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It has been shown previously  [1] that the dioxane lignin (DLA) from ripe cotton-plant  s tems is polydis-  
perse .  For a detailed study we have fract ionated it in t e rms  of molecular  weights by success ive  precipitat ion 
f rom dioxane solution with ether by the t r iangle  method [2]. This method gives a smal l  number  of f ract ions ,  
but each of  them has a compara t ive ly  nar row molecular -weight  distribution. The separat ion yielded six fraction~ 
(I-VI) with success ive ly  decreas ing  molecu la r  weights,  since with an increase  in the volume fract ion of p r e -  
c i p i t a n t l i g n i n f r a c t i o n s w i t h e v e r - s m a l l e r m o l e c u l a r w e i g h t s p r e c i p i t a t e .  Frac t ions( I )  and (III) were the larges t .  

To check the efficiency of separat ion and to calculate molecular  weights,  the fract ions obtained were  sub-  
jected to gel chromatography  in an analytical  column containing Sephadex G-75 with dimethyl sulfoxide (DMSO) 
as solvent and eluent. Fig. l a  shows e luograms of the fract ions and, for compar i son ,  an eluogram of the un- 
fract ionated DLA is given. From these e luograms we plotted integral curves  of molecu la r  weight distr ibution 
(h~WD), using the coefficients found previously [3]. The weight-average and number -ave rage  molecu la r  weights 
(MIw and Mn) of the fract ions were  calculated from the integral MWD curves .  These values and their  ratios 
(Mw/Mn), which cha rac te r i ze  the degree  of polydispers i ty  of the f ract ions ,  a r e  given below: 

Fraction No. Yield, M--~ MI, Mm/r'Mn 

Initia 1 D IA I00 12000 4200 2,9 
I 19,8 21800 15000 1,45 

11 5,8 19000 11200 1,7 
Ill 22,5 12000 7500 1.6 
IV 12,8 5700 3700 1.5 
V 5, 7 4100 3200 1,3 
VI 12,6 3000 2200 1.4 

The polydispers i t ies  of the fract ions were  different ,  varying from 1.7 to 1.3. The fract ions of lowest m o -  
lecu la r  weight, (V) and (VI) ,were the mos t  homogeneous.  By comparing the M w and M n values of the fractions 
we can see that the selected method of fract ionation is fair ly effective for DLA, since the molecu la r  weights of 
the fract ions differ considerably.  

It is known [4] that spruce  DLA is inhomogeneous in relat ion both to molecu la r  weight and to chemical  
composit ion.  Consequently, for each fract ion we performed an e lementary  analysis  and a quantitative analysis  
of functional groups.  The resul t s*  of the analytical  investigation of the DLA fractions a re  given below (%): 

Fraction No. C H OCHa OHto t CO OHcooH OHph COOH Carbohy- drates 
Init'ial DLA 59,94 6,40 19,52 11,0'2 2 ,92 0,48 3,38 1,27 2,80 

[ 58,12 6,24 18,49 11,45 2,62 0,48 2,88 1,27 3,28 
II 58,22 6,40 18.40 11.58 2,58 0 ,49  3 .40  1 .30  3,40 

Ill 58,24 6,46 19,30 11,54 3 ,00 0 ,48  3 , 4 2  1 ,27 3.30 
IV 59,74 6,30 19,47 ll,90 2.96 0,53 3,41 1 ,40  3,80 
V 59.02 6.22 19,34 11,78 2,87 0 ,55  3 , 4 4  1 ,46 4,30 

VI 57.56 6.25 18,39 12,88 4,02 0,72 3,46 1,94 8,90 

* The resul ts  a re  given without being recalcula ted to carbohydrates .  
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Fig. 1. Gel eluograms (a) and UV spectra (b) of the DLA f rac-  
t ions: 1) f rac t ion  I; 2) (II); 3) (Ill); 4) (IV); 5) (V); 6) (VI); 
7) initial DLA. 

In view of the fact that the initial DLA contained about 3% of carbohydrates bound to the l ignin, we studied 
the distribution of the carbohydrates in the lignin fract ions [5]. As can be seen from the figures given above, 
in the low-molecular  weight fractions (V) and (VI) the amount of carbohydrates increased. To de termine  the 
nature of the carbohydrate component we subjected the sixth fraction to acid hydrolysis ,  and in the hydrolyzate  
we found glucose and xylose in a ratio of 1 :15 by GLC [6]. Consequently, it is mainly pentosans that are bound 
to the lignin. 

On thebas is  of the resul ts  of e lementary and functional analysis  taking the carbohydrate content into ac-  
count we calculated the semiempir ica l  formulas of each fraction per C 8 phenylpropane s t ruc tura l  unit (PPSU): 

Initial DLA,mol.  wt. 205 

C,H smOo.r4 ( OCH~)L33 (OHp~o.42 (OHal)0.8 s ( Oco)0.~ 2 (OOHcoo~)0.06 (Oar_a ~ 0.58 
Fraction (I), mol.  wt. 211.2 

CgH~.~ 0o.88 (OCH3),.8 (OHp~0.37 (OHal)0:gs (Oco)0.2 (OOHcoon)0.059 (Oar-ai)0.~ 

Fraction (iI), mol.  wt. 210.7 

c~nsa O,.0, (OCH3)i.2o (OHph~O. ~ ( OHal)O,~ (Oco)0.2 ( OOHcoon)o,0~ (Or=al) 0,5, 

Fraction (ill), mol° wt. 212.0 

C9H8.,I Oo. ~ (OCHa)I. ~ (OHpQo.,4 (OHal)o.~ (Oco)o,z ~ (OOHcooH)0.0~, (O ar-ai)0.5~ 

Fraction (IV), tool. wt. 205.9 

CgH;.,O0.oB(OCH3)lmfOHp~0.43 (OHal)O.93 (Oco)0,22 (OOHcoon)o.o67 (O-ar-a~o,s7 

Fraction (V), tool. wt. 208.5 

CgHT.asOo.82(OCH~)I.ao(OHb)0.~ (OHal)O.9, (Oco)o.22 (OOHcoo,)o.o,1 (Oar-a~o:s6 
Fraction (VD, tool. wt. 212 

CgHT,sOo.~l(OCH3)b38 (OHp~o.4, (OHai)o.st (Cco)o.32 (OOHcooH)o.og3 (Oar-a}o,sa 

On analyzing the amount of methoxy groups per C 9 unit, we see that it r i ses  in the low-molecular  weight 
fractions.  On the basis of the OCBJC s r a t io  we calculated the amounts of guaiacyl and syr ingyl  units and their  
ratio in each fraction. In this calculation we took into account the fact that the DLA of the cotton plant contains 
only two types of e lementary s t ructural  units with methoxy groups - g u a i a c y l  with one OCB 3 group and syringyl 
with two - and also the fact that the amount of p-coumaryl  s t ructures  in the DLA is an order  of magnitude sma l l -  
er (according to the resul ts  of alkaline nitrobenzene oxidation [7]) than the amount of guaiacyl units: 
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TA BLE 1 

Frequency, 
era-1 I 

__ Relative opticaldensities of th, 

I II IV DLA I 

3440--34:,0 0,77 
2940--2945 0,53 
2880--2890 0,31 
2850--2855 0.31 
1720--1740 0,28 
1595 0,75 
1515 1.00 
1465 0,93 
1425 0,77 
1270--1275 1,00 
1225--1230 1,12 
1125--1130 1,45 
1085--1080 0.82 
I035-I040 0.96 
875 0,29 

0,91 } 0.90 
0,54 I 0,56 
0.32 ! 0,35 
0.30 [ 0.32 
0,22 I 0.24 
0.79 [ 0,79 
I:o 1 ,,oo 

1,00 
0,83 I 0.85 
0.95 I 0,91 
1.13 [ 1,01 
1,50 1.40 
0.90 t 0,89 
t.o3 f 1,o2 
0,1-3 { 0,15 

0,88 0,95 0,92 
0,49 0,50 0,51 
0,27 0,31 0,30 
0,26 0,29 0,29 
0,20 0,20 0.20 
0,76 0,71 0,76 
1,00 1 oo 1,oo 
0,97 0,96 [ 0,92 
0.78 0,76 [ 0.79 
0.93 0,94 [ 1,00 
1,09 1.03 [ 1,08 
1,55 1,48 [ 1.47 
0.83 0.81 I 0.88 
1,03 1,01 | 1,00 
0,11 0,1210,15 

f~ac~ons 

v v] 

1.01 
0,53 
0.32 
0 . ~  
0,25 
0,68 

0.89 
0,71 

1,01 
1 ,~  
0,85 
1 ,~  
0,14 

Fraction Guaiacyl, % Syringyl, °7o Guaiacyl/ 
No. syZingyl 

Initial DLA 67 33 1:0,5 
I 70 30 1:0.43 
I[ 71 29 1:0:41 

Iii 61 39 1:0,64 
IV 65 34 1:0.51 
V 64 36 1:0.56 

V[ 62 38 1:0.61 

As  can  be s e e n  f r o m  t h e s e  f i g u r e s ,  g u a i a c y l  uni ts  p r e d o m i n a t e d  in a l l  the  f r a c t i o n s .  With an  i n c r e a s e  
in the  m o l e c u l a r  we igh t  of  the  f r a c t i o n s ,  the  p r o p o r t i o n  of  s y r i n g y l  uni t s  in t hem i n c r e a s e d .  C o n s e q u e n t l y ,  the  
f r a c t i o n s  d i f f e r e d  in t he  c h e m i c a l  s t r u c t u r e  o f  the  a r o m a t i c  nuc l e i .  

The a m o u n t s  o f  pheno l i c  h y d r o x y l s  in f r a c t i o n s  (II), (IID, (IV), and (V) w e r e  p r a c t i c a l l y  the  s a m e  (0.44). 
Th i s  m e a n s  tha t  in 44 out  o f  each  one  h u n d r e d  s t r u c t u r a l  uni ts  p o s i t i o n  4 d id  not  p a r t i c i p a t e  in the  f o r m a t i o n  o f  
e t h e r  bonds .  The amoun t  o f  such  s t r u c t u r e s  in the  h i g h - m o l e c u l a r - w e i g h t  (I) was  s m a l l e r  (37 out  of  100), and 
in the  l o w - m o l e c u l a r - w e i g h t  f r a c t i o n  (VI) i t  was  g r e a t e r  (47 out  o f  100). 

The  a m o u n t  o f  a c i d i c  g r o u p s  in a l l  t he  l ign in  f r a c t i o n s  was  s m a l l ,  but  it  was  s o m e w h a t  g r e a t e r  in the  l o w -  
m o l e c u l a r - w e i g h t  f r a c t i o n s  than  in the  o t h e r s .  

The a m o u n t s  of  CO g r o u p s  in f r a c t i o n s  (I-V) w e r e  p r a c t i c a l l y  the  s a m e :  F o r e a c h  100 PPSUs  t h e r e  w e r e  
23-20 f r a g m e n t s  wi th  t h e s e  g r o u p s .  In f r a c t i o n  (VI) the  n u m b e r  of  such  unit  was  s o m e w h a t  g r e a t e r :  32 out  o f  

100. 

The a m o u n t s  of  a l i p h a t i c  h y d r o x y l s  in f r a c t i o n s  (I-V) d i f f e r e d  l i t t l e :  O u t o f  100 s t r u c t u r a l  un i t s ,  91-98 
c o n t a i n e d  a h y d r o x y  g roup .  In f r a c t i o n  (VI) t h e r e  w e r e  81 such  s t r u c t u r e s  out  of  100, but  it c o n t a i n e d  a l a r g e r  
a m o u n t  o f  c a r b o n y l  g r o u p s .  It fo l lows  f r o m  the  fac t s  g iven  tha t  the  l o w - m o l e c u l a r - w e i g h t  f r a c t i o n  (VI) d i f f e r e d  
f r o m  the  o t h e r s  a l s o  by the  s t r u c t u r e  of  t he  n o n a r o m a t i c  p a r t  of  the  m o l e c u l e .  It was  m o r e  o x i d i z e d  s i n c e  i t  
c o n t a i n e d  m o r e  CO and  COOH g r o u p s .  H o w e v e r ,  i t  i s  i m p o s s i b l e  to s p e a k  of  a s i m i l a r  s t r u c t u r e  o f  the  n o n -  
a r o m a t i c  p a r t s  of  the  l i gn in  in o t h e r  f r a c t i o n s  on the  b a s i s  of  t h e s e  f ac t s  a l o n e ,  s i n c e  t he  n a t u r e  of  the  CO and 

OH g r o u p s  h a s  not  been  e l u c i d a t e d .  

I t  can  be  s een  f r o m  the  f o r m u l a s  t ha t  the  l ign in  m u s t  con ta in  f r a g m e n t s  in which  the  C 3 s i de  cha in  c o n -  
t a i n s  OH and CO g r o u p s  s i m u l t a n e o u s l y .  The  f r e q u e n c y  of r e p e t i t i o n  o f  such  a c o m b i n a t i o n  in f r a c t i o n s  (I-V) 

was  1-2  s t r u c t u r e s  out  of  10, and in f r a c t i o n  (VI) 1-3  out  of  10. 

The d i s s i m i l a r  s t r u c t u r e s  of  the  f r a c t i o n s  a r e  a l s o  shown by the  d i f f e r e n t  a m o u n t s  o f  un iden t i f i ed  oxygen  

(from 0.66 to  1.05) and h y d r o g e n  (from 7.38 to 8.11) in t h e m .  

T h u s ,  the  f r a c t i o n s  d i f f e r e d  no t  on ly  in m o l e c u l a r  we igh t  but  a l s o  in c h e m i c a l  s t r u c t u r e .  

To c h a r a c t e r i z e  the  f r a c t i o n s  we r e c o r d e d  t h e i r  IR s p e c t r a .  S ince  v i s u a l  e v a l u a t i o n  was  d i f f i cu l t  b e c a u s e  
o f  the  s i m i l a r i t y  of  the  s p e c t r a ,  f o r  the  q u a n t i t a t i v e  e v a l u a t i o n  of  the  i n t e n s i t i e s  of the  a b s o r p t i o n  bands  we used  
the  r e l a t i v e  o p t i c a l  d e n s i t i e s  (RODs),  which  w e r e  d e t e r m i n e d  by the  i n t e r n a l - s t a n d a r d  m e t h o d .  As the  i n t e r n a l  
s t a n d a r d  we u s e d  the  1515 c m  -1 band ,  which  c o r r e s p o n d s  to the  v i b r a t i o n s  of  the  b e n z e n e  r i n g s  in l ign in .  The  
b a s i s  l i n e s  w e r e  d r a w n  t h r o u g h  the  m i n i m a  of  the  a b s o r p t i o n s  a t  1800 and 700 c m  -1 and t h rough  t h o s e  a t  3800 
and  2750 cm -1. The ROD v a l u e s  w e r e  c a l c u l a t e d  by the  m e t h o d  of  K a r k l i n '  and  t~r in ' sh  [8]. 
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Table 1 gives the BODs of the main absorption bands in the lignin fract ions.  All the main bands a re  p r e s -  
ent in the IB spectra  of all the fract ions and of the initial lignin, but their  ROD values differ ,  which shows the 
different amounts in the fract ions of the g roups  to which these absorption bands correspond.  This relat ionship 
appears  par t icular ly  c lear ,  for  example, in the case  of the 3440-3450 cm -1 band, which charac te r izes  the ab -  
sorption of hydroxy groups. The grea tes t  intensity of this band and, consequently,  the highest value of the BOD 
is found in fraction (VI) where the OH-group content is a maximum (Table 1). A s imi lar  corre la t ion  can be 
found for the I~ODs of the fl -carbonyl  and carboxy bands (1720-1740 cm-1), for the a r y l -  alkyl ether,  including 
methoxy, bands (1270-1275 cm-~), and for the a romat ic  bands (1595, 1425 cm-1). 

The UV spectra  of the lignin fract ions and of  the initial DLA taken in aqueous dioxane are  charac te r i s t i c  
for the natural  lignins and have maxima at 280 nm and shoulders at 300-360 nm. Fig. lb ,  shows the spec t ra  of 
fract ions (I), (IID, and (VI) and of the unfractionated DLA.  The spect ra  of fractions {II), {IV), and (V) are  close 
to the spectra  of the unfractionated lignin and are  not given in Pig. 1. Fraction (VI) has the highest  absorption 
at 280 nm in spite of its higher content  of syr ingyl  s t ruc tu res ,  the mola r  extinction of which is smal le r  than that 
of guaiacyl and coumaryl  s t ruc tu res  [9]. It is obvious that in fract ion (VI) the absorption at 280 um is due to a 
high content of s t ruc tures  with conjugated bonds, including CO groups. The higher absorption of this fraction 
in the 300-360 nm region is also connected with an increased content of CO groups in it. 

The h igh-molecular -weight  fract ions absorb more  strongly in the long-wave region of the spect rum (at 
about 400 nm), which may be a consequence of the presence  of condensed s t ruc tures  in them. 

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

The dioxane lignin was obtained from ripe s tems of cotton plants of var ie ty  108-F  by a method descr ibed  
previously [10], but with pre l iminary  washing of the plant with hot water.  

F~actinnation was ca r r i ed  out in a three-necked round-bot tomed flask placed in a thermosta t  at a t e m p e r a -  
ture  of 25°C and fitted with a mechanical  s t i r r e r ,  a bubbler for the passage of ni t rogen,  a reflux condense~ and 
a dropping funnel. With vigorous s t i r r ing  and the passage of  nitrogen, 600 rnl of absolute diethyl ether was added 
to a solution of 10 g of DLA in 1000 ml of dioxane. The f i rs t  ratio of solvent (dioxane) to precipitant  (ether) was 
5 : 3 .  The subsequent rat ios  are  shown in Scheme 1. The precipitate O 1 was dissolved in aqueous dioxane (1 : t00) 
and after  precipitation with ether precipi ta te  02 and mother  liquor M 2 were obtained, the lat ter  being concen-  
t rated in vacuum and subjected to fur ther  separation.  

.: D L A  

O~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~J~ _ _ _  
5:2 [ 5:6 

! J 
4, 4, 4, 4, 

O~ } 4:3 M3 ............. i i --M2+03 ......... I ~ 2 :  ~ . . . .  

I / 
I, 4, ,t 4. 4, 
I II III IV V VI 

Scheme of the f~aetionation of DLA 
Scheme 1 

The course  of fractionation is shown in Scheme I ,  where the O's represen t  precipi tates  and the 2Vl's mother  
l iquors.  For precipitat ion,  O 2 was dissolved in aqueous dioxane (1 : 100), while the other precipi ta tes  were d i s -  
solved in dioxane. The dotted a r rows  in Scheme 1 denote the production of mother  l iquors concentrated for the 
subsequent precipitat ions.  The six fractions obtained were purified by precipitation from dioxane solutions in 
absolute diethyl ether.  The yields o f  the purified fract ions are  given above. The fract ions were  analyzed by 
methods  descr ibed previously [9]. Gel chromatography was per formed in an analytical column (1 × 45 cm) con-  
taining Sephadex C-75 with DMSO as solvent and eluent [10]. The values of Mw and Mn were calculated by a s tan-  
dard method [2]. 

The IB spect ra  were taken on a UB-20 in tablets with potassium bromide,  and the UV spect ra  on a SF-4 
spec t r opho~me te r  in dioxane - w a t e r  (9 : 1) as solvent. The values of log e were  calculated per phenylpropane 
s t ructura l  unit, and the molecular  weights a r e  given in the formulas  of the fract ions.  
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S U M M A R Y  

1. The dioxane lignin of  r ipe  cot ton-plant  s tems has been separa ted  into six f ract ions  of different  mo lec -  
ular  weights which were  fa i r ly  homogeneous and differed considerably  in the i r  molecu la r  weights. 

2. It follows f rom the semiempi r i ea l  formulas  that in all the f ract ions  guaiacyl s t ruc tura l  units p redom-  
inated. The chemical  nonidentity of the fract ions is shown by the different  amounts of functional groups in the 
phenylpropane s t ruc tu ra l  units and by the re la t ive  optical densi t ies  of the main bands in the IR spect ra  of the 
f ract ions .  

3. The low-molecular -weight  f ract ion di f fered markedly  from the o thers  by a higher  content of ca rbo -  
hydrates  bound to the lignin and by a g r e a t e r  degree  of  oxidation. 
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E .  N. Y a n i s h e v s k a y a ,  a n d  K h .  A .  A b d u a z i m o v  

UDC 547.621:032.11 

The presen t  paper  gives the resu l t s  of a compara t ive  study of the dioxane lignins isolated from the outer  
(bast) and inner (tow) par ts  of the s tems of kenaf of the cult ivated var ie ty  Uzbekskii 15-74 gathered on the t e r r i -  
t o ry  of the Sverdlov kolkhoz [collective farm] ,  Tashkent Oblast ' .  Kenaf, l ike the eotton plant, belongs to the family  
Malvaceae.  

The dioxane lignins f rom the bast  (DLA LK) and from the tow (DLA KK) were  isolated by a method descr ibed  
previous ly  [1]. The isolated dioxane lignins consis ted of brown amorphous powders soluble in the same solvents 
as the DLAs of  Althea [2] and the cotton plant [3]. After purif icat ion by Bjorkman's  method [4], they contained 
3.24% (DLAKK) and 3.88% (DLALK)of bound carbohydra tes  [5]. 

Below we give the e lementa ry  and functional analyses  of the dioxane lignins obtained (%)- 

Elementary composition and DLA KK DLA LK 
amounts of functional groups 

C 60.18 59.60 
H 6.14 6.02 
O 33. 68 34.38 

OCH~ ~) .3i  19.78 
OHio t 10.44 10.78 

OHalip 8.17 7.99 
OHph 2.27 2.79 

CO 2.44 2.35 
COOH O 48 0.56 

Institute of the Chemis t ry  of Plant Substances,  Academy of Sciences of the Uzbek SSI~, Tashkent.  T r a n s -  
lated f rom Khimiya Pr i rodnykh Soedinenii, No. 1, pp. 74-82, J a n u a r y - F e b r u a r y ,  1979. Original a r t i c le  sub-  
mi t ted  October 26, 1978. 
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