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The Chemical Analysis of Wood Using ToF-SIMS*!

Kazuhiko FUKUSHIMA *2 and Kaori SAITO *2

Time-of-flight secondary ion mass spectrometry (ToF-SIMS) is a powerful technique that provides chemical
information about the surface of a solid sample and does not need any pretreatments. The significant advantage of
ToF-SIMS over other techniques is imaging analysis, which allows the direct visualization of the chemical
distribution on the sample surface with submicrometer spatial resolution. Here the applications of ToF-SIMS to
wood science are discussed. Recent studies showed that ToF-SIMS is a useful tool for the structural analysis of
lignin by detecting the monomeric ions which correspond to its structural units (guaiacyl and syringyl types).
Several ToF-SIMS studies that examined pulp fiber surfaces or properties of paper have been reported. ToF-SIMS
has also been used to investigate the distribution of heartwood extractives.
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Fig. 2. Schematic diagram of the SIMS process.
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Fig.3.  The chemical structure of lignin. Lignin polymers are believed to be produced by random free
radical coupling of phenylpropanoid monomers such as coniferyl alcohol. The interunit linkages
between phenylpropanoid monomers include 8-0-4', 8-8", 8-5", 4-0-5", 8-1" types.
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Fig. 4.  Positive ToF-SIMS spectra of (a) pine MWL, (b)
beech MWL, and (c) D-labeled DHP from coniferyl
alcohol-[9,9-d2, -OCD3]. The figure shows the
tentative structures of the main secondary ions,
each of which has a guaiacyl (G) or syringyl (S)
ring.
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Lignin dimer models
oH Ho. The characteristic ions at 7/z 137 and 151 arise
Hi? CHa from the 8-0-4”, 8-1", 8-8”, 8-5" dimers.
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Fig. 6.

ToF-SIMS images (positive ions) of the transverse surface of magnolia xylem. (a) total ions,

(b) m/z 137 ion (guaiacyl), (c) m/z 167 ion (syringyl) Bar: 100 um.
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b) T
.

Light microscopic photogaph (a) and ToF-SIMS images (b, ¢) of the cross section of Sugi

heartwood tissue. Softwood tissue predominantly consists of tracheid cells (T), and axial pa-
renchyma cells (A), which often contain brownish substances. b Total ion image (cross
section). ¢ m/z 285 ion image (cross section). This image shows the distribution of ferruginol
in the tissue because 72/z 285 ion originates from ferruginol.

Fig. 8.

SEM and ToF-SIMS images from a handsheet cross
section containing cationic starch. (A) SEM, (B)
ToF-SIMS ; cationic starch image. Scale bar =100
um,
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