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ABSTRACT KEYWORDS
The adsorption of pinosylvin- a natural antifungal agent - on wood was Pinosylvin;
studi ed by Raman microprobe technique. The adsorption propertiesof twelve Adsorption;
different European wood species were compared. The effect of solvents Raman microscope;
used, heat treatment, and prolonged storage of the samples on pinosylvin DRIFTS;
adsorption ability was analysed by means of the Raman intensity ratios of SEM.

characterigticlines. It wasfound that the surface concentration of pinosylvin
increased when the L ewis acidity of the solvent increased. Besides, adsorp-
tion of pinosylvin was less efficient on during prolonged storage the sur-
face of wood became more hydrophobic after prolonged sample storage. In
case of heat treatment (120°C, 3 h) no remarkable effect on the amount of
adsorbed pinosylvin was observed. Simultaneoudly, the intensity of the
fluorescence background increases. Moreover, the possible influence of
B.E.T. specific surface area and lignin content (described by the kappa-
value) on the amount of adsorbed pinosylvin wasinvestigated. Asrevealed,
B.E.T. specific surface areadid not vary significantly between the different
wood species, and therefore it has no significant effect on the efficiency of
pinosylvin adsorption. However, the surface concentration of pinosylvin
seems to increas with the lignin content. The amount of solvent residue in
each samplewas measured by diffuse reflectanceinfrared Fourier transform
(DRIFT) technique. For afew wood samples (e.g. pine heartwood, ash, and
Hungarian oak) UV-Raman scattering was used to characterize the aromatic
components of these wood species. The morphology of the samples was
investigated with the aid of scanning electron microscopy (SEM) images.
Furthermore, the B.E.T. specific surface area was found not to vary signifi-
cantly between the different wood species, and therefore it has no signifi-
cant effect on the efficiency of pinosylvin adsorption. However, the surface
concentration of pinosylvin seemsto increaswith thelignin content. DRIFT
spectroscopy was found to be useful to detect solvent residue in the wood
samples and the evaporation of polar solvents is a rather slow process.
However, it was not possible to detect adsorbed pinosylvin by DRIFT mea-
surements, due to the low concentration and the lack of characteristic fre-
guencies differing from other wood constituents.
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INTRODUCTION

Itisknown that different kind of trees contain ex-
tractiveswhich havefungicidal / fungistatic effect!3,
Pinosylvin (see Scheme 1) and itsderivatives are natu-
ral fungicidal components of the heartwood of some
pinetrees, e. g. Scots pine (Pinus sylvestris L.)Z4,
Thereforeit would be desirableto apply pinosylvin
for protection of wood against fungal infections.

In aprevious work about the adsorption proper-
ties of wood components, pinosylvin and some
polyhydroxybenzenederivativeswerestudied®. It was
shownthat by diffusereflectanceinfrared Fourier trans-
form spectroscopy (DRIFTS) measurementsthat the
hydroxyl bending modesin the adsorbateswere af -
fected by adsorption, indicating hydrogen bonding to
be responsi blefor theinteraction between the adsor-
bate and the substrate surface. Thisexperienceisin
agreement with theresults of other authorg®9, claim-
ing that adsorptionto thehhydroxyl groups of different
wood polymer components explain well their sorp-
tion characterigtics. Tothe best of our knowledgeonly
afew publications have appeared intheliterature dis-
cussing the problems of adsorption on wood or its
constituents (e. g.[6819),

Yellow pineand Scots pine represent two species
of thewell-known pinetrees classified as softwoods
and athird species of that typeis Douglas fir. Oak
and apple woods are popular materials used in the
furnitureindustry. Theseare classified ashardwoods.
Oak, ash and some other hard trees are suitable ma-
terialsfor barrels sincethe vesselsin the heartwood
are closed by aspecial tissue, the so called tylosis2
and thereforeimpermeabletoliquids.

Inthisstudy twelvedifferent speciesof wood were
examined with respect to their sorption propertiesus-
ing pinosylvin asadsorbate. Furthermore, the depen-
dence of the pinosylvin sorption on solvent, prolonged
storage of thewood, and heat treatment was investi-

gated.
OH
O
© OH

Scheme1: Chemical structureof pinosylvin
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Samplepreparation

Pinosylvin solutionswere prepared using acetoni-
trile, acetone, diethyl ether and chloroform. The con-
centration was 3.5x10°*mol/l. Sincepinosylvinisin-
solubleinwater, only organic solvents could be used
for theexperiments. The chosen sol ventsrepresent vari-
ous polarity, both protic and aprotic types are tested.
After weighing, the different kind of wood diceswere
placed in separatetight-fitting tubes. Then pinosylvin
solutionswere added to each sample, maintaining the
relation 10 g of woodin4 ml of solution. Thesamples
werethoroughly mixed by shaking for 3daysalowing
the pinosylvinto adsorb onto thewood structure. Then
thewood sampleswere separated from the sol utions
andair driedfor at least 1 week. The Raman spectraof
the sampleswererecorded without further sampl etreet-
ment. The heat treated samples were kept at 120°C
for 3 hours before the adsorption process.

For the DRIFT S measurementsthe sampleswere
frozeninliquid nitrogen and ground together with KBr
(5 mass-% of wood) in aRetsch Mixer Mill MM 200
using a 10 ml stainless steel jar. Spectra of the
powderized sampleswererecorded.

The kappa-val ue measurementswere carried out
according to astandard procedure?.

I nstrumental methods

The Raman microprobe measurementswere per-
formed on a Renishaw 2000 Raman microprobe sys-
tem which includesan Olympus BHSM microscope.
The samples were excited by a 20mW diode laser
with the excitation wavel ength of 782 nm. Datawere
collected using a50x objective and aresolution of 4
cm* in the wave number region between 3100 and
400 cmt. 256 scans were accumulated to achieve a
good signal to noiseratio. Spectrawere calibrated
usingthe520.5 cm lineof asilicon wafer.

The UV-Raman spectra were recorded at the
Renishaw |aboratory in Gloucestershire, England. The
sampleswereexamined using aRenishaw Raman Sys-
tem 1000. UV optimized optic componentswere used
to give high throughput and good signal to noise spec-
tra. Spectrawere obtained using aHeCd-l aser operat-
ing at 325 nm. The spectrometer was equipped witha
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UV-enhanced CCD cameraand the collection optic
was a40X objective. A laser output of 30 mW was
used, which resulted in amaximum incident power at
the sample of approximately 4 mW. Inorder to avoid
damageof thesamplethrough heeting by thelaser beam,
the laser power on the samplewasreducedto 1 mwW
and the sampleswere spun whilethe spectrawere col-
lected.

The DRIFT spectra were recorded by a Perkin
Elmer System 2000 FT-IR instrument equipped with a
Perkin Elmer Diffuse Reflection Accessory. For each
sample 128 scanswere accumul ated and spectrawere
cdculated relativeto aK Br background. TheKubeka
Munk transformation of spectrawas performed by the
Perkin Elmer Spectrum Lite software.

TheB.E.T. specific surfaceareawasmeasured with
aMicrometricsASAP2010 instrument. The measure-
mentswerecarried out by allowing nitrogen to adsorb
ontothesamplesat 150°C and fivedifferent pressures
wereused.

The scanning e ectron microscopy (SEM) images
wereacquired withaCam Scaninstrument at 5, 10 or
15kV withaworking distance of 5mm. The samples
were coated with gold to obtain sufficient conductivity.

Chemicalsand materials

Pinosylvin (>99%) wasobtained from Umea, De-
partment of Forest Geneticsand Plant Physiology, SLU.
Acetone (pro anadysi) wasfrom BDHAnaaR. Aceto-
nitrile (Uvasol ®, >99.5%), diethyleter (SeccoSolv®,
>99.5%), chloroform (pro analysi) and potassium bro-
mide (pro analys) were purchased from Merck.

The following wood samples, that can be read
more about in Ref“Y, were examined with respect to
adsorption properties. () samplesstored for 8 years
(from England): Yelow pine (Pinusponderosa), apple
wood (Malus sylvestris), Hornbeam (Carpinus
betulus L.), Douglas fir (Psendotsuga menziesii
[Mirbel] Franco), lime (Tilia platyphyllos Scop.,
large-leafed lime) and Hungarian oak (Quercus
frainetto Ten., from Hungary). (b) Fresh wood
samples (from Southern Sweden) represented by En-
glish oak (Quercusrobur L.), Norway maple (Acer
platonoides L.), common hazel (Corylus avellana
L.), common ash (Fraximusexcelsior L.), common
alder (Alnus glutinosa L. Gaertn.) and Scots pine

(PinussylvestrisL., from Northern Sweden). These
types of fresh wood samples have a so been the sub-
ject of other investigationg6-184142,

All of theused wood sampl esrepresent typical Eu-
ropean species. Pineisthe most popular raw material
among wood types. It is used in the architecture, to
produce windowsand doors, and to preparefurnitures
or totile floor and wall. Oak wood ishard, and it is
used for architecture, windows and doors, for boats,
andindoor for furnituresor totilefloor andwall. Ash,
maple, appleand dder are popular typically inthefur-
nitureindustry. Limeisused mainly for carving.

RESULTSAND DISCUSSION

In the Raman spectrum of wood lignin exhibitsa
characterigtic stretching vibration at 1604+2 cm* (Fig-
ure 1, seee.g. Refd'*12), The observed minor devia-
tion from thisfrequency (+2 cm?) isdueto the struc-
tural differencesbetween thevariouswood types. An-
other Raman lineoccursat 1664+2 cn. Thislinewas
assigned to the overlapping signals of hexenuronic
acid™, the stretching mode of conjugated a3 double
bondsinlignini***4 and glucuromannan (ahemicellu-
lose component)*S. This assignment is supported by
thefact that theintensity of the peak at 1664 cm* rela
tivetotheintensity at 1604 cn increases after heat
treatment Since uronic acids arethe products of oxida-
tive degradation of polysaccharides?.

Pure pinosylvin hastwo intensive peaksat 1635
and 1597 cm’?, assigned to v(C-C) stretching vibra-
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Figurel: Raman spectra of fresh Swedish oak samplesafter
treatment with different pinosylvin solutions(a) chlor oform
(off set for clarity); (b) diethyl ether; (c) acetone; (d) acetoni-
trile (off set for clarity)
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Figure?2: Definition of thereading of 1(1604), | (1641) and
I (bkg) intensitiesillustrated on the Raman spectrum of
hornbeam treated with acetone solution of pinosylvin

TABLE 1: Ratio of thebackground intensity expressed as
R(%)=1(1604)*100/I (bkg) for the treated air dried wood
samplesstored for 8years

Solvent YSL%N Cv%?):je Hornbeam Do;Jigrglas Lime Hur;%inan
Untreat. 3.25 6.66 10.58 356 354 7.85
CHCN 299 871 5.42 4.08 269 16.47
Acetone 10.20 5.88 6.18 468 20.79 27.19
Ether 236 6.12 12.92 418 901 17.18
Chlorof. 2.17 6.52 6.65 211 3.038 13.98
Extan® 3.16 21.03 4.47 758 821 15.63
Extac® 3.30 16.69 7.52 7.28 8.67 13.41

a“Ext. an” means extraction with acetonitrile, blank experiment;
b“Ext. ac” means extraction with acetone, blank experiment

TABLE 2: Ratio of thebackground intensity expressed as
R(%)=1(1604)* 100/1 (bkg) for thetreated samplesstored
for 8years, treated with pinosylvin after heat treatment

Solvent Y;I:%N Cvrc))g:je Hornbeam Do;JigrgIas Lime Hu';%i”an
CH,CN 255 530 9.12 525 597 20.58
Acetone 2.86 7.38 8.00 322 657 11.62
Ether 4.67 9.05 5.04 582 255 13.10
CHCl; 177 372 8.56 293 858 2241

TABLE 3: Ratio of thebackground intensity expressed as
R(%) =1(1604)* 100/1 (bkg) for thetreated fresh (wet) wood
samples

English  Norway Hazel Ash

Solvent oak maple Alder
CH;CN 5.67 3.31 1548 6.55 10.53
Acetone  8.64 6.64 7.18 19.91 20.27
Ether 7.62 6.07 9.88 29.17 3454
CHCl; 8.53 6.07 360 3201 12.60
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TABLE 4: Ratio of thebackground intensity expressed as
R(%)=1(1604)*100/1 (bkg) for thetreated, air dried wood
samples, without long stor age

Soivent  EN9SN Nrg;‘glaey Hazdl Ash Alder ?)(i;ﬁtes

sapwood
Untreat. 780 309 620 2202 48.77 232
CHCN 2652 1010 27.16 1168 29.34  1.09
Actone 6813 1698 37.94 1515 3897 172
Ethe 6910 869 483 1318 3034 335
CHCl, 2643 837 292 769 1239 522

TABLES5: Intendty ratiosfor thetreated wood samples, trea-
ted with pinosylvin after heat treatment, without long storage

English Norway SC.OtS

Solvent o0ak maole Hazel Ash Alder pine
ap sapwood

CH:CN 12.70 5.36 579 1277 35.46 2.89

Acetone  21.53 1152 620 1213 30.15 3.40

Ether 18.56 1152 768 2712 6.28 3.98

CHCl; 3.39 454 1370 10.82 18.61 9.85

tions of thearomatic ringg*21%8, Thesetwo lines shift
to around 1641 and 1604 cm?, respectively, when
pinosylvinisadsorbed inthewood structure>9. The
intensity of theligninpeak at 1664 cm*isclosetothe
stretching mode of the doublebond of pinosylvinandis
rather weak making it hard to detect at high fluores-
cenceintensity. Thisfluorescenceisprobably dueto
emission caused by smal amountsof dementslikeiron.
Incaseof purepinasylvin no fluorescence was detected.

Thefluorescence of the samplesalso affectsthe
intensity of the 1641 cm* line. At ahigh fluorescence
background theabsorptionintensity at 1641 cm* tends
to belower. Because of that theintensity ratio 1(1641)/
1(1604), which we have used asa semi-quantitive mea:
sure of pinosylvin adsorption (for explanation see Fig-
ure2), will bedightly underestimated. Asameasure of
therelativeinfluence of thefluorescence background
theratio 1(1604)* 100/I(bkg) isshownin TABLES 1-5
(seedsoFigure?2). A higher vaueof thisratioimpliesa
lower valueof 1(1641)/1(1604) i.e. alarger underesti-
mation of theamount of adsorbed pinosylvin. Notice
that thefiguresin TABLES 1-5 aregivenin %.

To measurethesurface concentration of pinosylvin
exactly isa sodifficult because pinosylvinisnot evenly
distributed on the surface of the wood sample. It has
been shown that pinosylvin tendsto be attached to the
lignin rather than to cellulose fiberg®. Moreover, the
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intensity of the aforementioned lines changeswith the
measurement parameters, e. g. focusing, intengity of the
exciting beam, etc. Additionaly, the penetration of the
exciting laser beam depends on thewave ength of the
beam. Therefore, theintensity ratio 1(1641)/1(1604)

seemsto be aconvenient way to obtain information
about therel ativeamount of adsorbed pinosylvin.

It has to be noted that every wood type has its
characteristic extractive content and composition. Be-
sides, the content and composition of theextractivesin
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Figure3:1(1641)/1(1604) intensity ratiosfor thetreated, air dried wood samplesstor ed for 8 years; (a) Yellow pine; (b) Apple
wood; (¢) Hornbeam; (d) Douglasfir; (e) Lime; (f) Hungarian oak.Abbreviations. exan = extracted with acetonitrile, blank
experiment; exac = extracted with acetone, blank experiment; Untr = untreated wood sample; an = acetonitrile; ac = acetone;

eth =ether; chl =chloroform
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Figure4: 1(1641)/1(1604) intensity ratiosfor thetreated wood samplesstored for 8years, treated with pinosylvin after heat
treatment; (a) Yellow pine; (b) Applewood; (c) Hornbeam; (d) Douglasfir; (e) Lime; (d) Hungarian oak. Abbreviations: an =

acetonitrile; ac=acetone; eth = ether; chl =chloroform

agivenwood typemay vary within specimensdepend-
ing on the circumstences under which thetree grow
(composition of soil, ateration of temperature, quantity
of rain, etc.)?3, Thus, the effect of extractivesand the
dissolution of extractives during the treatment was
tested, as shown in figure 3. As can be seen, the ob-
served ratiosremai ned unchanged after extraction with

Woterioly Stience  mm——"

pure acetone or acetonitrilein the case of yellow pine
and lime. However, in the case of applewood, horn-
beam; douglasfir; and Hungarian oak, theratios be-
came somewhat |ower.

Moreover, the morphology of the tree hasto be
considered. The useof 50X magnification objective
resultsin the measurement being carried out on an area
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of about 2um x 2umand thedifferenceinthechemica
compoasition between spotsmight besignificant. There-
foreinthisstudy only averagevauesof intensity ratios
fromthreedifferent spotsare presented (Figures 3-7).

The characteristic Raman bands of lignin and
pinosylvin areeither |ocated closeto each other or over-
lapping (Figures1 and 2). Theratios 1(1641)/1(1604)
and 1(1604)* 100/1(bkg) can vary between certain val-
ues. Thelowest valueis obtained by theintensities of
lignin peaksof untreated wood. Sincethe concentra-
tion and thecomposition of lignin depend onthetype of
wood aswell ason environmenta influences, datafor
each sample are presented separately. In the case of
untreated Scots pine heartwood the ratio 1(1641)/
1(1604)=89.2 and the 1(1604)* 100/I(bkg) ratio is
3.63% (Theintensity of the background fluorescence
istaken at 405 cm?). Thecorresponding ratiosfor pure
pinosylvin are 164 (the maximum value of 1(1641)/
1(1604)) and 0.16%, respectively.

Ingenerd, thehighest pinosylvin concentration of
thesamplesisobtained after thetreatment with chloro-
form solution. Solutionsof acetonitrileand diethyl ether
both result in about the same degree of pinosylvin ad-
sorption. Theweakest adsorption was observed after
treatment with the acetone solution.

The polarity of the solvents might beresponsible
for thedifferent adsorption properties. Solvent polarity
can bequantified in many different ways. For further
consgiderationsthe permittivity and Reichard’s E_ N val-
uesof thesolventsare presented in TABLE 624, The

—== Fyf] Paper

dataindicatethat the pinosylvin adsorption does not
increasewith the polarity of the solvent. However, the
solvents used have different hydrogen bonding abili-
ties?+?2, In TABLE 6, the Dago-Wayland E and C
parameters are a so presented, wherethe E parameter
measuresthestrength of electrostatic bonding and the
C parameter measuresthe strength of covalent bond-
ing. Fromthesedatait isclear that aceton, acetonitrile
and diethyl ether are Lewisbases, but chloroformisa
TABLE 6: Thepolarity of theapplied solventsquantified by
theper mittivity, Reichard’sE_ N polarity scaleand Drago’sE
and C parameters

Permittivity at

Solvent 20°C[21] E, N[22] E[22,23] C[22,23]
Acetonitrile 375 0460 0.886 1.34
Acetone 20.7 (25°C) 0.355 0937 233
Diethyl ether 4.335 0.117 0936 3.25
Chloroform 4.806 0.259 3.02 0.17
Water 78.54 1.000 1.64 0.57

Lewisacid. Thisindicatesthat theformation of hydro-
gen bonds plays an important rolein the adsorption
process. Thisexperienceisasoinagreement with our
earlier resultsobtained from IR data®.

Shenet al. investigated the Lewisacid-base prop-
ertiesof pinewood by contact angl€?¥, X -ray photo-
el ectron spectroscopy'?! and FT-Raman spectroscopy
measurements®!, It wasfound that the surface of pine
iIsmore basic than acidic, although the bulk wood is
largdly acidic (pH~4.18). Thereasonisthat somefunc-
tiona groupsat the surface of thewood react under air
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Figure5: 1(1641)/1(1604) intendty ratiosfor thetreated fresh (wet) wood samples: (a) English oak; (b) Norway maple; (c)
Hazd; (d)Ash; (€) Alder. Abbreviations: an = acetonitrile; ac =acetone; eth =ether; chl = chloroform
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conditions (oxidizing of somefunctiond groups). The
basic character is favorable for the adsorption of
pinosylvin sinceits phenolic hydroxyl groupsexhibit
acidic properties.

Asknownfromtheliterature, prolonged wood stor-
age hasaremarkabl e effect on the composition of ex-
tractives. The content of lipophilic compounds de-
creases and the composition changes. The most re-
markableeffect istheformation of fatty acidsfromglyc-
erides. Both autooxidative and enzymatic processes
take place; oxygen attacks unsaturated sitesand gen-
TABLE 7: B.E.T. gpecificsurfacearea, kappa-valueand dry
content of thesamples

B.E.T.

Dry content

wood N VY fwiw) %]

Y ellow pine 0.62 0 O

Apple 0.42 0 O

Horn beam 0.24 0 O
Douglas fir 0.79 0 O

Lime 0.47 0 O
Hungarian oak 0.29 15.87 95.27%)
English oak 0.19 10.32  71.62°)/95.11%
Norway maple 0.24 12.99 77.21°)/ 95.827)
Hazel 0.86 229 69.10")/ 96.00°%
Ash 0.53 17.79  82.35°)/95.32%
Alder 0.98 20.14  67.69")/ 95.18°)
Scots pine sapw. 0.53 6.07 95.22%
Scots pine heart. 0.56 6.44 94.93%

¢ These values could not be evaluated because of the lack of
sufficient amount of sample; ®When the samples were air dried;
"When the samples were freshly cut.

eratesfreeradicals. Thesereactionsare substantially
faster when the wood is stored in the form of chips
instead of logg?.

Although the results for our long-term stored
samplesarenot directly comparablewith thoseof fresh
ones(sincetheir originsarenot identical), the afore-
mentioned phenomenon may explain thetendency of
higher pinosylvin surface concentration in the case of
air dried wood without long-term storage, particularly
after treetment with chloroform solution (Figures3and
7). Inthe case of fresh wood the efficiency of the ad-
sorption process does not show any pronounced ten-
dency. The diagrams given in figures 5 and 6 vary
unsystemati caly between different wood species.

During the pinosylvin treatment extractionis ex-
pected to occur. In Figure 3 datais shown representing
the effect of acetonitrile and acetone on theintensity
ratios. Dueto extractiontheintengity ratiosaredightly
lower, whereas the background does not change or
dightly increaseinintensity (TABLES3-4).

From our experiments it was observed that the
background intensity of the Raman spectraincreases
dightly with thetimei.e. no bleaching effect. Thismight
be dueto oxidation of Fe(l1) to Fe(l11) caused by the
laser heating on the probed spot of the sample. The
background isaso higher at higher lignin contents of
thesample. Thismight bedueto thefact that ligninand
lignoids are aromatic compounds, which could
specificialy adsorb iron-containing speciesor other in-
organic compounds.
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Figure6:1(1641)/1(1604) intensity ratiosfor thetreated, air dried wood sampleswithout long stor age; (a) English oak; (b)
Norway maple; (c) Hazel; (d) Ash; (e) Alder (f) Scotspinesapwood. Abbreviations: Untr = untreated wood sample; an =

acetonitrile; ac=acetone; eth = ether; chl =chloroform
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Figure7:1(1641)/1(1604) intendity ratiosfor thetreated samples, treated with pinosylvin after heat treatment, without long
gorage; (a) English oak; (b) Norway maple; (c) Hazdl; (d) Ash; (€) Alder (f) Scotspinesapwood. Abbreviations: an = acetoni-

trile; ac=acetone; eth = ether; chl =chloroform

Furthermore, the background intensity also in-
creases after heat treatment, particularly whenthelig-
nincontentisreaively high. Smultaneoudy, theamount
of adsorbed pinosylvinincreases. Thelatter observa
tionisprobably dueto the decomposition of the aro-
matic components at el evated temperaturegiving an
increased number of adsorbtion sitesfor pinosylvin.
Decomposition of lignin at higher temperaturesissup-
ported by other authours, e.g. Canas et al.?d. They
found that in oak and chestnut wood the heat treatment
influenced thetotal content of low molecular weight
extractable compoundsand that thisisdueto threefac-
tors: 1) cell structure fragmentati on and reorgani zation
of thelignoce lulose network occur and resultinanin-
creaseinwood permeability; 2) asaresult of thedeg-
radation of somewood constituents (such astannins,
lignins, hemicelluloses, cellulosg, etc.), theavailability
of some soluble compoundsincreases; 3) during heat
treatment some specific compound formed, e.g. 5-
(hydronxymethyl)furfurd or 5-methylfurfurd.

Kotilainen et a.”" studied thechanges of chemical
composition of Norway spruce (Picea abies) dueto
heat treatment under different condition (different tem-
peratures, inair or nitrogen atmosphere). In agreement
with Fengdl and Wegener® and many others (e.g.>%").
It wasfound that hemicellulosesarethemost heat sen-
Sitive componentsin wood.

Theadsorption efficiency variessignificantly with
thewood species. To achieve adeeper understanding
of thefactors contributing to thisefficiency someother

important properties of thewood sampleswere deter-
mined, such astheB. E. T. specific surfaceareaand
thekappa—value (see TABLE 7).

TheB. E. T. specific surfaceareaisrather low and
do not vary significantly between wood species. The
low values contributed to asomewhat higher error in
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the surface areameasurementsthan normal (correla-
tion coefficientsranged between 0.988 and 0.998 in
the samples). Moreover, a low specific surface area
the measured val ue depends on the geometry of the
sample pieces, which may increasetheerror of themea:
surement. Our dataindicate, however, that the specific
surface areadoes not directly correlate with the sur-
face concentration of adsorbed pinosylvin.
Thekappa-vduesof thesamplesarealso shownin
TABLE 7. The kappa-value of paper, pulp or wood
samplesisconsidered asameasure of thelignin con-
tent??, It must be emphasized that thereis no unam-
bi guousfunction between the kappa-va ueand thelig-
nin content. The kappa-va ue depends on the type of
the sample and the species of thewood samplessince
it isbased on the measurement of permanganate con-
sumption of the sampl€?3%, Thereforethe measure-
ment of lignin content of different plantsisasoatopic
withinwood research®34, |n spite of thesedifficulties
the kappa-valuesdetermined give at | east an approxi-
mateva ueof thelignin content of thesamples. Although
a higher kappa-value did imply alarger amount of
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Figure10: UV-Raman spectrum of scotspine heartwood
TABLE 8: UV-Raman spectr al data of unstored wood samples

Lignin band “HexA band” ‘Relative

- - - — intensity=

Location Intensity Location Intensity |(HexA)/

[em]  [au]  [em™]  [aul  |(lignin)
Hungarian oak 1604 4054 1659 392 0.097
English oak 1603 3536 1660 214 0.061
Norway maple 1603 2482 1662 126 0.051
Hazel 1604 1923 1655 118 0.061
Ash 1602 4469 1660 177 0.040
Alder 1604 1709 1653 198 0.116

Scots pine

1607 2381 1649 4334 1.820

heartwood

adsorbed pinosylvinwhen chloroform was used assol-
vent (Figures 3-7) thistendency wasless clear than
expected. For the other sol vents used no such correla
tion was observed. It rather seemsthat the choice of
solvent isamoreimportant factor. To elucidatethein-
fluenceof lignin content on the adsorption propertiesof
wood other more exact methodsto determinelignin
content should beavailable.

Asit wasreported™, the use of the UV-Raman
technique serves as an excellent opportunity to mea-
surethelignin content of wood, because of the low
fluorescenceintensity and the high sengitivity for aro-
matic signal swhichisremarkably higher thaninVis-
Raman measurements due to the A* dependence of
scattered light*3%2), |n consequence of this, thelignin
signalsare moreintensive around 1604 cm* and the
shoulder at 1645 cm* isclearly visible in the UV-
Raman spectra(see Figures8-9.). Asan exception, a
strong band occurs at 1649 cm™ in the case of pine
wood (Figure 10). Asillustrated in figures8 and 9,
the line shape of the UV-Raman spectraof various
wood typesstudied do not differ sgnificantly fromeach
other. However, the shoulder occurring on the aro-
matic vibrationlinecorresponding tolignin (see Ref 1)
isassigned to 4-deoxy-4-hexenuronic acid (HexA)
assummariezedin TABLE 8. Ascan beseenfromthe
data, only alder and Scots pine heartwood are char-
acterized by aremarkably higher [(HexA)/I(lignin)
ratio. Itisprobably duetothefact that alder isadark
wood type that meansthe presence of chromoforic
units of higher concentration than in the other
onbserved specieses, i.e. higher lignin content. The
higher lignin content isa so reflected inahigher value
of thekappa-number. Scots pine heartwood has not
asignificantly higher K-number than e.g. sapwood,
athoughitisknown to have ahigh extractive content
(seee.q.>39) including unsaturated compounds simi-
lar toHexA. Itisaso notablethat the aforementioned
peak becomes a shoulder in all UV-Raman spectra
with exception of the pine heartwood (Figure 10). In
thelatter caseit occursasasharp, intensesignal ex-
ceeding theintensity of thelignin signd at 1608 cm™.
Thisisalso dueto the high resin content of the pine
heartwood. (It isimportant to noticethat “resin” is
often used asacollective namefor the lipophilic ex-
tractives, mainly diterpenoids(phenolic substancesare
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not included)!?. Many of them contain double bonds
inrings, smilar to those of hexeneuronic acids.)

Themeasurement of theamount of lignin hasfailed
inthisstudy probably becausewood sampleshavere a
tively highlignin content, whils theUV/Ramanintensity
increaseslinearly withthelignin contentinalower lignin
concentration range. Thus, UV-Raman measurements
can be succesfully used for the evaluation of residual
ligninin pul pscharacterized by aK-number below ca.
1013, with the exception of raw wood. Several meth-
ods have been devel oped for the determination of 4-
deoxy-4-hexenuronicacid (HexA) in pulp, suchashigh
performance anion-exchange chromatography, UV-
spectroscopy, colourimetry™3 and capillary zone e ec-
trophoresi§*. HexAsdo not exist in native wood but
areformed from polysaccharides viaoxidation reac-
tion, particularly under akaineconditions(e.g. pulping).
Thereforetheabbreviation “HexA” does not mean un-
ambiguoudy hexenuronic acid (however, inhest trested
sampleshexenuronic acid likely to appear). Asfar as
weknow Raman spectroscopy featuresof HexAshave
not been reported yet. However, asit was mentioned
a thebeginning of Resultsand Discusson, Agarwd and
Ral ph*® showed that apeak |ocated at 1664 cm™ oc-
cursin the Raman spectrum of glucuromannan (which
isahemicellul ose constituent) and black spruce (Picea
mariana) lignin produced by two different methods
(enzymétictrestment and milling).

TheFTIR technique hasa so been successfully ap-
plied for the characterization of aromatic extractsin
plantg*>3 and for the gpproximation of pH inwood™.
However, itisclear fromthisstudy that the DRIFT spec-
troscopy techniquewas very useful in order to detect
theresidual solvent after the wood samples had been
treated with the pinosylvin solutions. However, froman
inspection of the DRIFT spectrait isnot possibleto
distingui sh between adsorbed pinosylvin and other wood
constituents. Raman scattering isfar better in that re-
Spect becauseof thevery characteristic pinosylvinline
at 1641 cm™.

Theevaporation of the solvent from the structure
of wood isarather ow process. After three weeks of
dryinginair strong solvent peaks could bedetectedin
the case of polar solventsviz. at 1700 cm™ (acetone),
at 1636 cm* (acetonitrile) and at about 752 cnrt for
chloroform (seefigure 11). After threemonthsno sol-
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Figurell: Kubeka-Munk transfor med DRIFT Sspectraof

fresh alder treated with different pinosylvin solutions(the

fingerprint region and theregion from 2500 cm* to 4000

cmtareshown) (a) chlor ofor m solution; (b) aceton solution;

(c) diethyl ether solution; (d) acetonitrilesolution; the peak
at 753 cmt originatesfrom chloroformresidue

(a) yellow pine; (b) applewood; (c) hornbeam; (d) alder; (e)
Scotspinesapwood; (f) Hungarian oak

vent peaksor just solvent traces could be detected by
the DRIFT Stechnique.

SEM imageswere acquired to comparethe mor-
phology of the different wood samples, sincethemor-
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phological characteristic of thewood samplewas ex-
pected toinfluence the amount of pinosylvin adsorbed.
Six images about theradial view of samplesare pre-
sented infigure 12. Yellow pine and applewood have
looser structurethan the other samples. The poresize
of the channels of yellow pineisabout 5um, those of
Scots pine, alder, English oak, apple wood and lime
are 1-2 um. Hungarian oak, hornbeam and maple ex-
hibit an intermediate pore size, 2-3 um. The porous
Szedoesnot reach 1 uminashand hazdl. TheEnglish
oak and limehave more dense and rigid structuresthan
theothers. Our investigation pointstothat, ingeneral, a
loose structureisfavourablefor the adsorption dueto
themoreefficient penetration. However, deviaionsfrom
these general trendsare a so observed in some cases.

CONCLUSIONS

Effectsof solvent used, prolonged wood storage
and heat treatment (120°C, 3 h) on adsorption of
pinosylvin ontwel vedifferent kindsof wood were stud-
ied by Vis-Raman mi croprobetechnique. A semi-quan-
titative approach wasintroduced by using the charac-
teristic Raman peak ratios.

It wasfound that the L ewisaci d-base properties of
the sol vent influenced theamount of adsorbed pinosylvin
onwood significantly. The surface concentration of
pinosylvinincreased when the Lewisacidity of the sol-
vent increased. Dueto chemica and biochemical reac-
tions during prolonged storage the surface of wood
became more hydrophobic and therefore the adsorp-
tion of pinosylvin was less efficient. The chemical
changes caused by heat treatment (120°C, 3 h) have
no large effect on theamount of adsorbed pinosylvin,
athough the decomposition of hemicellulosesoccurs.
Simultaneoudly, theintensity of the fluorescence back-
ground increases.

Furthermore, the B.E.T. specific surfaceareawas
found not to vary significantly between the different
wood species, and thereforeit hasno significant effect
on theefficiency of pinosylvin adsorption. However,
the surface concentration of pinosylvin seemstoincreas
withthelignin content, ingenerd. DRIFT spectroscopy
wasfound to be useful to detect solvent residueinthe
wood samplesand the evaporation of polar solventsis
arather dow process. However, it wasnot possibleto

detect adsorbed pinosylvin by DRIFT measurements,
duetothelow concentration and thelack of character-
igicfrequenciesdifferingfrom other wood condtituents.
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