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Lignina de piagava (Attalea funifera) foi analisada por espectroscopia RMN de hidrogénio e
carbono-13. A naturezaH GS dessaligninafoi confirmada, mas unidades p-cumarato tambem estéo
presentes na estrutura da lignina. Os conteldos de hidroxilas fendlicas e metoxilas por unidade
fenilpropanica, determinados por RMN de 1H, foram 0,57 e 0,68, respectivamente e estdo em
concordancia com os dados obtidos por métodos cléssicos. A pequenaextensdo da condensagéo da
lignina (35%) foi explicada pelo alto contelido de estruturas de &l cool cinamilico, evidenciadas por
RMN de 13C-DEPT. Umaférmula Cq estendidafoi determinada para alignina da piagava

C:9.00 H gZSH 2.7300.89 (OH) 8239 (OH) g|.86 (OCH 3) 0.57

Lignin of piassava (Attalea funifera) was analyzed by 1H- and 13C-NMR spectroscopy. The
HGS-natureof thisligninwas confirmed but p-coumarate unitsare al so present inthelignin. Methoxyl
and phenolic hydroxyl contents per phenylpropanic unit were determined by 1H-NMR spectroscopy
to be 0.57 and 0.68, respectively and arein agreement with wet chemistry methods. A small extent of
lignin condensation (35%) was explained by the high content of cinnamyl alcohol structures, evidenced
by 13C-NMR-DEPT. An extended Cq-formula for the piassava lignin was established to be

C:9.00 H gZSH 2.7300.89 (OH) 8239 (OH) g|.86 (OCH 3) 0.57
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I ntroduction

Inaprevious paper lignocellulosic material of piassava
fiber (Attalea funifera, a palm tree) was characterized by
chemical analysis and submitted to alkaline solvolysisin
dioxane/waterl. The results concerning the piassavalignin
wereremarkable. The Klason lignin content was unusually
high (ca. 45%) and the distillable oils, obtained by alkaline
solvolysis in 40% yield (based on the raw material),
consisted mainly of phenol, with some guaiacol, syringol
and their alkyl derivatives. Methoxyl group analysis of the
lignin showed a content of 0.54 OMe for each phenyl-
propane unit, suggesting that the lignin of piassavaisrich
in hydroxypheny!l units.

In this work piassava lignin was submitted to further
in-depth analysisusing NMR spectroscopy. 1H- and 13C-NMR
spectroscopy has been used as an alternative and
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non-degradative technique for the characterization of
lignocellulosics. Asshownin theliterature?, hydrogen signals
can be assigned in a 1H-NMR spectrum of acetylated lignin.
The assignments of carbon signalsin a13C-NMR spectrum of
lignin can aso be improved by means of pulse sequence
proceduressuch asDEPT. Intherecent literaturethesetechniques
were used for monitoring production or reduction of ligninin
pul ps3 and for characterizing residual andisolated ligninsfrom
pulps*. Other modern techniques such as 1H-13C correlation
spectrahave been used for the characteri zation of grasslignin®.
Since piassavalignin hasnot been well characterized until now,
we present here the results of the NMR analysis of thislignin.

Materialsand M ethods

Extraction of lignin from piassava fibers

Piassavafibersobtained from palmtree (Attalea funifera),
used in brooms, were exhautively washed with water and the
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extraction was performed with dioxan: HCl 2mol L1 (9:1)
at reflux temperature, for 5h. After evaporation of the
solvent, extracted lignin was obtained and characterized
for molecular weight distribution, FTIR and elementar
analysis as described el sewherel.

Nuclear Magnetic Resonance

The extracted piassava lignin was acetylated by a 1:1
pyridine/acetic anhydride solution at 50°C for 24 hin a
sealed flask.

The 1H-NMR spectrum of the acetylated lignin was
recorded on aBruker 300 MHz. The spectrum was measured
at 24°C with 32K data points and 128 scans, using 30 mg of
thesampledissolvedin 1 mL of CDClywith TMSasinternal
standard. Pulse of 3.5 ps and relaxation delay 1 s. The
13C-NMR spectrum of the non-acetylated lignin wasrecorded
on a Bruker 300 MHz a 24°C with 32K data points and
19096 scans, using 30 mg of the sampledissolvedin 1 mL of
DMSO (TMSasinternal standard). Total spectrum measured
by decoupling 1H at acquisition time (0.88 ), using the
POWGATE software (Inverse Gated Decoupling); irradiation
pulse of 6.4 ms, relaxation time of 5 s. After the quantitative
analysis, the DEPT (Distortionless Enhancement by
Polarization Transfer) experiment was performed to assign
theregionsaccording to thetype of carbon atom. The spectra
were measured in the same spectrometer at 24°C with 32K
data points and 11000 scans and acquisition time 0.95 s.
Threebasi c subspectrawererecorded with pul sesof 45°, 90°
and 135° and the CH, CH,, and CH; pure subspectra were
calculated and analyzed according to Chen and Robert27.

Resultsand Discussion

IH-NMR spectrum of acetylated piassava lignin

The analyses of molecular weight distribution and
FTIR spectra of the extracted lignin published in the
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previous work, showed that no contaminants (such as
tannins or other extractives) were present in the samplel.

Theresultsof thesemiquantitativeanaysisof thelH-NMR
spectrum are shown in Table 1, where the hydrogen signds
and aress are subdivided into the corresponding regions.

From the elemental analysis of extracted piassaval
(54.5% C; 5.84% H; 0.52% N), and subtracting the
holocel lul ose content (54.73% measured as CgH, O5), we
obtained thefollowing atomic ratio for the piassavalignin:
C, 51 Hy 45 Op 79, Where the nitrogen content was
neglected and the oxygen content cal cul ated by difference.
In lignin chemistry the empirical formula of the macro-
molecule is commonly given as a hypothetical hydroxy-
pheny!l structure unit. This is known as the Cy-formula,
with 6 carbon atoms at the benzene ring plusthree carbon
atoms of the propyl side-chain. Besides these 9 carbon
atoms, only the carbon atom of the methoxy! units (-OCH)
is present in the macromol ecule. For the calculation of the
Cqy-formula the first step is to determine the methoxyl
content and subtract it from the total carbon. This
determination iseasily made either by wet chemistry or by
integration of the hydrogen signal of the TH-NMR
spectrum, since the methoxy! region iswell defined.

The integration of the hydrogen signals (Table 1)
results in a total area of 203.2 arbitrary units which
corresponds to the 2.42 protons in the above-given ratio.
Theintegration of the methoxy! region (4 3.55-3.95) results
in 0.15 methoxyl units (0.44 hydrogen atoms divided by
3 hydrogen atoms per methoxyl group). Subtracting this
value from the total carbon and oxygen atoms as well as
subtracting the hydrogen atoms corresponding to the
methoxyl units, we can establish a new relation: C, 54
H; 95 Og .64 (OCH3)g 15 . Making the carbon atomsto 9.00,
the Cy-formula was calculated to: Cq 59 Hy 553 Op 44
(OCHg)g 57 (Table 1). The calculated value for OCH4 per
Cgq unit is 0.57 which is in agreement with the value of
0.54 obtained in the previous paperl. These values are

Table 1. 1H-NMR data of the acetylated piassava lignin (Area and total protons are divided into regions according to Chen and Robert2).

region o attribution area hydrogens
(ppm) (arbitrary units) in atom ratio in formula
Cas1 H242 Op79  Co.00 H7.53 O2.44 (OCH3)0 57
9.00-12.00 Carboxylic acids and aldehydes 0 -
6.25-7.90 Aromatic region 49.5 0.590 2.25
5.75-6.25 Noncyclic benzylic region 6.0 0.071 0.27
5.20-5.75 Cyclic benzylic region 5.5 0.065 0.25
3.95-5.20 and 2.50-3.55 Aliphatic region 38.0 0.453 1.73
3.55-3.95 Methoxyl 37.5 0.447 1.70 = 0.57 OMe
2.20-2.50 Aromatic acetoxyl region * 15.2 0.181 0.69
1.60-2.20 Aliphatic acetoxyl region * 19.0 0.226 0.86
<1.60 Nonoxygenated aliphatic region 32.5 0.387 1.48
sum 203.2 2.42

* divided by 3
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also in agreement with those obtained by Berns et al.8
from analytical pyrolysisof piassavafibers. These authors
found a H/G/S ratio of 51/40/9, which correponds to an
average methoxyl content of 0.58 OCHg / Cq unit.

The condensation degree of thelignin can be cal cul ated
from the methoxy! content and the TH-NMR spectrum.
For each Cq unit amaximum of 4 aromatic hydrogen atoms
is expected, since the carbons at positions 1 and 4 are
linked to the propyl chain and to the phenalic hydroxyl/
ether linkage, respectively. Some of the aromatic positions
are occupied by methoxyl groups and for the piassava
lignin amaximum of 3.43 aromatic hydrogens (4.00 minus
0.57 OCH,) is expected. The aromatic region (4 6.25 to
7.90) corresponds to 2.25 hydrogens per Cq unit, thus
allowing the determination of the condensation degree
(34%) by the difference to the maximum aromatic
hydrogens. Thisvalueissimilar to that of lignins obtained
by steam explosion, which rangesfrom 38%t0 41%°. The
conden-sations are mostly due to 5-5 and (-1 linkages
between phenylpropanic units.

Determination of phenolic hydroxyl groups by NMR
(0.69/Cq, Table 1) is also in agreement with the
chromatographic method (O.72/C9)1. Additionally, the
aliphatic OH groups amount to 0.86 per Cq unit. Thusthe
Cq formula can be expanded to

C9.00 H gZS H 2.7300.89 (OH) ghGQ (OH) 3.86 (OCH 3) 0.57

The amount of aldehyde and acidic protons is
negligible (signal above 6 9). This correspondsto asmall
content of terminal y-carbonyl and carboxyl groups,
showing that most carbonyl groups arelocated in o and 3
positions of the propyl chains.

13C-NMR spectrum of the piassava lignin

The 13C-NMR spectrum of the extracted piassavalignin
isshowninFigure 2. It has characteristic H signalsfound at
5 161.5, 131.3, 116.0 and 121.32 and also typical
p-coumarate signalsin theregion around & 150. Furthermore
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these signals have the highest intensities confirming the
high H content of thislignin, evidenced by other techniques,
or the high incorporation of p-coumarate units as attached
moieties, as described for other lignins!0.11,

The non-aromatic region (6 50-103) has a small
intensity. Since each Cy-unit contains 6 aromatic and 3
aliphatic carbons, the integration of the non-aromatic
region is expected to amount to about half of that of the
aromatic region. Inorder to verify the presence of aliphatic
structures such as cinnamic acidsin the aromatic region, a
DEPT spectrum wasrecorded to separate CH, CH, and CH4
signals (Figure 2). The aromatic region (& 103-160)
is only contaminated by C-a and C-3 of cinnamyl-type
structures, and theintegration of these signals (6 122-130.5
and 0 151.5t0 154.5, respectively) must be considered to
be part of the non-aromatic region (carbons of propyl side
chain). With respect to the Cq-formulathe aromatic region
must correspond to 6 carbon atoms. The total integration
of thisregion (6 103 to 155) is 72.0 arbitrary units which
corresponds to 12.0 arbitrary units/carbon atom. Table 2
shows the results of the application of this factor to all
regions of the 13C-NMR spectrum.

& (ppm)
Figure 1. 1H-NMR spectrum of acetylated piassava lignin.

Some information is first obtained by the integration
of the region between & 103-107, which corresponds
exclusively to C-2 and C-6 in sunits (Table 2) and has an
integration of 2.5 arbitrary units corresponding to 0.21

Table 2. 13C-NMR data of piassava lignin lignin (Area and total carbons are divided into regions according to Chen and Robert2).

chemical shift range region area carbon atoms per
(3 in ppm) (arbitrary units) benzene ring

162.0-154.5 and

151.5-130.5 Aromatic quaternary C 39.0 3.25
122.0-103.0 Aromatic tertiary C 33.0 2.75
107.0-103.0 Syringyl C-2/C-6 2.5 0.21
58.0-55.0 Methoxyl 8.0 0.67
154.5-151.5 and

130.5-122.0 Side chain cinnamyl structures 18.0 1.50
99.0-58.0 and

55.0-51.0 Side chain other non-aromatics 13.0 1.08
195.0-190.0 Carbonyls 0.7 0.06
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C-2 and C-6 per aromatic ring. Thisisequivalent to 0.105
S units per Cq unit or 10.5% S units in piassava lignin.
Analytical pyrolysis furnished asimilar value of 9%8.

DMSO d6

total spectrum

CHy

250 200 150 100 50 0
& (ppm)

Figure 2. 13C-NMR spectrum and CHg-, CH,-, CH-subspectra of
piassava lignin.

Methoxyl content is calculated by integration of the
0 55to 58 region, giving atotal areaof 8.0 arbitrary units,
which correspond to 0.67 OMe/Cgy. This value is 24%
higher than the 0.54 OCH3 per Cq unit found by wet
chemistry methodst.

A doseandydswasperformed with respect tothearomatic
region. Table 2 shows that the integration of CH signals
(tertiary carbons) amountsto 2.75 carbons. A corresponding
analysisof IH-NMR spectrum revealed only 2.25 hydrogens
for this region. A higher intensity for the tertiary carbons
could beattributed to the Nuclear Overhauser Effect, although
the difference is high (22%). The values obtained from the
IH-NMR analysis are accepted as being correct.

The aliphatic region containing cinnamyl structures has
an unusual integration area, corresponding to 1.5 carbons per
Cy unit. This accounts for the small conden-sation of this
lignin. It ssemsthat theoriginal structureswere preserved in
the piassavalignin biosynthesis, in spiteof itshigh H content.

Conclusions

1H- and 13C-NMR spectroscopy was used in thiswork
for piassavalignin characterization and good results were
obtained. Information about methoxyl (0.57 OCH5 per
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Cy unit) and phenolic hydroxyl (0.69 OHPh per
Cq unit) contents agree with those obtained by other
methods. An extended Cg-formula was obtained
C9.00 H gZSH 2.7300.89 (OH) ghGQ (OH) 3.86 (OCH 3) 057" The
piassava lignin has a HGS nature, with high content of
p-coumarate, and the presence of cinnamyl alcohol
structures was evidenced by 13C-NMR. The degree of
piassavalignin condensationislow (34%), which explains
its high reactivity under basic hydrolysis conditions.

Acknowledgements

Financial support from FAPESP and CNPq are
acknowledged. The authors thank M. E. M. Coelho for
technical assistance.

References

1. Schuchardt, U.; Bianchi, M. L.; Gongalves, A. R,;
Curvelo,A.A. S,; Biscolla, F. C.; Peres, L. O. Cdllul.
Chem. Technol. 1995, 29, 705.

2. Chen, C. L.; Robert, D. In Methods in Enzimol ogy,
161, Wood, W.A.;Kdlog, S. T., Eds.; Academic Press;
New York, 1988, p. 137.

3. Labidi, A.; Robert, D.; Pla, F. Holzforschung 1993,
47, 213.

4. Pan, X.; Lachenal, D.; Neirinck, V.; Robert, D. J.Wood
Chem. Technol. 1994, 14, 483.

5. Galkin, S.; Armmalahti, E.; Kilpeléinen, I.; Brunow,
G.; Hatakka, A. Holzforschung 1997, 51, 130.

6. Chen, C. L. In Methodsin Lignin Chemistry, Lin, S.Y.;
Dence, C.W., Eds; Springer Verlag; Berlin, 1992, p. 409.

7. Robert, D. In Methodsin Lignin Chemistry, Lin, S.Y.;
Dence, C.W., Eds; Springer Verlag; Berlin, 1992, p. 250.

8. Berns, J, Meer, D. and Faix, O. Analytica pyrolysisof
piassava, unpublished results, personal communication.

9. Silva, F. T., Ph. D. Thesis, State University of
Campinas, Campinas, Brazil, 1995.

10. Ralph, J.; Hatfield, D. J. Agric. Food Chem. 1991,
39, 1426.

11. Ralph, J.; Hatfield, R.D.; Quideau, S.; Helm, R.F;
Grabber, JH.; Jung, H. -J. G. J. Am. Chem. Soc. 1994,
116, 9448.

Received: July 14, 1999
Published on the web: August 31, 2000
FAPESP hdped in megtingthepublication cogsof thisartide.



