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Introduction

The o rganosolv' lignins are the
reaction products which have been
obtained from the wood dust by
the organic sol vents in the pre-
sence of an acid catalyst. Several
lignin chemists have carried out
the work on the organosolv
lignins.

Klasen- Gruss", Friedrich and
Diwald" have carried out the work
on the isolation of ethanol lignin
by using the different percentages
of hydrochloric acid. Paper and
Siddiqueullah" isolated dioxane
lignin from softwoods. hardwoods
and straws by acidolysis in a
dioxane water medium. Brauns
and Buchanan" isolated acetic
acid lignin from spruce wood
using glacial acetic acid and mag-
nesium chloride as catalyst.
Bailey" prepared the butanol
lignin by extracting sqruce wood
with mixture of butanol and
sodium hydroxode solution. Stu-
dies have shown that very little
work has so far been done to
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Studies on the
Constitution
Lignin
Eucalyptus

Chemical
of Organosolv

Isolated from
Grandis

Dioxane lignin, lsobutanol lignin, acetic acid lignin and ethanol lignin
at different. concentrations (O.2N-I.2N) of hydrochloric acid were
isolated from E. grandis. These lignins were studted with respects to
their elemental composition, molecular weight determtnaiion, infrared
spectrum and alkaline nitrobenzene 'oxidation. These studies have
shown ihat syringyl and guaiacyl are the chief building units of
E. grandis lignin and these uni ts are distributed in a definite ratio
(1.9-2.1) in E. grandis lignin. It has also been found thut syringyl
repeating units are more in number as compared ro guaiacyl repeating
units. Metboxyl, carbonyl, aryl alkyl ether, hydroxyl groups both
phenolic and alcoholic are mainly present in E. grsDdis lignin. The
analysis of isolated lignins have shown that method of isolation and
change of organic solvent does not effect the basic structure of

E. grandis lignin.

study the nature of the Eucalyptus
grandis lignin. This paper des-
cribes the isolation of organosolv
lignin (Dioxane lignin, ethanol
lignin, acetic acid. lignin, and
isobutanol lignin) and study of
their analysis.

Discussion

Ethanol Hpnin : The analysis of
lignin isolated by extraction of
E. grandis dust with increasing
initial concentration of hydroch-
loric acid in ethyl alcohol shows
that the percentage of carbon
increases whereas the percentage
of hydrogen and methoxyl content
decreases wilh increasing concen-
tration of the acid. This may be
due to an increasing extent of

infra molecular dehydration.

The alkaline nitrobenzene oxida-
tion (Table III) of ethanol lignin
gives vanillin and syringaldehyde
indicating the presence of syringyl

and guaiacyl units. The higher
yield of syringyldehyde as com-
pared to vanillin indicates that
there are more number of synrin-
gal repeating units than guaiacyl
repeating units. This is also evi-
dent from the higher methoxyl
value obtained in E. grandis lignin.
Further it is seen that the yield
of vanillin and syringaldehyde
decreases as the concentration of
hydrochloric acid increases in the
isolation but there is no appre-
ciable difference in the ratio of
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syringaldcbyde to vaniUin and it
is practically the same lTable-III).
This suggests that t~e lignin isola
ted from E. gtandis is composed
of syringyl and gauiacyl repeating
units and ratio of syringyl to
guaiaeyl units is not affected to an
appreciable extent, even under the
drastic condition of isolation.
Infrared spectra of ethanol lignin,
Fig. I, shows that the bands at
3430-3400 em+ are due to the
hydroxyl groups and their fre-
quency indicates that they are
quite strongly hydrogen bonded",
The absorption bands at 3100-
2800 cm-' represent various types
of C-H bonds". The bands at
1600-1500 cm-! are characteristics
of aromatic compounds and are
due to c=c vibrations of benzene
ring 7,8. The bands in the region
of 1700-1650 cm-! are due to
B-keto structure". The bands at
1425-1420 cm-' represent C-H
bonds of methoxyl groups",". The
bands at 1270 cm-! represent aryl
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Table-I

Yield aDd elementary composition of ethanol lignin isolated
. at different acid concentrations

Sl. Hypochloric Yield of K. Lig- Methoxyl Carbon Hydro-
No. acid concen- lignm nin gen

tration (on o.d.
dust)

N % % % % %
1. 0.2 7.3 89.4 19.7 60.02 6.20

2. 0.4 7.6 89.2 19.4 61.66 6.19

3. 0.6 8.1 88.6 1805 62.62 5.87
4. 0.8 8.9 88.4 18.3 62.70 5.84

S. 1.2 9.4 87.9 17.7 63.10 5.80

Table n
Ethanol 1ignin isolated by successive extraction of Eucalyptus

grandis dust under increasing initial acid concentration

si, HClconcen- Lignin Combined Carbon Hydro- Metho-
No. tration recovery lignin gen xyl

(on o.d, recovery
dust) (on o.d.

dust)
N % x % % %

1. 0.2 7.3 60.02 6.20, 19.7

2. , 0;4 4.6 lI.9 60.80 6.10 19.2

3. 0.6 3.8 15.7 62.10 5.90 18.7

4. 0.8 2.6 18.3 62.40 5.84 17.6
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Fig. 1-1R Spectra of Ethanol Lignin
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. alkyl ether groups". Bands .at
1140-1080 cm-! are assignable to
dialkyl ether groups",

Dioxane Lignin: The methoxyl
value and Kalson lignin content
of dioxane and ethanol lignin are
practically the same (Table IV &1).
The alkaline nitrobenzene oxida-
tion of dioxane lignin gave vanillin
and syringaldehyde as observed
in case of ethanol lignin. Though
the total aldehydes obtained from
dioxane lignin are more than
ethanol Iignin but there is no
appreciable difference in the syrin-
galdehydeto vanillin ratio (S/V)
(Table V and III). The infrared
spectra, Fig. 2 of dioxane lignin
indicates similar type of charac-
teristic bands as observed from
the spectra of ethanol lignin. The
exact nature of carbonyl groups
in dioxane lignin is not assignable
as carbonyl band forms a shoulder
on c=c band at 1600 cm-'.
Acetic Acid Ligmn : The Klasen
lignin content of acetic acid lignin
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Table m
Alkaline nitrobenzene Gxidation of ethanol lignin isolated at

different hydrochloric acid concentrations

SI. Acid Yield of oxidation products Total . Syringal-
No. concen- --------------- alde- dehydeto

tration Vanillin Syringaldehy de hydes vanillin
ratio (S/V)

N % %. %
1. 0.2 5.20 11.16 16.36 2.1
2. 004 4.60 10.42 16.02 2.2 ••3. 0.6 3.97 9.90 13.87 2.4
4. 0.8 3.84 8.40 12.24 2.1
5. 1.2 3.60 7040 12.00 2.0

Table-IV

Yieid and analysis or dioxane, acetic acid and isobutanol lignin

Sl. lignin Lignin Klason Car- Hydro- Meth- Molecular
No. isolated recovery lignin bon gen oxyl weight

% % % % % (Mn)
1. Dioxane 8.3 89.1 6050 6.38 19.4 3220
2. Acetic 8.9 83.9 59.94 6.30 18.1 2594
3. Isobutanol 7.8 89.0 61.52 5.95 219.0 2770
1500 CM-1 1000 goO 800 700

•
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Fig. 2-1. R. Spectra of Dioxane Lignin
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is lower than ethanol lignin (Table
IV & 1). 'The alkaline nitrobenzene
oxidation have shown that the
lower yield of aldehydes is obtai-
nable from acetic acid lignin as
compared with ethanol lignin but
there is no appreciable difference
in the ratio of syringaldehyde and
vanillin obtained in acetic acid

3000 2000

lignin and ethanol lignin Table
V and III). The infrared spectra
Fig. 3, of acetic acid lignin shows
similar type of absorption curves
as obtained in case of ethanol
lignin and the band at 835 cm-'
of trisbstituted benzene ring has
also been observed from the
spectra of acetic acid lignin. The

1500 eM-! 1000

molecular weight (2594) of acetic'
acid lignin is lower than the
number average molecular weight
(2820) of ethanol lignin isolated
from Eucalyptus grandis.
lsobutanol ·lignio: The alkaline
nitrobenzene oxidation of isobu-
tanol lignin gave syringaldehy de
vanillin in the ratio of 2.1 (Table V)
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Fig. 3-1. R. Spectra of Acetic Acid Lignin
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Fig. 4-1. R. Spectra of Isobutanol Lignin
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Table V
Yield of alkaline nitrobenzene oxidation products

Oxidation products Total SIVSI. Lignin

No. isolated

1. Dioxane
2. Acetic acid
3. Isobutanol

Vanillin
%

6.90
4.10
4.30

------------

the same (SlY) ratio was
observed in case of ethanol lignin
(0.2N). The infrared spectra; Fig.
4 of isobutanollignin is similar to
spectra of ethanol lignin. This
shows that isobutanol lignin res-
embles more than ethanol lignin.
Further it has also been observed
that there is no appreciable diffe-
rence in number average molecular
weights ofisobutanollignin (2770)
and ethanol lignin (2820).

The analysis of ethanol lignin,
dioxane lignin, acetic acid lignin
andisobutanollignin has shown
that the method of isolation and
change of organic solvent does
not effect the basic structure of
E. grandis lignin. This is supported
by the following findings :

(i) . The same aldebydes vanillin
and syringaldehyde are obtained
from the isolated lignins on alka-
line nitrobenzene oxidation and
the ratio of syringaldehyde to
vanillin is practically the same in
each case as described above.
(ii) The infrared spectrascopic
studies have shown that more or
less similar types of absorption
curves are obtained from these
Iignins,

There is no appreciable difference

176

Syringaldehyde aldehydes
% %

13.60 20.50 2.0
7.90 12.0 1.9
9.10 13.40 2.1

in the Klason lignin content and
methoxyl value of ethanol lignin,
dioxane lignin, acetic acid lignin
and isobutanol lignin. This
shows that these are similar in
nature.

Experimental

Material: The Eucalyptus grandis
logs were chipped in the pilot
plant chipper of the Cellulose &
Paper Branch, Dehra Dun. The
chips were then converted into
dust (40-60 mesh) in the labora-
tory disintegrator (Willey Mill).
This dust was exhaustively extrac-
ted with mixture of ethanol and
benzene (1:2 VIV). The extracted
dust was washed with hot water
and this pre-extracted dust was
used for the isolation of various
organosolv lignins.

Ethanol Lignin: Pre-extracted
E. grand is dust (200 g), was taken
in a 5 litre round bottom flask
fitted with a refluxe condenser
Ethyl alcohol (3 litres) containing
hydrochloric acid to give a solu-
tion of required acid concentra-
tion (O.2N) was added to the
flask. It was heated at 80°C for
2 hours. At the end of two hours,
the reaction mixture was filtered
and the dust was washed with

etbylaJcohol. The extract w~
concentrated and poured over a
large excess of vigorously stirred
water in order to precipitate the
ethanol lignin. The ethanol lignin
precipitate was washed thoroughly
with distilled water by centrifuga-
tion and dried over phosphorous
pentaoxide. In the similar way
ethanol lignin at different concen-
trations (0.4 N, 0.6 N, 0.8 N
and 1.2N) of hydrochloric acid
was isolated, successive extraction
of F. grandis dust with increasing
initial concentration of hydro-
chloric acid was also carried out
in the similar fashion.

Dioxane Lignin: The dioxane
lignin was isolated from pre-extr-
acted E. grandis dust by the
method of Paper and Siddique-
ullab+, The dust was treated
with dioxane water (9: I) solvent
containing 0.2N hydrochloric
acid at 80°C for two hours in an
inert atmosphere of nitrogen.
The reaction mixture was cooled
down at 35°-40°C and then
filtered on a buchner funnel. The
wood residue was washed with
neutral dioxane water (9:1), the
filtrate and washing were combi-
ned and were concentrated under
reduced pressure in nitrogen
atmosphere. The lignin was
precipitated by the addition of
concentrated extract to a large
excess of vigorously stirred dis-
tilled water.
Acetic acid Lignin: The method
of Brauns and Buchanan- was
followed for the isolation of acetic
acid lignin, pre-extracted E. gran-
dis dust was refluxed for ten hours
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with glacial acetic acid in the pre-
sence of small amount of magne-
sium chloride. Liquor obtained by
the filtration, was concentrated
under reduced pressure and was
dissolved in dioxane. The lignin
was then isolated by dropping the
solution into water. This was then
purified by redissolving in dioxane
and precipitating it into anhydrous
ether.
Isobutaael Lignin : The 40 g. pre-
extracted E. grandis dust was ref-
luxed for 2 hours with isobutanol
in the pressence of 50 cc g 37%
hydrochloric acid. The filtered
alcoholic solution was evaporated
under reduced pressure, the resi-
due was taken up in dilute sodium
hydroxide and was acidified, caus-
ing isobutanol lignin",
ANALYSIS
Klason Lignin· Content : The
Klason lignin content of isolated
lignins was determined by the
Tappi Standard Method",

Methoxyl Value: The method of
Viebock and Schwappach-! were
followed for the methoxyl value
determination.
Alkaline nitrobenzene oxidation :
The method of Stone and Blun-
dell12 was followed for the alka-
line nitrobenzene oxidation of
isolated lignin samples. Oxidation
products were separated and iden-

•

tif'ied by the descending method
of paper chromatography using
the solvent system benzene-
waterl:!. The quantitative estima-
tion of oxidation products was
also carried out.

Infrared Spectra : The infrared
spectra of isolated lignin samples
were carried out, using Perkin
Elmer infracord spectrophoto-
meter Model No. Isolated lignin
sam ples were examined in clear
discs containiog 1.8 mg. of lignin
in 100 mg. of potassium bromide.
Molecular weight: Number ave-
rage molecular weight (Mn) was
determined by vapour pressure
osmometer (3028) by the method
of Marton and Bradyl3.l4..
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