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Structure of Alkali Lignins Fractionated from 
Ricinus communis and Bagasse. 3. IR Spectra 

OLFAT Y. MANSOUR, AHMED NAGATY, and 
ZEJNAT A. NAGIEB 

National Research Centre 
Dokki, Cairo, Arab Republic of Egypt 

A B S T R A C T  

The lignin fractions isolated by one- and multistage soda and sul- 
fate cookings showed almost identical IR spectra, indicating the 
similarity of the lignin skeletal structure throughout the plant. 
However, the absorbances reveal some differences. Similarity of 
the spectra includes: 1) chelation and bonding of the hydroxyl 
groups. 2) Stretching vibration of C-H bonds in methyl, methoxyl, 
and methylene groups. 3) Stretching vibration of CSN. 4) Carbonyl 
unconjugated B-ketone, conjugated acids, o r  es te rs  at 1725 cm-'. 
There i s  no change in the intensity of absorption at this band from 
that at 1515 cm-' with the cooking stage. 5) Aromatic skeletal 
vibration at 1610 and 1515 cm-', affected by ring substituents a t  
1425 cm-'. 6) The band at 1465 cm-' showed a higher intensity 
for soda and soluble kraft lignins than for insoluble kraft ones. 
7) The band at 1370 cm-' , assigned to phenolic OH bending, is af- 
fected by the methoxyl group. 8) The absence of condensed guaiacyl 
and the presence of syringyl and uncondensed guaiacyl. Assignments 
for hardwood lignin a re  shown for soda and soluble kraft lignins of 
bagasse, while those for softwood lignin a re  shown for soda, soluble, 
and insoluble kraft lignins of Ricinus communis and for insoluble 
kraft lignin of bagasse. A relation exists between the carbohydrate's 
lignin and the band at 920 cm-'. Lignins from Ricinus communis 
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are of higher guaiacyl to syringyl ratios than those from bagasse. 
The presence of C-S vibration and the absence of thiol groups for 
kraft lignins a r e  indicated. 

I N T R O D U C T I O N  

The absorption bands in the IR spectra  of lignin are considered to 
be due to the presence of aromatic rings, saturated aliphatic groups, 
hydroxyl groups, and small  amounts of carbonyl groups [l]. 

The hydroxyl groups in the lignin macromolecules appear to be in- 
volved in the hydrogen bonds and the phenolic hydroxyls are sterically 
hindered [2]. Jones [3] found that both aliphatic and aromatic hydrox- 
yls, as well as aldehydic and ketonic carbonyl groups, are present in 
lignin. The different lignin fractions were found to be quite s imilar  
except in the carbonyl group intensity which changed from one frac- 
tion to another. Ekman [41 found that the stretching frequencies of 
the carbonyl groups are present in the 1720-1740 cm-' region, which 
is of considerable interest. Bolker et al. [5, 61 and Lomova et al. [7] 
suggested that a band nea r  1710 cm-' in the spectrum of isolated lig- 
nins arises as a result  of the cleavage of a bond between lignin and 
carbohydrates. Sarkanen [8) found that in softwood lignin, the inten- 
sity of the band at 1660 cm- is significantly lower than that of the band 
at  1510 cm-', while in hardwood lignin these two bands are equal in 
intensity. 

Structural studies of the lignins isolated by acidification of soda o r  
kraft pulping liquors have been conducted to  gain insight into the alka- 
line cooking process. The resul ts  indicate that the kraft process  
causes an increase in phenolic hydroxyl content through ether  cleavage 
and loss of methoxyl group [9]. 

Kraft lignins have been fractionated by progressive acidification. 
The spectra  of such fractions showed important differences, particu- 
lar ly  in the carbonyl stretching region, providing evidence of the 
heterogeneity of this form of lignin. 

Interesting resul ts  were obtained from the IR spectra  of alkali lig- 
nins and their  derivatives isolated from cotton stalks and bagasse un- 
de r  the same conditions of pulping [lo]. Broadening of the bands was 
due to the inhomogeneity of the compound and to the fact that the bands 
are not f rom isolated monomer molecules but are from infinite poly- 
m e r  chain. Condensed and uncondensed guaiacyl units, as well as 
cross-linking, have been observed from broadening of the ether  bonds. 
Finally, lignin undergoes keto-enol tautomerism during acetylation 
and methylation. 

In this pa r t  of ou r  series, successive fractionation of alkali lignins 
was carr ied out using 4 and 6 portions of alkaline reagents fo r  both 
bagasse and Ricinus communis, respectively. The IR spectra  of these 
lignin fractions were investigated and compared with lignin isolated 
by one step of cooking. 
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E X P E R I M E N T A L  

Ricinus communis and bagasse were pulped by the soda and the 
sulfate processes; one with one stage and the other one with multi- 
stages. In one stage the amount of alkali used for pulping was added 
to the material in a rotating autoclave thermostatically heated and 
automatically controlled. The maximum temperature used was 160°C 
for  1 h. For the soda process 20% sodium hydroxide was used for 
cooking bagasse and 30% for cooking Ricinus communis. The sulfate 
o r  kraft pulping process was carried out at the same conditions but 
at 20% sulfidity for both bagasse and Ricinus communis. In the multi- 
stage cooking processes, the alkali concentrations used in the one- 
stage process were subdivided into four equal portions in the case of 
bagasse and into six equal portions in the case of Ricinus communis. 
Each portion was added to the material in the autoclave, heated to 
160°C, and then left for 1 h. The material was then washed and used 
for the subsequent addition, and so on. For each cooking step, the 
black liquor was separated and lignin was isolated as follows. 

At the end of the cooking time, the contents of the autoclave were 
filtered through a G3 sintered glass funnel. The black liquor was 
acidified with concentrated hydrochloric acid to pH 1.5, heated to 90°C, 
and then left for 1 h to hydrolyze the residual carbohydrates. The 
crude alkali lignins (soda and kraft) were filtered, washed with water, 
and redissolved again in sodium hydroxide. Concentrated hydrochloric 
acid was added dropwise to pH 3, and the precipitate was then filtered 
through a G3 sintered glass funnel and washed thoroughly with distilled 
water to neutrality. The pure alkali lignins were dried in air and then 
in a vacuum oven for 6 h. The dry products were brown in color and 
fine, containing less than 1% ash. For further purification, the soda 
lignins were dissolved in acetone, filtered, then the lignin was preci- 
pitated and filtered, dried in a vacuum oven for 8 h, and then used for 
IR investigation. 

Kraft lignins were also dissolved into acetone. Two fractions were 
obtained: acetone-soluble and acetone-insoluble. The two fractions 
were dried in a vacuum oven for 8 h and then used for IR investigation. 

R E S U L T S  AND DISCUSSION 

Several investigators have made efforts to establish assignments 
of the characteristic absorption bands of lignin [8, 11- 131. The aro- 
matic nuclei in lignin represent mainly 1,2,4-tri- and 1,2,4,6-tetra- 
substitution patterns. The former pattern exists in uncondensed 
guaiacyl nuclei; the latter in both syringyl and condensed guaiacyl 
nuclei. 

and Ricinus communis are presented in Figs. 1-6. The spectra of the 
The spectra of lignins obtained from soda and kraft cooks of bagasse 
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various lignin preparations have almost identical appearances. Simi- 
lar results have been arrived at by Mansour et  al. [ 101 in previous 
work regarding the lignins isolated from cotton stalks and bagasse by 
the soda cooking process. However, examination of the absorbances 
in the different IR regions revealed some differences. In the 3500-700 
cm-' range, the absorbances at the different wavenumbers related to 
that at 1515 cm-', i.e., Av/A1515, for all lignin preparations are  
listed in Tables 1-3. For characterization of the IR charts, the IR 
range is classified into several regions. 

R e g i o n  3 5 0 0 - 2 1 0 0  c m - 1  

The broadening of the bands in the wavelength region 3500-3300 
cm-' reveals that the hydroxyl groups a re  not free but entering into 
different modes of hydrogen bonding [141. It is also obvious that the 
OH groups a re  chelated since the bands are  shifted to somewhat longer 
wavelength, namely, to 3400 cm-'. In all lignin preparations the values 
AT ranged between 0.66 and 3.8 (Tables 1-3). No relation was found 

between these values and the type of lignin. 
In the absorption region 3000-2800 cm-' the appearance of the two 

bands at 2940 and 2870 cm-' may indicate the appearance of -CH3 

and -CH2 groups [15]. Bands in the range 2832-2815 cm-', which are  

highly characteristic of the methoxy group [13, p. 161, may be shifted 
to a lower frequency; 2870-2850 cm-' (Tables 1-3). 

Bands in the range 2320-2295 cm-' (Figs. 1-6) are characteristic 
of the -CZN stretching vibration [13, p. 2631. The origin of this group 
has been related to the linkage of lignin with protein in plants [ 161. A 
band in the range 1420-1400 cm-' for the -C-N stretching absorption 
[13, p. 2591 was taken as confirmation for such a linkage. A s  in or-  
ganosolve lignins [16], treating of the isolated fractions of alkali lig- 
nins with 3 N HC1 led to the disa 
while the b z d  at 2350-2320 cm-"remained. The disappearance of the 
bands characteristic of -CH and -CH groups has been related to acyl- 

3 2 
oxygen fission [17, p. 4231 of an ester  linkage containing these groups. 
The disappearance of the bands characteristic of methoxy groups has 
been similarly assigned to acyl-oxygen fission. 

earance of the bands above 2350 cm-' , 

R e g i o n  1 7 5 0 - 1 6 0 0  c m - '  

In the region of carbonyl groups, bands in the range 1710-1695 cm-' 
(Tables 1-3 and Figs. 1-6) may indicate the presence of aryl aldehyde 
which absorbs in the range 1715-1695 cm-' [181 o r  saturated open 
chain ketone which absorbs in the range 1720-1705 cm-' [13, pp. 134- 
1361. For the different lignin preparations, there is no increase o r  
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814 MANSOUR, NAGATY, AND NAGIEB 

decrease with the cooking stage for  the intensity ratio of these bands 
to that at 1515 cm-' due to C-H stretching vibration in the benzene 
ring (Tables 1-3 and Figs. 1-6). 

Compounds consisting of two quinonoid carbonyls in the same ring 
absorb in the range 1680-1660 cm-' [ 13, pp. 134- 1361. According to 
Sarkanen [81, the absorption at 1660 cm- is characterist ic for the 
stretching of conjugated aryl-carbonyl. In our opinion, as has been 
indicated in our previous work [ 161, this band absorption relates to 
two quinonoid carbonyls in the same ring. In some lignin prepara- 
tions this band is ei ther  overlapped with the neighboring one o r  present 
as shoulders (Figs. 1-6). 

It is also claimed that in compounds which contain only an isolated 
double bond, the absorption peak normally occurs within the range 1680- 
1620 cm-', with the majority absorbing in the 1660-1640 cm-' region 
[13, p. 351. The assignments of C-0 and C-C stretching also occur in 
this region. From Tables 1-3 and Figs. 1-6, if the assignments in this 
region are considered as an indication for  the presence of an isolated 
double bond, the result  can be taken to  favor the absence of a conju- 
gated double bond with the aromatic ring. 

R e g i o n  1 6 5 0 - 7 0 0  c m - '  

Considering the general pattern of band structure of the aromatic 
type, as illustrated in the IR charts,  and the ratio of absorption of each 
band to the absorption of the substituted benzene ring at 1515 cm-' 
(Tables 1-3), the following was noted. 

The presence of bands in the region 1600-1500 cm-' confirmed the 
aromatic structure of the different alkali lignin fractions [13, pp. 69- 
711. However, fundamental studies on benzene vibrations have shown 
that the characterist ic skeletal stretching modes of semi-unsaturated 
carbon-carbon bonds lead to the appearance of four bands between 
1650-and 1450 cm-', of which those near 1600 and 1500 cm-' a r e  highly 
characterist ic of the aromatic ring itself r l 3 ,  p. 69-71]. 

The actual position of the bands are influenced to some extent by the 
nature of substituted groups, but depend to a rather greater  degree on 
the way in which the latter a r e  arranged around the ring. In some 
cases  it is possible to obtain a certain amount of confirmatory evidence 
as to the type of substitution. Thus, in softwoods and unconjugated 
guaiacyl model compounds, the intensity of 1600 cm-' is significantly 
lower than that of 1510 cm-' [8, pp. 273-2841. In other words, the in- 
tensity ratio of A1610/A1515 cm- is l e s s  than 1, which is the case f o r  

the lignins of Ricinus communis (Tables 1 and 2 and Figs. 3 and 4). Ex- 
ceptions are the lignins of the 4th step of the multistage soda cook and 
the insoluble kraft lignins of the 4th, 5th, and 6th steps of the multistage 
cooking. Insoluble kraft lignins a r e  those which are insoluble in ace- 
tone, dimethylformamide (DMF), dioxane, dimethylsulfoxide (DMS), and 
alcohols ( r e f e r  to the Experimental section). 
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STRUCTURE OF ALKALI LIGNINS. 3 815 

In hardwoods, lignins, and unconjugated syringy.1 model compounds, 
the intensity of the two bands 1600 and 1510 cm- is approximately 
equal. The intensity ratio of these two bands may be affected by the 
presence of p-hydroxyphenyl es te rs ,  carboxylate ions in carbohydrate 
impurities, o r  condensed tannin impurities, all of which tend to in- 
crease the relative intensity of the 1600 cm-' band with respect to the 
1510 cm-' band [a pp. 273-2931. This applies for the lignins of bag- 
asse ,  with the exception of the one-stage insoluble kraft lignin and the 
soluble lignin of the 3rd step of multistage kraft cook (Tables 1-3 and 
Figs. 1-6). 

On hydrolyzing some of the lignin fractions which showed ratios 
higher than 1 for  1610/1515 with 0.1 N HC1, the band Ft 1610 cm-' be- 
came comparably equal o r  less  than f i a t  at 1515 cm- (Figs.  7-9). 
The equality of the band at 1610 cm-' to that at 1515 cm-' may relate 
to insufficient hydrolysis, probably due to higher resistance of some 
of the carbohydrate residues. Bolker [5, 61 and Lomova et al. [7] sug- 
gested that the band at 1710 cm-' a r i ses  as a result  of the cleavage of 
a bond between lignin and a carbohydrate. Figures 7-9 showed sharper  
bands for the lignin fractions showing ratios higher than 1 on hydrolyz- 
ing with 0.1 N HC1 due to removal of residual carbohydrates, compar- 
able with theunhydrolyzed samples (Figs.  1-6). In conclusion, one 
may say that lignins from both Ricinus communis and bagasse consist 
mainly of unconjugated guaiacyl nuclei. 

For  most aromatic materials with p-substitution, there is a small  
shift toward higher frequencies, 1650-1585 cm-' [13, p. 711, and this 
also applies to a lesser extent to unsymmetrically trisubstituted mater- 
ial. With vicinal trisubstituted materials,  on the other hand, the shift 
is toward lower frequencies, 1610- 1560 cm-'. Based on these assign- 
ments, the lignins under investigation showed bands in the range 1610- 
1600 cm-' (Tables 1-3 and Figs. 7-9) and accordingly may indicate 
vicinal trisubstituted aromatic structure. 

It is claimed that the band at 1580 cm-I is used to recognize the 
conjugation with the aromatic ring [ 13, p. 721. The absence of this 
band for  all the lignins considered here  may indicate the absence of 
such conjugation, a result  that has been previously achieved above. 
Another indication for the absence of conjugation of the ring with any 
double bond, such as CO, C=C, and NO , is the lower intensity of the 

bands in the region 1600-1500 cm-' [13, p. 731. 

in methyl o r  methylene groups considerably affected by methoxyl 
groups [191. Gol' man et al. [201 assigned this band to asymmetric 
vibration of the C-H in MeO. The intensity of the band differs in dif- 
ferent lignin preparations, both for bagasse and Ricinus communis. 
The intensity of the absorption of this band for lignins obtained from 
soda cook and kraft-soluble lignin is slightly higher than that for kraft- 
insoluble lignins (Tables 1-3). Determination of OCH3/Cg showed 

higher values (1.2-0.9) for  the former two than those for  the latter 

2 

Absorption at 1465 cm-' is attributed to aromatic C-H deformation 

(0.7-0.6). 
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818 MANSOUR, NAGATY, AND NAGIEB 

FIG. 9. IR spectra  of hydrolyzed insoluble lignins from multistage 
kraft cooking of bagasse (B)  and Ricinus communis (Rc). The numbers 
in parentheses indicate the cooking stage. (C)  is a one-step complete 
cooking. 

Although the bands in the region 1450-1420 cm-' a r e  assigned for 
both guaiacyl and syringyl models, as stated by Sarkanen [211, their  
assignment remains uncertain. He found in his studies, and was sup- 
ported by Mansour et  al. [ 101 , that this band is actually associated 
with the ring-stretching modes s imilar  to the 1500 cm-'. However, 
this band, as suggested by Lecomite [ 13, p. 731 , is assigned to a fourth 
skeletal C-C frequency. For  monosubstituted aromatics, this band 
fell in the range 1470-1439 cm-l.  It is frequently overlaid by CH2 de- 

formation [ 13, p. 731 which reduces its usefulness for identification, 
though it can be identified in polynuclear compounds. Thus, the pres-  
ence of such a band in the lignins considered here  may support their  
polynuclear nature. 

strongly coupled by C-H in-plane deformation and sensitive to the 
nature of ring substituents [14]. The intensity of the absorption of 
this  band is the same ( - 0 . 4 )  for  all  lignin preparations except for  
soluble-kraft lignin which is slightly high. The variation in the inten- 

The absorption at 1425 cm-' is due to aromatic skeletal vibration, 
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STRUCTURE OF ALKALI LIGNINS. 3 819 

sity of lignins from the different steps is of the order  20-30% (Tables 
1-3 and Figs. 7-9). 

phenolic OH bending character. Golf man et al. [201 and Pilipechuk 
et al. [221 assigned the region 1330- 1380 cm-' to symmetric vibration 
of the C-H groups in MeO. From Part 1 of this work (Tables 1 and 2 
[23] ) there is overall agreement between the intensity of the 1370 cm-' 
band and the phenolic OH content/Cg. In the meantime, there is an in- 

crease in the intensity of the 1370 cm-' band accompanying the de- 
crease of the methoxyl content/Cg. It is therefore obvious that this 
band, assigned to phenolic OH bending as stated by Sarkanen [21] ,  is 
affected by the methoxyl group; it increases with a decrease in the 
methoxyl content. 

With reference to the work done by Sarkanen on lignin model com- 
pounds, the maximum at 1275 cm-', characteristic for uncondensed 
guaiacyl nuclei, is shifted to 1300 cm-I in condensed ones and to 1335 
cm-' in syringyl compounds [211. 

The intensity of absorption at 1330 cm-' ranged from 0.2-0.4 for 
lignins isolated from bagasse and from 0.1-0.25 for lignins isolated 
from Ricinus communis (Tables 1-3). 

The band at 1300 cm-' is absent o r  very weak in most lignin prep- 
arations, which may favor the absence of the condensed guaiacyl nuclei 
in these lignins (Figs. 7-9). 

On the other hand, both bands at 1335 and 1235 cm-' are assignable 
to ring breathing with C-0 stretching for syringyl and guaiacyl unit! 
[8]. In this work these two bands a re  shifted to 13QO and 1220 cm- . 
According to Sarkanen, the absorption at 1220 cm- is due to ring 
breathing with C-0 stretching in guaiacyl and syringyl units [21]. This 
assignment, together with the assignment of the band at 1270 cm-' 
and that at 1130 cm-', is probably due to the guaiacyl compounds [8]. 
The intensity of the absorption of the bands increased on going from 
1330 to 1220 cm-' in most lignins (Table? 1-3). 

1270 cm-', except for insoluble- kraft lignins obtained from the 1st 
step kraft cook of bagasse (Table 3). The IR spectrum of this latter 
lignin, as shown in Fig. 5, is different from all other insoluble lignins 
in the region 1600-1700 cm-'. The greater intensity of the band at 
1220 cm-' than at 1270 cm-' in hardwood lignins is a function of the 
syringyl and p-hydroxyphenyl content [8]. 

Pilipchuk et al. [221 found that the intensity of the band at 1270 
cm-' has no relation with the methoxy content. They also reported 
that the ban: at 1270 cm" relates well with the intensity of the band 
at 2900 cm- assigned to the stretching vibration of methylene groups. 
In this work the band at 1270 cm-' correlates for all the steps of the 
multistage cooking of the insoluble-kraft lignins (Table 3),  while for 
other lignins the correlation holds only for some of the steps. The 
intensity of absorbance of the band at 1270 cm-' is almost the same, 

The absorption at 1370 cm-' was assigned by Sarkanen [21] to 

The intensity of the bands at 1220 cm- are higher than those at 
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820 MANSOUR, NAGATY, AND NAGIEB 

being 0.40-0.45, for all lignins isolated from bagasse and Ricinus 
communis by one-step cooking (Tables 1-3). 

It can be seen from the figures that the different lignins under in- 
vestigation show weak bands at 1220-1225 cm-' and at 1115-1125 cm-', 
together with an additional weak band in the range 1025-1050 cm-'. 
These band assignments refer  to the presence of 1:2, 1:4, o r  1:2:4- 
aromatics. The latter can be differentiated from the others in simple 
molecules by the presence of an additional band in the range 1175- 
1125 cm-' [13, p. 811. 

The absorption at 1160 cm-' is characterist ic of aromatic skeletal 
vibration [21] o r  to a single band o r  unresolved bands [8]. This band, 
which appeared to be of low intensity, ranged between 0.04 to 0.26 for  
most lignins under investigation, while it was very weak in the others 
(Tables 1-3, Figs. 7-9). 

Summing up, the results obtained from these IR spectra  revealed 
the presence of both guaiacyl and syringyl nuclei in the lignins isolated 
f rom both multi- and one-stage cooks with kraft and soda processes,  
and the absence of condensed guaiacyl. 

The disappearance of the band at 1085 cm-' [8, p. 2711 means the 
absence of C-0 deformation of secondary alcohol and aliphatic ether 
(Figs. 7-9). The band at 1030 cm-' is assigned to C 4 - C  symmetric 
stretching in dialkyl ether linkages [6 1. However, according to Sar- 
kanen [21],  the absorption at 1030 cm-' is assigned to the aromatic 
C-H in-plane deformation characterist ic of uncondensed guaiacyl and 
C-0 deformation of primary alcohol (Figs. 7-9). 

From Tables 1-3 it is clear  that the intensity of the band at 1030 
em-' is greater  than o r  nearly equal to that of the band at 1130 cm-' 
for  soda lignins isolated from Ricinus communis, while it is always 
lower for soda lignins isolated from bagasse. For  the soluble-kraft 
lignin of bagasse, the intensity of the band at 1030 cm-' is almost 
lower than that at 1130 cm-' (Table 2), while it is higher for  insoluble- 
kraft lignin for  both Ricinus communis and bagasse, and almost higher 
for  soluble-kraft lignin from Ricinus communis (Table 3). According 
to Sarkanen [ 8 ] ,  softwood lignins showed a higher o r  equal intensity 
for the band at 1035 cm-' than that at 1140 cm-', while the reverse  was 
true for the hardwood lignins [ 8 ] .  Accordingly, it may be concluded 
that soda and soluble-kraft lignins of bagasse resemble hardwood lig- 
nin, while soda, soluble-, and insoluble-kraft lignins of Ricinus com- 
munis and insoluble-kraft lignin of bagasse resemble softwood lignins. 

to aromatic CH out-of-plane deformation of syringyl units. Hergert 
[ 121 left this peak unassigned. The relative absorbance of this peak 
for insoluble lignin from the first step of kraft cook of bagasse is too 
large,  being 1 (Table 3), compared with an average of almost 0.1 for 
all lignin preparations (Tables 1 and 2). This result ,  together with 
the OH and methoxyl contents per  Cg listed in Tables 1 and 2 of Part 1 

of this work [23], suggests that the peak is not due to either OH o r  
methoxyl groups vibration. On hydrolysis of the different lignins with 

The absorption at  920 cm-' has been assigned by Miranda e t  al. [19] 
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0.1 N hydrochloric acid, the intensity of this band becomes about the 
same for all lignins (Figs. 7-9). This suggests that there is a rela- 
tion between the presence of carbohydrate and the position of the 
groups assigning for their bands ( Figs. 7-9). 

The absorption at 860-820 cm-' appeared as one broad band for 
all lignins of soda cooking of bagasse and about half of the latter lig- 
nins of the kraft cooks. The other kraft lignins of bagasse and all 
lignins from Ricinus communis showed almost two peaks of approxi- 
mately equal intensity in this region (Figs. 7-9). The intensities of 
absorption in this region for lignins from Ricinus communis are, in 
general, lower than those from bagasse, a result that may favor higher 
guaiacyl to syringyl nuclei ratios in lignins from the former than those 
from the latter,  in analogy to the achievement of Sarkanen [8]. He 
found that temperate hardwood lignins show a medium intensity at 835 
cm-' , characteristic of the syringyl nucleus, while tropical hardwood 
lignins show a somewhat weaker 835 cm-' band with shoulders at 855 
and 815 cm-', indicating a higher guaiacyl to syringyl nuclei ratio 
than in the former. 

However, the presence of the two bands, one in the range 865-810 
cm-' and the other band in the range 765-730 cm-', are characteristic 
of the 173,5-trisubstituted aromatic [13, p. 791. Colthup proposed the 
range 770-730 cm-' for the position of the out-of-plane C-H bending 
absorption of monosubstituted aromatics. Ortho-disubstituted materi- 
als absorbed in approximately the same range of frequencies. How- 
ever, the absence of a band within the range 700 + 10 cm-' is strong 
evidence for the absence of a monosubstituted product, but the con- 
verse  is not necessarily true,  and confirmation must be sought from 
the 750 cm-' region. The meta-disubstituted aromatic structure shows 
two bands, one in the range 810-750 cm-' and the other in the range 
710-690 cm-'. The absence of bands in the range 910-700 cm-' may 
indicate that the aromatic ring is hexa-substituted (13 (pp. 76-78), 231. 

Based on these assignments, one o r  more of the above-mentioned 
substitutions may be found in one of the lignins considered, taking into 
consideration that some of the bands may undergo some shift in their 
positions due to the complex nature of the lignin (Figs. 7-9). However, 
some of the lignins showed the absence of bands in the range 910-700 
cm- ' , which indicates the absence of hexa-substitution in these lignins. 

R e g i o n  7 0 0 - 6 0 0  c m - '  

The absorption in the region 600-700 cm-' has been assigned by 
Hergert [ 121 to be due to the C-S vibrations. Bolker and Somerville 
[6] reported a very weak band at 630 cm-' in softwood thiolignin which 
they assigned to C-S stretching. In the region 600-700 cm-' , no band 
appeared in the spectra of soda lignin of Ricinus communis ( Fig. 3). 
For soda cooking of bagasse, very weak bands o r  shoulders a re  shown 
near 600 cm-' region. For kraft lignin, soluble and insoluble, f rom 
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both Ricinus communis and bagasse, either sharper  and more intense 
bands o r  more than one band a r e  shown in this region (Figs. 7-9), in- 
dicating the presence of C-S in these thiolignins. No absorption band 
was observed at 2600 em-' in the spectra  of these thiolognins (Figs. 
7-9), indicating the absence of the thiol (S-H) group [81. 
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