
S U M M A R Y  

The influence of the main  f ac t o r s  on the p r o c e s s  of ext rac t ing  u r e a s e  f r o m  wa te r  melon seeds  has  been 
studied.  The op t imum values  of the f a c t o r s ,  deg ree  of coraminution,  pH of the ex t rac tan t ,  t ime  of ext rac t ion ,  
t e m p e r a t u r e  of the p r o c e s s ,  and ra t io  of raw m a t e r i a l  and ex t rac tan t  have  been de te rmined .  
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Analys is  of  the PlV[R s pec t r a  of s ix f rac t ions  of the dioxane lignins of the cotton plant  d i f fer ing 
cons iderab ly  in m o l e c u l a r  weight has  confirmed the i r  chemica l  nonidentity.  It has  been e s t a b -  
l i shed that  the l o w - m o l e c u l a r - w e i g h t  f rac t ions  a r e  l e s s  condensed than the h i g h - m o l e c u l a r -  
weight f rac t ions .  It has  been found that  al iphat ic  OH groups  a r e  app rox ima te ly  evenly d i s t r ibu ted  
between the ~ -  and ~/-C a toms  of the lignin side chain. 

We have  s e p a r a t e d  the dioxane lignin of the r ipe  s t e m s  of the cotton plant  of va r i e ty  108-F  (DLA) into 
s ix  f rac t ions  d i f fer ing  cons ide rab ly  in m o l e c u l a r  weight [1]. The chemica l  nonidenti ty of the f rac t ions  has  been 
shown by the fact  that they contain d i f ferent  amounts  of  functional groups  in the phenylpropane  s t ruc tu ra l  units 
(PPSUs), by a compar i son  of the re la t ive  optical  dens i t ies  of the main  bands in the i r  IR s p e c t r a ,  and a lso  by  an 
ana lys i s  of the products  of  alkal ine n i t robenzene  oxidation [2]. Continuing a study of  the f rac t ions  obtained,  we 
have  inves t iga ted  the i r  PlVIR s pec t r a  a f t e r  acetyla t ion.  As was shown p rev ious ly ,  this method g ives  e x t r e m e l y  
valuable  informat ion  in the c o m p a r a t i v e  s tudy of d i f ferent  dioxane lignins of  the cotton plant.  

The conditions of record ing  the PMR spec t ra  and the methods for  t r ea t ing  them have  been given p r e v i o u s -  
ly [3]. The r e su l t s  of the  p r e s e n t  invest igat ion a r e  given in Table 1. 

Analys is  of the n u m b e r s  of f r e e  a rom a t i c  protons  (zone I) showed that  in the var ious  f rac t ions  they ranged 
f r o m  2.02 to 2 . 16pe r  C 9. Knowing that in all  f rac t ions  the amount  of p - c o u m a r y l  s t r u c t u r e s  was 10-15 t imes  
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PMB s p e c t r u m  of the fifth f rac t ion  of cot ton-plant  
dioxane l ignin.  

s m a l l e r  than syr ingyl  and guaiacyl  s t ruc te . res ,  the i r  n u m b e r  cannot be taken into account  in calcula t ing the d e -  
g r e e s  of condensat ion of the f rac t ions .  The n u m b e r s  of condensed nuclei  we re  ca lcula ted  by a method desc r ibed  
p rev ious ly  [3]: 

Fraction 

I 
II 

Ill 
IV 
V 
VI 

OCH3/Ca Number of aromatic H's Content of nu- 
theoretical from the PMR ctei, % 

1.30 2,70 2.02 68 
1,20 2.80 2.16 64 
1,38 2,64 2,05 59 
1,34 2.66 2.02 64 
1,36 2,64 2,06 58 
1,38 2.62 2,13 49 

The l o w - m o l e c u l a r - w e i g h t  f rac t ions  (V and V1) a r e  l e s s  condensed than the h igh -mo lecu l a r -we igh t  f r a c -  
t ions (I and I1). The fact  that f rac t ion  VI was the l e a s t  condensed can a lso  be judged on the bas i s  that  it c o n -  
rained the l a r g e s t  n u m b e r  of methoxy groups  p e r  PPSU (1.38) but at  the s a m e  t ime  m o r e  than two a roma t i c  p r o -  
tons  were  de tec ted  in the PMR s p e c t r u m ,  which indicates  bonds of the PPSUs of this f rac t ion  with one another  
through the pro tons  of  the C 3 s ide chain.  

A fea tu re  of the calculat ion of the degree  of condensat ion of nuclei  f r o m  the c h a r a c t e r i s t i c s  of PMB s p e c -  
t r a  is  that  a d e c r e a s e  in the number  of  a r o m a t i c  pro tons  by 0.1 leads  to a substant ia l  change (by 10%) in the 
deg ree  of condensat ion of the nuclei .  Because  of this high sens i t iv i ty ,  one should p robab ly  not r e ly  on the a b -  
solute  pe rcen tage  of condensed nuclei  in the f rac t ions  but ope ra te  with these  magni tudes  for  a c o m p a r a t i v e  e s t i -  
ma te .  

The PMR spec t r a  of al l  the f rac t ions  showed c l e a r  s ignals  ( r = 4.05 ppm) cor respond ing  to the pro tons  

A r \  
of benzyl  ace ta t e  groups  .CH--C- -  (zone II). The n u m b e r  of these  protons  va r i e s  within fa i r ly  wide l imi t s  

AcO / --  
of 0.41-0.51 pe r  PPSU. Consequently,  in each second PPSU of the lignin molecu le  the re  is a hydroxy group in 
the ~ posit ion to the a r o m a t i c  r ing.  We have not detected these  hydroxyls  by o ther  methods .  

The calculat ion of the pro tons  re la t ing  to phenylcoumaran  s t r u c t u r e s  (zone III) showed that  in the l ow-  
mo lecu la r -we igh t  f rac t ions  (V and VI) the i r  number  was cons iderab ly  s m a l l e r  than in the h igh -mo lecu l a r -we igh t  
f rac t ions  (I and II). l~nenylcoumaran s t r u c t u r e s  a r e  involved in the condensed p a r t s  of the lignin molecu le  and 
a d e c r e a s e  in the i r  n u m b e r  in the l o w - m o l e c u l a r - w e i g h t  f rac t ions  is  an additional a rgumen t  indicating the lower  
deg ree  of condensat ion of the l a t t e r .  

In zone IV of the PMB s p e c t r a ,  a p a r t  f r o m  the pro tons  of methoxy g roups ,  the re  a r e  the tto~ , Hfl,  and ttg 
protons  of  the C 3 s ide chain. If to the i r  number  we add the hydrogens  of zones  II ,  III ,  and VII we obtaIn the total  
nurabers  of  pro tons  in the f rac t ions  with the exception of the HTs of the functional g roups :  I ,  6.40 ; II,  7.18; IH, 
5.71; IV, 6.23; V, 5.70 ; VI, 6.18. According to the biogenetic theory  of the s t r u c t u r e  of lignin and a lso  f r o m  
the s chemes  of the s t r u c t u r e  of  l ignin given in the l i t e r a t u r e ,  the n u m b e r  of  such pro tons  r anges  about six.  As 
can be seen ,  in al l  the f rac t ions  a p a r t  f r o m  the second the number  of  protons  ranges  f r o m  5.70 to 6.40, which 
a g r e e s  well  with the l i t e r a tu r e .  A compar i son  of these  f igures  with the r e su l t s  of e l e m e n t a r y  ana lys i s  shows 
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that the la t ter  method gives high values for hydrogen (1-2 atoms per C8). A similar  situation is found in the 
l i tera ture  [4, 5]. This can be explained by different degrees of accuracy of the methods used. 

In each of the six fractions,  the number of aliphatic protons is 4.45-3.20. It is difficult to judge from this 
the degree of substitution of the Cs side chain, since the differences in the numbers of protons a re  small and the 
number of CO groups, aryl-alkyl bonds, and aliphatic hydroxyls in the fractions differ. 

From the numbers of protons in zones V and VI it is possible to calculate the numbers of phenolic and 
aliphatic hydroxyls in the PPSUs of the fractions,  since the protons of the aromatic (zone V) and aliphatie (zone 
V1) acetoxy groups appear there.  In none of the spectra that we obtaIned was a c lear  separation of the signals 
of the acetoxy protons {aromatic and aliphatic) observed because of their  partial  overlapping. However, the 
total signal of acetoxy protons was expressed very clearly.  A calculation of hydroxyls is given below (1, from 
the formula; 2, from the PMB spectrum): 

Fraction Phenolic OH's  Aliphatic OH's Total OH's 
1 2 1 2 1 2 

I 0,37 0,21 0,98 0,76 1.35 0.97 
II 0.44 0.33 0.92 0.94 1.36 1.27 

III O. 44 0,27 O, 92 0,76 1.36 1,03 
lV  0.43 0.27 0,93 0.97 1o36 1.24 
V 0.44 0.33 0.91 0.98 1.36 1.31 

VI 0,47 0,33 0.81 0,99 1,35 1,32 

In all the fractions,  the numbers of aromatic hydroxyls calculated with the aid of the PMR spectra a re  
lower than those obtained by chemical methods while, a s  a rule,  the number of aliphatic protons is higher. 
This is explained by the fact that par t  of the aromatic acetate groups present  in the ortho position to the di-  
phenyl bond appeared in zone VI. 

It can be seen f rom the facts given above and previously [3] that the PMR-spectroscopic method of ca l -  
culating the total number of hydroxyls in all the preparations studied (F-I, F-II, F-III, DLA-I, DLA-II, DLA-K) 
[6, 7] gives lower values than chemical methods of determination. Better agreement of the results is achieved 
only for the low-molec.ular-weight fraction. It has been observed that the intensity of the coloration of the DLA 
falls sharply af ter  acetylation. The pigments strongly bound to the lignin probably become soluble in diethyl 
ether and leave the lignin after  acetylation. These substances contain OH groups which a re  possibly the r e a -  
son for the high values in analyses. 

Knowing the number of aliphatic and benzyl hydroxyls,  and also taking into account the fact that other 
PPSUs of lignin a re  usually attached to the fl -C atom of the phenylpropane chain through a - O - b o n d ,  it may 
be considered that about half the OH groups a re  attached to the s-atoms and the others to the T-atoms of the 
C 3 side chain. 

In region VII the signals of protons appear that belong to methyl and methylene aliphatic groups. It can 
be seen from Table 1 that with an increase in the molecular weight of the fractions the amounts of such p ro -  
tons in them r ises  from 0.09 to 0.34. This is probably connected with the degree of condensation of the f r ac -  
tions. 

Thus, the use of the PMR method has confirmed that the fractions of cotton-plant dioxane lignin differ 
f rom one another not only by their molecular weights but also chemically. This method has enabled us to com-  
pare  the degree of condensation of the ltgnin fractions and to differentiate and calculate the amounts of ~- and 
T-aliphatic hydroxy groups. 

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

The dioxane lignin fractions were acetylated for 24 h with a tenfold amount of an equimolar mixture of 
acetic anhydride and pyridine at room temperature.  The acetylated fractions were precipitated in water and, 
af ter  drying, were purified by reprecipitatton of their dioxane solutions in absolute ether. The preparations 
were carefully dried in a vacuum desiccator over P205. 

PMR spec t ra  were taken on a JNM-4H-100/100 MI-Iz spectrometer  at 22-24°C (c 10-12% by weight, 0 -  
HMDS, T scaIe, solvent deuteroehloroform). 

SUMMARY 

On the basis of an analysis of the PMR spectra of six fractions of dtoxane lignin from the ripe stems of 
the cotton plant, their chemical nonidontity has been confirmed. It has been established that the low-molecular-  
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weight fractions (V and VI) are  less condensed than the high-molecular-weight fractions (I and II). It has been 
found fliat the aliphatic OH groups are approximately evenly distributed between the ~- and ~/-C atoms of the 
lignin side chain. 
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