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We have p rev ious ly  obtained dioxane lignin (DLA) f r o m  r ipe  s t e m s  of the cotton plant of v a r i e t y  108-F 
by  P e p p e r ' s  method [1]. On the bas i s  of a study of this f rac t ion  alone e r roneous  conclusions were  drawn con-  
cern ing  the to ta l  tignin of the s t ems .  Consequently,  for  the m o r e  comple te  ext rac t ion  of the lignin we have in- 
c r e a s e d  the t ime  of ex t rac t ion  to 3 h and the amount of solvent  by a fac tor  of  2.5. So that the lignin being i so-  
la ted should not undergo additional changes in the cou r se  of ext rac t ion  because  of its labi l i ty ,  we changed the 
solvent  eve ry  hour.  In this  way we obtained th ree  lignin f rac t ions :  F - I  (extract ion for 1 h), F - I I  (2 h), and F -  
r o  (3 h). 

With an i nc r ea s e  in the t ime  of ext rac t ion,  the color  of  the lignins became  da rke r  and the i r  solubil i ty in 
dioxane fell .  Consequently,  a fu r the r  i nc rea se  in the t ime  of ext rac t ion  m a y  be cons idered  undes i rable  f r o m  
the point of view of isolat ing l i t t l e -modi f ied  lignin. As can be seen f r o m  Table  1, about half the lignin (42.1%) 
can be isola ted f r o m  the cot ton-plant  s t e m s  by using r e l a t ive ly  mild  conditions of isolation. The r e m a i n d e r  is 
obviously  l e s s  labi le  and is not ex t rac ted  under conditions of mild  ac idolys is .  

The opinion has been e x p r e s s e d  p rev ious ly  that in the s t e m s  of the cotton plant [2], as  in coniferous  wood 
[3], the lignin ex is t s  in two f o r m s :  hemil ignin (a mix tu re  of l ow-molecu la r -we igh t  phenylpropene der ivat ives)  
and o rde red ,  h igh -molecu la r -we igh t  ltgnin. In the delignification of the s t e m s  of the cotton plant with solutions 
of a lka l i s ,  the hemil ignin f rac t ion  p a s s e s  into the solution f i r s t  and then, but not comple te ly ,  the ligntn p roper  
does so. In the case  of mi ld  ace to lys i s  in an aqueous dioxane m e d m m ,  a complex pa t te rn  is observed .  

Each of the t h r ee  f rac t ions  i so la ted  was studied sepa ra te ly .  On the bas i s  of funct ional -group ana lyses  and 
de te rmina t ions  of e l e m e n t a r y  composi t ion  (Table 1) we calcula ted  the s e m i e m p i r i c a l  f o rmu la  for  each f rac t ion  
per  e l e m e n t a r y  C~ unit with co r rec t ion  for the ca rbohydra te  content. 

It  mus t  be  o b s e r v e d  that with an inc rease  in the t i m e  of ext rac t ion the amount  of ca rbohydra t e s  bound to 
the lignin d e c r e a s e d  (F - I  3.05%, F - I I  1.0% ), and F - I l l  contained none. 

The s e m i e m p i r i c a l  f o r m u l a s  of the lignin f rac t ions  w e r e  as follows: 
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It follows f r o m  Table  1 and the s e m i e m p i r i c a l  f o rmu la s  that F - I  and F - I I  w e r e  a lmos t  identical.  As c o m -  
pa red  with the o ther  two, F - I I I  contained a s m a l l e r  amount  of methoxy groups and a l a r g e r  amount of phenolic 
hydroxyl  and ca rboxy  groups.  It is  obvious that  the m o r e  prolonged ace to lys i s  of the woody ma t t e r  causes  de-  
methyla t ion in the ligntn, which leads  to an i nc rea se  in the number  of phenolic hydroxyls .  The i nc rea se  in the 
number  of ca rboxy  groups  is apparen t ly  connected with the saponif icat ion of e s t e r  groups of the lignin during 
the ac ldolys is  p ro ce s s .  Taking these  d i f fe rences  into account,  the composi t ions  and number s  of functional 
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TABLE 1. Yields and Chemical Compositions 
of the Frac t ions  of Dioxane Lignin, % 

Yield 
Ion thel 

Fraction [Koma.[ C 
| r o y  
llignin 
i 

F- I ]21.7 60.60 
F- I1 ] 13.0 60,92 
F-I l l  7.4 60.90 

H oc Iootlo he leo 
! 

6,52 18.86 11,75 3,69 I 3,15 
6.54 18,91 11,91 3,66 I 3.18 
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Fig. 1. Gel chromatography of the three 
fractions of dioxane lignin: i) Fraction 
I; 2) II; 3) IIL 
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Fig. 2. UV spec t ra  of the 
dioxane lignin f rac t ions :  1) 
f ract ion I; 2) II; 3) HI. 

groups in the three  f ract ions  are  very  s imi lar  and, consequently, their  fundamental chemical  natures  a re  the 
same.  A s imi lar  conclusion has been made in relat ion to the dioxane lignins isolated f rom fract ions of ai lan-  
thus and willow woods [4]. 

To study the molecular-weight  distribution (MWD) of the dioxane lignin f rac t ions ,  they were  passed 
through a column of Sephadex G-75. Figure  1 shows ge l - ch roma tog rams  of the fract ions.  As can be seen 
f r o m  them. only in F - I  a re  two peaks corresponding to the h igh-molecular-weight  and low-molecular-weight  
f ract ions  of the lignin c lear ly  defined. In F - I I  and F - I I I  there  is an insignificant amount of low-molecu la r -  
weight lignin. F r o m  the positions of the peaks corresponding to the high masses ,  it can be seen that in F - I I I  
the lignin has higher molecular  weights than in F - I  and F-II .  

By using for calculating the molecular  weights and for  plotting the MWD curves  the coefficients found by 
Alekseev et al. [5] and per forming  a s tat is t ical  t rea tment  of the MWD curves  we determined the n u m b e r - a v e r -  
age, weight-average,  and mean molecular  weights for each fraction. 

Fraction ~ ~ ~z M--~ M% 
~- l 5620 12800 1888O 2,~ 
~-,, 8370 16730 21380 200 
~-l,, 13900 20000 23560 1,44 

It is well known, that the rat io of the weight-average molecular  weight (Mw) to the number -ave rage  
molecular  weight (~rm) cha rac t e r i ze s  the degree of polydispersi ty of a preparat ion.  It can be seen f r o m  the 
facts given above that with an increase  in the t ime of extraction the molecular  weights of the f rac t ions  isolated 
r i s e  and the degree of polydispers i ty  falls f rom 2.28 to 1.44 because of the absence f rom F - I ~  of low-molecu-  
lar -weight  lignins. Thus, the low-molecular-weight  f rac t ions  of the lignin, as the most  soluble, a re  extracted 
f irst .  The h igh-molecular -weight  f ract ions  become soluble in the later  s tages of isolation. It is not excluded 
that the increase  in the molecular  weight may be the consequence of the polymerizat ion of the lignin being iso- 
lated under the fa i r ly  prolonged action of an elevated t empera tu re  and of acid under the acidolysis  conditions. 
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The s u c c e s s i v e  f rac t ionat ion  during the isolat ion of sp ruce  dioxane lignin and the de terminat ion  of the 
molecu la r  weights  of the f r ac t ions  i so la ted  [6] showed that they inc reased  f r o m  4300 to 85,000. Consequently,  
in the case  of the dioxane lignin of cot ton-plant  s t ems  the ext rac t ion  p r o c e s s  takes  place  s imi l a r ly .  

The UV spe c t r a  of  the t h r ee  f rac t ions  taken in d i o x a n e - w a t e r  (9 : 1) solution each  have a m a x i m u m  at  
280 nm and a shoulder  in the 300-360 n m  region.  The d i f ferences  a r e  obse rved  for  F-ITI, in which the shoulder  
in the 300-360 n m  region  i s  l ess  well  defined and which abso rbs  m o r e  s t rong ly  in the long-wave region.  The 
la t t e r  fact  is obviously connected with the i nc rea se  in the degree  of condensat ion in F - I I I  (Fig. 2). 

The values  of the molecu la r  extinctions at  7~ =280 n m  calcula ted to the molecu la r  weight of a phenyl-  
propane  s t ruc tu r a l  unit a r e  2900, 2970, and 3020 for  F - I ,  F-l-f, and F- I I I ,  r e spec t ive ly ,  i .e. ,  they i nc rea se  ve ry  
sl ightly.  This  is a l so  connected with the i nc rea se  in the degree  of condensation of F-I I I .  

The IR s p e c t r a  of the th ree  f rac t ions  a r e  c h a r a c t e r i s t i c  for the na tura l  l ignins,  contain the s a m e  bands ,  
and differ  l i t t le  f r o m  one another .  

Thus,  the r e s u l t s  obtained enable us to s ta te  that  the soluble f rac t ions  of the lignin f r o m  r ipe  cot ton- 
plant s t e m s  differ  main ly  in molecu la r  weight while d i f ferences  in chemica l  composi t ion  a r e  ve ry  slight and 
may ,  on the one hand, be caused  by the he te rogene i ty  of the in i t i~  lignin in the wood and, on the other  hand, be 
the r e s u l t  of pro longed ac idolys is .  The different  solubi l i t ies  may be explained by  a morphologica l  dis t r ibut ion 
of the lignin in the wood complex  and by the d imensions  of its m a c r o m o l e c u l e s .  

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

Isola t ion of the Dtoxane Lignin Frac t ions .  Cotton-plant  s t e m s  comminuted  (0.25 mm) and p r e - e x t r a c t e d  
with e t h a n o l - b e n z e n e  (1 : 1) (50 g) w e r e  covered  with 1000 ml  of d i o x a n e - w a t e r  (9 : 1) containing 0.7% HC1 and 
w e r e  heated in the appa ra tus  [1] at 90°C in a cu r r en t  of n i t rogen with s t i r r ing  for  1 h. After  the separa t ion  of 
the solvent ,  the plant m a t e r i a l  was  washed  with 250 ml  of aqueous dioxane and the solution was combined with 
the main  ext rac t .  The concentra t ion  and precipi ta t ion of th is  in water  yielded F - I .  The s a m e  plant ma t e r i a l  
was  covered  with f r e s h  ext rac t ion  mix tu re  and was heated fo r  another  1 h. The concent ra ted  ex t rac t  yielded 
F -H .  F rac t ion  F - H I  was obtained s imi la r ly .  

The dioxane lignin f rac t ions  were  analyzed by methods desc r ibed  p rev ious ly  [1]. 

Gel ch roma tog raphy  was p e r f o r m e d  in analyt ical  columns of Sephadex G-75 using dimethyl  sulfoxide as 
solvent [1]. 

The UV s p e c t r a  w e r e  r e c o r d e d  on an SF-16 spec t ropho tomete r  in dioxane - w a t e r  (9 : 1) as solvent .  

S U M M A R Y  

1. By s tepwise  ex t rac t ion  with aqueous dioxane containing HC1, t h r ee  f rac t ions  of dioxane lignin have 
been iso la ted  f r o m  r i p e  s t e m s  of the cotton plant of va r i e t y  108-F with a total  yield of 42.1%. 

2. On the bas i s  of chemica l  ana lys i s ,  s e m i e m p i r i c a l  f o rmu la s  of the f rac t ions  have been deduced, and 
their  UV and IR s p e c t r a  have  been r epor t ed .  The r e s u l t s  show the c loseness  of the s t r u c t u r e s  of the f r e e f r a c -  
t ions.  

3. With an i nc r ea s e  in the t ime  of ex t rac t ion  the molecu la r  weights  of  the f r ac t ions  i nc rea se  and their  
degree  of po lyd i spe r s i t y  d e c r e a s e s .  
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