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As r epo r t ed  p rev ious ly  [1], the reac t ion  of hydro lys i s  lignin with 25% aqueous ammonia  leads  to the 
addition of n i t rogen to the lignin and the fo rmat ion  of two types  of "amina ted"  lignin: wa te r - so lub l e  and 
wate r - inso lub le .  

The p re sen t  pape r  gives the r e su l t s  of a study of the changes in the main  functional groups in the 
wa te r - inso lub le  f rac t ion  of the product  obtained by means  of IR spec t roscopy  and ana lys i s .  The react ion  
of the lignin with a m m o n i a  was p e r f o r m e d  for  2 h at var ious  t e m p e r a t u r e s .  

The IR s p e c t r a  of p repa ra t ions  i so la ted  by t r ea t ing  the ini t ial  sample  at 50°C (HI) and 200°C (Vl) 
(Fig. lb  and c, respec t ive ly)  c h a r a c t e r i z e  the individual s tages  of the t r an s fo rma t ion  m o s t  fully. 

A compar i son  of the IR spec t r a  of the ini t ial  lignin and the m a t e r i a l s  ment ioned shows the i r  d i f fe r -  
ence. Thus,  in a sample  of lignin t r e a t ed  with ammonia  the in tens i ty  of the 1710, 1370, 1160, 1115, and 
1060 cm -1 bands d e c r e a s e s .  The 1710 cm -1 band appea r s  when there  is  an accumulat ion of f l -carbonyl  and 
carboxy  groups [2, 7], the ca rboxy  groups  fo rming  the bulk. The 1555 and 1405 cm -1 bands (Fig. lb) c o r -  
respond  to the a s y m m e t r i c a l  and s y m m e t r i c a l  v ibra t ions  of CO0-  groups  [3, 4] f o r m e d  by the ammonium 
sa l t s  R -  COONH 4. 

In the IR s p e c t r a  of the m a t e r i a l  obtained by t rea t ing  the init ial  sample  with a m m o n i a  at  200°C, the 
bands at 1555 and 1405 cm -1 have d i sappeared  a lmos t  complete ly ,  which is  explained by the convers ion  of 
the ammonium sa l t s  into amides :  

R--COONH4 h e a t i n ~  R--CONH2 + H~O. 

The oxidation of hydro lys i s  ligrdn in an alkaline med ium leads to the appearance  of fl-diketone s t r u c -  
t u r e s  [7, 8]. The reac t ion  of such s t r u c t u r e s  with ammon ia  takes  place read i ly  and poss ib ly  leads  to the 
fo rmat ion  of amines :  

NH2 
I 

O O R--C- CH=C--R,+H~O 
II II ,x 

R--C--CH2--C--Rt+NHs" NH~ O 
"x I It 
R--C=-CH--C--Rt+H~O. 

TABLE i. 

ample 
[o. 

1 
I1 

I11 
IV 
V 

VI 
VII 

Content of Functional  Groups in the Lignin 

Temp. of 
treatment methoxy 
~2 groups 

:Initial 18,70 
17,46 
16,12 

I00 13,14 
11,93 
!2,54 

225 13,16 

Content, ~ 

to t .  OH Iphenolic COOH 
1 groups pHgroups groups 

9,44 4,96 3,95 
10,56 5,18 6,17 
14,69 5,41 10.62 
20,20 5,38 12,79 
22,18 4,98 13,61 
20,96 4,36 13,78 
18,78 4,11 14,34 

benzyl 
alcoliol 
groups 

2,59 
3,04 
3,92 
5,58 
7.45 
9.51 

10,84 

Introduced, 

amino I amide 
groups groups 

032 032 
0,48 0,13 
0,55 0,21 
0.62 0,23 
0,70 0,41 
0,72 0,51 
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Fig. 1. IR spe c t r a  of the initial  
hydrolys is  lignin (a) and of s a m -  
ples  t r e a t ed  with ammonia  at 
50°C (b) and at 200°C (c). 

In the region of s t re tch ing  v ibra t ions ,  bands a r e  found at 3190 
and 3220 cm -1 which show the p r e sence  of NH groups.  The ind is -  
t inc tness  of these  bands is  due to the p re sence  of a broad band in 
the 3300-3600 cm -1 region cor responding  to the OH group of lignin 
and to adsorbed  water .  The changes ment ioned a re  conf i rmed  by 
the analys is  of the samples .  Thus,  the total  ni t rogen content in s a m -  
p les  (HI) and (IV) was 0.798 and 1.24~0, respec t ive ly ,  and a f t e r  the 
saponif icat ion of the amide  groups it  was 0.69 and 0.88%. 

The 1370 cm -1 band co r r e sponds  to phenolic OH groups [5]. 
An i n c r e a s e  in i t s  in tens i ty  in sample  if]I) and a d e c r e a s e  in (VI) 
depend on a change in the number  of phenolic hydroxyls .  The de-  
c r e a s e  in the in tensi t ies  of the 1160, 1115, and 1060 cm - t  bands 
c h a r a c t e r i s t i c  of methoxy groups [6] is  due to a dec rea se  in the 
number  of these  groups.  

Resul ts  of a funct ional-group ana lys i s  of the lignin s amples  
obtained by t rea t ing  the ini t ial  lignin with 25~0 ammonia  at 20, 50, 
100, 150, 200, and 225°C a r e  given in Table  1. A compar i son  of 
these  ana lyses  shows that  complex t r a n s f o r m a t i o n s  of the hydro ly-  
s i s  lignin take place in aqueous ammonia :  oxidation accompanied  
by an i nc r ea se  in the number  of hydroxy and carbonyl  groups,  de-  
methoxylat ion,  the format ion  of amines  and amides ,  and other  p r o -  
c e s s e s .  

E X P E R I M E N T A L  

The samples  of hydro lys i s  lignin f rom sunflower husks were  
f reed  with e the r  f rom res inous  subs tances  and were  washed with 
wa te r  to neutra l i ty  and to the absence  of SO4 z- ions.  The samples  
were  t r e a t e d  with 25% ammonia  as  descr ibed  p rev ious ly  [1], washed 
to neutral i ty ,  and dr ied in a vacuum des icca to r  over  P~O 5 to constant 
weight. The IR spec t r a  of the s amples  we re  m e a s u r e d  on a UR-10 
spec t ropho tomete r  in KBr tab le ts  (3 m g  of the substance  and 300 mg 
of KBr). Methoxy groups were  de te rmined  by the method of Vie -  
bSck and Schwappach [9], and the total  amount of hydroxy,  amino, 
and amide groups in the s amples  a f t e r  the i r  methyla t ion with di-  
methyl  sulfate.  

The s amp l e s  were  ace ty la ted  by the method of the po lymer  Laboratory of the IKhD of the Academy of 
Sciences of the Latvian SSR. The amount of groups ace ty la ted  was calcula ted by the method of Zakis  and 
Barzdyn '  [12]. 

The sum of amino and amide  groups was de te rmined  by the method of Mozheiko et  al. [10] f rom the 
di f ference in the content of methoxy groups of the acetyla ted  and d imethyl -su l fa te  methyla ted  samples .  
The ca rboxy  groups were  de te rmined  and calcula ted f rom the di f ference in the amount of methoxy groups 
a f t e r  the alkali  saponificat ion of the s amples  methy la ted  with dimethyl  sulfate.  

The quanti tat ive analys is  of the phenolic hydroxyls  was p e r f o r m e d  by poten t iomet r ic  t i t ra t ion with 
po ta s s ium methoxide in a nonaqueous med ium [11]. 

The content of benzyl alcohol groups in the s amp le s  was found a f te r  the i r  methyla t ion  at 20°C with 
methanol  and HCI [13]. The ni t rogen content was de te rmined  by the Kjehldahl method,  and the content of 
amide  groups was  calcula ted f rom the dec rea se  in the ni t rogen content in the s amples  saponified with 10% 
H3PO 4 at 100°C for  2 h. 

The reca lcula t ion  and reduction to common units of the content of functional groups was p e r f o r m e d  
as  descr ibed  by Zakis  and Ba rzdyn '  [12]. 

S U M M A R Y  

1. In aqueous ammonia ,  hydro lys i s  lignin f rom sunflower husks undergoes  t r ans fo rma t ions  connected 
with oxidation, demethoxylat ion,  and the fo rmat ion  of amide  and amino compounds.  
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2. The oxidation processes are accompanied by an increase in the amounta of aliphatic hydroxyls 
and carboxy groups. 
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