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Abstract

Thermal modification can improve the dimensional stability of wood without the
use of biocides, but the process also changes the colour. Changes in relative amounts
of chromophores and auxochromes of poplar extracts during thermal modification
were investigated by pre-extraction of ground wood in increasingly polar solvents
followed by thermal modification. Changes in wood colour and FTIR spectra were
used to assess the effects of extraction/thermal modification, while selected extracts
were analysed by GC-MS. Colour of non-modified poplar was mainly affected by
ethanol extraction, while thermally modified poplar was most affected by 1,4-diox-
ane and acetone extraction. GC—MS analysis to characterize the main chromophores
and auxochromes in the 1,4-dioxane and acetone extracts from non-modified or ther-
mally modified poplar suggested that chromophores and/or auxochromes in extracts
including carbonyl, vinyl, benzene ring and hydroxyl groups tended to be much
more abundant in thermally modified poplar which accounts for the darkening of the
wood.
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Introduction

Wood is an environmentally attractive renewable material, but it also has undesir-
able properties including hygroscopicity, dimensional instability and biodegradabil-
ity that limit its application (de Oliveira Aradjo et al. 2016; Deka and Saikia 2000).
Traditional preservative treatments can effectively protect timber against biodete-
rioration, but some users are concerned about the risks associated with chemicals.
Thermal modification was developed to enhance both dimensional stability and col-
our and has been increasingly used in some regions, especially Europe (Dubey et al.
2011). Thermal modification can be performed with simple production equipment
to enhance dimensional stability (Priadi and Hiziroglu 2013), decay resistance (Tri-
pathi et al. 2014; Li et al. 2018) and appearance (Li et al. 2018) of the wood.

Colour is an important attribute of wood, although there is no universal pref-
erence for a given timber (Wang et al. 2016; Chen et al. 2012). Colour depends
on chromophores, which include a range of nitro, nitroso, azo, a-diketo and qui-
none compounds as well as chromophores that need a multi-group conjugate
such as carbonyl, thiocarbonyl, benzene rings and carbon—carbon double and
triples (Jeffries 1914). Chromophores contain unsaturated chemical bonds that
readily transition into an excited state with a minimum amount of energy, and
the wavelength of the absorbed light enters the visible-light region to develop
colour. A compound containing a chromophore may not be coloured, and the
introduction of auxochromes such as hydroxyls, amines and carboxyl groups
may be necessary to produce colour (Sandoval-Torres et al. 2010). The introduc-
tion of an auxochrome into a coloured compound intensifies the colour.

Cellulose, hemicellulose, lignin and extractives degradation during thermal
modification alters the chromophores and auxochromes, changing wood colour.
Cellulose, hemicellulose and lignin degradation during thermal modification
will also cause changes in the physical and chemical properties of wood. Physi-
cal and chemical properties of wood change at temperatures around 140-150 °C
(Cademartori et al. 2012; Priadi and Hiziroglu 2013). Thermally modified wood
flexural properties and other strength properties begin to decrease under the effects
of temperature and time (Bal 2018; Gao et al. 2016; Cademartori et al. 2012).
Researchers have unsuccessfully tried to establish a response model between ther-
mally modified wood colour and mechanical strength, but the correlations were
poor, possibly because of the role of extractives (Johansson and Moren 2006;
Gonzalez-Pena and Hale 2009). Although extractives are present at relatively low
levels and have little effect on the mechanical properties, they play an important
role in wood colour, most typically by rendering heartwood a much darker col-
our than sapwood (Moya et al. 2012; Pandey 2005). Extractives tend to be rich
in unsaturated and conjugated structures including tannins, phenols, stilbenes
and quinones (Sandoval-Torres et al. 2010; Mayer et al. 2006; Burtin et al. 2000).
These compounds tend to be relatively stable in existing heartwood, but some are
less stable and prone to changes when heated. These processes are the premise for
modifying wood colour using thermal modification (Chen et al. 2014).
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The objective of this study was to explore the changes in the relative levels of
chromophores and auxochromes in poplar extracts during thermal modification to
analyze the contribution and mechanism of the extracts to colour changes of the
thermally modified poplar. This study provides information useful for developing
models using colour to predict changes in flexural properties of thermally modified
wood.

Materials and methods
Materials

Wood preparation: Poplar (Populus tomentosa Carr.) trees were selected from plan-
tations at Northwest A&F University in the Yangling District, Shaanxi Province,
China, and the heartwood was selected to be cut into clear, defect-free lumber. The
lumber was air-dried, and then, small shavings cut from the lumber were ground to
pass a 40-60 mesh screen. The ground wood was oven-dried at 60 °C to 8% mois-
ture content and weighed (nearest 0.01 g). Approximately 200 g of oven-dried wood
was prepared.

Solvent extraction

The ground wood was successively extracted using petroleum ether (PE), ethyl ace-
tate (EA), 1,4-dioxane (Diox), acetone (DMK), ethanol (EtOH), acetonitrile (ACN)
and distilled water (DW) in a Soxhlet extractor. The ground wood samples with
different polar range extracts removed were obtained, and then, an aliquot of each
extracted ground wood was thermally modified (Fig. 1).

Twenty-five grams of un-extracted ground wood was thermally modified. Five
grams of ground wood was wrapped in filter paper that had been pre-extracted in a
2:1 phenol/ethanol mixture. The filter paper packet was placed in a Soxhlet extractor,
and 100 ml of petroleum ether (boiling range: 30-60 °C) was added to the round-
bottom flask on the assembly. The solvent was heated to produce four reflux changes
per hour, and the system was maintained for a minimum of 8 h or until the liquid in
the siphon return tube was colourless. At the end of the extraction, the solvent was

Fig. 1 Flowchart illustrating successive solvent extractions of poplar wood
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filtered to remove particulate and concentrated by rotary evaporation at 60 °C. The
petroleum ether-extracted poplar wood flour was oven-dried at 60 °C to constant
weight and weighed. This process was repeated on 35 samples (35 filter paper pack-
ets containing 5 g of ground wood) that were used in subsequent extractions.

Five extracted samples were set aside for further testing, and then, the
remaining 30 samples were Soxhlet-extracted in ethyl acetate using the same
extraction conditions. The resulting extract was collected and evaporated,
while the wood was oven-dried and partitioned as described above. This pro-
cess was successively repeated with Soxhlet extraction in 1,4-dioxane, ace-
tone, ethanol, acetonitrile and, finally, distilled water to produce five~25 g
groups of extracted material plus one ~25 g non-extracted control for thermal
modification.

Thermal modification

Extracted and non-extracted poplar wood flour samples were oven-dried at 60 °C
and weighed (nearest 0.01 g) before being wrapped in tin foil and thermally treated
for 4 h at 180 °C in a nitrogen medium at atmospheric pressure. The oven was turned
off after 4 h and cooled to 30 °C, and then, the thermally modified wood was stored
in a desiccator.

Colour measurement

The effect of extraction and thermal modification on wood colour was measured by
the CIELab system with a CHNspec CS-802 Spectrophotometer (Hangzhou CHN-
spec Technology Co., Ltd., Hangzhou, Zhejiang, China) equipped with a D65 light
source at a 10-degree observed angle with a 15-mm aperture at the point of measure-
ment. Poplar wood flour from a given extraction was placed into three 40-mm large-
surface light-transmitting quartz cuvettes. The colour values were measured at three
locations on each cuvette, and the mean value was calculated. The colour parameters
of the samples were expressed by the lightness L (L"=0 indicates pure black and
L*=100 indicates pure white), the red—green axis chromaticity index a” (red in plus
values/green in minus values) and the yellow—blue axis chromaticity index b” (yel-
low in plus values/blue in minus values) values by CIELab colour system. The total
colour difference (AE") was calculated according to the following equation:

AE* = \/ (AL") + (Ad*) +(Ab")’ (1

where AL", Aa", and Ab" are the differences between non-extracted and a given sol-
vent extraction sequence of L, a" and b", respectively.

The results were analysed using a one-way ANOVA (P=0.05) and a Tukey HSD
post hoc test using the SPSS Statistics 22.0 software program.
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FTIR spectroscopy analysis of extracts

The characteristics of 1,4-dioxane and acetone extracts from non-modified ground
wood were examined by sequentially extracting additional ground wood with petro-
leum ether and ethyl acetate, followed by extraction with 1,4-dioxane and acetone.
The extracted ground wood was thermally modified as described earlier, and then,
these materials were extracted with 1,4-dioxane and acetone (Fig. 1). The dried
1,4-dioxane and acetone extracts were subjected to FTIR analysis using the KBr
plate method on a Bruker Vertex 70 FTIR spectrometer (Bruker Optics Ltd., Cov-
entry, UK) at 4 cm™! resolution in the spectral region 4,000-400 cm~' with 32
scans. The resulting spectra were used to examine characteristic peaks for chromo-
phores and auxochromes.

GC-MS analysis of extracts

Five milligrams of a given evaporated 1,4-dioxane and acetone extract from
non-modified or thermally modified poplar was derivatized by adding 25 ul of
N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) and 7500 ul acetonitrile and
heating at 60 °C in a water bath until the extract dissolved. The dissolved extract
was filtered through a 0.22-um organic nylon filter at least three times to remove
any particulate.

The resulting filtrate was analysed by GC-MS on a TRACE1310-ISQLT
GC-MS spectrometer (Thermo Fisher Scientific, Massachusetts, USA) with
a TG-5MS fused silica column (30 mXx0.25 mm id., film thickness 0.25 um).
Ultra-high-purity helium (99.999%) was used as the carrier gas at a flow rate of
1 ml/min. The oven temperature was kept at 80 °C for 2 min, then programmed
to 180 °C at a rate of 15 °C/min, kept constant at 180 °C for 2 min, then pro-
grammed to 280 °C at a rate of 10 °C/min and then kept constant at 280 °C for
10 min. ESI source parameters were: positive ionization modes and scan range
from 45 to 450 m/z. Individual components representing >0.5% of the total peak
area were identified on the basis of comparison of their mass spectrum using the
2014 National Institute of Standards and Technology library database.

Results and discussion
Effects of extract with different polarities on the colour of poplar

Poplar tends to blacken, redden or become yellower following thermal modifica-
tion (Salca et al. 2016). Extraction of poplar prior to thermal modification produced
significantly different changes in colour parameters (P <0.05), but there were no
consistent trends in brightness difference (AL"), red—green axis chromaticity index
difference (Aa”) or yellow—blue axis chromaticity index difference (Ab”) with sol-
vent type (Table 1). Overall colour differences (AE") from the non-extracted control
were lowest after acetonitrile extraction, followed by distilled water, ethyl acetate,
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Table 1 Effect of sequential extraction of poplar in selected solvents on colour changes of poplar as
measured using the CIELab system

Solvent AL* Aa* Ab* AE* IAL* 1Aa*] 1AL

PE 6.504040 —2.05+0.17 —0.90+0.17 6.88+0.39(d) 6.50+0.40(d) 2.05+0.17(c) 0.90+0.17(a)
EA —207+0.79 1.08+032  238+0.33  3.38+0.24(b) 2.07+0.79(b) 1.08+0.32(b) 2.38+0.33(bc)
Diox 0.65+0.11 — 1054022 —3.27+0.13 3.50+0.20(b) 0.65+0.11(a) 1.05+0.22(b) 3.27+0.13(c)
DMK  —4.86+0.63 —0.06+0.04 0.88+0.10 4.94+0.62(c) 4.86+0.63(c) 0.06+0.04(a) 0.88+0.10(a)
EtOH 7484063 099+0.16 3.12+076  8.17+0.88(c) 7.48+0.63(d) 0.99+0.16(b) 3.12+0.76(c)
ACN  —058+0.08 037+0.06 —0.55+020 0.89+0.08(a) 0.58+0.08(a) 0.37+0.06(a) 0.55+0.20(a)
DW —2.10+0.08 041+0.08 —149+041 2.63+0.18(b) 2.10+0.08(b) 0.41+0.08(a) 1.49+0.41a(b)

Values followed by the same letters do not differ significantly by Tukey HSD post hoc test (0.05)

1,4-dioxane, then acetone, petroleum ether and, finally, ethanol. The differences
would suggest a pattern of altered colour changes with solvent type; however, the
results did not consistently change with solvent polarity. Zanuncio et al. (2015) con-
ducted similar studies and found that removing the cold water extract of Eucalyp-
tus pellita and Pinus radiata wood before thermal modification changed the colour
of the treated wood, while removing the dichloromethane extract did not affect the
colour.

The AL" values, which represent brightness, increased the most in poplar
extracted with ethanol or petroleum ether, while brightness declined in samples
extracted in all the other solvents prior to thermal modification except 1,4-dioxane.
The Aa” values, which reflect changes in the red-green region, increased signifi-
cantly following both ethyl acetate and ethanol extraction, while they increased only
slightly for the acetonitrile and distilled water extractions. Extraction in petroleum
ether alone produced the greatest loss in Aa” following thermal modification, and
the residual ground wood tended to be lighter coloured with more green. The Ab"
values reflect changes along the yellow-blue axis and suggested that extraction in
either ethyl acetate or ethanol produced the greatest increases, while extraction in
acetone produced the greatest losses. The remaining solvents had relatively little
effect on Ab*.

Extraction prior to thermal modification would be expected to remove existing
chromophores that could be further modified during the heating process, but it also
potentially exposes the cell wall polymers to modification.

Effects of extraction with different polarities on the colour of thermally modified
poplar

Thermal modification of non-extracted and extracted poplar resulted in darkening
which was consistent with previous studies of thermal modification (Fig. 2). Sam-
ples that experienced smaller colour changes following solvent extraction tended to
experience larger changes following thermal modification.
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Fig.2 Example of ground poplar wood sequentially extracted in solvents prior to thermal modification
and CIELab colour parameters associated with each treatment. Note: The smaller the colour difference
before and after thermal modification of poplar after extraction, the greater the effect of this polar extract
on the colour of thermally modified poplar. Values followed by the same letters do not differ significantly
by Tukey HSD post hoc test (0.05)

The AL” of acetone and 1,4-dioxane extracted poplar samples tended to be lower
than that of control. The Aa" values of thermally modified poplar were similar for
all of the extracts except for those subjected to petroleum ether and acetone, while
Ab* values declined for poplar extracted in the series with ethyl acetate, 1,4-diox-
ane, ethanol, acetonitrile or distilled water.

There were no consistent differences in AE" values of thermally modified poplar
with extraction except for 1,4-dioxane and acetone, both of which had significantly
smaller changes than the control. These results are consistent with previous reports
(Gao et al. 2009, 2015). The differences noted in AE* with these two extraction
sequences led us to further explore potential differences using FTIR and GC-MS.

FTIR analysis of the Diox and DMK extracts

FTIR analysis of the 1,4-dioxane and acetone extracts of non-modified and ther-
mally modified wood (Fig. 3) suggested that the relative intensities of the O-H
stretching vibrations (3394 and 3370 cm™'), conjugated aldehydes and esters C=0
stretching vibrations (1723 cm™!), C=C or C=0 stretching vibrations (1639 cm™)
were all weaker for the acetone extracts and the 1,4-dioxane sample, suggesting that
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Fig.3 Effect of acetone (DMK) or 1,4-dioxane (Diox) extraction of non-modified and thermally modi-
fied poplar wood on the resulting FTIR spectra

the 1,4-dioxane extracts contained more hydroxyls, vinyls and carbonyls (Esteves
et al. 2013).

The relative intensities of conjugated aldehydes and esters C=0 stretching vibra-
tions (1723 cm™") and=C-H stretching vibrations of alkenes (878 cm™!) of the
1,4-dioxane extracted and thermally modified poplar (Diox-TMP) all increased
relative to the non-thermally treated samples (Diox-UMP), while the C=C or C=0
stretching vibrations (1639 cm™!) of the 1,4-dioxane extracted thermally modified
samples decreased (Rajiv et al. 2016). These results suggest an increase in the pres-
ence of vinyl and conjugated carbonyl groups of aldehydes and esters in the ther-
mally modified 1,4-dioxane extract and a corresponding decrease in conjugated car-
bonyl groups of aromatic structures.

The relative intensities of the O—H stretching vibrations (3370 cm™), conjugated
aldehydes and esters C=0 stretching vibrations (1719 cm™!), C=C or C=0 stretch-
ing vibrations (1639 cm™") and benzene ring stretching vibrations (1515 cm™) of
thermally treated acetone extracted poplar (DMK-TMP) all increased compared to
the non-thermally modified materials (DMK-UMP). These differences suggested
increased levels of hydroxyl, vinyl, benzene ring and carbonyl groups with thermal
modification.

GC-MS analysis of 1,4-bioxane and acetone extracts of thermally modified wood
The characteristics of acetone and 1,4-dioxane extracts of non-modified and ther-

mally modified poplar were assessed because these two extracts tended to produce
the greatest effects on colour changes following thermal modification.
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Table 2 Main compounds containing chromophores and auxochromes in 1,4-dioxane extracts of non-
modified poplar as determined by GC-MS analysis

RT Structural Peak area Auxochro
Compounds Chromophores
(min) formula (%) mes

H Conjugate of

2426  Pyridoxine OH 6.59 —-OH
N OH >c:N_ No=c"

and /~ N\
3.53 Acetamide /IL 2.25 \CZO —NHz
NH2 /
N-
9 AN
3.84 Methylpropi P 1.93 c=0 —~NH-
ylpropi L P
onamid*
4- Q
7 =
11.24 Hydroxyben o100 |C| ~COOH
L Ho N ~
zoic acid
% Conjugate of
2400 Naringenin @Q 0.6 RN —OH
=0
OH 0 ‘Q and 4
Terephthalic - 7 R
13.34 ’ 059 |m ~-COOH
acid = o ~F
1-
Ethoxypropa
6.13 P X oo -
n-2-yl -
acetate”
3.96 Ethanamine 7 NH2 2.69 - -NH»
Ethylene
4.30 HO ~"on 2.03 - -OH
glycol® -

“The probability of this compound was less than 50%, but the other possible compounds of this retention
time had the same chromophores and auxochromes
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Analysis of 1,4-dioxane extracts

The primary components in the resulting GC-MS chromatograms were character-
ized on the basis of peak area as well as the presence of either chromophores or
auxochromes in the identified compounds (Tables 2 and 3).

1,4-Dioxane extraction of non-modified poplar resulted in a wide range of pos-
sible compounds. Nine compounds represented 37.26% of the total peak area, with
1-ethoxypropan-2-yl acetate or similar compounds representing over 19% of the
total peak area. All nine of the peaks contained chromophores or auxochromes with
six containing both structures. The results indicate that native poplar already con-
tained a sizable number of potentially coloured compounds (Table 2).

Ten compounds were common in 1,4-dioxane extracts of thermally modified
poplar, representing 50.69% of the peak area (Table 3). Seven of these compounds
contained both chromophores and auxochromes. Interestingly, three compounds
(4-hydroxybenzoic acid, glycerol and 2-hydroxyethyl palmitate) were found in both
extracts. The remaining compounds were unique to each material illustrating the
changes associated with thermal treatment. More compounds in 1,4-dioxane extracts
of thermally modified poplar contained longer conjugate systems than those in non-
thermally modified poplar, which may help explain the darkening associated with
thermal modification (Yu et al. 2015).

The chromophores and auxochromes were mainly carbonyl, hydroxyl and ben-
zene ring groups, and levels tended to be much higher in the thermally modified
timber.

GC-MS analysis of acetone extracts

Acetone extracts of non-thermally modified poplar contained 12 compounds that
contained either chromophores or auxochromes representing 59.32% of the peak
area (Table 4). Eight of these compounds contained both structures, while two
only contained chromophores and two auxochromes. Glycerol was, by far, the
most common compound in the extract. By contrast, only nine compounds were
found in acetone extract of the thermally modified poplar, representing 55.54% of
the total peak area (Table 5). Eight of these compounds contained both chromo-
phores and auxochromes, while one contained only auxochrome structures. Once
again, glycerol was the most abundant compound, representing 40.41% of the
peak area.

The chromophores and auxochromes in acetone extracts of both non-modified
and thermally modified poplar were mainly carbonyl, hydroxyl and benzene ring
groups. The glycerol content in the acetone extract of poplar before and after
thermal modification did not change, and it contained a large amount of hydrox-
yls. Compounds with chromophores and auxochromes tended to be much higher
in thermally modified poplar. These increases are consistent with the FTIR
results showing increased benzene and carbonyl groups in thermally modified
materials.
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Table 3 Main compounds containing chromophores and auxochromes in 1,4-dioxane extracts of ther-
mally modified poplar as determined by GC-MS analysis

RT Structural Peak Auxochrom
Compounds Chromophores
(min) formula area (%) es
2-[2-[2-(2-
Hydroxyethox
6.14  yethoxyletho | . 17.97 =0 -OH
xy]ethyl
acetate”
Ethanimidic NH N
3.84 3.53 c=n— -OH
. /
acid OH
A N ~NH-
" ‘Q and
4.03 Alprenolol* 7 2.18 and
Hese N
" Cc—C
V\é / ~OH
2-
18.78  Hydroxyethyl 1.91 =0 -OH
palmitate
373 Crotonic acid \i 1.81 So={ ~COOH
: Ry OH : 7 N
\ OH N
8.88  3-Octen-2-ol /K/\/\/ 1.01 P -OH
4- 0
S —OH and —
11.23  Hydroxybenzo OH 0.92 |m
o NP ~F COOH
ic acid®
2-(2-(2-
8.08 ethoxy)ethoxy . ~_ n\ﬂ\ . 4.65 c=0 _
)acetate
3.60 Ethanol® ~oH 11.03 - -OH
4.70
1,4-Dioxan-2- 0.__OH
and ( j/ 5.68 - —OH
ol o

“The probability of this compound was less than 50%, but the other possible compounds of this retention
time had the same chromophores and auxochromes
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Table 4 Main compounds containing chromophores and auxochromes in acetone extracts of non-modi-
fied poplar as determined by GC-MS analysis

Peak

RT Structural Auxochrom
Name area Chromophores

(min) formula es

(%)

oH Conjugate of
~ ~
2424 Pyridoxine {g 2.50 —OH
7 and /N

N
9.84  Salicylic acid OH 1.13 |O -COOH
=

9,12
. N’
17.73  Octadecadieno == 0.84 o= -COOH
ic acid (Z,2)-
O P
5.12 Phenol® | 0.80 I -OH
= &
4- q
i N
11.23  Hydroxybenzo or 0.69 |© —COOH
- Ho N Z
ic acid
2-
N\
18.79  Hydroxyethyl = 0.65 /C:ﬂ -OH
palmitate
9-
19.09  Octadecenami L o6l >c:c< i “NH,
de
N-
o} N —NH- and —
3.84  Methylpropion 0.61 =0
\)LNH/ 7 OH
amide
2-(2-(2-
N\
8.08 ethoxyethoxy) -~ ol 3.34 =0 —
acetate’
1-
6.12  Ethoxypropan- ﬂ l 3.12 \c=o _
: ypropan- I ) o 3. P
2-yl acetate
OH
752 Glyeerol o Lo, 4041 - -OH
1,4-Dioxan-2- o) OH
4.70 [ j/ 4.62 - —-OH
ol 0

#The probability of this compound was less than 50%, but the other possible compounds of this retention
time had the same chromophores and auxochromes
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Four compounds were common to acetone extracts from both thermally modi-
fied and non-modified materials (glycerol, 4-hydroxylbenzanoic acid, 2-hydroxy-
ethyl palmitate and 9, 12-octadecadienoic acid). Interestingly, 4-hydroxyben-
zoic acid was found in all four of the extracts, although it was only present at
low levels. The compound composition of the thermally modified Populus
tomentosa Carr. acetone extract (Table 5) was the result of further screening of
chromophores and auxochromes. The presence of 4-hydroxylbenzanoic acid and
9,12-octadecadienoic acid was consistent with studies of thermally modified Pop-
ulus nigra (Mecca et al. 2019).

Conclusion

The effect of extract changes during the thermal modification on the colour of ther-
mally modified poplar was studied. The results suggest the colour of poplar with-
out thermal modification was mainly affected by the petroleum ether and ethanol
extracts, and the total colour difference (AE*) of poplar before and after extraction
was 6.88 and 8.17, respectively. The colour of thermally modified poplar was mainly
affected by DMK and Diox extracts; AE* of poplar with medium polar solvents (EA,
Diox and DMK) extracts removed before thermal modification (13.3, 12.2 and 11.4)
was lower than that of control group (14.9). The FTIR and GC-MS results suggest
that one of the reasons for the darkening of thermally modified poplar was that the
carbonyl, vinyl, benzene ring and hydroxyl groups which were chromophores and
(or) auxochromes in extracts tended to be much higher in thermally modified poplar.
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Table 5 Main compounds containing chromophores and auxochromes in acetone extracts of thermally

modified poplar as determined by GC-MS analysis

RT Peak
Structural Auxochro
(min  Compounds area Chromophores
formula mes
) (%)
4- S
11.2 “ S
Hydroxybenz % 442 |C| ~COOH
3 S H N -
oic acid
2-
18.7
Hydroxyethyl 441 ¢=0 —OH
9
palmitate
Conjugate of
~,
15.7  Sinapaldehyd g ‘m \(::n
" 1.42 7 -OH
9 e . P
: N/
c=c¢
and /N
9,12-
20.2  Octadecadien
1.34 \C:C/ —-COOH
- VAN
1 oic acid
(A
3.43 Acetamide /lcl\ 1.06 \C =0 —NH>
NH2 /
Conjugate of
13.9 Coniferyl o~ Ne—
> BQ Y s L —OH
8 aldehyde ST\
\c /
and /7 N\
130 Isovanillic i \
"ﬁc» 0.73 |© ~COOH
0 acid ~o “
Conjugate of
10.1 oz e
Vanillin N 0.70 N N -OH
2 N I[ b /c:g
~~ and
OH
7.50 Glycerol o \)\/ o 4041 - -OH

4The probability of this compound was less than 50%, but the other possible compounds of this retention

time had the same chromophores and auxochromes
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