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The oxidation of l ignin by var ious  methods has been d e s c r i b e d  in f a i r l y  g r e a t  de ta i l  [1-3]. In the p r e s e n t  
paper  we give the r e s u l t s  of a s tudy of the change in some functional  groups in the w a t e r - i n s o l u b l e  f rac t ion  of 
hyd ro ly s i s  l ignin a f t e r  e l e c t r o l y t i c  oxidation in ac id  and a lka l ine  med ia  by means  of IR spec t roscopy .  

The choice of the e l e c t ro ly t i c  method of oxidation was due to the unl imi ted  poss ib i l i t y  of va ry ing  the con- 
d i t ions :  By changing the e l e c t r i c  potent ia l  and c u r r e n t  densi ty  and a l so  the meta l  of the anode and the concen- 
t ra t ion  of solvents  i t  is  poss ib le  to find condit ions pe rmi t t ing  the a t tack  of only p r e d e t e r m i n e d  functional  groups 
wMle re ta in ing  the bas i c  s t r u c t u r e  of the un i to f the  l ignin m a c r o m o l e c u l e .  

We inves t iga ted  hyd ro lys i s  lignin f rom coniferous  wood obtained f rom the Verkhne-Tavd insk i i  Hydro lys i s  
Plant.  The e lec t roox ida t ion  of the lignin was p e r f o r m e d  at  a cont ro l led  potent ia l  with nonautomat ic  regula t ion  
of the potent ia l  [4]. The compar i son  e l ec t rode  was a s a tu ra t ed  ca lomel  ha l f - ce l l .  The potent ia l  was checked 
by a VK-7 cathode vo l tme te r .  The e t e c t r o l y z e r  with a d i aphragm having a capaci ty  of 200 ml with an ex te rna l  
coo le r  was fitted with a cent r i fuge  pump in polyf luroethylene  r e s i n  (100 l i t e r s /h ) [5 ] .  The cathode (S = 156 cm 2) 
and the anode (S = 120 cm 2) were  made f rom l e a d o f S  000 g rade .  The solvent  was 20% ~2SO4 (150 ml;  i = 0.5 
A/cm2; ~ = 7.5 V) or  5%KOH (150 ml ;  i = 0.4 A/cm2; ~ = 7.5 V). 

Di f fe rences  depending on the condit ions of e lec t roox ida t ion  were  found in the IR s p e c t r a  of the samples  
inves t iga ted .  

In an acid  medium,  the l ignin underwent  no fundamental  des t ruc t ive  changes and p r a c t i c a l l y  no wa te r -  
soluble  f rac t ion  was fo rmed .  In this case ,  some analogy can be seen wi th the  oxidat ion  of l ignin by a i r  in an 
a lka l ine  medium to a degree  of oxidation of 50% [3]. Thus, for  example ,  an i n c r e a s e  in the in tens i ty  of thebands  
at  1710 and 1610 cm-1 co r re spond ing  to carbonyl  groups is  observed ,  toge ther  with d i sp l acemen t s  of them to 
1705 and 1602 cm -1, r e spec t i ve ly .  The f o r m e r  is  due to an i n c r e a s e  in the number  of carboxy  groups  and the 
l a t t e r  to the appea rance  of a carbonyl  group in the enolic  fo rm of a s t r u c t u r e  of the type of the /3 -d ike tones .  A 
subs tan t i a l  broadening  of the 3400-cm-1 band co r re spond ing  to the OH group of the l ignin,  and of the 1215-cm-1 
band, c h a r a c t e r i z i n g  the s t r e t ch ing  v ibra t ion  of the phenolic hydroxyls ,  took p lace .  At this  s tage of the inves t i -  
ga t ions ,  i t  is  diff icul t  to expla in  the marked  i n c r e a s e  in the in tens i ty  of the 2930-cm -1 band due to the a s y m -  
m e t r i c  and s y m m e t r i c  s t r e t ch ing  v ibra t ions  of methylene  groups  [6, 7], and a l so  of the band of the s t r e t ch ing  
v ib ra t ions  of C - O  bonds in methoxy groups at  1272 cm-1 [3]. 

In an a lkal ine  medium the e lec t roox ida t ion  of l iguin is  accompanied  by f a r - r e a c h i n g  changes as  a r e s u l t  
of which about 50% of the l ignin p a s s e s  into the w a t e r - s o l u b l e  phase .  In a study of IR s p e c t r a ,  at tention is  drawn 
to the absence  of any bands whatever  in the 1800-1600-cm -1 reg ion  that  is  mos t  c h a r a c t e r i s t i c  for  l ignin.  This 
shows that in the p r o c e s s  of oxidat ive e l e c t r o l y s i s  the oxidation of the carbonyl  groups  to ca rboxy  groups  took 
p lace ,  and the appea rance  of ve ry  weak bands in the 1550-and 1400-cm -~ region co r re spond ing  to the a s y m m e t -  
r i c  and s y m m e t r i c  s t r e t ch ing  v ib ra t ions  of CO0- [8] and a l so  the voluminous evolution of CO 2 dur ing the e l e c t r o l -  
y s i s  p r o c e s s  is  explained by the fact  that  in addi t ion to oxidat ive degrada t ion  and the fo rmat ion  of carboxy 
groups ,  these  groups  underwent  decarboxyla t ion ,  i .e . ,  the e l e c t r o l y s i s  of l iguin in an a lka l ine  medium takes  
p lace  by the Kolbe r eac t ion  [9]: 

2R-- COO" "-~ 2CO~ + R- R. 
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The considerable  dec rease  in the intensity of the 1275-cm -t  band shows a demethyloxylation of the lignin, while 
the accumulat ion of phenolic OH groups i s  confirmed by an increase  in the intensity of the band in the 1220-cm - i  
region. A new band is observed in the 682 c m - l - r e g i o n t h e  appearance of which can probably be r e f e r r e d  to the 
formation during the electrooxidation of lignin of s t ruc tures  of the type of 1,3,5-tr isubst i tuted aromat ic  sys-  
tems [8]. 

Thus, it may be concluded that the medium (solvent) has a substantial influence on the electrooxidation 
of lignin. 
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The seed hulls of the •cotton plant a re  a raw mater ia l  for the hydrolysis  industry.  At the present  t ime, in- 
vest igations are  being per formed on the use of hydrolysis  lignin in the national economy [1]. 

Natural lignin f rom the seed hulls of the cotton plant has been little studied chemical ly [2]. The investi- 
gation of this lignin is of in teres t  because its formation takes place without a d i rec t  connection with the cambial  
layer  of the plant. The functions that this lignin fu l f i l l s - the  protect ion of the seed kernel  f rom mechanical  
damage and its capaci ty for swelling during g rowth-  a re  different f rom the functions of the lignin in the s tems 
and pods of the cotton plant. 

F r o m t h e  comminuted (0.25 mm) seed hulls of the cotton plant of var ie ty  108-F which had previously been 
extracted witha mixture of ethanol and benzene (1 : 1), we isolated the dioxane lignin (DLA) by a modifidation of 
Pepper ' s  method [3] with a yield of 3.8% on the initial mater ia l  (about 17% on the Komarov lignin). 

After purification by BjSrkman's  method, the DLA contained 2.8% of carbohydrates  and consisted of an 
amorphous powder soluble in the usual solvents for lignins and readily soluble in water .  Its UV spectrum,  taken 
in aqueous dioxane, was typical for  cotton lignins: X max 280 nm and 330 nm (shoulder) (log e 3.5; c 2.675.10 -4 
M). The IR spec t rum (tablets of KBr) had absorption bands at (em -i) 3400 (OH), 1710 (carbonyls),  1620, 1530 
(benzene rings), and 1470 (methoxyls). 
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