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The p re sen t  paper  gives the r e su l t s  of the isolation of dioxane lignin f rom the s t ems  of the cotton 
plant and its cha rac te r i za t ion .  For  the investigation we used the cotton plant Gossyp ium hi rsu tum,  va r i e ty  
108-F,  f r o m  the la te  vegetat ion per iod (after the harves t ing  of the cotton). The dried s t ems  were  conver ted  
into pa r t i c l e s  with a s ize  of 0.25-0.2 mm,  which were  ex t rac ted  with ethanol - b e n z e n e  (1 : 1) and with hot 
water .  

DLA-II  l ignin was obtained by P e p p e r ' s  method in a cur ren t  of ni t rogen [1], the yield of dry  DLA-II  
lignin amounting to 2.2% of the weight of the initial plant or  8.3% of the weight of the Komarov  lignin [2]. 
The DLA-II  l ignin was pur i f ied by  dissolving it in a mixture  of dioxane and water  (9 : 1) followed by its p r e -  
cipitation in dry  e ther .  The DLA-II  lignin fo rmed  a l ight-brown amorphous  powder read i ly  soluble in aque-  
ous solutions of a lka l i s ,  mois t  dioxane, and dimethyl  sulfoxide (DMSO). 

In view of the fact  that  the DLA-II  i sola ted may contain a ce r ta in  amount of bound ca rbohydra te s ,  we 
p e r f o r m e d  a quanti tat ive de terminat ion  of the sugar s  in it by B e r t r a n d ' s  method [3]. The DLA-II  was hy- 
dro lyzed by heating on the wa te r  bath with a 2.5% solution of sulfttric acid in aqueous dioxane for 5 h. The 
total  amount of ca rbohydra tes  calculated as glucose was 4.01%. Analysis  of the hydrolyzate  by the GLC 
method [4] gave 3.6% of total  ca rbohydra tes :  3.3% of xylose ,  0.25% of g h c o s e , a n d 0 . 0 5 % o f  a rab inose .  Con- 
sequently,  the sugar s  consis t  mainly of pentosans .  

The e l e m e n t a r y  composi t ion  and amounts of the main functional groups in the DLA-II  were  calculated 
with al lowance for the p r e sence  of the ca rbohydra tes  as pe rcen tages  and a tomic units (AU) per  phenylpro-  
pane s t ruc tu ra l  unit (PPSU): C 60.12; H 5.69; O 33.95: 

Main functional groups Amount, % AU/PPSU 
Methoxy groups 15,4 1 
Total hydroxy group II, 7 1,37 
Phenolic hydroxy groups 3,3S 0,,1 
Aliphatic hydroxy groups ,~,32 0 ~7 
Carbonyl groups 1,7 0,21 
Carboxy groups 0,3(; 0.045 

F r o m  the r e s u l t s  given we calcula ted the empi r i ca l  and s e m i e m p i r i c a l  formulas  of the phenylpropane 
s t ruc tu ra l  unit of the DLA-II  (tool. wt. 199.6): C9H8.2~O3.2~ (OCH3)1; C9H6.8901.61 (OCH3)t (OHphen)0.a 

(O Hal iph) 0.97 (O CO) 0.21 (Oc OOH)0.045" 

The composi t ion of the DLA-II  differs  f r o m  that of the Bjorkman lignin obtained f rom the s t ems  of 
the cotton plant [5] by a s m a l l e r  amount of methoxy groups and l a r g e r  amounts of hydroxy and carbonyl  
groups.  

The UV s p e c t r u m  of DLA-II  taken in aqueous dioxane (c 3.264 • 10 -4 M) is s im i l a r  to that of the spruce  
DLA [6]: ~ m a x  284 nm (log e 3.45). 

The IR s p e c t r u m  of DLA-II  (tablets with po t a s s ium bromide)  shows the absorpt ion bands c h a r a c t e r -  
ist ic for a benzene r ing  with subst i tutents  (1610, 1520, 1450 c m  -1) and for hydroxyl (3400 cm- l ) ,  carbonyl  
(1710 cm-1),  and e ther  (1280, 1250, 1080 c m  -1) groups.  

Insti tute of the Chemis t ry  of Plant  Substances ,  Academy of Sciences of the Uzbek SSR. Trans la ted  
f r o m  Khimiya Pr i rodnykh  Soedinenii,  No. 5, pp. 645-648, Sep tember -Oc tobe r ,  1974. Original  a r t ic le  sub-  
mit ted June 12, 1973. 

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, A( Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or b.v any means, electronic, mechanical, photocopying, micrc4filming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available front the publisher for  $15.00. 

652 



J,a 

~,2 

2,z 

/,t 

~8 

#..4 

t2 1# 2# 2# 25 32 Vt 

d W  2. ,~'lg 

~/ f / / #  

' \ /  i 

0 ' ; ~ 2 _ ,  r 
4 ~¢ z2 I6 2ZZ 24 28~".1o 

Fig. 1 Fig. 2 

Fig. 1. Gel ch roma tog raphy  curves  of lignin p repa ra t ions :  
2) DLA-I.  

Fig. 2. 
t ions:  

1) DLA-II;  

In tegral  and differential  curves  of the MWD of lignin p r e p a r a -  
1) DLA-II;  2) DLA-I.  

To invest igate  the po lyd i spe rs i ty  of the DLA-II  we used gel f i l t ra t ion on Sephadexes with DMSO as the 
eluent. The r e s u l t s  of a compar i son  of the elution curves  obtained by fract ionat ing the s ame  sample  of 
DLA-II  on Sephadexes G-75 and G-100 showed that  on G-75 there  is a s h a r p e r  separa t ion  in the l o w - m o l e c -  
u lar -weight  region.  Consequently,  for  the quantitative exper imen t s  we chose the G-75 gel. 

It can be seen  f r o m  the c h r o m a t o g r a m s  (Fig. 1) that DLA-II  consis ts  of two f rac t ions  (Fig. 1). The 
h igh-molecu la r -we igh t  f rac t ion  (mol. wt. 18,000-24,000) makes up 29.14% and the low-molecu la r -we igh t  
f rac t ion  (mol. wt. 3000-6000) 28.81% of the lignin. The differential  and integral  curves  Of molecu la r -weigh t  
dis t r ibut ion (MWD)were plot ted using the coefficients  found prev ious ly  [7] (Fig. 2). 

Natural  l ignins a r e  po lyd i spe r se ,  and the s e v e r i t y  of the methods for thei r  isolat ion leads to an in- 
c r e a s e  in the i r  po lyd i spe rs i ty  [6]. In view of the fact  that the p r e l i m i n a r y  t r ea tmen t  of plant ma te r i a l  with 
hot wa te r  could change the p rope r t i e s  of the natural  DLA, we obtained DLA-I  f r o m  the raw mate r i a l  un- 
ex t rac ted  by hot wate r .  Gel c h r o m a t o g r a m s  of this lignin taken under the same conditions show that it a lso  
cons is t s  of h igh-molecu la r -we igh t  (mol. wt. 20,000-26,000) and low-molecu la r -we igh t  (mol. wt. 3000-6000) 
f rac t ions ,  the f o r m e r  amounting to 50.7% and the l a t t e r  to 20% of the lignin. Consequently,  in the DLA-I  
the re  is 2.5 t imes  more  of the h igh-molecu la r -we igh t  fract ion.  When the plant mate r ia l  is ex t rac ted  with 
wa te r ,  the MWD in the DLA-II  changes,  s ince the amount  of l ow-molecu la r -we igh t  f ract ion inc reases .  

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

Methods for Determining Functional Groups.  Methoxy groups were  de te rmined  by the method of 
Viebock and Schwappach [8] and the total  hydroxy groups by acetylat ion according  to Verley and Bolsing in 
Mozheiko 's  modification [9]. The phenolic hydroxy groups were  found by difference between the i r  total  
amount of acid groups de te rmined  by the chemosorp t ion  method  in Enkvis t ' s  modification and the s t rongly  
acidic groups [10] obtained by the ca lc ium ace ta te  method [11]. The aliphatic hydroxy groups were  ca l -  
culated by  difference between the total  hydroxy groups and the phenolic. The carbonyl  groups were  d e t e r -  
mined by oximation in the modification of Bogomolov et al. [12]. 

Isolat ion of the Dioxane Lignin. The s y s t e m s  for the isolation of the DLA consis ted of th ree  units 
connected in s e r i e s  with one another:  ext rac t ion,  neutra l iza t ion,  and concentra t ion,  and also precipi ta t ion.  
All the opera t ions  were  p e r f o r m e d  in a cur ren t  of nitrogen.  The ex t rac t ion  f lask  was charged  with 25 g of 
the comminuted  cot ton-plant  s t e m s  prev ious ly  t r e a t ed  with e t h a n o l - b e n z e n e  (1 : 1) and with hot wate r ,  and 
they were  ex t rac ted  with 200 ml of dioxane - w a t e r  (9 : l) containing 0.7% of hydrochlor ic  acid at 90°C for 
0.5 h. Then, in the second unit, the dioxane ex t rac t  was neut ra l ized  with a solution of sodium bicarbonate  
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and concent ra ted  under vacuum at 40°C to 50 ml. The concentra ted ex t rac t  was prec ip i ta ted  in 500 ml of 
i c e -wa te r  in the th i rd  unit. The lignin prec ip i ta ted  was separa ted  off and was washed seve ra l  t imes  with 
dis t i l led wate r .  Yield 0.6 g. The DLA obtained was pur i f ied by being dissolved in aqueous dioxane and r e -  
p rec ip i t a t ed  in absolute  e ther .  The p repa ra t ion  dried over  phosphorus pentoxide was then studied. 

Gel Chromatography .  A sample  of 0.3-0.5 ml of a 0.5% solution of DLA in DMSO was charged onto 
a column(1.2 x50 cm) of Sephadex G-75 equi l ibra ted  with DMSO. The r a t e  of elution was 6-8 m l / h .  F r a c -  
t ions amounting to 1 ml we re  col lected,  and the lignin concentrat ions in them were  measu red  on an SF-4  
spec t ropho tomete r  at 280 nm. To de te rmine  the " f ree  ~ volume (the volume of the solvent between the g ran -  
ules of gel) a solution of dext ran  blue with mol. wt. 3,000,000 in DMSO was pas sed  through the column. 
The volume of DMSO that eluted the dext ran  blue was taken as the "free~ volume V 0. The calculat ions were  
made by the bas ic  fo rmula  of ch roma tog raphy  using the coefficients found p rev ious ly  [7]. 

S U M M A R Y  

1. Dioxaae lignin has been isolated f r o m  mature  s t ems  of the cotton plant Gossyp ium h i r su tum by 
mild  ac idolys is  in an a tmosphe re  of ni t rogen.  

2. Its expanded s e m i e m p i r i c a l  fo rmula  has been es tab l i shed  by e l e m e n t a r y  and functional analyses .  

3. The molecu la r -weigh t  distr ibution of the dioxane lignin has shown that it cons is ts  of h igh -mo lec -  
u la r -we igh t  and l ow-molecu l a r -we igh t  f rac t ions .  
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