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ABSTRACT 

The feasibility of using FT-Raman spectroscopy for rapid non-destructive 
determination of lignin syringyl/guaiacyl (S/G) monomeric composition was 
examined using Eircnlyptus camaldirlerisis and E. glob~lirs, including samples of 
various ages and colors, which are of importance as a plantation source. The 
application of 2nd derivatives transformation of Raman spectroscopic data revealed 
highly significant correlations between wet chemical and Raman predicted values 
with correlation coefficient (r) = 0.998 and standard error ofprediction (SEP) < 0.07 
points in the calibration (for known samples), and r = 0 935 and SEP < 0.32 points in 
the prediction (for unknown samples), respectively. Consequently, this non- 
destructive method has proved its validity for analyzing Eircalyptirs native wood 
meal samples, regardless of their age and color to determine lignin S/G monomeric 
composition. Using FT-Raman spectroscopy, elite tree selection based on quality 
aspects for pulp and paper production can be performed 
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INTRODZ ICTION 

ONA ET AL. 

Forest resources are important renewable resources of raw materials To reduce 

our reliance on natural forests and manufacturing costs of pulp and paper products 

using plantation trees, tree breeding should be performed based on quality aspects 

for pulp and paper production 

For this objectives, we have examined the feasibility of Fourier transform 

Raman (FT-Raman) spectroscopy as a rapid non-destructive means of determining 

the content of various wood constituents However, the structure of wood 

constituents, such as lignin monomeric composition, which relate to some pulp 

properties, namely sheet density and breaking length * 
In a rapid means of spectroscopical analysis of lignin monomeric composition in 

the solid state, Fourier transform infrared (FTIR) spectroscopy and near-infrared 

(NIR) spectroscopy are frequently used On the other hand, structural analysis of 

lignin by Raman spectroscopy is reported However, little has been investigated on 

the quantification of lignin monomeric composition using Raman spectroscopy 

Here, we report on the feasibility of FT-Raman spectroscopy as a rapid non- 

destructive means of determining lignin monomeric composition of wood using two 

Eircalyptzis species, which are important as a plantation source We also report 

important frequencies used in the analysis, compared with the spectra of 

dehydrogenation polymers synthesized from each monolignol, individually 

RESULTS AND DISCUSSION 

Wet chemical data of lignin monomeric composition expressed as 

syringyVguaiacy1 (WG) ratio in calibration and in prediction were 2.76 f 0.95 (n = 

5 5 )  and 2.66 i 0.88 (n = 25), respectively and are no significant differences between 

members of two sets. 
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FIGURE 1. Plot of FT-Raman calibration (for known samples) against lignin 
syringyllguaiacyl ratio. The 95% confidence contours are represented by 
dashed lines. 

Plot of the calibration by partial least squares (PLS) regression is shown in 

Figure 1. The number of principal components (PCs) used in the model was decided 

by the residual variance, which was defined as the mean squared residual corrected 

for degrees of freedom. As shown in Figure 1, we have successhlly obtained 

statistically significant correlation with correlation coefficient (r); 0.998 and standard 

error of prediction (SEP); 0.07 points using 5 PCs between wet chemical and Raman 

predicted values. This is the first successfbl calibration of lignin S/G ratio of native 

wood meals with FT-Raman spectroscopy. 

This method will be valid for samples of various ages, since the calibration 

model was created using samples of different ages taken from various parts within 

the tree stems. This will be also valid for different species and for colored samples, 

which fluorescence causing base line change in the spectra due to colored  material^.^ 
In fact, some of utilized samples were colored red due to heartwood formation.' 
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Possible As: 
b a n  shift cm-' 

121 
195 
78 1 
793 

1093 
1379 
1583 
1591 
1595 
1657 

TABLE 1 
3nment of Important Frequencies in the Calibi 

Assignment 
0 Skeletal deformation (syringyl) 
0 Skeletal deformation (syringyl) . Ring vibration (syringyl) . C-H out of plane bending (syringyl) . C-0 deformation in aliphatic ethers (synngyl) - C-H deformation or C-C-H bending (syringyl) 

Rmg stretching (guaiacyl) . Ring stretching (syringyl) 
Ring stretching (guaiacyl) 
C=O stretching (guaiacyl) 

tion Model 
Reference 

5 
5 
5 
6 
3 
3 
3 
3 
9 

- 

Syringyl or guaiacyl assignment was decided by the spectra of 2nd derivatives form 
of corresponding dehydrogenation polymer shown in Figure 2B. 

Consequently, the calibration will be valid for Eiicalyptiis native wood meal samples, 

regardless of their age and heartwood color. The results are unique among the few 

reports of FT-Raman. 

Table 1 shows important frequencies selected by regression coefficients used in 

the calibration model. To assign them, three types of synthesized dehydrogenation 

polymer (DHP), namely p-hydroxyphenyl (H), guaiacyl (G) and syringyl (S) DHPs 

were utilized as lignin standards, and the Raman spectra are shown in Figure 2A. The 

spectra of DHPs are very similar and the quantitative determination will be quit 

difficult although peaks around 1600 cm-' might have the characteristic Raman shift 

for each DHP. Consequently, we have applied 2nd derivation to the spectra of G-and 

S-DHPs because H moiety was not detected in the wet chemical analysis, and 

showed them in Figure 2B. Important frequencies extracted in the calibration model 

agree with the characteristic peaks in either DHP significantly and the possible 

assignment of each frequency has been achieved and summarized in Table 1 

From Table 1 and Figure 2B, important frequencies including around 1600 cm-' 

were distinguished to each moiety very clearly and the validity of 2nd derivation of 

the spectra has been proved. In addition to this, frequencies less than 200 cm-' were 
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FIGURE 2. Normal FT-Raman spectra (A), and their 2nd derivative forms (B) of 
Standards. H; p-hydroxyphenyl dehydrogenation polymer (DHP), G; 
guaiacyl DHP, and S; syringyl DHP. 
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FIGURE 3. Plot of FT-Raman prediction (for unknown samples) against lignin 
syringyllguaiacyl ratio. The 95% confidence contours are represented by 
dashed lines. 

included and utilized as important variables in this study as same as in the previous 

study.' The result suggests the possible utilization of those short frequencies in the 

chemical study of wood, especially with 2nd derivation of the spectra although the 

Raman intensity is rather low. 

Figure 3 shows the prediction of lignin SIG ratio by Raman spectroscopy using 

the obtained calibration model. As a result, highly significant correlation between 

wet chemical and Raman predicted values was successfully obtained with r; 0.935 

and SEP; 0.32 points. 

The non-destructive FT-Raman spectroscopic method has proved its validity 

for determining lignin monomeric composition for Eiiccllyptiis native wood meal 

samples, regardless of their age and color. 

By using FT-Raman method, elite tree selection can be performed based on 

quality aspects that will reduce our reliance on natural forests and reduce the cost of 

pulp and paper products. 
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EXPERIMENTAL 

49 

The E. camnldirlemis and E. globidus samples (two 14 year-old trees, 

numbered 1 and 2) were grown at CALM (Department of Conservation and Land 

Management, Western Australia, Australia). The E, camaZdirZemis samples included 

17 block samples, each about 2 x 2 x 6 cm, from trees No. 1 and 2. The E. globitlrrs 

samples included 19 block samples from tree No. 1 and 22 block samples from tree 

No.2. The block samples were taken randomly in the stems, and had been utilized in 

an earlier study.' As standard samples for lignin analysis, three types of DHPs, 

namely H-, G- and S-DHPs were prepared from p-hydroxyphenyl, coniferyl and 

sinapyl alcohols, respectively using peroxidase and hydrogen peroxide by the 

conventional mixing method.'" 

Wet c- 

Lignin SIG ratio was determined by modified thioacidolysis method and 

expressed as molar ratio." 

Raman suectroscouy 

Raman spectra were collected using a Nicolet Raman 950 spectrometer 

(Nicolet Instrument Corp., Madison, USA) equipped with a Nd: YAG laser 

operating at 1064 nm, and Ge detector. Wood meal samples (20 mesh pass) were 

packed into NMR tubes and spectra were collected using 180" backscattering at 

500 mW, 4 cm-' resolution and 256 scans.' The spectra of standard samples were 
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50 ONA ET AL. 

collected in capillary tubes with the same manner. Raman spectra of 100-1800 cm-’ 

frequencies were transformed to the 2nd derivatives form after multiplicative scatter 

correction. They were then subjected to PLS regression with the lignin monomeric 

composition using the software of Unscrambler 6.0 (Camo AS, Trondheim, 

Norway). A total 55 of wood samples for calibration and 25 for prediction were 

selected randomly. 
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