
A S T U D Y  O F  R I C E  L I G N I N  

Z.  K. S a i p o v ,  E .  V. B o r o d i n a ,  
a n d  Kh .  A.  A b d u a z i m o v  

UDC 547.992.002.61 

For  a compar ison  study of the dioxane lignins of r ice  husks and of ripe r ice  s tems,  the DLA of 
ripe r ice  s tems has been isolated by a modification of Pepper ' s  method with a yield of 5.25% on 
the plant and 25% on the Komarov lignin. The amounts of the main functional groups in the two 
lignins a re  s imi lar .  The semiempi r ica l  formulas  have been calculated on the basis  of e lemen-  
ta ry  and functional analysis .  IR, UV, and PMR spect ra  of the DLA have been taken. It has been 
establ ished by gel chromatography on Sephadex G-75 that the DLA of ripe r ice  s tems is poly- 
d i sperse  and the molecular  weight has a number -average  value of 3900, a weight-average value 
of 5300, and a mean value of 98 00. 

The lignin of the r ice  plant has been studied less than that of the cotton plant [1, 2]. We have studied the 
dioxane lignins (DLAs) f rom r ice  husks and ripe s tems,  which a re  s imi lar  in nature. The DLA was isolated 
f rom ripe s tems of the r ice  plant (var ie ty UzROS-59) that had bee n comminuted, extracted with e thano l -ben -  
zene (1 : 2), and washed with hot water.  The preparat ion was purified by two reprecipi ta t ions f rom aqueous  di- 
oxane (1 : 2) solution into absolute ether.  

The DLA f rom r ice husks has been isolated and charac ter ized  previously [ 3 ], The lignin obtained f rom 
the ripe r i ce  s tems consis ted of a light brown amorphous powder readily soluble in the usual solvents for l ig-  
nins. Its semiempir ica l  formula  was calculated on the basis  of e lementary  and functional analyses,  no account 
being taken of the carbohydrate  content (1.97). MM 1 PPSU* = 1 9 7 . 4 .  

C9H8.0~O1.53(OH3) 0.~(OH~b) 0.39( OH al)0.s4(Oc O)0.vz( O ar - alk) 0.61 

For  the r iee  husk DLA [3], MM 1 PPSU = 198.9 

CgHT.sTDI.la(OC Hs) 0.gs(OH¢) 0.ss(OHal) 0.89(Oc O)0.sl(O ar - alk) 0.cr • 

AS can be seen f rom the formulas ,  these lignins a re  s imi la r  with respee t  to their  amounts of functional 
groups.  

The molecular  mass  distr ibution of the DLAs isolated was studied with the aid of gel chromatography on 
Sephadex G-75. DMSO was used as eluent and solvent. The e luogram and the integral and differential curves 
of the molecular  mass  distr ibution of the DLAs of r ice  husks [3] and of ripe r ice  s tems were very  s imi lar  and, 
consequently, we do not give them. 

The mlmber -average  (Mn), the m a s s - a v e r a g e  (Mw) and the mean (Mz) molecular  masses  were ealcu-  
lated with the aid of the coefficients found previously [4] by a standard method [5]. Mn = 3900; M w = 5300; 
M-- z = 9800. Both lignins were polydisperse  with a wide interval  of rnoleeular masses .  For  the r ice  husks DLA, 
the ratio Mn/M W = 1.72, and for the ripe r ice  s tems Mn/MW = 1.36. 

The UV spec t rum of the r ice  husk DLA had a maximum at 280 nm and a shoulder at  320 nm, and that of 
the ripe r ice  s tem DLA a maximum at  290 nm and a shoulder at 330 nm. 

The relat ive optical densit ies (RODs) of the absorption bands in the IR spect ra  of the r ice  husk and ripe 
r ice  s tems DLAs relat ive to the a romat ic  band (1520 cm -1) , calculated by the method of Karldin'  and F, r in '  sh 
[6] are  given in Table 1. The IR spec t ra  of the DLAs have all the absorption bands that are  charac te r i s t i c  of 
lignins, but with different  values of the RODs. 

* Molecular  mass  of 1 phenylpropane s t ruc tura l  unit. 
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T A B L E  1. R e l a t i v e  Opt ica l  D e n s i t i e s  of  the A b s o r p t i o n  Bands  in 

the IR S p e c t r a  of  R i c e  Dioxane  L ign in  

Rice husk DLA 

frequen," 
cy, cm -I 

3430 

2940 
28~0 

1710 
1665 

16'0 
1520 
1470 

1430 

1330 
1270 
1230 
1130 
1035 

ROD 

Ripe rice stem 
• 1DLA __ 
[ frequen - -  

I cy, era" ROD 

0,61 3429 

0,33 2940 

0.21 2860 

0.41 1713 
0.33 1660 

0 76 1610 
1.00 1~20 
0,57 1470 

0,59 1430 

045 1335 
1.23 1270 
0.88 1175 
0.84 1133 
0,66 1040 

Assignment 

0.59 

0.5.~ 
0.38 

0,55 
0.53 

1,03 
1,00 
1,00 

0 66 

0,53 
1,12 
1,04 
1.07 
0,58 

Stretchiozz vibrations of OH groups and hy- 
drogen :bonds 

Stretching vibrations of C-H bonds 
Stretching vibrations of C-H bonds in CH s 

and OCH z ffroups 
Stretching vl~orations of C-O and COOH groups 
Stretching vibrations of C-----O or quinoia 

croups 
S~eletal vibrations of a double bond 
Vibrations of an aromatic ring 
Scissoring deformation vibrations of C--H 

bonds ir~ methylene ffroups and in arvl 
alkyl cmers . . . .  

C--H deformation vibrations in OCH s groups 

] Symmetric vibrations of OCH s groups 
[ Stretching vibrations of C-O bonds 

Stretching vibrations of alcoholic OH groups 

T A B L E  2. D i s t r i b u t i o n  of  P r o t o n s  and Pheny l  P r o p a n e  Uni ts  of  

R i c e  Husk and Ripe  R i c e  S tem Dioxane  L ign ins  

Zone of 
chemical 
shifts 

I 
II 

IlI 
IV 

IVa 

Remainder 

V 

V! 

VII 

Total 

Limits of 
the zone, 
ppm 

2 2--3.7 
3,7-4 3 

4,3--4,8 
4.8--7.5 
6.0--6.65 

No. of protons per C 9 DLA of 

rice husks ripe flee 
stems 

2 88 2.92 
0.45 0.47 

0.28 0.29 
5,83 6,09 
2.79* 2.91" 

Type of protons 

Aromatic proton 
B-Vin.yl and benzyl ether protons 

or slae cnains 
Protons of eoumarane structures 

iMethoxyt protons 

7.5--7,95 

7,95 -8.5 

8,5-9,5 

3.05 
1.19 

2.40 

0.20 

13,23 

3,18 
1.25 

2.58 

0, 22 

13.82 

Protons of the side chain 
Protons of aromatic acetoxy 

[ groups 
[ Protons of aUphatic acetoxy 
I groups 
[ Highly screened protons of CH s 

and ~ groups 

* Found f r o m  the s e m i e m p i r i e a l  f o r m u l a s .  

The P M R  s p e c t r a  of  the a c e t y l a t e d  r i c e  husk  and r i p e  r i c e  s t e m  d ioxane  l i gn in s  w e r e  r e c o r d e d .  They  

w e r e  i n t e r p r e t e d  q u a n t i t a t i v e l y  as  d e s c r i b e d  p r e v i o u s l y  [7] .  The s p e c t r a  w e r e  d iv ided  into s e v e n  r e g i o n s  c o r -  

r e s p o n d i n g  to de f in i t e  types  of  p r o t o n s .  The  to ta l  i n t e g r a l  i n t e n s i t y  of  the s i g n a l s  of  a l l  the p ro tons  was t aken  
a s  100%. Then  the p e r c e n t a g e  i n t e n s i t i e s  due to m e t h o x y l  p r o t o n s  (Via) and to e a c h  r e g i o n  c o r r e s p o n d i n g  to 
p ro tons  of  a g i v e n  type w e r e  d e t e r m i n e d .  Knowing,  f r o m  the e m p i r i c a l  f o r m u l a s ,  the n u m b e r  of  m e thoxy  g r o u p s  
in  the DLAs  and the p e r c e n t a g e  i n t e n s i t i e s  of  the OCH 3 g r o u p s  in the PMR s p e c t r a ,  the va lue  of  one p r o t o n  was 
ca l cu l a t ed .  F o r  the r i c e  husk  DLA and the r i p e  r i c e  s t e m  DLA i t  amoun ted  to 7.56% and 7.30°/o, r e s p e c t i v e l y .  

The r e s u l t s  of  the c a l c u l a t i o n  a r e  g iven  in Tab le  2. 

A c c o r d i n g  to the P M R  s p e c t r a ,  the to ta l  n u m b e r  of  p ro tons  in the r i c e  husk  DLA was  10.85, and in  the 

r i p e  r i c e  s t e m  DLA 11.29. The  amoun t s  of  h y d r o g e n  in the s e m i e m p i r i c a l  f o r m u l a s  f o r  the r i c e  husk  and r i p e  

r i c e  s t e m  D L A s  w e r e  11.58 and 12.17, r e s p e c t i v e l y .  
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E X P E R I M E N T A L  

The dioxane l ignins were  isola ted f r o m  r ipe  r i c e -p l an t  s t ems  by a modificat ion of P e p p e r ' s  method [8]. 
The yield amounted to 5.257o of the weight of the plants or  25% of the Komarov  lignin. It  had the following e le -  
m e n t a r y  and functional composi t ion  (%): C - 60.3, H - 5.78, O - 33.92, OCH 3 - 15.22, OHto t - -10.36,  OHphen - 
3.3, C-- O-4.67. 

The determination of the functional groups and the calculation of the semiempirical formula were done 
by standard methods [9]. Gel chromatography was carried out by the method of Alekseev et al,, and the results 
were calculated by a standard method [5]. UV spectra were recorded in aqueous dioxane (I : 9) on a SF-26 
spectrophotometer at a concentration of lignin of(3.5- 10 -4 M). IR spectra of the lignin molded into tablets with 
KBr were recorded on a UR-20 instrument. The PMR of the acetylated DLA was taken on a JNM-4H-100/100 
MHz spectrophotometer at room temperature with 10-12% by weight of DLA; I0 - HIV[DS; T scale; solvent deu- 
terochloroform. 

S U M M A R Y  

1. The dioxane l ignins of r ipe  r i c e  s t e m s  has  been isola ted and i ts  s e m i e m p i r i c a l  f o rmu la  has  been de te rmine(  
The amounts  of the main functional groups  of the DLAs of r ice  husks and of r ipe  r i ce  s t e m s  a re  s imi l a r .  

2. It has been deduced f r o m  the r e su l t s  of gel ch romatography  that the DLAs of r ipe r i ce  s t ems ,  l ike the 
DLAs of r i ce  husks,  a r e  po lyd i spe r se ,  the i r  bulk being of low molecu la r  m a s s  (MM 3000-4000). 

3. It follows f r o m  the PMR spec t r a  that r i ce -p l an t  DLAs a re  l e s s  condensed than cot ton-plant  DLAs. 
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