s s i f i c a t i o n  b y . e x t r a c t i o n  t e c h n i q u e s  showed t h a t  i n v e s t i  

g a t o r s  i n  th e  1 9 th  c e n t u r y  w ere  lo o k in g  a t  d i f f e r e n t  s o i l  e x t r a c t s  and 

t r y i n g  t o  c l a s s i f y  them , b u t  a s s ig n m e n t  o f  s p e c i f i c  c h e m ic a l  fo rm u la s  

c a u se d  much c o n f u s i o n ,  f o r  t h e y  s t a r t e d  t o  f i n d  a m u l t i t u d e  o f  

d i f f e r e n t  compounds due t o  th e  a b s e n c e  o f  d e t a i l e d  i n v e s t i g a t i o n s o

At th e  end o f  th e  1 9 t h  c e n tu r y ^  t h r e e  t h e o r i e s  w ere  p r e v a l e n t  

w h ich  wer^  t o  r e c e i v e  much a t t e n t i o n  i n  t h e  20t h  c e n t u r y  : T) humic

a c i d  i s  t h e  r e s u l t  o f  c a r b o h y d r a t e  r e a c t i o n s  o r  th e  d e c o m p o s i t io n  o f  

c e l l u l o s e  ( 2 0 ) ,  2 ) humic a c i d  v i s  p r e p a r e d  by  m i c r o b i o l o g i c a l  s y n t h e s i s  

( 2 1 ) ,  and 3 )  humic a c i d  i s  a l i g n o - p r o t e i n  complex ( 2 2 ) o

I n  1914 Shmuk (2 3 )  showed t h a t  t h e  n i t r o g e n  p a r t  o f  humic a c i d  

i s i :  p r o b a b ly  o f  ■protein  o r i g i n  and t h a t  hum ic  a c i d  f ro m  t h e  s o i l  i s ; 

a r o m a t i c  i n  n a tu r e o  He p o s t u l a t e d  t h a t  humic a c i d  : i s  o b t a i n e d  by 

t h e  e w y m a t i c  o x i d a t i o n  o r  a r o m a t i c  compounds t o  q u in o n e s  and  th e n  

t h e  c o n d e n s a t io n  o f  t h e s e  compounds w i t h  e a c h  o t h e r 0



D u rin g  t h i s  t im e  Eisx£fa®r and  S c h r a d e r  (2 4 )  w ere  p r e s e n t i n g  

e v id e n c e  i n  f a v o r  o f  th e  f a c t  t h a t  th e  a r o m a t i c  compounds,, w h ich  

formed humic a c id ^  m a in ly  from  l i g n i %9 i n  c o n t r a s t  t o  t h e  t h e o r y

t h a t  c e l l u l o s e  w,is t h e  m ain  p r e c u r s o r .  The i m p o r ta n t  a rg u m e n ts  i n  

f a v o r  o f  t h i s  t h e o r y  w e r e :

1 , The s i m i l a r i t y  b e tw een  th e  s t r u c t u r a l  u n i t s  

o f  b o t h  l i g n i n  and  humic a c id o  

2» The f a c t  t h a t  humic ty p e  s u b s t a n c e s  w ere

o b t a i n e d  by a l k a l i n e  o x i d a t i o n  o f  l i g n i n  i n  

an  a u t o c l a v e  o. .W ills  t a t  t e r  and  Z e c h m e i s t e r  

( 2 5 )  o b t a i n e d  p h ly  weak c o l o r e d  lo w - m o le c u la r  

w e ig h t  compounds from  c e l l u l o s e  u n d e r  s i m i l a r  

c o n d i t i o n s ,

3<> The r e s i s t a n c e  o f  l i g n i n  t o  m i c r o b i a l  a t t a c k  • 

w h i l e  c e l l u l o s e  i s  r a p i d l y  decomposed t o  

lo w - m o le c u la r  w e ig h t  s u b s t a n c e s .

A long t h i s  same l i n e )  Waksman (2 6 )  w en t so f a r  a s  t o  p r o 

pose  t h a t  humic a c i d  " i s  t h e  S c h i f f 1s b a s e  p r o d u c t  from  th e  r e 

a c t i o n  b e tw e en  l i g n i n  and p r o t e i n s ,

L ig n in  ...

S in c e  humic a c i d  i s  su p p o sed  to  be  d e r i v e d , K a t  l e a s t  

i n  p a r t |  f ro m  l i g n i n ,  a  b r i e f  d e s c r i p t i o n  w i l l  be g iv e n  o f  

l i g n i n  a t  t h i s  t i m e ,

L ig n in  i s  t h e  b i n d i n g  m a t e r i a l  f o r . p l a n t  w a l l s  and  can  

be  t h o u g h t  o f  a s  e n c r u s t i n g  th e  c e l l u l o s e  f i b e r s  and  g i v i n g  them 

t h e i r  s t r u c t u r a l  s t r e n g t h .  The names l i g n i n ,  i s  d e r i v e d  from
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th e  word W e ed *  forming*?*

A f o rm a l  d e f i n i t i o n  o f  l i g n i n  i s  t h a t  g iv e n  by B ranns  (270 i n  

1952: ’’I f ig n in  i s  t h a t  e n c r u s t i n g  m a t e r i a l  o f  t h e  p l a n t  w h ic h  i s  b u i l t  

up m ain ly#  i f  n o t  e n t i r e l y ,  o f  p h e n y l  p ro p an e  b u i l d i n g  s t o n e s ,  c a r r i e s  

th e  m a jo r  p a r t  o f  th e  m ethoxy c o n t e n t  o f  th e  wood, i s  u n h y d r o ly z a b le  

by a c i d s ,  r e a d i l y  o x i d i z a b l e ,  s o l u b l e  i n  h o t  a l k a l i  and  b i s u l f a t e ,  

and  r e a d i l y  c o n d e n se s  w i t h  p l a n t  and t h i o  compounds*"

L ig n in  i s  a l s o  d e f i n e d  by i t s  s o u rc e  and  t h e  m ethod f o r  i t s  

e x t r a c t i o n *

One. m ethod o f  o b t a i n i n g  l i g n i n  i s  by d i s p e r s i n g  fh e  wood 

i n  t o l u e n e  and  t h e n  g r i n d i n g  I t  i n  a  b a l l  m i l l  f o r  48 h o u rs*  The 

t o l u e n e  i s  t h e n  removed and a l i g n i n  c a l l e d  Bjorkm an l i g n i n  i s  

e x t r a c t e d  w i t h  d io x a n e  and w a te r*

A n o th e r  m ethod em ploys 72% s u l f u r i c  a c i d  w h ich  d i s s o l v e s  t h e  

c e i l u l o s e  from  t h e  wood and l e a v e s  t h e  l i g n i n  b e h i n d * The p r o d u c t  

so  o b t a i n e d  i s  c a l l e d  K laso n  l i g n i n *

A lth o u g h  many o t h e r  p r o c e d u r e s  a r e  commonly u s e d ,  t h e  above 

i l l u s t r a t e s  t h e  d i v e r s i t y  o f  e x t r a c t i o n  c o n d i t i o n s *

I n  t h e  e a s e  o f  B jorkm an l i g n i n  t h e  c o n d i t i o n s  a r e . q u i t e  

mild", w h i l e  i n  t h e  c a s e  o f  t h e  K la so n  l i g n i n  t h e  c o n d i t i o n s  a r e  

q u i t e  s e v e r e * The im p o r ta n t  p o i n t  i s  t h a t  i n f o r m a t i o n  a s  t o  th e  

s t r u c t u r e  c a n  be o b t a i n e d  f rom  b o t h  o f  t h e  d i f f e r e n t  l i g n i n  

sam ples*
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Nomenclature based on the e x t r a c t i o n  method i s  not used fo r  

humic a c i d .  One re a so n  i s  th a t  the  e x t r a c t i o n  methods ( th e  use o f  

NaOH, NaF, or Na^PgOy s o l u t i o n s )  are  not r e a l l y  too  d i f f e r e n t .

Another reason  i s  th a t  the  modern trend  i s  to  use d i l u t e  s o lu t i o n s  

(ap p ro x im a te ly  0 .1  N ), and to  m in im ize  the  time which the  sample i s  

in  c o n t a c t  w ith  th e  s o l u t i o n .  The humic a c id  which r e s u l t s  from the  

d i f f e r e n t  e x t r a c t i o n  m ethods, appears (by IR and d e g r a d a t io n  s t u d i e s )  

to  be the same in  a l l  c a s e s .

From the  s ta n d p o in t  o f  s o u r c e ,  however, both  l i g n i n  and 

humic a c id  r e q u ir e  a d e s c r i p t io n  such a s  "Western Hemlock Klason  

l i g n i n ;  humic a c id  from a p odzo l-B  p in e  f o r e s t  s o i l " .

I t  was proposed by K lason ( 2 8 )  in  1897 th a t  l i g n i n  i s -  

b u i l t  o f  c o n i f e r y l  a l c o h o l  ( I )  d e r i v a t i v e s .  From s t u d i e s  o f  model

H , C O

H 0 CH = CH - C H o -  OH

I

l i g n i n  d e g r a d a t io n  p r o d u c ts ,  com p osite  s t r u c t u r e s  have been proposed .  

The f o l lo w in g  i s  one which i s  proposed by E r ich  A d ler  ( 2 9 ) ,  which  

shows many o f  th e  s t r u c t u r a l  u n i t s  o f  s o f t  wood l i g n i n  and bears  

out K lason Ts p r o p o s a l .



In the c a se  o f  hard woods, the o x i d a t i o n  p a t te r n  i s  o n ly  

s l i g h t l y  d i f f e r e n t  in  th a t  compounds l i k e  I I  are  thought to  make 

up the main body o f  the  s t r u c t u r e  ( 3 0 ) .



The Role o f  L ig n in ,  P r o te in  and Carbohydrate

While i t  i s  f e l t  by most th a t  humic a c id  i s  a polymer r e s u l t i n g  

from the c o n d e n s a t io n  o f  p o ly p h e n o l ic  u n i t s ,  th e re  s t i l l  remains the  

q u e s t io n  a s  to  the  source  o f  t h e s e  u n i t s .  Many schemes such a s  the one 

be low have been proposed to  show the  p o s s i b i l i t i e s .

L ig n in  and l i g n i n - l i k e  
m a t e r ia l s  a c t i n g  as  
p o ly p h e n o ls  to  complex  
w ith  amino a c id s

Leaf p o ly p h e n o ls  r e 
a c t i n g  w i th  amino a c id s  
both  from the  l e a f  and 
from the  s o i l

Humic Acid

L ig n in  and o th e r  arom atic  
compounds g i v in g  p o ly 
p h en o ls  to  complex w ith  
amino a c id s

C e l l u l o s e ,  s t a r c h ,  e t c .  
sugars  u t i l i z a b l e  by
m icro -organ ism s  ►-
s h ik im ic  a c id  ------- *-
p o ly p h e n o ls  which r e 
a c t  w ith  amino a c id s

FIGURE I  (3 1 )

As was a lr e a d y  i n d i c a t e d ,  many o f  the  workers in  the  f i r s t  

p art  o f  t h i s  c e n tu ry  f e l t  t h a t  l i g n i n  i s  the  main s t r u c t u r a l  u n i t  in  

humic a c id  and th a t  i t  i s  r e l a t i v e l y  unchanged.

Breger ( 3 2 )  c la im ed  th a t  c e l l u l o s e  i s  probably  removed from 

sed im en ts  by b io c h e m ic a l  p r o c e s s e s ,  w h i le  l i g n i n  i s  no t  d e s tr o y e d  and 

i s  in c o rp o ra te d  in to  humic a c i d .  Lynch ( 3 3 )  found th a t  b o th  l i g n i n  

and humic a c id  a r e  r e s i s t a n t  to  m ic r o b i o lo g i c a l  a t t a c k  and th a t  

l i g n i n  complexed w ith  p r o t e in  r e s i s t s  a t t a c k  on the  p r o t e i n .  Thus, 

in  accord ance  w i t h  the  idea  th a t  l i g n i n  i s  c h e m ic a l ly  s t a b l e .
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i t s  c o n v e r s io n  in t o  humic a c id  was regarded  as  a p h y s ic o -c h e m ic a l  

p r o c e ss  r a th e r  than a b io c h e m ic a l  p r o c e s s .  I t  was f e l t  th a t  the  o n ly  

s t r u c t u r a l  changes are  m ere ly  the l o s s  o f  some f u n c t i o n a l  group and 

the g a in  o f  new o n e s .

However, r e c e n t  i n v e s t i g a t i o n s  (3 4 ,  35 )  on the  u t i l i z a t i o n  

o f  arom atic  compounds by m icro -organ ism s a s  a source  o f  en ergy  makes 

i t  n e c e s s a r y  to  r e c o n s id e r  the q u e s t io n  o f  the p a r t i c i p a t i o n  o f  

l i g n i n  in  humus fo rm a t io n .  For exam ple , m ic r o b i o lo g i c a l  a t t a c k  

cou ld  degrade l i g n i n  to  s im p le r  m o le c u le s ;  t h e s e  co u ld  condense  

w ith  o th e r  p la n t  p h e n o l i c s  to  form the humic a c id  polym er.
i

U n t i l  1960, however, the o n ly  p rod u cts  o b ta in ed  by 

o x i d a t i v e  d e g r a d a t io n  (3 6 ,  37 , 38 ,  39 , 40)  o f  humic a c id  were  

t y p i c a l  l i g n i n  breakdown p r o d u c ts ,  I I I  through X, (w i th  the  

e x c e p t io n  o f  in d o le - d e r iv e d  compounds r e p o r te d  by F l a i g  ( 4 1 )  in  

1 9 5 6 ) .

OH

OH

CO O H

OH OCH

COOH

OCH

OCH3

C O O H

V VI

CHO

VI

OCH

CHO

VIII

OCH

OCHo c h 3

CHO
COOH

IX
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In 1960 S te e  l i n k ,  Nordby, Ho and Berry (4 2 )  i d e n t i f i e d  

r e s o r c i n o l  (XI) from a KOH f u s io n  o f  humic a c id  from pod zo l-B  f o r e s t  

s o i l ,  and a lm ost s im u lta n e o u s ly  C o f f in ,  DeLong and Wakentin (4 3 )  

r e p o r te d  2 ,4 -  d ih y d r o x y - (X I I ) ,  m -h y d r o x y - (X I I I ) ,  and 3 ,5 -  d ihydroxy  

b e n z o ic  a c id s  (XIV) from a s im i la r  d e g r a d a t io n .

COOH

COOH COOH

XIII XIV

The p r e sen ce  o f  r e s o r c i n o l  and r e s o r c i n o l  d e r i v a t i v e s  would 

tend to  i n d i c a t e  th a t  p art  o f  the humic a c id  m o lecu le  c o u ld  have  

been d e r iv e d  from c a t e c h i n ,  ta n n in ,  or f la v o n e  s t r u c t u r e s .  The f a c t  

t h a t  t h e s e  m o ie t i e s  form a s i g n i f i c a n t  p ar t  o f  the m acrom olecule  

was shown by S t e e l i n k  and Green (4 4 )  in  1962. They showed, f o r  the  

f i r s t  t im e ,  the  c o -o c c u r r e n c e  o f  g u a i a c y l - d e r iv e d  p rod u cts  and 

r e s o r c i n o l - d e r i v e d  p rod u cts  in  a humic a c id  d e g r a d a t io n  m ix tu re  and 

th a t  the  c o n c e n tr a t io n  o f  r e s o r c i n o l - d e r i v e d  compounds was comparable  

to  th a t  o f  the g u a ia c y l - d e r iv e d  s u b s t a n c e s .



The humic a c id  used by S t e e l i n k  and Green was an a c id  

h ydro lyzed  (2N HC1 fo r  4 h ou rs)  humic a c id  from a pod zo l-B  s o i l .  

The reason  th ey  were a b le  to  o b ta in  X III  and XIV. compounds was due 

to  the m ild  o x i d a t i v e  tech n iq u e  (aqueous a l k a l i n e  c u p r ic  o x id e )  

which P e a r l  and Beyer (45 a ,  b) had used on l i g n i n  ( y i e l d i n g  com

pounds XV . and XVI ) . . ,

OH OH

,CO3

COOH COOH

CH:
HO

h 3 c o

XV XVI

The su b s ta n c e s  which S t e e l i n k  and Green r e p o r te d  were  

v a n i l l i n  (V T I f ) ,  p -hydroxybenzaldehyde ( V I I ) ,  s y r in g a ld e h y d e  (X ) ,  

m -hydroxybenzoic  a c id  ( X I I I ) ,  3 , 5 d ih y d ro x y b en zo ic  a c id  (XIV),  

v a n i l l i c  a c id  (XVlI% p -h y d ro x y b en zo icc  a c id  (XVIXD*

COOH COOH

OCH

OH

XVII XVIII
U n t i l  r e c e n t l y ,  v e r y  l i t t l e  was known about the r o l e  o f  

c e l l u l o s e  and su gars  in  the  form ation  o f  humic a c i d .  S u b stan ces  

o f  an arom atic  n ature  were d e t e c t e d  in  s u g a r -c o n t a in in g  l i q u i d s  

by M is h u s t in ,  Dragunov and Pushkinskaya (4 6 )  u s in g  c u l t u r e s  o f  

p e n i c i l l i u m ,  and by Kononova and Aleksandrova (4 7 )  u s in g



- c u l t u r e s  o f  a s p e r g i l l u s  n i g e r 0

I n  1959# how ever ,  i n  a  c a r b o n  14 s tu d y  by Mayaudon and  S im o n a r t  

( 4 8 ) i, i t  was shown t h a t  c e l l u l o s e  and  h e n i i c e l l u l o s e  d i d  n o t  p l a y  an  

im p o r ta n t  p a r t  i n  humic a c i d  f o rm a t ip n o  The c e l l u l o s e  was e x t r a c t e d  

from  r i c e  and  t h e  h e m i c e l l u l o s e  from  r y e  g r a s s e s *  T hese  r e s u l t s  can  

be s e e n  i n  T a b le  I ,  i n  w h ich  F = f o l i c  a c i d ,  HH=the h y d r o ly z a b le  p o r t i o n  

o f  humic ac id - ,  H==humic a c i d ,  and RH^the humin p a r t  o f  t h e  s o i l *  I n  

t h e  c a s e  o f  th e  c e l l u l o s e  and  l i g n i n  w h ic h  w ere  u s e d ,  b o t h  w ere  

a l lo w e d  t o  decompose i n  t h e  s o i l  f o r  t h e  same amount o f  - tim e? A t t h e  

end o f  t h i s  t im e ,  80% o f  t h e  c e l l u l o s e  and  30% o f  t h e  l i g n i n  had  

decom posed , and  i t  was found  t h a t  5*9% o f  t h e  c e l l u l o s e  and  34*2% 

o f  t h e  l i g n i n  was i n c o r p o r a t e d  i n t o  t h e  hum ic  a c id *  I t  :i s  i n t e r e s t i n g  

t o  n o t e  t h a t  a l t h o u g h  c e l l u l o s e  and h e m i c e l l u l o s e  d id  n o t  p l a y  .an 

i m p o r ta n t  p a r t  i n  hum ic a c i d  . f o r m a t io n ,  s y r ln g a I d e h y d e  and  v a n i l l i n ,  

w h ich  c a n  be  th o u g h t  o f  a s  d e g ra d e d  l i g n i n ,  d i d  p l a y  a n  i m p o r ta n t  p a r t *

F HH H RH *
l a b e l e d  p r o t e i n a c e o u s  m a t e r i a l  

C]:4 la b e le d "  g l u c o s e  

0^4  l a b e l e d  c e l l u l o s e  

C j4 l a b e l e d  l i g n i n  

C.^4 l a b e l e d  h e m i c e l l u l o s e  

0^4  la b e le d :  s y r in g a I d e h y d e  

C^4 l a b e l e d  v a n i l l i n

18*0 3 6 .0  7*5 39*0

20*0 3 0 ,0  4 ,7  45*0

25*3 34*6 5*0 45*2

10*3 1 3 ,0  35*7 41*0

22*3 3 1 ,8  9*9 35*7

•25*2 13*0 28*3 33*4

31*3 10*4 29*6 2 8 .0

*A 1! num bers r e p r e s e n t  r e l a t i v e  p e r c e n t a g e s  o f  t h e  o f  t h e

decomposed s u b s t a n c e  a s  found  i n  t h e  d i f f e r e n t  e x t r a c t s *

TABLE.I
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The n i t r o g e n  c o n t e n t  o f  humic a c i d  h a s  b een  found  t o  v a r y  from  

0o5% to  7o0% w i t h  m ost  w o rk e rs  r e p o r t i n g  v a l u e s  o f  a ro u n d  3v>0%<> I t  

h a s  been  shown by many w o rk e rs  ( 49> 50) t h a t  m ost  o f  t h e  n i t r o g e n  i s  

h y d r o ly s a b le o  T h is  h y d r o ly z e d  p o r t i o n  i s  i n  t h e  form  o f  amino a c i d s  

( o v e r  23 d i f f e r e n t  o n e s  have  b e e n  r e p o r t e d )  w h ich  may be from  bound 

p r o t e i n  m a t e r i a i o  I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  A nd e rso n  (5 1 )  h as  

a l s o  r e p o r t e d  n u c l e i c  a c i d  b a s e s  in  t h e  h y d r o ly z e d  p o r t i o n  o f  humic 

a c i d b  These  b a s e s  w ere  n o t  i n  t h e  f r e e  s t a t e  b u t  w ere  r e l e a s e d  by 

H G IO ^ h y d r o l y s i s 0

T here  i s^  however^ a  s m a l l  amount o f  n i t r o g e n  l e f t  a f t e r  

: h y d r o l y s i s <, Due to  t h e  f a c t  t h a t  E l a i g  and Breyham (4 1 )  w ere  a b l e  

t o  o b t a i n  i n d o le  d e r i v a t i v e s  from  o x i d a t i v e  d e g r a d a t i o n  s t u d i e s  on 

humic a c id g  t h e  r e s i d u e  a f t e r  h y d r o l y s i s  c o u ld  c o n t a i n  c y c l i c  

n i t r o g e n »

I t  was found  by B urges  ( 52 )  t h a t  humic a c i d 9 e x t r a c t e d  w i t h  

100% l a c t i c  a c i d  and t h e n  p r e c i p i t a t e d  w i t h  e t h e r ,  had a s m a l l  

(0o7%) n i t r o g e n  c o n t e n t » I f  n i t r o g e n  p o o r  humic a c i d  was added  to  

c u l t u r e s  w h ich  had c e r t a i n  s o i l  f u n g i  p r e s e n t ,  i t  w ould  i n c o r p o r a t e  

up  t o  4% n i t r o g e n *  B urges  c o n c lu d e d  from  t h i s  i n f o r m a t i o n  t h a t  th e  

??p u r e ?? humic a c  id  i s  n i t r o g e n  f r e e  *

I t  would  seem t h a t  ??p u r e n humic a c i d  i s  i n i t i a l l y  n i t r o g e n  

f r e e 5 th e n  i t  r e a c t s  f u r t h e r  w i t h  n i t r o g e n  compounds i n  t h e  s o i l  

(am ino a c i d s ,  p e p t i d e s ,  amino s u g a r s ) ,  w h ic h  a r e  p r o b a b l y  th e  

p r o d u c t s  o f  r e ® s y n t h e s i s  s i n c e  t h e  m a j o r i t y  o f  p l a n t  and a n im a l  

r e s i d u e s  a r e  e a s i l y  decomposed by m ic ro o rg a n is m s *  A scheme f o r  

t h e  c o n d e n s a t io n  Of amino a c i d s  w i t h  p y r o c a t e c h o l  h a s  b e e n  p r e s e n t e d



by F la ig  (5 3 )  a s  shown be lo w :

A l th o u g h  much work h a s  been  done on th e  r e l a t i o n  o f  l i g n i n ,  

c a r b o h y d r a t e s  and n i t r o g e n  to  humic a c i d ,  t h e r e  i s  s t i l l  much 

u n c e r t a i n t y  a s  to  t h e  b i o s y n t h e t i c  p r o c e s s .  An i l l u s t r a t i o n  o f  

th e  d i v e r s e  ways in  w h ich  humic s u b s t a n c e s  can  be form ed d u r in g  

th e  h u m i f i c a t i o n  o f  p l a n t  r e s i d u e s  c an  be s e e n  in  t h e  f o l l o w i n g  

scheme p ro p o se d  by Kononova ( 5 4 ) .
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dead o rg a n is m s

c a r b o h y d r a t e s
p r o t e i n s

t a n n i n - l i k e  s u b s t a n c e s  
l i g n i n s

d e c o m p o s i t io n  by 
m ic r o -o r g a n i s m s

end p r o d u c t s  
C02 , H20 ,  
NH3 , e t c .

p r o d u c t s  o f  d e c o m p o s i t io n  
r e s y n t h e s i s  and m e ta b o l i s m

s u b s t a n c e s  o f  
q u in o id  n a t u r e

amino a c i d s  
p r o t e i n s

c o n d e n s a t io n  i n t o  
humic a c i d

d e c o m p o s i t io n  by 
m ic r o -o r g a n i s m s

end p r o d u c t s
C02 , h 2o ,
NH3 , e t c .

s u b s t a n c e s  o f  a r o m a t i c  n a t u r e  
( p o ly p h e n o l s ,  q u in o n e s )

c o n d e n s a t io n  i n t o  
humic a c i d

I t  s h o u ld  be m e n t io n e d ,  how ever ,  b e f o r e  g o in g  i n t o  th e  n e x t  

s e c t i o n ,  t h a t  i t  i s  s t i l l  f e l t  by some p e o p le  t h a t  humic a c i d  i s  

form ed d u r in g  th e  e x t r a c t i o n  p r o c e s s .  A m ethod i s  t h e r e f o r e  needed  

f o r  th e  p r o o f  t h a t  humic a c i d  does  e x i s t  in  th e  s o i l .

The Im p o r ta n c e  o f  Q u inones  in  Humic A cid

The f a c t  t h a t  q u in o n e s  p a r t i c i p a t e  in  th e  f o r m a t i o n  o f  humic 

a c i d  was f i r s t  p o s t u l a t e d  by T rusov  ( 5 5 )  i n  1916. He f e l t  t h e  c o u rs e  

o f  humid i f i c a t i o n  i s  c a r r i e d  o u t  a s  i n d i c a t e d  by th e  f o l l o w i n g



s e q u e n c e : 1) h y d r o l y t i c  d e c o m p o s i t i o n  w i t h  th e  f o r m a t i o n  o f  s im p l e r

s u b s t a n c e s  o f  a r o m a t i c  n a t u r e ;  2 ) o x i d a t i o n  o f  t h e  l a t t e r  w i t h  th e  

f o r m a t io n  o f <q u i n o n e § ;  3)  f u r t h e r  c o n d e n s a t io n  o f  t h e  q u in o n e s  and 

t h e i r  c o n v e r s i o n  i n t o  d a r k - c o l o r e d  com plex  p r o d u c t s  (hum ic s u b s t a n c e s ) •  

W ith  Trusov* s h y p o t h e s i s ,  much e a r l y  work was c a r r i e d  o u t  

on th e  s y n t h e s i s  o f  m odel humic a c i d s  from  h y d ro q u in o n e  ( 5 6 ,  5 7 ) .

I t  was f e l t  by F l a i g  (5 8 )  t h a t  h y d ro q u in o n e  and c a t e c o l  p o ly m e r iz e  

to  m odel humic a c i d s  a c c o r d in g  to  th e  f o l l o w in g  schem e:

OH

OH
OH

OH
OHOH

He a l s o  found t h a t  r e s o r c i n o l  d id  n o t  r e a c t  u n d e r  t h e  same c o n d i t i o n s .

F l a i g  ( 5 9 )  l a t e r  showed th e  e f f e c t  o f  a l k y l  s u b s t i t u e n t s  on

t h e  cotforse o f  t h e i r  c o n d e n s a t io n  r e a c t i o n s .
OH

:H. 0 «

HO OH CH.

A l k a l i  So I n .
brown p r o d u c t  
e t h e r  s o l u b l e

A l k a l i  S o ln .
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OH

a l k a l i
S O l N.

OH 0

COOH

COOH

10% NaOH 

3 0 % H 202

COOH

COOH

Under somewhat  s i m i l a r  c o n d i t i o n s ,  i t  was r e p o r t e d  i n  1955 

( 60 ) ,  t h a t  s y n t h e t i c  humic a c i d s  f rom q u inone  had m o l e c u l a r  w e i g h t s  

o f  f rom 600 t o  1000 and gave d i f f e r e n t  f r a c t i o n s  upon e l e c t r o 

p h o r e s i s .  They a l s o  y i e l d e d  COg, o x a l i c  a c i d  and a c e t i c  a c i d  upon 

d e g r a d a t i o n  w h ich  would  a g r e e  w i t h  t h e  r e a c t i o n s  shown a b o v e ,  where 

a l i p h a t i c  compounds a r e  fo u n d .

I n  1957 t h e  f o r m a t i o n  o f  p u r p u r o g a l l i n  (XIX) was f i r s t

XIX

r e p o r t e d  ( 61 ) ,  and i n  1958 F l a i g  ( 62 ) showed d i f f e r e n t  ways f o r  t h e  

p r e p a r a t i o n  o f  p u r p u r o g a l l i n  f rom l i g n i n  t y p e  breakdown p r o d u c t s .

Of s p e c i a l  i n t e r e s t  i s  t h e  u se  o f  p h e n o l o x i d a s e  w h ich  o c c u r s  i n  s o i l s .
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0 OH

AQUEOUS N0.HCO

A A LG, ICE, 
2% J  ISOAMYL- . 

NITRATE1 
OH r
JL ^

COOHCOOC2 h5

PHENOLOXIDASE

COOH

P u r p u r o g a l l i n  was a l s o  found i n  t h e  a l k a l i n e  d e g r a d a t i o n  

p r o d u c t s  o f  model  humic a c i d s ,  by c h r o m a t o g r a p h i c  m ethods  ( 63 ) ,  

and by t h e  u s e  o f  IR# S c h a r p e n s e e l  ( 64 ) showed t h a t  p u r p u r o g a l l i n  

i s _  p r e s e n t  i n  s o i l  humic a c i d  a l o n g  w i t h  p y r o g a l l o l  and p y r o c a t e c h o l .

H a r r i e s ( 65 ) showed i n  1902 t h a t  p y r o g a l l o l  fo rms  h e x a h y d ro x y -  

d i p h e n y l  by a e r i a l  o x i d a t i o n  i n  t h e  p r e s e n c e  o f  b a r iu m  h y d r o x i d e ,  

and F l a i g  showed ( 6 6 )  by t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a ,  t h a t  

f o r  b o t h  s u b s t i t u t e d  and u n s u b s t i t u t e d  p y r o g a l l o l  t h e  f i r s t  

o x i d a t i o n  s t e p  i s  an  cx - h y d r o x y - o - b e n z o q u i n o n e .  F l a i g  t h e n  p r e 

s e n t e d  s e v e r a l  schemes ( 67 , 68)  w h ich  a c c o u n t e d  f o r  a l l  o f  t h e  

above  i n f o r m a t i o n  and l a t e r  he u s e d  t h i s  i n f o r m a t i o n  i n  t h e  

f o r m u l a t i o n  o f  a model  humic a c i d  ( F i g u r e  2 ) ( 69 ) •



F ig u r e  2

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  somewhat s i m i l a r  r e s u l t s  have

been  o b t a i n e d  by t h e  u s e  o f  e l e c t r o n  p a r a m a g n e t i c  r e s o n a n c e  s p e c t r o 

m et ry*  I t  was found by Gutowsky,  e t  a 1. ( 70 ), t h a t  a l t h o u g h  h y d r o -  

q u i n o n e ,  when t r e a t e d  w i t h  a weak b a s e  ( d i l *  a l e ,  KOH), g i v e s  t h e  

s im p l e  f i v e - l i n e  EPR s p e c t r u m  c h a r a c t e r i s t i c  o f  t h e  p - b e n z o s e m i -  

q u in o n e  i o n ,  a complex s p e c t r u m  such  a s  s e e n  i n  F i g u r e  3 . i s  o b t a i n e d  

i f  t h e  s o l u t i o n  i s  made more s t r o n g l y  b a s i c .  A l s o ,  t h e  c h a r a c t e r  o f  

t h e  s p e c t r a  f o r  t h i s  s o l u t i o n  ch a n g es  c o n t i n u o u s l y  w i t h  t im e  a s  

d i f f e r e n t  r a d i c a l s  a r e  formed and d e s t r o y e d ,  and t h e  l i n e  w i d t h  

d e c r e a s e s .

F i g u r e  3
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I t  was t h e n  p o s t u l a t e d  by Gutowsky t h a t  d i m e r i c  s p e c i e s  

( s e e  F i g u r e  4 ) were b e i n g  fo rm ed ,  and t h a t  t h e  odd e l e c t r o n  was 

g o i n g  from one r i n g  to  a n o t h e r  by means o f  f a s t  e l e c t r o n  t r a n s f e r .  

Coupled p r o d u c t s  o f  t y p e  XX and XXI were  s u g g e s t e d  f o r  h y d r o -  

q u inone  o x i d a t i o n ,  w h i l e  compounds o f  t y p e  XXII were p r o p o s e d  

t o  form d u r i n g  qu in o n e  r e d u c t i o n .  The p o s s i b i l i t y  o f  a l k o x y l  

a t t a c k  was r e j e c t e d  b e c a u s e  o f  t h e  n a r r o w e r  s p e c t r a  w h ich  Gutowsky 

t h o u g h t  was a l s o  e x p l a i n e d  by t h e  e l e c t r o n  t r a n s f e r  h y p o t h e s i s .

xx

o -

XXII

H3C0

XXIV

0 -

XXIII
F i g u r e  4

A f u r t h e r  s t u d y  o f  t h e  d i m e r i z a t i o n  o f  q u i n o n e s  was done 

r e c e n t l y  by J .  E .  Wertz  and  c o - w o r k e r s  ( 71 ) .  I n  t h i s  a r t i c l e  i t  

was shown t h a t  t h e  s p e c t r a  o b t a i n e d  from a s o l u t i o n  o f  p - b e n z o -  

qu in o n e  i n  e t h a n o l  o r  m e t h a n o l  ( a f t e r  d i s a p p e a r a n c e  o f  t h e  

o r i g i n a l  f i v e - l i n e  spectrunj) have  e x a c t l y  t h e  same s p l i t t i n g  and 

g - v a l u e s  a s  XXIII  and XXIV r e s p e c t i v e l y .  The r i n g  p r o t o n  

s p l i t t i n g s  o f  XXIII  and XXIV a r e  a b o u t  e i g h t  t im e s  s m a l l e r  t h a n  

i n  u n s u b s t i t u t e d  b e n z o s e m i q u i n o n e s ,  t h e r e f o r e ,  i t  was f e l t  t h a t
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a l k o x y l  a t t a c k  c o u ld  n o t  be r e j e c t e d  a s  Gutowsky and c o - w o r k e r s  d i d  

b e c a u s e  o f  t h e  s m a l l  l i n e  w i d t h  o f  t h e  EPR s p e c t r a  o f  t h e  p r o d u c t s .

They a l s o  p r e p a r e d  an  a u t h e n t i c  sample o f  XXII and found t h a t  when 

i t  was p l a c e d  i n  10% NaOH s o l u t i o n  i t s  s p e c t r u m  was i d e n t i c a l  w i t h  

t h e  s p e c t r a  o b t a i n e d  from e i t h e r  h y d r o q u in o n e  o r  qu in o n e  i n  10%

NaOH.

R e c e n t l y  A d l e r  and B e r g g re n  ( 72 ) c a r r i e d  o u t  a s e r i e s  o f  

o x i d a t i o n  s t u d i e s  on q u i n o n e s  and found t h a t  i t  was p o s s i b l e  t o  

c o n v e r t  d i m e r i c  o - b e n z o q u i n o n e s  i n t o  ^ - n a p h t h o q u i n o n e s ,  a s  s e e n  

i n  t h e  f o l l o w i n g  scheme.

Nal O4

>CH OHH , C O

OH

ORG AN IC
SOLVENTS

H , C O

OCH OCH

The above  r e a c t i o n s  a r e  i n t e r e s t i n g  i n  t h e  l i g h t  o f  t h e  

r e c e n t  r e p o r t  on a n t h r a q u i n o n e  from humic a c i d  d e g r a d a t i o n  ( 73) .  

A n t h r a q u i n o n e  was found  i n  t h e  d e c a r b o x y l a t i o n  p r o d u c t s  o f  t h e  

w a t e r - s o l u b l e  a c i d  f r a c t i o n  o b t a i n e d  by t h e  a l k a l i n e  p e rm a g a n a te  

o x i d a t i o n  o f  humic a c i d s  e x t r a c t e d  w i t h  0 . 5% NaOH a t  100°  C f o r  

30 m i n u t e s  f rom v o l c a n i c  a s h  s o i l s .  I t  would t h e r e f o r e  seem



t h a t  t h e  a n th r a q u in o n e  was p r o b a b ly  form ed in  th e  above  m anner d u r in g  

th e  d e g r a d a t i o n  o f  t h e  humic a c id o

From th e  above  d i s c u s s io n ^  i t  c a n  be s e e n  t h a t  q u in o n e s  

p r o b a b ly  p l a y  a m a jo r  p a r t  in  t h e  f o r m a t i o n  o f  humic a c id *  a l t h o u g h  

c o n c l u s i v e  p r o o f  i s  s t i l l  n o t  a v a i l a b l e  a s  to  t h e i r  e x i s t e n c e  i n  

t h e  humic a c i d  m o le c u le ^  T h is  - f a c t  w i l l  be d i s c u s s e d  i n  more d e t a i l  

l a t e r o  •

The S tudy  o f  U ndegraded  Humic A cid  

X^Ray D i f f r a c t i o n

S e d le tg k y  and Brunowsky (7 4 )  found  * by means o f  X - ra y  

. a n a l y s i s  t h a t  humic a c i d s  from  s o i l s  and  ;p e a t s  g iv e  d i f f u s e  X -ray  

d i f f r a c t i o n  l i n e s o  They r e g a r d e d  t h e s e  r e s u l t s  a s  e v id e n c e  o f  

th e  c r y s t a l l i n e  s t r u c t u r e  o f  humic a c id o  Gorbunov (75 )*  however * 

c o n c lu d e s  f ro m  h i s  work t h a t  t h e  d i f f u s e  l i n e s  a r e  due to  i n t r a -  

mo l e c u l a r  d i f f r a c t i o n 0

Kononova (7 6 )  found t h e s e  d i f f r a c t i o n : l i n e s  a r e  more 

d i s t i n c t  from  humic a c i d s  o f  more m a tu re  s o i l p  S i m i l a r  r e s u l t s  

w e r e . o b t a i n e d  by In o u e  (77);* u s in g  -humic a c i d  from  coal© He 

a l s o  found  t h a t  by a d d in g  s u b s t i t u e n t s  t o  th e  humic a c i d s  (by  

r e a c t i n g  t h e  humic a c i d  w ith , azo-com pounds)*  he c o u ld  change  .the 

d i f f r a c t i o n  p a t t e r n 0

The above r e s u l t s  would  t e n d  to  show t h a t  humic a c i d  

becomes more c r y s t a l l i n e  i n  n a t u r e  a s  i t  m a tu r e s ;  however* a m ore  

r e c e n t  a r t i c l e  by F o n ta n a  and B urana  (7 8 )  s t a t e s  t h a t  a f t e r  s tu d y in g  

: s e v e n  d i f f e r e n t  humic a c id s *  th e y  f a i l e d  t o  f i n d  any  l i n e s  a t  a l i o  

They a t t r i b u t e  t h e  l i n e s  found by o t h e r  w o rk e rs  t o  I m p u r i t i e s o



E l e c t r o n  M ic roscope

S t u d i e s  on th e  c r y s t a l l i n e  n a t u r e  o f  humic a c i d  have  a l s o  

b een  c a r r i e d  o u t  by F l a i g  and B e u t e l s p a c h e r  (7.9) u s in g  an  e l e c t r o n  

m ic ro sc o p e o  From t h i s  w ork th e y  c o n c lu d e d  t h a t  humic a c i d s  con

s i s t s  o f  t i n y  s p h e r i c a l  p a r t i c l e s  c a p a b le  o f  u n i t i n g  i n t o  c h a in s  

and fo rm in g  a g g r e g a t e  s t r u c t u r e s *  These  same r e s u l t s  w ere  a l s o  

found by K a s a to c h k in ,  Zo lo ta r e v s k a y a  ‘and  Luk in  (8 0 )  *

U l t r a  S o n ic s

U l t r a  so n ic S  was f i r s t  u se d  (8 1 )  i n  o r d e r  t o  d e g ra d e  th e  

humic a c i d  m o le c u le *  However, a t  low f r e q u e n c i e s  sodium  humate 

and humic a c i d  s u f f e r e d  no m o le c u la r  d e g r a d a t i o n ,  and a t  h ig h  

f r e q u e n c i e s  o n ly  a c e t i c  a c i d  and f o rm ic  a c i d  w ere  found*  I t  was 

c o n c lu d e d  by S r i v a s t a v a  and Bukow itz  ( 8 2 )  a f t e r  c om par ing  th e  

r e s u l t s  o f  a humic a c i d  s tu d y  w i t h  t h o s e  o f  k r i l i u m  (a  l i n e a r  

p o l y e l e c t r o l y t e )  and b o v in e  p lasm a a lbum en  (a  t i g h t l y  c o i l e d  

p r o t e i n ) ,  w h ich  d e g ra d e  r e a d i l y ,  t h a t  a l i n e a r  m o l e c u l a r  s t r u c t u r e  

( b o th  c o i l e d  and u n c o i l e d )  m ust be r u l e d  o u t  f o r  humic a c id *  

D i f f e r e n t i a l  Therm al A n a l y s i s

B o u i l lo u x  (8 3 )  found  in  1947 t h a t  g l u c o s i d i c  humic a c i d s  

d i f f e r  from  th e  p h e n o l i c  and n a t u r a l  humic a c i d s  by th e  e x i s t e n c e  

o f  a v i o l e n t  e x o th e r m ic  r e a c t i o n  i n  t h e  r e g i o n  o f  350° G* I t  was 

c o n c lu d e d  from  t h i s  w ork  t h a t  s u g a r s  do n o t  have an  i m p o r ta n t  

r o l e  i n  h u m i f i c a t i o n ,  b u t  n o t h i n g  o p p o se s  a p h e n o l i c  o r i g i n  o f  

n a t u r a l  humic a c id s *

A lth o u g h  a b s o l u t e  r e s u l t s  can  n o t  be com pared , an  i n 

v e s t i g a t i o n  by M i t c h e l l  (8 4 )  seethed t o  c o n f i r m  th e  above f e s u i t s *



U l t r a v i o l e t  and I n f r a r e d  S p e c t r o m e t ry

The u l t r a v i o l e t  ,: r e g i o n  o f  t h e  sp e c t ru m  h a s  b een  u se d  f o r  

d e t e r m i n in g  th e  d e g re e  o f  h u m i f i c a t i o n  (8 5 )  and f o r  su c h  t h i n g s  

a s  show ing th e  s i m i l a r i t y  b e tw een  f u l v i c  a c i d  and humic a c i d  ( 8 6 )$ 

However 9 a s  p o i n t e d  o u t  by Ziechm an and  S c h o lz  (8 7 )  th e  u l t r a 

v i o l e t  r e g i o n  i s  m o n o to n ic  due to  th e  com plex n a t u r e  o f  humic 

a c i d 9  and t h e r e f o r e  o f  l i t t l e  v a lu e  i n  c h a r a c t e r i z i n g  f u n c t i o n a l  

g roupso

The i n f r a r e d  r e g i o n 5  on t h e  o t h e r  h a n d 9 i s  u se d  q u i t e  

f r e q u e n t l y  f o r  s tu d y i n g  th e  f u n c t i o n a l  g ro u p s  o f  humic a c i d s  a s  

c a n  be s e e n  in  T a b le  I T 0  I t  I s  e s p e c i a l l y  good f o r  show ing th e  

f o r m a t io n  o f  t h e  sodium  s a l t  o f  t h e  a c i d .  T h is  i s  s e e n  i n  t h e  

r e p la c e m e n t  o f  th e  band a t  1720 cnT  ̂ w i t h  s t r o n g  bands  a t  1600 

cm and 1580 cm w h ich  i s  r e g a r d e d  by B ellam y  ( 8 8 ) a s  e v id e n c e  

f o r  t h e  i o n i z e d  c a r b o x y l  g r o u p » The i n f r a r e d  r e g i o n  h a s  a l s o  been  

u se d  f o r  c l a s s i f i c a t i o n  o f  humic a c i d s  a c c o r d in g  to  s o i l  ty p e  (89)$  

s t u d i e s  o f  s y n t h e t i c  humic a c i d s  (90)> and f o r  com paring  d i f f e r e n t  

s u b s t a n c e s  l i k e  f u l v i c  and humic a c i d  (91 )*

Very l i t t l e  w ork h a s  been  c a r r i e d  o u t  I n . t h e  n e a r  and 

f a r  i n f r a r e d 9  a l t h o u g h  Ziechm an and S c h o lz  (8 7 )  have  shown t h a t  

s p e c t r o s c o p y  i n  th e  n e a r  i n f r a r e d  shows d i f f e r e n t i a b l e  bands  

w hich  c o u ld  be u se d  f o r  t h e  f a s t  d e t e r m i n a t i o n  o f  t h e  q u in o id  

and b e n z o id  sy s te m s  i n  humic a c id *



REF, 3400 CM-13050 CM"' 2900 CM-1 2550 CM"' 1710 CM"' 1500- 
1650 CM- '

1480 CM-' 1410. CM'1 M400 CM'" 1350 CM-

i1

(94) ALC.-OH
PHENOLIC
-OH *

ALIPHATIC
C-H

0-H
(ACID)

C=0
(ACID)

(1650)
ALIPHATIC

C=C
C=0

(1600)
AROMATIC

C=C

AROMATIC 
—OC—Hg,

-

AROMATIC
C-OMe

(1240) i i i  
PHENOLIC 

C-OH

(89) H-BONDED
-OH

AROMATIC
C-H

ALIPHATIC 
■ C—H

0 -H
(ACID)

: C=0 
(ACID)

C=.C ALIPHATIC
C-H

ALIPHATIC 
C-H 
0—H

ALIPHATIC
C-H

PHENOLS

C -0
ESTERS
ETHERS

QUINONES
PHENOLS

ALIPHATIC
C-O-C

(90) 0-H
(ACID)

C=0
(ACID)

(1600)
C=C . 
(1520) 

AROMATIC 
C-H

/H
" C T T

- C ' H

—CHg AROMATIC
SUBST.

(96) C=0
(ACID) '

(1240) 
PHENOLIC 
—C-OH I

(97) c-o
(ACID)

(1600)
c=c

(1520)
n h 2

COOH
-

(98) (1640)
QUINONE

0=0
(62) C=0

(ACID)
(1600)
c=c -C-O-H —CHg-

PHENOLIC
-C-OH

AROMATIC
SUBST,

(95) PHENOLIC 
-  OH

C=0
(ACID)

(1600)

<

TABLE 2 . . INFRARED BAND .ASSIGNMENTS FOR HUMIC ACID
£
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P u rp o se  o f  T h i s ; ; I n v e s t i g a t i o n

I n  I960 Rex (9 2 )  r e p o r t e d  t h e  e x i s t e n c e  o f  f r e e  r a d i c a l s  in  

l i g n i n  and s o i l  o r g a n i c  - m a t t e r » The f a c t  t h a t  hum ic a c i d  p o s s e s s e s  

a s t a b l e  f r e e  r a d i c a l  was e s t a b l i s h e d  by S t e e l  in k  and To 11 i n  .(93) 

i n  1962$ u s in g  e l e c t r o n  p a ra m a g n e t ic  .r e s o n a n c e  s p e c t r o s c o p y o

Based upon t h e i r  s tu d y  o f  s o i l  humic a c i d ,  S t e e l i n k  and 

T o11i n  showed f o r  t h e  f i r s t  t im e  t h a t  hum ic  a c i d  a c t u a l l y  e x i s t s  

i n  t h e  s o i l  ( t h a t  i t  was n o t  c r e a t e d  upon e x t r a c t i o n )  and a l s o  

showed t h a t  EBR c o u ld  be u sed  to  d e te r m in e  th e  c h e m ic a l  n a t u r e  o f  

humic a c id o  They p ro p o se d  t h a t /h u m i c  a c i d  may c o n s i s t  p f  a m ix tu re  

o f  o r d i n a r y  ‘sem i^ q u in o n e  ty p e  r a d i c a l s  and ■ e le c tro n * - . t r a n s fe r  com plexes  

o f  t h e  q u in h y d r o n e - ty p e  and * t h a t  s u c h  & sy s te m  c o u ld  be I n v e s t  i g a t e d  

by o b s e r v i n g  th e  e f f e c t s  o f  c h e m ic a l  t r e a t m e n t  $ su c h  a s  o x i d a t i o n ,  

r e d u c t i o n ,  and h y d r o l y s i s  on th e  EBR sp e c tra©

The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  i s ,  t h e r e f o r e ,  t o  s tu d y  

th e  e f f e c t s  o f  o x i d a t i o n ,  r e d u c t io n , ,  and  h y d r o l y s i s  on humic a c i d  by 

means o f  e l e c t r o n  p a ra m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y  and to  some 

e x t e n t  i n f r a r e d  s p e c t r o s c o p y © T h is  s h o u ld  h e l p  t o  shed  l i g h t  upon 

th e  s t r u c t u r e  o f  humic a c i d  due to  t h e  a b i l i t y  o f  e l e c t r o n  p a r a -  

m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y  to  lo o k  a t  t h e  f r e e  r a d i c a l  p o r t i o n  

o f  t h e  m o le c u le  w i t h o u t  t h e  com plex n a t u r e  o f  th e  m o le c u le  i n t e r f e r i n g o  

O th e r  m ethods  o f  s tu d y i n g  humic a c i d  ( I©R©, U©V©, X «ray  d i f f r a c t i o n ,  

e tc © ) have  y i e l d e d  l i t t l e  i n f o r m a t i o n  ( a s  p r e v i o u s l y  s t a t e d ) i  due to  

t h e  m o le c u le s  com plex  na tu re©



I I  DISCUSSION OF RESULTS 

Sodium S a l t  F o rm a t io n  and C hem ica l  R e d u c t io n

S te e  l i n k  and T o l l i n  (9 3 )  p ro p o se d  t h a t  t h e  e l e c t r o n  p a r a 

m a g n e t ic  r e s o n a n c e  (EPR) s i g n a l  o f  humic a c id  comes from  two r a d i c a l  

s p e c i e s ,  one o f  w h ich  i s  a s e m i-q u in o n e  ty p e  r a d i c a l ,  and th e  o t h e r  

a q u in h y d ro n e  ty p e  r a d i c a l s

To t e s t  t h i s  p r o p o s a l ,  humic a c i d s  from  v a r i o u s  s o i l s  w ere 

r e d u c e d  w i t h  sodium  i n  a l c o h o l*  i n  w h ic h  th e  sam ple was i s o l a t e d  a s  

th e  sodium  s a l t i ,  I t  was found ( s e e  T a b le  I I I )  t h a t  t h e  p r o d u c t s  

showed a s u b s t a n t i a l l y  h i g h e r  f r e e  r a d i c a l  c o n te n t  t h a n  th e  o r i g i n a l  

sampleo A ls o ,  when th e  sodium  s a l t  was d i s s o l v e d  i n  w a t e r  and 

p r e c i p i t a t e d  o u t  •as t h e  a c id *  t h e  r e s u l t i n g  p r o d u c t  had  a r a d i c a l  

c o n t e n t  t h a t  was low er th a n  th e  i n i t i a l  sampleo The d i f f e r e n c e s ,  

how ever, i n  r a d i c a l  c o n t e n t  b e tw een  th e  i n i t i a l  a c i d  sam ple  and th e  

r e p r e c i p i t a t e d  sam ple  w ere  n o t  v e r y  l a r g e <>

I n f r a r e d  s p e c t r a  w ere  a l s o  t a k e n  o f  th e  sa m p le s  ( IR  s p e c t r a ,  

l-»3) p The re d u c e d  s a l t s  showed r e p l a c e m e n t  o f  t h e  band a t  1710 cm” 

w i t h  s t r o n g  bands  a t  1600 to  1590 cm^^, t o g e t h e r  w i t h  i n c r e a s e d  

a b s o r p t i o n  i n  th e  r e g i o n  o f  1390 cm” whi c h  B ellam y ( 8 8 ) r e g a r d s  

a s  e v id e n c e  f o r  t h e  i o n iz e d  c a ib o x y 1 group© In  t h e  c a s e  o f  th e  

r e p r e c i p i t a t e d  r e d u c e d  a c i d ,  th e  s p e c t ru m  was e x a c t  ly  t h e  same a s  

t h e  i n i t i a l  a c i d  sampleo

2 8
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The above  r e s u l t s  c a n  be e x p l a i n e d  on th e  b a s i s  o f  a q u i n o n e /  

s e m i - q u i n o n e / h y d r o q u i n o n e  model  f o r  humic a c i d  a s  shown i n  t h e  f o l l o w 

i n g  scheme ( 104, 105) :

OH

H1

OH"

OH OH

V IV
A c c o r d in g  t o  t h e  above  scheme,  upon r e d u c t i o n  i n  b a s i c  m e d ia ,  

two main  r e a c t i o n s  would t a k e  p l a c e :

A. The q u i n o n e s  ( I )  would be r e d u c e d  to  s e m i - q u i n o n e

r a d i c a l  i o n s  ( I I I ) ,  w h ich  have  been  shown ( 70 , 71 ,

106, 107) t o  be s t a b l e  f o r  e x t e n d e d  p e r i o d s  o f  t i m e ,

B, The s e m i - q u i n o n e  r a d i c a l  i o n s  c o u ld  be r e d u c e d  t o

h y d r o q u in o n e  i o n s  ( V  ) ,
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The i n c r e a s e  i n  r a d i c a l  c o n c e n t  wh ich  was found upon r e d u c t i o n

o f  humic a c i d ,  c a n  be e x p l a i n e d  by t h e  f a c t  t h a t  more s e m i - q u i n o n e  i o n s

a r e  formed by r e a c t i o n  (A) t h a n  a r e  d e s t r o y e d  by r e a c t i o n  ( B ) ,

The d e c r e a s e  i n  r a d i c a l  c o n t e n t ,  below t h e  i n i t i a l  amount ,

on r e a c i d i f i c a t i o n  o f  t h e  r e d u c e d  sodium humate c a n  be e x p l a i n e d  

i f  t h e  s e m i -q u i n o n e  i o n s  formed by r e a c t i o n  (A) a r e  more u n s t a b l e  

t h a n  t h o s e  t h a t  were  d e s t r o y e d  by r e a c t i o n  ( B ) . T h i s  i s  c o n s i s t e n t  

w i t h  t h e  known ( 105) i n s t a b i l i t y  o f  s e m i - q u i n o n e  r a d i c a l s  i n  a c i d  

s o l u t i o n .

The f a c t  t h a t  t h e  i n f r a r e d  s p e c t r u m ,  o f  t h e  r e d u c e d  humic 

a c i d ,  showed no change  from th e  i n i t i a l  s p e c t r u m  upon r e a c i d i f i c a t i o n  

o f  t h e  sample c o u ld  be due t o  t h e  f a c t  t h a t  t h e  q u i n o n e s  wh ich  were 

r e d u c e d  r e p r e s e n t  o n l y  a s m a l l  p a r t  o f  t h e  humic a c i d  m o l e c u l e .  Thus,  

any change  would n o t  be a p p a r e n t  i n  t h e  i n f r a r e d  s p e c t r a ,

A second  e x p l a n a t i o n  f o r  t h e  r e s u l t s  i s  b a s e d  on t h e  

a s s u m p t i o n  o f  a q u i n o n e / s e m i - q u i n o n e / h y d r o q u i n o n e / q u in h y d ro n e  

model  f o r  humic a c i d .  I n  t h i s  c a s e  t h e  p r e v i o u s  scheme would 

be a l t e r e d  to  i n c l u d e  an  e q u i l i b r i u m  o f  t h e  f o l l o w i n g  t y p e :



E q u i l i b r i a  o f  t h i s  t y p e ,  be tw e en  a d ia m a g n e t i c  q u in h y d ro n e  

and a p a ra m a g n e t ic  s e m i -q u in o n e 9  a r e  w e l l  known ( 1 0 8 ) ,  and a r e  

s h i f t e d  f a r  to  t h e  l e f t  i n  b a s i c  s o l u t i o n *  The o n ly  e x c e p t io n s  

to  t h i s  a r e  i n  c a s e s  d e a l i n g  w i t h  m o le c u le s  l i k e  a f t t h r a r u f i n  

and q u i n i z a r i n ,  w h ich  form  i n t r a m o l e c u l a r ,  q u in h y d ro n e s  and a r e  

d i a m a g n e t i c  i n  b a s i c  s o l u t i o n  ( 1 0 8 ) - ( s e e  A p p e n d ix ) *

I n  o r d e r  to  t e s t  t h e  e f f e c t  o f  s a l t  fo rm a tio n . ,  sodium  

s a l t s  w ere  form ed o f  num erous hum ic a c i d s  ( s e e  T a b le  IV ) ,  and a  

l a r g e  i n c r e a s e  i n  r a d i c a l  c o n c e n t r a t i o n  was o b s e rv e d  ( s a l t  

f o r m a t io n  can  a l s o  be s e e n  i n  i n f r a r e d  s p e c t r a  4^8)* T h is  t h e n  

w ould  h e lp  to  s u b s t a n t i a t e  th e  p r e s e n c e  o f  a q u in h y d ro n e  ty p e  

m o ie ty  i n  humic a c id *

F u r t h e r  e v id e n c e  t h a t  a q u in h y d ro n e  c o u ld  be p r e s e n t  i s  

t h e  f a c t  t h a t  t h e  s i g n a l  shape  ( s e e  F i g u r e  6 ) shows t h e  p r e s e n c e  

o f  two d i f f e r e n t  f r e e  r a d i c a l  s p e c i e s  whose s p e c t r a  a r e  supei®  

imposed ( t h e  s h o u ld e r  on t h e  EPR s i g n a l  was n o t  a lw a y s  a p p a r e n t ,  

h o w e v e r )* S t e e l i n k  and To11in  (9 3 )  a l s o  showed t h a t  a q u in h y d ro n e  

s p e c i e s  c o u ld  be u sed  to  e x p l a i n  t h e  t e m p e r a t u r e  d ep e n d en c e  o f  th e  

EPR s ig n a l *

The a c t u a l  r a d i c a l  c o n t r i b u t i o n  from  a q u in h y d ro n e  r a d i c a l  

( t h e  e x a c t  n a t u r e  o f  t h i s  r a d i c a l  i s  s t i l l  unknown.) w ould  p ro b a b ly  

be v e r y  s m a l l  due to  t h e  f a c t  t h a t  q u in h y d ro n e  r a d i c a l s  m ust be 

p r e p a r e d  in  th e  s o l i d  s a l t  form  (1 0 9 )  o r  by a d s o r p t i o n  on b a r iu m  

h y d r o x id e  (108 )  s i n c e  t h e y  d i s s o c i a t e  to  f r e e  r a d i c a l  io n s  i n  

s o l u t i o n o  T h is  f a c t  c o u ld  e x p l a i n  why th e  s h o u ld e r  on th e  EPR 

s i g n a l  i s  n o t  a lw a y s  a p p a re n t*



A lth o u g h  b o th  o r t h o -  and p a r a - q u in o n e s  a r e  a v a i l a b l e  f o r  

q u in h y d ro n e  fo rm a t io n *  a s  c an  be s e e n  i n  F ig u re  2 9 i t  i s  .p ro b a b le  

t h a t  m ost o f  t h e  s t a b l e  q u i i ih y d ro n e s  p e r s i s t  i n  th e  humic a c i d  

m o le c u le  a s  o ® q u in h y d ro n e s 0  T h is  i s  b e c a u s e 9  f o r  g e o m e t r i c a l  

r e a s o n s *  th e  two r i n g s ,  i n  t h e  c a s e  o f  p - q u in o n e s ,  m u st  l i e  

p a r a l l e l  to  e a c h  o t h e r ,  and q u in o n e s  w i t h  many g ro u p s  a t t a c h e d  

have  been  shown (1 1 0 ,  111) to  form  u n s t a b l e  q u in h y d r o n e s » I n  

t h e  c a s e  o f  o~ qu inones*  s t e r i c  f a c t o r s  have  v e r y  l i t t l e  e f f e c t  

a n d -b » q u in h y d ro n e s  form ed from  su ch  m o le c u le s  a s  p h e n a n th r e n e -  

q u i n o n e - 3 - s u l f o n i c  a c i d  a r e  v e r y  s t a b l e  (,112.) 0

The q u in h y d ro n e  s p e c i e s  would  th u s  e x p l a i n  t h e  i n i t i a l  

i n c r e a s e  i n  r a d i c a l  c o n t e n t  upon sodium  s a l t  . fo rm ation*  w h i le  a 

n o n - i n t e r a c t i n g  se m i-q u in o n e  r a d i c a l *  i n  a d d i t i o n  to  th e  qu in^  

h y d ro n e ,  would  e x p l a i n  t h e  r a d i c a l  c o n t e n t  o f  th e  i n i t i a l  a c id o  

I n  o r d e r  to  o b t a i n  more i n f o r m a t io n ,  a b o u t  t h e  n a t u r e  o f  

th e  q u in o n e s  in  humic a c i d ,  a r e d u c t i o n  ( s o d i u m /e th a n o l )  s tu d y  

was c a r r i e d  o u t  o v e r  a p e r i o d  o f  t im e* The r e s u l t s  from  t h i s  

s tu d y  can  be s e e n  i n  T a b le  V*

I n  th e  c a s e  o f  b o th  t h e  Sw iss  and  E n g l i s h  sam ples*  th e  

r a d i c a l  c o n c e n t r a t i o n  r o s e  t o  a h ig h  v a lu e  and th e n  d e c r e a s e d »

The i n i t i a l  i n c r e a s e  i s  p r o b a b ly  due to  s a l t  f o rm a t io n *  As f o r  

t h e  r a d i c a l  c o n c e n t r a t i o n  and th e  l i n e  w id th  a f t e r  t h e  i n i t i a l  

s a l t  f o r m a t i o n ,  t h e  f l u c t u a t i o n s  show t h a t  many com plex  r e a c t i o n s  

a r e  t a k i n g  p l a c e  * T h is  c o u ld  be due somewhat to  b o t h  a l k o x y l  

a t t a c k  (7 1 )  and th e  t im e  l a g  b e tw e en  o b t a i n i n g  th e  sam ple  and th e  

m easu rem en t o f  t h e  r a d i c a l  c o n t e n t  i n  t h e  i n s t r u m e n t*  These
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e x t r a n e o u s  e f f e c t s  c o u ld  be e l i m i n a t e d  i f  t h e  r e d u c t i o n  was c a r r i e d  

o u t  d i r e c t l y  i n  th e  m icrow ave c a v i t y  o f  th e  EPR s p e c t r o m e t e r  l i k e  

t h e  r e d u c t i o n s  c a r r i e d  o u t  by Maki and Geske (113)o  Changes i n  th e  

EPR s i g n a l  c o u ld  t h e n  be d e te rm in e d  a s  t h e  r e d u c t i o n  t a k e s  p l a c e »

An e l e c t r o l y t i c  r e d u c t i o n  o f  E n g l i s h  humic a c i d  was c a r r i e d  

o u t  u s in g  a  d r o p p in g  m erc u ry  e l e c t r o d e s  T h is  r e d u c t i o n  gave a 

r a d i c a l  c o n c e n t r a t i o n  ( s e e  T a b le  V) -which was s i m i l a r  t o  th e  maximum 

v a lu e  o b t a i n e d  from  th e  s o d iu m /a l c o h o l  r e d u c t io n *  T h is  r e d u c t i o n ,  

how ever ,  was n o t  c a r r i e d  o u t  in  t h e  c a v i t y  so th e  e f f e c t s  o f  th e  

r e d u c t i o n  w i t h  t im e  c o u ld  n o t  be d e te rm in e d *

A lth o u g h  f u r t h e r  s t u d i e s  su ch  a s  th o s e  u s i n g  th e  i n  s i t u  

t e c h n i q u e  o f  Maki and Geske a r e  need ed  f o r  a more d e f i n i t e  co n 

f o r m a t i o n  o f  t h e  s t r u c t u r e ,  t h e  p r e s e n t  s tu d y  w ould c l e a r l y  s u p p o r t  

a humic a c i d  m odel c o n t a i n i n g  s i g n i f i c a n t  c o n t r i b u t i o n s  from  q u in o n e ,  

s e m i -q u in o n e ,  h y d ro q u in o n e  and  q u in h y d ro n e  sys tem s*

S p e c t r a  o f  B a s ic  S o l u t i o n s  '

A h ig h  r e s o l u t i o n  EPR s tu d y  o f  e q u e o u s  a l k a l i n e  s o l u t i o n s  o f  

humic a c i d ,  c a r r i e d  o u t  i n  t h i s  l a b o r a t o r y ,  r e v e a l e d  f i h e  s t r u c t u r e  

( se e  F ig u r e  5) f o r  a Sw iss hum ic a c i d  sam ple  r e d u c e d  by a sodium - 

m e rc u ry  d i s p e r s i o n  in  w a te r*  A lth o u g h  t h i s  s p e c t ru m  c o u ld  n o t  be 

r e s o l v e d ,  i t  s u p p o r t s  th e  i n t e r p r e t a t i o n  t h a t  th e  s p e c t r a  c o u ld  be 

due t o  two s e p a r a t e  a b s o r b i n g  r a d i c a l s  * F u r t h e r  w ork su c h  a s  th e  

i n  s i t u  s tu d y  m e n t io n e d  above s h o u ld  r e v e a l  more s p e c i f i c  ' i n fo r m a t io n *  

C hem ica l  O x i d a t i o n

S in c e  o~Quinones have  b e e n  shown (5 9 )  to  b r e a k  'down , .u-

u n d e r  a l k a l i n e  o x i d a t i v e  c o n d i t i o n s  i n t o  d i c a r b o x y l i c  a c i d s ,  an
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a l k a l i n e  d e g r a d a t i o n  s tu d y  was c a r r i e d  o u t  on humic a c id *

Humic a c i d  sa m p le s  w ere t r e a t e d  w i t h  CuO-NaOH a c c o r d in g  to  

t h e  p ro c e d u r e  o f  P e a r l  (10*3) © The pH was th e n  ad j u s t e d  t o  v a lu e s  

o f  6*o89 3bOd and loO* The s o l u t i o n  was e x t r a c t e d  a t  e a c h  pH w i t h  

d i e t h y l  e t h e r  t o  remove lo w .m o le c u la r  w e ig h t  p h e n o l i c  compounds 

( t h e s e  compounds w ere  d i a m a g n e t i c ) © A s o l i d  p r e c i p i t a t e  was 

o b t a i n e d  a t  e a c h  pH v a lu e  and th e  r a d i c a l  c o n e e n t r a .c t io n  was 

m easu red  ( s e e  T a b le  VI)©

To a f i r s t  a p p r o x i m a t io n ,  th e  t o t a l  number o f  r a d i c a l s  

i n  th e  d e g r a d a t i o n  p r o d u c t s  o f  E n g l i s h  and Sw iss humic a c i d s  a r e  

e q u a l  to  t h o s e  i n  th e  o r i g i n a l  sa m p le s  © I t  would  a p p e a r  t h a t  th e  

o x i d a t i o n  h as  n o t  s i g n i f i c a n t l y  c r e a t e d  o r  d e s t r o y e d  t h e  r a d i c a l  

s p e c ie S o  T h is  was n o t  th e  c a s e  f o r  t h e  C a l i f o r n i a  humic a c i d ? 

f o r  c l o s e  to  40% o f  t h e  r a d i c a l  c o n c e n t r a t i o n  was de s tro y e d ©

The i n f r a r e d  s p e c t r a  o f  t h e  o x i d a t i v e  d e g r a d a t i o n  p r o d u c t s  

a r e  9^174

The f o l l o w i n g  f a c t s  can  be i n f e r r e d  from  th e  above 

in f o r m a t io n s

( a )  The r a d i c a l  s p e c i e s  ( i n  th e  c a s e  o f  E n g l i s h  and Sw iss 

h u m ic  a c i d s )  i s  f a i r l y  s t a b l e  to w a rd s  a l k a 1 in e  o x i d a t i o n ,  

and i s  p r o b a b ly  i n  t h e  p - se m iq u ih o n e  form©

(b )  The r a d i c a l  s p e c i e s  ( i n  th e  c a s e  o f  C a l i f o r n i a  humic 

a c i d )  i s  somewhat u n s t a b l e  "towards a l k a l i n e  o x i d a t i o n 9  

and i s  p r o b a b ly  i n  b o th  t h e  o« and p - se m iq u in o n e  form ^



35

( c )  The r a d  l e a 1 c o n c e n t r a t i o n  i s  more c o n c e n t r a t e d  i n  t h e  

c a s e s  o f  t h e  h i g h e r  pHs w h ic h  would be e x p e c t e d  i f  some 

m o l e c u l e s  C o n t a in e d  more o - q u i n o n e s  t h a n  o t h e r s 9 f o r  

t h e  o - q u i n o n e s  would  be o x i d i z e d  t o  d i a c i d s  and would 

c a u s e  p r e c i p i t a t i o n  a t  lower  pHs t h a n  f o r  t h o s e  m o l e c u l e s  

w h ic h  c o n t a i n e d  m a i n l y , p ^ q u i n o n e s o  The IR s p e c t r a  show 

a c i d  a b s o r p t i o n  Only a t  t h e  lower pHs*

( d )  R e d u c t io n  i n  m o le c u la r  w e ig h t  by a l k a l i n e  o x i d a t i o n  may 

c o n t r i b u t e  to  th e  i n c r e a s e d  s p in  c o n c e n t r a t i o n s  o f  some 

o f  t h e  f r a c t i o n s  <, T h is  i s  i n  a g re e m e n t  w i t h  th e  i n 

c r e a s e d  s h a r p n e s s  o f  t h e  IR •peaks a f t e r  d e g r a d a t io n ^

Ac id  H ydro ly  s i s

When humic a c i d  i s  r e f l u x e d  w i t h  d i l u t e  m i n e r a l  a c i d ,  th e  

h y d r o l y s a t e  c o n t a i n s  a h i g h e r  c a rb o n  c o n t e n t  and a lo w e r  h y d ro g en j  

n i t r o g e n  and m i n e r a l  c o n t e n t  ( 4 2 ) a T h is  t r e a t m e n t  a l s o  rem oves 

c a r b o h y d r a t e s  and p r o t e i n  m a t e r i a l  ( 1 1 4 ) 0 The e f f e c t  o f  a c i d  

h y d r o l y s i s  upon humic a c i d  was s t u d i e d  by EPR^ and th e  r e s u l t s  

can  be s e e n  i n  T a b le  V II  <,

Upon h y d r o l y s i s  th e  r a d i c a l  c o n c e n t r a t i o n  i n c r e a s e s  q u i t e  

m a rk e d ly  w i t h  time.o At th e  same t im e ,  t h e  peaks  i n  t h e  i n f r a r e d  

s p e c t r a  ( s e e  IR s p e c t r a  17 -25)  become s h a r p e r - a n d  new peaks  a p p e a r  

( b o th  th e  Sw iss  and th e  E n g l i s h  humic a c i d  s p e c t r a  beh av e  i n  k. 

e x a c t l y  th e  saine m a n n e r ) »

The e x p l a n a t i o n  t h a t  t h e  m o l e c u l a r  w e i g h t  i s  becoming  

. s m a l l e r  by r em ova l  o f  c a r b o h y d r a t e  and p r o t e i n  m a t e r i a l ,  f i t s  the  

above  d a t a  v e r y  Welld
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The ffr e s i d u e ?t was a f l o c G u l a n t  s o l i d  w h ich  a p p e a r e d  in  th e  

s o l u t i o n ,  and was o b t a i n e d  by c e n t r i f u g i n g  th e  s o lu t io n ©  I t  h a s  a 

h ig h  r a d i c a l  c o n c e n t r a t i o n ,  and th e  i n f r a r e d  s p e c t r a  showed more 

f i n e  s t r u c t u r e  t h a n  was t h e  c a s e  f o r  t h e  o t h e r  h y d r o ly s a te s ©  The 

f a c t  t h a t  th e  ^ r e s i d u e ?? m ig h t  be form ed from  th e  c a rb o h y d r a te 's  

p r e s e n t  was r u l e d  o u t  by th e  f a c t  t h a t  a s y n t h e t i c  tiumic. a c i d  ,

form ed by h e a t i n g  d e x t r o s e  gave a v e r y  d i f f e r e n t  i n f r a r e d  s p e c t ru m  

( s e e  TR s p e c t ru m  26)© I t  i s  i n t e r e s t i n g  tp  n o t e ,  t h a t  somewhat 

• s im i l a r  t r e a t m e n t  o f  h y d ro q u in o n e  (9 0 )  y i e l d e d  a s y n t h e t i c  humic 

a c i d  w i t h  a s p e c t ru m  v e r y  s i m i l a r  t o  t h a t  o f  humic a c i d  ( s e e  IR 

s p e c t ru m  2 7 ) ,

I t  was a l s o  found t h a t  t h e  h y d ro  l y s a t e s  were  somewhat  ..

i n s o l u b l e  :i n  a q u e o u s  NaOH ( t h e  r e s i d u e  was v e r y  i n s o l u b l e ) ©  T h is  

'C o u ld  be e x p l a i n e d  by d e c a r b o x y l a t i o n . ,  a l t h o u g h  t h e  i n f r a r e d  

s p e c t r a  showed o n l y  s l i g h t  d e c r e a s e s  i n  t h e  c a r b o x y l a t e  reg ion©

I t  would seem, t h e r e f o r e ,  t h a t  h y d r o l y s i s  d o e s n ^ t  a f f e c t  

t h e  r a d i c a l  i t s e l f ^  b u t  t e n d s  t o  rem ove  c a r b o h y d r a te  arid p r o t e i n  5

m a t e r i a l ,  l e a v i n g  b e h in d  th e  s o - c a l l e d  d i n n e r  core?f (42', 44)©

S a t u r a t i o n  E f f e c t s  o f  Humic A c id

I f  a  sam ple i s  i r r a d i a t e d  w i t h  r a d i a t i o n  o f  f r e q u e n c y ^ ,  some 

o f  th e  e l e c t r o n s ,  i n  t h e  lo w e r  s t a t e  w i l l ,  a b s o rb  o n e r g y  a n d  jump to  \

t h e  h i g h e r  s t a t e ^  p ro v id e d  t h a t  M=g^H© At th e  .same t im e  th e  e l e c t r o n s  

i n  t h e  u p p e r  s t a t e  w i l l  be s t i m u l a t e d  to  e m i t  r a d i a t i o n  o f  f r e q u e n c y  

and f a l l  to  th e  low er s ta te ©  F o r  any  sy s te m  in  t h e r m a l  e q u i l i b r i u m  

t h e r e  w i l l  be m ore  e l e c t r o n s  i n  t h e  g round  s t a t e  and so  t h i s  w i l l  

r e s u l t  i n  a  n e t  a b s o r p t i o n  o f  energy© The Maxwe1l^Bo1 tzm ann e x p r e s s i o n ,

■ ■ ZL -  e - _ I  ,
N2 ' kT
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i wKidti i s  t h e  number o f  e l e c t r o n s  i n  t h e  tipper  s t a t e 9  Ng i s  th e

number i n  t h e  low er s t a t e ^  a  E i s  th e  e n e rg y  s e p a r a t i o n  be tw een  l e v e l s ^  

k i s  t h e  Boltzm ann c o n s ta n t *  and T i s  : the  a b s o l u t e  te m p e ra tu re *  c a n  be 

u se d  t o  show t h a t  a t  room t e m p e r a t u r e  t h e r e  w i l l ,  be a d e v i a t i o n  i n  t h e  

r a t i o  o f  to  Ng from  one* and t h a t  t h i s  d e v i a t i o n  w i l l  i n c r e a s e  a s

t h e  t e m p e r a tu r e  i s  low eredo

I f  r e s o n a n c e  a b s o r p t i o n  i s  to  c o n t in u e *  t h e r e  m ust  be some 

means* o t h e r  t h a n  s t i m u l a t e d  r a d i a t i o n *  f o r  t h e  e l e c t r o n s  to  f a l l  

b ack  down to  th e  g round  s t a t e  and lo s e  t h e i r  e n e rg y ^  W ith o u t  some 

m echanism  f o r  t h e  e l e c t r o n s  to  r e l a x  down to  g round  s t a t e *  t h e  number 

o f  e l e c t r o n s  i n  th e  two s t a t e s  w i l l  become e q u a l  i n  number due to  th e  

e x c e s s  i n  t h e  low er  l e v e l  g o in g  t o  t h e  u p p e r  l e v e l <, T h is  w i l l  r e s u l t  

i n  no f u r t h e r  a b s o r p t i o n  o f  energy*  One m echanism  by w h ich  th e  

e l e c t r o n s  can  lo s e  t h e i r  e n e rg y  i s  c a l l e d  n s p l n ~ l a t t i c e  i n t e r a c t i o n ^  

and  i s  a s h a r i n g  o f  th e  e n e rg y  w i t h  t h e  th e r m a l  v i b r a t i o n s  o f  t h e  

s o l i d  a s  a whole* The l e n g t h  o f  t im e  n e c e s s a r y  f o r  t h e  e l e c t r o n  to  

l o s e  i t s  e n e rg y  i s  c a l l e d  t h e  s p i n - ? l a t t i c e  r e l a x a t  io n  t im e  * In  m ost 

c a se s *  r e l a x a t i o n  t im e s  a r e  s h o r t  and no t r o u b l e  i s  e n c o u n te re d *  I n  

th e  c a s e  o f  humic a c id *  however* t h e  r e l a x a t i o n  t im e s  a r e .  long  and a 

. low. power i n p u t  ■(a t t e n u a t i o n  o f  500) m ust be used*  f o r  i t  was found 

t h a t  humic a c i d  sam p les  te n d  to  s a t u r a t e  r e a d i l y  a t  h i g h  power in p u ts *  

The s a t u r a t i o n  e f f e c t s  o f  p e t r o l e u m  a s p h a l t e n e s  have  been  

s t u d i e d  by Yen* Erdman*and S a ra c e n o  (1 1 5 )*  They found  an  i n v e r s e  

r e l a t i o n  b e tw een  th e  p o p u l a t i o n  o f  a r o m a t i c  c a rb o n  a tom s p e r  sp in*  

and t h e  s p in * - l a t t  i c e  r e l a x a t  io n  t im e  *

S i m i l a r  s t u d i e s  on humic a c i d  c o u ld  y i e l d  i n f o r m a t i o n  a s  to  

th e  amount o f  a r o m a t i c  c a rb o n s  i n  hum ic a c id *



I l l  EXPERIMENTAL

Humic A cid  Sam ples

lo The E n g l i s h  humie a c i d  was g r a c i o u s l y  s u p p l i e d  by P r o f e s s o r  

A lan  B u r g e s <> D ep a r tm en t  o f  B o ta n y ,  U n i v e r s i t y  o f  L iv e rp o o lo  

The humic a c i d  was o b t a i n e d  f ro m -a  p o d z o l-B  s o i l  i n  t h e  

Delam ere  F o r e s t ,  C hesh ire : ,  E n g la n d ,

2o The Sw iss  hum ic  a c i d  was a co m m erc ia l  p r o d u c t  s u p p l i e d  by 

F lu k a  A G:, B uehs , S w i tz e r l a n d *  The hum ic a c i d  w a s  o b t a i n e d  

from  a muck s o i l  o f  a com post ty p e  p r e p a r e d  by t h e  company* 

3<> The W is c o n s in  humic a c i d  w as  o b t a i n e d  from  a s c ru b  oak  

f o r e s t  p o d z o l  from  W i s c o n s i n , w h i c h  was g r a c i o u s l y  

s u p p l i e d  by P r o f e s s o r  F r a n c e s  H o le ,  D epa r tm en t  o f  S o i l  

S c i e n c e ,  U n i v e r s i t y  o f  W iscons in*

4* The A r iz o n a  humic a c i d  was o b t a i n e d  from, a brown p in e  

f o r e s t  s o i l  l y i n g  some two f e e t  be lo w  th e  s u r f a c e *  The 

s o i l  was from  th e  to p  o f  K i t t  P e a k ,  e l e v a t i o n  6>800 f e e t ,  

Pima C oun ty , A r izo n a*

5o The C a l i f o r n i a  hum ic  a c i d  was o b t a i n e d  f ro m ,a  p o d z o l-B  

' s o i l  found i n  t h e  ?!pigmy?? f o r e s t ,  Mendocino C oun ty ,  

C a l i f o r n i a o

6 o The L e o n a r d i t e  humic a c i d  was a  com m erc ia l  p r o d u c t  o b t a i n e d  

from  L e o n a r d i t e  c o a l*
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■ E x tra c t io n

io One k i lo g r a m  o f  C a l i f o r n i a  p o d z o l-B  was p l a c e d  i n  a  4 l i t e r  

E r le n m ey e r  f l a s k  and 2v5 l i t e r s  o f  c o ld  OolMNaOH was added* 

The m ix tu r e  was th e n  sh ak en  p e r i o d i c a l l y  f o r  24 h o u r s > .a t  

t h e  end o f  w h ich  tim e^ th e  s o l u t i o n  was d e c a n te d  o f f  and 

t h e n  c e n t r i f u g e d * The s o l i d  was removed and th e  pH o f  th e  

s o l u t i o n  was a d j u s t e d  to  1 * 0  by th e  u se  o f  con* h y d r o c h l o r i c  

a c i d * The s o l u t i o n  was t h e n  c e n t r i f u g e d  and t h e  l i q u i d  

d e c a n te d  o f f * .  The r e m a in in g  s o l i d  was t h e n  r e d i s s o l v e d  in  

OolM NaOHand c e n t r i f u g e d  a g a in *  The s o l u t i o n  was d e c a n te d  

o f f  and r e a c i d i f i e d  a s  b e fo r e *  The s o l u t i o n  was t h e n  

c e n t r i f u g e d  a g a in *  The s o l i d  was removed and t h e n  m ixed . 

w i th  one l i t e r  o f  a I s 1 ^m ixture  o f  h o t  b e n z en e  and e th a n o l*  

The s o l u t i o n  was t h e n  c e n t r i f u g e d  and th e  s o l i d  p l a c e d  in  a 

90° C oven  to  d ry  f o r  2  h o u rs*

The f u l v i c  a c i d  s o l u t i o n  ( t h a t  a c i d  s o l u t i o n  r e 

m a in in g  a f t e r  th e  f i n a l  p r e c i p i t a t i o n  o f  t h e  hum ic a c i d )  

was a deep  r e d  c o lo r *

2.o The A r iz o n a  humic a c i d  w as  e x t r a c t e d  i n  th e  same way a s  

th e  C a l i f o r n i a  humic a c id *  I t  ^ras n o t i c e d ,  how ever*  t h a t  

th e  f u l v i c  a c i d  s o l u t i o n  was a p a l e  y e l lo w  i n  c o lo r *

The W is c o n s in  humic a c i d  w as  d i v i d e d ‘i n t o  two p a r t s *  One 

p a r t  was e x t r a c t e d  i n  th e  same way a s  th e  C a l i f o r n i a  humic 

a c id *  The . o t h e r  p a r t  was e x t r a c t e d  by u s in g  c o ld  sodium  

p y ro p h o sp h a to  a s  p ro p o se d  by S te v e n s o n  (99 )*
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The f u l v i e  a c i d  - s o l u t io n s  r e s u l t i n g  from  th e  sodium  

p y ro p h o s p h a te  and th e  sodium  h y d ro x id e  e x t r a c t i o n s  -was a deep  

w ine  r e d  in  c o lo r o  The f u l v i c  a c i d  from  th e  sodium  pyro» 

p h o s p h a te  e x t r a c t i o n  was t h e n  e x t r a c t e d  by th e  m ethod o f  

Kononova ( 1 0 0 ) ,

The d a r k  r e d  f u l v i c  a c i d  s o l u t i o n  was p a s s e d  th ro u g h  

a column o f  a c t i v a t e d  c h a r c o a l*  About 5 h o u r s  was r e q u i r e d  

to  g e t  t h e  s o l u t i o n  to  p a s s  t h ro u g h  th e  c h a r c o a l s  The - f u l v ic  

a c i d  was t h e n  le a c h e d  from  th e  c h a r c o a l  by  means o f  0 o2 N 

sodium  h y d r o x id e  * The r e s u l t  in g  s o l u t i o n  was a g a i n  a d a rk  

r e d  i n  c o lo r *  I t  was found t h a t  s i m i l a r  r e s u l t s  c o u ld  be 

o b t a i n e d  by m e r e ly  h e a t i n g  t h e  s o l u t i o n  w i t h  a c t i v a t e d  

c h a r c o a l  and t h e n  f i l t e r i n g  th e  c h a r c o a l  o f f *  T h is  f i n a l  

m ethod was u se d  to  p u r i f y  th e  sam ple  *

The volume o f  t h e  b a s i c  s o l u t i o n  was t h e n  r e d u c e d  on 

a vacuum f l a s k  e v a p o r a t o r ,  and th e  t h i c k e n e d  s o l u t i o n  t h e n  

a l lo w e d  to  d ry  i n  t h e  a i r *  A s h in y  b l a c k  s o l i d  r e s u l t e d *

The E n g l i s h  hum ic  a c i d  was e x t r a c t e d  from  a p o d z o l-B  s o i l  by 

P r o f e s s o r  A lan  B urges  (1 0 1 )  w i t h  l a c t i c  a c i d  and  r e p r e c i p i t a t e d  

w i t h  e t h y l  e th e r *

The Sw iss  humic a c i d  was e x t r a c t e d  by th e  F lu k a  A G Company 

from  an  a l k a l i ^ t r e a t e d  s o i l  w i t h  0o5N sodium  hydroxide"*

No co m m u n ica t io n  was r e c e i v e d  a s  t o  th e  m ethod by w h ich  th e  

L e o n a r d i t e  hum ic a c i d  was e x t r a c t e d ,  so i t  w as assum ed t h a t  

i t  was o b t a i n e d  f rom  th e  l e o n a r d i t e  c o a l  by t h e  c o n v e n t i o n a l
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method ( 1 0 2 ) o f  e x t r a c t i n g  w i t h  sodium  h y d r o x id e  and rem oving

th e  i n s o l u b l e  s a l t s  by c e n t r i f u g i n g  th e  hum ate  s o lu t i o n p  

Type o f  S o i l

The ty p e  o f  s o i l  u se d  i n  m ost  o f  t h i s  w ork ( i n  th e  

c a s e s  o f  E n g l i s h ,  W is c o n s in ,  A r iz o n a  and C a l i f o r n i a )  was a 

p o d z o l i c  typeo  P o d z o l i c  s o i l s  have  a p r o f i l e s  Aq -  Ag -  3  -  Co 

Aq i s  th e  f o r e s t  l i t t e r  h o r i z o n  and form s a l a y e r  a b o u t  t h r e e  

to  f i v e  c e n t i m e t e r s  th ic k o  The humus h o r i z o n  (A^) i s  n o t  

u s u a l l y  d e v e lo p e d a  Ag i s  t h e  p o d z o l i c  h o r i z o n  w h ich  i s  o f  

w h i t i s h  c o l o r  and i s  m a in ly  composed o f  q u a r t z  g r a i n s  _ n ■. 

w h ich  a r e  r e s i s t a n t  to  d e c o m p o s i t io n a  The p o d z o l i c  h o r i z o n  

i s  a lm o s t  d e v o id  o f  humus and  i s  p o o r  i n  m i n e r a l  c o l l o i d s .

The i l l u v l a l  h o r i z o n  ( B ) h a s  a v e r y  h ig h  humus c o n t e n t  

w h ich  can  be a t t r i b u t e d  to  th e  h ig h  c o n t e n t  o f  c l a y  

p a r t i c l e s  and m i n e r a l  c o l l o i d s *  I t  i s  from  t h i s  h o r i z o n  

t h a t  t h e  sample's o f  humic a c i d  w ere  o b ta in e d *  , Below t h i s  

h o r i z o n  o c c u r s  s l i g h t l y  changed  s o i l - f o r m i n g  r o c k ,  u s u a l l y  

d e s i g n a t e d  h o r i z o n  G*

A cid  H y d r o ly s i s

One gram o f  C a l i f o r n i a  humic a c i d  was g ro u n d  t o  a 

t h i c k  p a s t e  i n  a m o r t a r  and p e s t l e  w i t h  w a te r  o f  pH 8 ,0 *

T h is  was p l a c e d  i n  a 100 ml f l a s k  w i t h  50 ml o f  .4*ON EgSO4,

T h is  m ix tu r e  was t h e n  made to  r e f l u x .  Sam ples  w ere  removed 

from  th e  s o l u t i o n  p e r i o d i c a l l y  o v e r  a 24 h o u r  p e r i o d .  Upon 

s t a n d i n g 1, ,a d a rk  brown s o l i d  p r e c i p i t a t e d  from  t h e  a c i d  s o l u t i o n .
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The p r e c i p i t a t e  was d e s i g n a t e d  th e  ^ h y d r o l y s i s  residue**,,

Sw iss and E n g l i s h  humic a c i d s  w ere t r e a t e d  by th e  same 

p ro c e d u re  o * 

o Copper O xide  O x i d a t i o n

To 185 ml o f  w a t e r  was added  41<>3 g o f  sodium  h y d ro x id e  

and 57o3 g o f  c o p p e r  s u l f a t e  (p e n ta h y d ra B e )* *  T h is  s l u r r y  was 

t r a n s f e r r e d  to  a h ig h  speed  s t i r r i n g  a u t o c l a v e  ( 2 0 0  ml c a p a c i t y ) o  

S ix  grams o f  humic a c i d  w ere  t h e n  added  to  th e  m ix ture©  The 

a u t o c l a v e  was f l u s h e d  w i t h  n i t r o g e n  f o r  s e v e r a l  m in u te s  and 

th e n  h e a te d  to  170° G f o r  3 h o u rso  The r e a c t i o n  m ix t u r e  was 

a l lo w e d  to  c o o l  f o r  12 h o u rso  The s o l i d  was t h e n  removed by 

means o f  c e n t r i f u g e ^  and  th e  pH o f  t h e  c e n t r i f u g a t e  was a d j u s t e d  

to  6 08c A l l  pH m easu rem en ts  were, made by means o f  a Beckman 

Model G9 g l a s s - e l e c t r o d e  pH m ete ro

T h is  o x i d a t i o n  was c a r r i e d  o u t  a c c o r d in g  to  t h e  g e n e r a l  

p r o c e d u r e  d e s c r i b e d  by P e a r l  and B eyer ( 1 0 3 ) o 

E t h e r  E x t r a c t i o n

The f i l t r a t e  from  t h e  o x i d a t i o n  m ix tu r e  ( a t  pH = 6 0 8 ) 

was e x t r a c t e d  w i t h  e t h y l  e t h e r  i n  a c o n t in u o u s  l i q u i d - l i q u i d  

e x t r a c t o r  (250 ml c a p a c i ty ) :*  T h is  e x t r a c t i o n  was c a r r i e d  o u t  

u n t i l  th e  e t h e r  coming o v e r  was c o lo r l e s s ©  T h is  p r o c e d u r e  

r e q u i r e d  a b o u t  3 d a y s 6  An e x t r a c t i o n  was t h e n  c a r r i e d  o u t  a t  

pH = 310 and pH -  1©0 and th e  s o l i d  r e s i d u e  removed i n  e a ch  

case©
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One gram o f  E n g l i s h  humic a c i d  was p l a c e d  i n  50 ml o f  

a b s o l u t e  e t h a n o l  i n  a 2 0 0  ml f l a s k  e q u ip p e d  w i t h  a m a g n e t ic  

s t i r r e r  and a r e f l u x  c o n d e n se r*  To t h e  s o l u t i o n  was added  0*5 

gram> o f  m e t a l l i c  sodium  and th e  s t i r r e r  was s t a r t e d *  At th e  

end o f  t e n  m in u te s  a one m l sam ple  was removed and 0 o5 granu 

o f  sod ium  was added* T h is  p r o c e s s  was t h e n  r e p e a t e d  e l e v e n  

t im e s  a t  t e n  m in u te  i n t e r v a l s ^  :

At th e  end o f  e a c h  t e n  m in u te  p e r i o d  5 ml o f  a b s o l u t e  e t h a n o l  

was added  to  th e  one ml sam ple and i t  was c e n t r i f u g e d *  The 

s o l u t i o n  was th e n  d e c a n te d  o f f  and th e  sam ple  sh ak en  w i t h  an  

a d d i t i o n a l  5 ml o f  a b s o l u t e  e th a n o l*  The sam ple  was t h e n  

c e n t r i f u g e d ,  th e  s o l u t i o n  po u red  o f f y  and th e  s o l i d  d r i e d  i n  

an  80° G oven f o r  e i g h t  h o u rsb

T h is  same p ro c e d u r e  was u sed  f o r  a one gram sam ple  o f  

Sw iss  humic a c id *

E l e c t r o l y t i c  Reduc t i o n

By m eans o f  a d ro p p in g  m e rc u ry  e l e c t r o d e  th e  h a l f 

wave . p o t e n t i a l  f o r  humic a c i d  was d e te rm in e d *  The hum ic a c i d  

was t h e n  e l e c t r o l y t i c a l l y  r e d u c e d  a t  a p o t e n t i a l  h i g h e r  t h a n  

i t s  h a l f - w a v e  p o t e n t i a l  by m eans o f  a d r o p p in g  m e r c u ry  e l e c t r o d e *  

The E n g l i s h  humic a c i d  w h ich  was r e d u c e d  was d i s s o l v e d  in  O'* IN 

NaOHo The sam ple  was washed w i t h  a b s o l u t e  e t h a n o l  a f t e r  th e  

r e d u c t io n *



Sodium S a l t s

The sodium  s a l t s  o f  t h e  hum ic a c i d  sa m p le s  w ere  p r e p a r e d  

by d i s s o l v i n g  a p p r o x im a te ly  0 o3 g ram 4 o f  humic a c i d  i n  1  ml o f  

2N NaOHo To t h i s  s o l u t i o n  was im m e d ia te ly  added  20 ml o f  

a b s o l u t e  e th a n o lo  The r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  

r a p i d l y 9  washed w i t h  e t h a n o l  and a l lo w e d  t o  dryo 

E l e c t r o n  P a ra m a g n e t ic  R esonance  S p e c t r a

A l l  p a r a m a g n e t ic  r e s o n a n c e  s p e c t r a  w ere  o b t a i n e d  w i t h  

a V a r ia n  100 k i l o c y c l e  m o d u la t i o n  sp e c tro m e te r*  Model V~45Q2o 

S p in  c o n c e n t r a t i o n s  w ere  e s t i m a t e d  by c o m p a r iso n  w i t h  d i p h e n y l -  

. p i c r y l h y d r a z y l o  Number o f  r a d i c a l s  w ere  assum ed to  be p r o 

p o r t i o n a l  to  s i g n a l  h e i g h t  t im e s  s i g n a l  w id th  sq u a re d *  A l l

sam p les  w ere  d r i e d  o v e r  P^O.^q i n  a n  l?Abderhalde-n  P is to l? *  u s in g

t o l u e n e  ( i n  th e  c a s e  o f  th e  W is c o n s in  sam p les  b e n z e n e  was u se d )*  

I t  was found t h a t  s i z e  o f  t h e  p a r t i c l e s  (humic a c i d )  had l i t t l e

o r  no e f f e c t  upon th e  s ig n a l *

A l l  i n f r a r e d  s p e c t r a  w ere  t a k e n  w i t h  P e r k i n  Elm er 

n I n f r a c o r d 1 ? 9 Model 137* Sam ples ( a p p r o x i m a te l y  4 mg) were 

d i s p e r s e d  i n  KBr (400 mg) by m e c h a n ic a l  g r i n d i n g  f o r  3 m in u te s  

i n  a ??Wig->l-bug??o The sam p les  w ere  p r e s s e d  i n t o  p e l l e t s  (1©1 mm 

t h i c k )  w i t h  a Beckman ’?fP e l l e t  D ie ??* Model #5 0 2 0 0 The p e l l e t i n g  

p r e s s u r e  u sed  was 1 0 0 * 0 0 0  pounds p e r  s q u a re  i n c h  ( t h e  gauge 

p r e s s u r e  was 20*000 pounds p e r  s q u a re  i n c h ) * I t  was found  t h a t  

th e  b e s t  p e l l e t s  r e s u l t e d  when t h e  p r e s s u r e  was i n c r e a s e d  v e r y  

s lo w ly  o v e r  a t e n  m in u te  p e r i o d  w h i l e  th e  sam ple  was u n d e r  vacuum
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The p o ta s s iu m  -bromide • Used was Baker : ,g radeg I t

was g round  to  a f i n e  powder w i t h  a m o r t a r  and p e s t l e  and th e n  

p l a c e d  i n  a d r y in g  oven a t  110° C f o r  2 days-b A f t e r  d r y in g  

i t  was p l a c e d  i n  a d e s i c c a t o r  o v e r  c a lc iu m  c h lo r id e -b



IV SUMMARY

lo The p r e s e n t  s tu d y  w ould c l e a r l y  s u p p o r t  a humic a c i d  

m odel c o n t a i n i n g  s i g n i f i c a n t  c o n t r i b u t i o n s  from q u in e n e ,  s e m i - . 

q u in o n e ,  hydroqu inorie^  and q u in h y d ro n e  s y s t e m s »

2p More s p e c i f i c  i n f o r m a t i o n  a s  t o  th e  n a t u r e  o f  th e  

humic a c i d  f r e e  . r a d i c a l  c o u ld  be o b t a i n e d  by  an  i n  s i t u  r e d u c t i o n  

s tu d y  o f  humic a c i d  sam pleso

3 o The r a d i c a l  s p e c i e s  i s  f a i r l y  s t a b l e  to w a rd s  a l k a l i n e  

o x i d a t i o n ,  i n  th e  c a s e  o f  Sw iss  and  E n g l i s h  humic a c i d s ,  w h ich  

would  s u g g e s t  t h a t  i t  e x i s t s  a s  a p a ra - s e m lq u in o n e  f r e e  r a d i c a l o  

4 6  t h e  r a d i c a l  s p e c i e s  a p p e a r s  somewhat u n s t a b l e  to w a rd s  

a l k a l i n e  o x i d a t i o n ,  i n  t h e  c a s e  o f  C a l i f o r n i a  humic a c i d ,  w h ich  

w ould s u g g e s t  t h a t  b o th  t h e  o r t h o -  and p a r a - s e m iq u in o n e  form s 

c o n t r i b u t e  t o  t h e  r a d i c a l  s p e c i e s o

5 6  The h y d r o l y s i s  s tu d y  s u b s t a n t i a t e s  t h e  i d e a  t h a t  

h y d r o l y s i s  does  n o t  a f f e c t  t h e  r a d i c a l  • i t s e l f * ,  b u t  t e n d s  t o  

remove c a r b o h y d r a t e  and p r o t e i n  m a t e r i a l  l e a v i n g  b e h in d  t h e  so=* 

c a l l e d  d i n n e r  core*? o f  humic a c id *

6 o F u r t h e r  s a t u r a t i o n  s t u d i e s  on humic a c i d  c o u ld  y i e l d  

i n f o r m a t i o n  a s  t o  th e  a r o m a t i c  n a t u r e  o f  humic a c id o

46
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E n g l i s h

C a l i f o r n i a

Sw iss

TABLE 111 

FREE -RADICAL CONTENT OF VARIOUS 

REDUCED HUMIC ACID SAMPLES

C hem ica l  T re a tm e n t  

none

S o d iu m /a lc o h o l  s a l t  

Sod i u m / a l c o h b 1 

( r e a c i d i f l e d )  

none

S o d iu m /a lc o h o l  s a l t  

none

S o d iu m /a lc o h o l  s a l t  

S o d iu m /a Ic o h o 1 

( r e a c i d i f i e d )

S p in s /g r a m  

1 .4  x 10 1 8  

35 x i d ' 1 8

0 . 6  x 1 0 1 8  

0 .9  x  i d 1 8  

9 .0  x  1 0 1 8  

0 . 7  x 10 1 8  

14 x 10 1 8

0 . 3  x 1 0 1 8



49

Sample

E n g l i s h

Sw iss

L e o n a r d i t e

A r iz o n a

. W is c o n s in
( Na4?20 7 e x t «)

F u l v i c  A cid

TABLE IV

FREE RADICAL CONTENT OF HUMIC ACID 

SAMPLES AND THEIR SODIUM SALTS

C hem ical  T re a tm e n t  

none

Sodium s a l t  

none

Sodium s a l t  

none

Sodium s a l t  

none

Sodium s a l t  

none

Sodium s a l t  

none

Sodium s a l t

S p in s /g ra m  

1 .4  x  10 1 8  

23 x  .101 8  

0 .7  x  101 8  

16 x 1 0 1 8  

0 . 4  x  10 1 8  

6 . 6  x  lO^G 

0 . 6  x  1 0 1 8  

80 x  i d 1 8  

0 . 4  x 1 0 ^ 8  

: 17 X 10 1 8  

0 .4  x  10 1 8  

0 .7  x  1 0 1 8
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; TABLE V

FREE RADICAL CONTENT OF HIMIC ACID •

SAMPLES AFTER SODIUM/AICOHOL .REDUCTION

Sample E la p se d  Time S p in s /g r a m  L in e  W idth
 _____  o f  R e d a c t io n  (m in )  . / (g a u s s )

E n g l i s h  Q 164 x 10^^ '-3.6
10 8  a 5 x 10 1 8  6 ,1
2 0  9 .2  x 1 0 6 . 2
30 3 4 ,4  x 10 1 8  5 .5
45 6v3 x 1 0 1 8  6 .3
60 , 1 2 ,.5 -x 101 8  6 ,3
90 1 2 , 2  x 1 0 J- 8  7 .0

1 2 0  1 1 , 2  % 10}° 6 .5
• IS O  1 1 , 2  x 1 0 ^  7 i O
180 7 ,9  x  10 1 8  6 .5
210 , 9 ,2  x  1Q]1 7 , 7
240 '5 ,9  x 10 1 8  6 .5

S w iss  0 0 .7  x  10 1 8  3 .9
20 14 x 10 1 8  7 .0
40 9 , 1  x  10 1 8  7 ,0
60 3 ,3  x  10J 8  6 . 8

80 1 ,4  x  10j 8  7/.0
100 ' 7.a’l  x  i p f  6  , 8

120 13 x 1 0 “ - 8  6 .5
140 15 x  10 1 8  6 .3

FREE RADICAL CONTENT OF HUMIC ACID

SAMPLE AFTER ELECTROLYTIC REDUCTION

E n g l i s h  (jNa s a l t )  3 3 .5  x  id'*-8 '8 .2
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Sample

E n g l i s h

Sw iss

C a l i f o r n i a

Sample

E n g l i s h

Sw iss

TABLE VI 

FREE RADICAL CONTENT OF 

OXIDATION PRODUCTS OF HUMIC ACID

pH F r a c t i o n  S p in s /g r a m

6.8
3 .0

3 .0
1.0

6.8
3 .0
1.0  

O r i g i n a l

2 . 8  x 1 0 1 8

2 . 2  x 1 0 1 8

1 .4  x 1 0
18

1 .5  x  -10 
0 .3  x 10
0 . 6  x  1 0

18
18

:18

9 x  lOl . y  x  
0 .3  x 
0 .3  x
0 . 9  x

18

10
1 0

10

i ! 8
,18
18

7. o f  i n i t i a l  
Rad i c a 1 Gone.

70 
2 0

100

71
7 .5

100

4 9 .8
8 . 2
1

100

7oodf I n i t i a l  
" W eight

3 5 .0  
12 .7

100

2 8 .2
15 .0  

100

2 3 .3
2 4 .5

3 . 0
100

TABLE V II  

FREE RADICAL CONTENT OF 

HYDROLYZED HUMIC ACID SAMPLES

L e n g th  o f  Time ( H r s . ) 
o f  H y d r o l y s i s

. .  :
2

4 1

8 
12 
23
23 ( R e s id u e )

0

2
4
8

12
24
24 ( R e s id u e )

S p in s /g ra m

lO '7 .5  x 
1 2 . 2  x  
9 .3  x  1 0

15 .0  x  10 
1 9 .4  x 10
4 1 .0  x 10

18 
18

: i ? 8 8  

18 
18 
18

0 . 6  x 1 0 1 8  

6 .4  x IQ ^ 8

8 . 2  x 1 0 1 8

8 .3  x  10 1 8  

1 2 , 0  x  1 0 1 8  

2 4 .8  x  10 1 8

9 3 .3  x 10 1 8
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2 G A U S S

FIGURE 5 # EPR S pe c t rum  o f  Sodium/Mercury  Reduced Humic Ac id  i n  a 
Sodium Hydrox ide  S o l u t i o n .

5 g a u s s

FIGURE 6 .  EPR S p e c t r a  o f  E n g l i s h  Humic Ac id  ( s o l i d ) .
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