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.' ) SUMMARY
, 1

• Ii' Wood~c~ntairt 'substaritial amount oflignin.a natural polymer; as one of the
ma)Q;>q0l'!stituents. T-he chemical method of. p,ulp making for ,paper~anuf8cture from,
w~ody material tnvotvssthe separation of lignin from cellulosic fibres by trpatinq wo~d -
chips with appropriate chemicals The variation in chemical nature of lignin present in
different types of woods necessitates optimization of pul ping process parameters for
individual wood species The chemical characterisation of lignin is therefore important
from application point of view. ~.:,

Inspite of the complex nature of lignin macro-molecule. the infra-red spectrum
of milled wood lignin (MWL) of eta-reed (Ochlandra-travancoricu) which is a very good
raw material for paper making, showed the presence of quite a few characteristic
absorption bands. In addition to the usual O-H. C-H & carbonyl group frequencies the
position & relativa intensities of aromatic skeletal absorption bands in 1605 to 350
cm-t and lower region rel/ealed that the MWL of eta-reed was composed of p-hvdroxvp
hanvt-propane guaiacyl and s- ringyl units. A ccmparative study of the ratio of the
absorbance values of major abs lfbancebands and that of 1500 cm-l band for lignins
isolated from different wood speCies Indicated the possihi lity of identifying the broad
chemical differences in softwood. hardwood and grass (bamboo. reeds etc) lignins.

IN fRODUCTlON:
~lant tissues contain an amorphous polymeric

material called lignin. Lignin is aromatic in nature
and probably the most complex and least well char-
acterized group of substances. In wood. the lignin
\~ concentrated between and in the outer layers of
lIb.res. It gives the wood structural rigidity by stiff
enmg and holding the fibres together. Wood tissues
contain 18 to 38 percent lignin.

The chemical process of pulp making for paper
manufa.cture f~o~ woody material involves the
~eparatlOn o~ lignin from cellulosic fibres by treat-
109 w.ood chips with appropriate chemicals. The.
chemical nature of lignin is different in grasses, sof-
twoods and hardwoods which are conventional
~aw materials for paper making. Further variation
IS conserved from species to species The correct kn-
owledge of chemical character of lignin helps in
prop.er selection & optimization of process parame-
ters In paper making. Milled wood lignin (MWL)
which closely resembles to protolignin is preferred
for characterisation studies over other forms of lig-
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nino Infra-red spectrophotometry as compared to
chemical methods provides much faster and reaso-
nably reliable method of lignin characterisation.

The present investigations were aimed at
elucidating the chemical cbaracter(by identifying
various functional groups) of MWL isolated from
eta reed (Ochlandra-travancorica) which has been
proved to be a very good raw material for chemical
pulping.
EXPERIMENTAL:

Milled wood lignin in powder form was isol-
ated from the finely ground dry wood according to
the method of Bjorkml1nl. The infrared spectra in
the range 4000-400 cm-iwere recorded in potassium
bromide pellets on a Perkin Elmer I R. spectrophQ-
tometer model 735.
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RE"ULTS & [IISCUSSION:
In the past, efforts had been made by several

lignin chemists to establish assignments of the
characteristic absorption bands=". Many of these
assignments especially in the region 1400-1000cm-I
where various aromatic ring vibration modes
and C-Ostretching modes occur are stil open to
doubt'",

The aromatic nuclei in the ligninrepresenn
mainly 1,2,4-tri and 1,2,3,~-tet.ra substitution
patterns, Many of the planer vibration modes, whi-
ch are normally inactive in benze~e become str0!1-
gly active in aromatic mo.lecules with pol!lr ~ubstJt-
uentsIl-I4• The difficulty 10 correctly assigning the
absorption bands associated with such vibrational
modes is due to coupling effects. which ar.e ';1npred-
ictable and complex and result 10 band shifting and
splitting. There are additial bands due to carbohyd-
rate contamination of MWL which further compli-
cates the spectrum. An attempt to assign the vario-
us bands in the MWL spectrum of etareed in the
range 4000 to 400 cm+! Fig. 1, has been made in
the following lines.

3700-3000 em-l band-This absorption band is
common to almost all types of lignins and is due to
hydroxyl groups O-H stretching frequencies both
phenolic and alcoholic'P-?". The band is broadened
due to hydrogen bonding.

I.R.SPECTRA - ETA REED CM.W.LJ
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. . 3100-2ROO em·I region-Comparatively stron-
ger band at 2950 crn-! and a shoulder at 2g65 cm-!
can be assigned to methyl groups. The former
results from the asymmetrical and the later from
svmmetrical stretching mode. The stretching. vibra-
tions of methylene group near 2925 and 2955 cm-!
however are not observed.

1800-1610 cm-! region: In this region of stret-
ching frequencies of carbonyl groups, no single
strong band is Visible however there is a cluster of
shoulders around 1735, 1715, 1685, 1650 ana 1620
cm-! which does not permit to suggest the predo-
minance of a particular type of carbonyl group,
Okabe and KratzaPS, have assigneda1735 cm-! band
to be due to acetyl groups attached to the lignin.
Kawamura & Higuchi'" h ave shown that 1735 and
1715 cm-! bands appear in especially prominent
form in monocoty ledons (grasses, bamboos, reeds
etc.). The carbonyl group which is conjugated
with a phenyl group (like acetophenone) absorbs
at 1685 cm-I• Absorption in the 1950-1960 cm-l
can originate from a ketone or aryl aldehyde group.
The C=C stretching Vibration of aromatic con-
jugated trans-double bonds occur in the 1926-1608
em .1 range. Normally it appears as a shoulder on
the more intense aromatic stretching band near
1600 cm-',
1605-1595, 1515-1505, 1460-1420. em+ band:

These bands can be assigned as aromatic
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skeletal bande of guaiacyl and syringyl type com- unconjugated syringyl model compounds, the
pounds. 1605-159S cm-! band is relatively pure intensity of the two bands is approximately equal.
ring stretching frequency which can be strongly The intensity ratio of these two bands may also be
associated with the aromatic c-o stretching mode. affected by the presence of p-hydroxyphenyl esters,

~ In softwood lignins and unconjugated guaiacyl carboxylate ions in carbohydrate impurities, mois-
I model compounds the intensity of the 1600 cm-! ture [band at 1625 cm-I] or condensed tannin

band is significantly lower than that of 1510 cm-! .impurities, all of which tend to increase the relative
band, Fig. 2. In hardwood lignins, Fig-3, and intensity of the 1600 cm-! band with respect to
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1510 cm-l band. The absorption bands at 1510 &
1430-1425 cm-! are considered to be ring stretching
modes strongly coupled with C-H in plane d~f?r-
mation. The intensity of the. later band is senslt~ve
to the nature of ring substitutents. The relative
intensity of the I 510 cm-! rin stretching band and
the band at 1460 cm-' due to C-H bonds including
methoxyl groups is reversed in softwood (guaiacyl)
and hardwood (syringyl) lignins.

1330, 1270, 1220, 1170, 1120, 030 em-! bands (there
may be slight error due to shift in calibration). The
bands at 1271,1220. and 1120 cm.! are due to quaia-
cyl and 1330 and 1220 cm-! due to syringyl
derivatives are assigned to ring breathing with COO
stretching. Guaiacyl bands at 1120 and 1030 cm-'
are assigned to aromatic C-H in plane deformation.
Softwood Iignins may sometimes show two bands
at 1160-1150 and 1135-1130 cm-', assignable to
both of the modes as described above, or a single
unresolved band. Hard wood lignins, containing
both guaiacyl and syringyl nuclei, show a com pin
mixture of bands originating from both types of
nuclei A quick method for distinguishing soft-
wood lignin from hardwood lignin would be the
intensity of 1270 cm.! band is generally more than
that of 1230 cm-! band and the 1030-40 cm-! band
is equal or greater in intensity to 1120-35 cm-! band
in softwood lignins & vice versa, for hardwood
lignins,
Absorption bands below 1009 Cm~l: A strong
absorption band at 840 cm-! with a shoulder at
815 cm-! and relatively weaker band at 855·60 cm.!
are observable in Fig. 1. These bands are charac
teristic of syringyl nucl.eus.19and are mostly fou.nd
in tropical hardwood lignins, In softwood lignins
two clearly resolved bands at 815 cm-! and 855cm-l
characteristic of guaiacyl ring are found. Intensity
of these two bands'" varies in different types of
ligniu products, sug~es~ive. of .relative diffe.r~nce
in the degree of substitution 10 the 5-posltlOn.

TABLE-l
ABSORPTION BAND INTENSITY RELATIONSHIP WHERE A= ABSORBANCE,
WAVE NUMBER INDICATED AS A SUBINDBX WITH 1500 CM_l SELECTED AS

INTERNAL REFRENCE

•

Below ·SOOcm-! there is no prominent band in the
spectrum.

Relationship between various absorption maxima and
molecular compositions. In the above discussions,
it has become clear that syringyl and guaiacyl
units exhibit clearly distinguishable spectral patte-
rns in which the frequencies associated with the
substituted aromatic nuclei are responsible for the
major maxima.

In order to find the possibility of determining
the amounts of syringyl propanoid and guaiacyl
propanoid units in hardwood lignins=-Sarkanen &
Co-workers'? tried absorbance ratio method of
prominent absorption bands as compared to the
absorbance value of. 1500 cm-' band which has
relatively constant intensity. For eliminating the
effect of conjugated carbonyl and acetate groups
on the infrared spectra; the lignin preparations
Were reduced with sodium borohydride, In the
present investigations of MWL of eta-reed, as the
intensity of the absorption bands corresponding
to acetate groups Was very weak, the spectrum
was recorded without reduction similarly for
comparison, spectra of MWL of other woods were
also recorded under exactly identical conditions.
To determine the absorbance values of various
bands, base lines as shown in Fig. 1 Were drawn.
The transmittance values of maxima and the
corresponding points on the base lines Were noted
& the absorbance values were computed from
these two readings. The absorbance values of
individual maxima were divided by that of 1500
cm-l maximum.

Absorption band intensity
MWL of etareed, and those of
tereticornis eucalyptus regnan and
tosa are given in table I.

relationship for
pine, eucalyptus
terminalia-tomne-

Ai/A 1500
Wood species A 15CO

i
1600 1460 1420 1330 1270 1235

Pine 0.365 1.01 0.47 l.97 0.08 1.11 0.76
Eucalyptus Regnans 0.245 1.78 1.19 0.98 0.83 0.43 1.10
Terminalia

0.22 0.74 0.71Tomentosa 0.327 1.41 0.67 0.48
Eucalyptus-

0.063 [.65 0.95 0.61 0.52 0.75 0.92Tereticornis
Ochlandra

0.44 0.74 0.80Travancorica 0.349 1.91 0.90 0.72
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1130 1040
0.90 1.03
2.18 0.89

0.95 0.97

1.69 0.89

1.40 0.84
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The relative intensity of 1600 cm-! band as
compared to 1500 cm-! band is 1.91 in case of eta-
reed, for hardwood species it varies from 1.41 to
1.78. In case of pine it is1.01, which is minimum of
the five species studied. Sarkanen & cowerkers-"
reported it to be 1.50for Madrona (hard woodjandha ve
0.58 for sapwood lignin of douglas fir. They reported
the relative intensity of 1600 cm-! band was gene-
rally low in case of model compounds having guaia
cyl units than those having syringly units. Almost
similar behaviour is observed in case of 1460 cm-l
band. In case of 1420 cm-! absorption band the
reverse behaviour is observed i.e. the relative inten-
sity in case of pine lignin is 1.97 Where as for eta
reed Iignin it is 0.72 closer to hardwood species. A
good contrast in 1335 cm-! band is discernible in
hardwood, monocotyledon and softwood lignins,
This band is almost absent in pine' lignin where as
in the remaining woods including eta reed it is well
marked. The intensity ratio of r270-75 and 1330-40
cm-' bands (as compared to that of i500 cm-! band)
which are due to uncondensed phenylpropane units,
no consistent behaviours is visible in hardwood and
softwood lignins, however the ratios are maximum
for pine i.e. 1.11 & 1.03 respectively. The corres-
ponding values for etareed lignin are 0.74 and 0.84.
Similarly there is no well defined pattern in the
intensity ratio of 1235 and 1170 cm-! absorption
bands. The intensity ratio of 1120-30 cm-! band is
minimum in case 0 f pine lignin, the same value
being 1.40 for etareed. It appears that three clearly
distinguishable patterns can easely be recognized in
the spectra of MWL, namelp those belonging to
Wlcondensed guaiacyl, condensed guaicyl and
syringyl types-

CONCLUSIONS:
_ Etareed MWL contains both phenolic and

aliphatic hydroxyl groups, which appear to be
strongly hydrogen bonded.

- Presence of appereciable amount of methoxyl
groups is supported by t.' e absorption bands at
2950 and 2855 cm-".

_ Weak shoulders between 1790 and 1605 cm-l
are indicative of the presence of carbonyl groups
shoulder at 1685 cm-! is likely to be due to
carbonyl groups conjugated with phenyl group.

_ Presence of guaiacyl and syringyl groups is
confirmed by the absorption bands at 1595,1505,
1460,1420 and 1370 crn-! Greater intensity of
1595 cm-l band as compared to that of 1500
cm-! supports' the presence of p-hydroxyphenyl
units.

_ Absorption band at 835 cm-! accompanied by
shoulders at 860 & 815 cm-! is characteristic
of syringyl units generally found in tropical
hardwood lignins.
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_ Relatively greater intensity ratio of 1460 cm-!
and 1510 ern _1 band suggests that the etareed
MWL is different to softwood lignins.

_ Greater intensity of 1130 cm-" band than that of
1030 cm-' band indicates the etareed lignin to
have some similarity to hardwood lignins.

_ The ratio of absorbance values of 1330 cm-! and
15CJOcrn-! for eta-reed lignin is also more closer
to ha rdwood lignins suggesting the presence of
appreciable amount of syringyl units.
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