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ABSTRACT
Acetylation is a chemical modification of wood to enhance its properties. IRspectroscopy is a useful technique for proofing chemical bondings in wood and the Attenuated Total Reflection (ATR) Infrared Spectroscopy technique was applied as an easier technique over other IR-spectroscopies. In this research, different degrees of acetylation, weight percentage gains (WPGs) in beech and pine mini-stakes were achieved by using acetic anhydride. Acetylated samples were analyzed by applying an Attenuated Total
Reflection (ATR) Infrared Spectroscopy technique. Comparison of the acetylated samples
with non-acetylated woods showed that hydroxyl groups (O-H) were diminished at wave
numbers of about 3,354-3,328 cm-1 due to the substitution of hydrophobic acetyl groups in
cell wall polymers. A strong peak appeared at wave numbers of about 1,733-1,728 cm-1 in
beech and 1,737-1,728 cm-1 in pine due to the carbonyl (C=O) stretching of acetyl groups.
The magnitude of the bands increased with raising the weight percentage gains (WPGs).
The methyl deformation of the acetyl groups induced at wave number 1369 cm-1 caused
by the stretching of C-H in polysaccharides. There was also a clear increase in the magnitude of the wave numbers at about 1234-1226 cm-1 in beech and 1236-1226 cm-1 in pine
due to the stretching of C-O and carbonyl deformation in the ester bonds during the acetylation of lignin.
Keywords: Acetylation, Acetyl groups, Attenuated total reflection, Infrared Spectroscopy,
Beech, IR spectroscopy.

environment, reaction with enzymes of fungi
or bacteria and the influence of ultraviolet
light are the best means of indicating their
importance in the physical, mechanical and
chemical properties of wood as well as its
bio-resistance. Improving those properties
and protecting wood against relative humidity, biological agents, UV and weathering
are of great technical importance. Wood
modification is a new approach to improve
its properties. Chemical modification is one
of the methods that alter basically the
chemical structure of wood.
Acetylation is known as a chemical modification technique by which OH groups of
wood cell wall polymers are substituted by
acetyl groups [7, 8, 9, 11, 20]. Figure 1
shows a typical reaction between the acetic

INTRODUCTION
Wood as an engineering material is a biopolymer and is composed of highly elongated cells whose walls have complex and
multilayered structures. It is constituted of
three main polymers- cellulose, lignin and
hemicelluloses- known as cell wall polymers. Cellulose is a chain polymer and
forms microfibrils, which are embedded in a
matrix, composed of amorphous hemicelluloses and lignin. These biopolymers determine the physical, mechanical and chemical
properties of the wood. Hydroxyl groups in
the polymers are important functional
groups and perform a major role in the wood
properties. Water exchange (sorption/desorption processes) with the surrounding

_____________________________________________________________________________
1

Department of Wood and Paper Science, Faculty of Natural Resources and Marine Science, Tarbiat Modares University, P. O. Box: 46414-356, Noor, Islamic Republic of Iran. e-mail: mohebbyb@modares.ac.ir

253

[ DOR: 20.1001.1.16807073.2008.10.3.5.1 ]

[ Downloaded from jast.modares.ac.ir on 2022-01-21 ]

__________________________________________________________________________ Mohebby

proof any chemical changes in the wood cell
wall polymers qualitatively.
Attenuated Total Reflection (ATR) Infrared Spectroscopy is a rapid technique that is
used for solid or powdered wood [10]. It is
much easier to use than typical FTIR spectroscopy by preparing small pellets with
KBr. In this study, ATR-IR spectroscopy
was applied as rather a simple and easy
technique over FTIR spectroscopy to distinguish the chemical alteration in beech and
Scots pine wood due to the acetylation by
using powdered acetylated samples.

anhydride and OH groups of the wood cell
polymers during the acetylation. Due to the
acetylation, the cell wall polymers become
hydrophobic and blocked against biological
enzymes and UV light. It cannot react with
water due to the substituted hydrophobic
acetyl groups [7, 8, 9, 20]. Also, its mechanical properties become improved due to
the increased hydrophobicity. Consequently,
the chemical structure of the cell wall polymers becomes altered and indistinguishable
for the enzymes of biological degraders;
such as fungi and bacteria [11, 12, 21].
Many studies have been carried out on the
chemical wood modification, especially acetylation and its influences on wood properties such as bioresistance [9, 11, 12, 13],
water repellency [2, 16, 20] and mechanical
properties [7, 8]. There are also a few reports concerning the chemical structure of
the acetylated wood [14, 15, 22].
Different methods are used to study wood
chemistry, such as wet chemistry. Since they
are actually tedious and time consuming,
finding rapid and easy methods to be used
and techniques is of great concern. Infrared
spectroscopy is a rapid technique to determine chemical changes in the acetylated
wood. During acetylation, the chemical substitution of hydrophilic OH groups by hydrophobic acetyl groups occurs in cellulose,
hemicelluloses and lignin and it changes the
typical spectra in the wood (Figure 1).
Therefore, IR-spectroscopy is a good tool to
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MATERIALS AND METHODS
Acetylation
Small stakes of beech (Fagus sylvatica)
and Scots pine (Pinus sylvestris) wood were
prepared in 100 mm×10 mm×5 mm bits and
dried at 60ºC to achieve uniform moisture
content in the specimens. About ten ministakes were dried at 103±2ºC to calculate the
initial dry weights of the specimens. The
moderately dried mini-stakes were placed in
a closed stainless steel cylinder as a reactor
and pre-vacuumed for effective penetration
by the chemical. Acetic anhydride as a reacting agent was mixed with acetic acid and
pumped into the cylinder. Acetic acid was
used to reduce the reaction rate. Afterwards,
the mixture was heated up to 120ºC for 180
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Figure 1. Acetylation reaction of wood.
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minutes to reach different weight percent
gains (WPGs) according to Table 1. Thereafter, the acetylated samples were washed in
water to remove the acetic acid that was
formed as a by-product during the acetylation reaction. Specimens were dried at
103±2ºC to determine dry weight and calculate the weight gained by acetylated samples
after acetylation (Equation 1).
WPG (%) = (Wact – Wunt) / Wunt × 100
(1
Where: WPG, Wunt and Wact indicate the
weight percentage gain and dry weights before and after the acetylation, respectively.

Sample and background were scanned with
60 scans. The background spectra were collected using an empty collector. A rubber
band method was used for baseline correction. The band for CO2 was removed to
make a suitable baseline correction. Collection of data and baseline correction were
carried out by OPUS software [10, 11].
RESULTS AND DISCUSSION
Table 1 shows the weight percentage gains
(WPGs) that were obtained during different
reaction conditions of the acetylation.
The IR spectra of untreated beech and pine
wood are shown in Figure 2. A strong OH
bond vibration was seen at 3,500-3,300 cm-1
(1) relating to the water absorbed in the
wood and a prominent C-H stretching vibration around 2,881cm-1 (2). There were many
well defined peaks in the finger print region
of 1,800-600 cm-1. The peaks in the wood
were assigned as un-conjugated C=O
stretching in xylan at 1,724 cm-1 (3); conjugated C-O stretching at 1,587 cm-1 (4); aromatic skeletal vibration at 1,500 cm-1 (5); CH deformation in lignin and carbohydrates at
wave numbers 1,450 cm-1 (6) and 1,417 cm-1
(7); C-H deformation in cellulose and hemi-
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IR Spectroscopy
Attenuated Total Reflection (ATR) Infrared Spectroscopy has an advantage over
other methods. It is a very easy and rapid
technique due to using solid material (as
solid wood or its powder) [10]. For this purpose, dried samples were milled and passed
through a sieve with mesh 40. IR spectra
were collected directly from the wood powder on to a detector prism using a Bruker
Vectra 22 FTIR Spectrometer equipped with
a DuraSampleIR II™ detector. All spectra
were taken at a spectral resolution of 4 cm-1
between wave number range 5,000-600 cm-1.

Figure 2. IR spectra of non-acetylated.
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decreased due to the acetylation. This peak
is assigned for OH stretching of absorbed
water to the wood cell wall polymers [4, 18].
It indicates that the number of OH groups
was decreased due to the substitution of the
acetyl groups during the acetylation in both
woods. Many reports have shown that acetylation improves water repellency in the
wood due to decreased OH groups [14, 20].
There are prominent peaks in the finger
print region (wave numbers 1,800-600 cm-1)
whose magnitudes were increased due to
acetylation caused by raised WPGs. An assigned peak (2) at wave number 1,724 cm-1
is related to an un-conjugated C=O stretch in
xylan [19, 22]. The magnitude of this peak
was increased by raised WPGs in both
woods (Figures 3 and 4). This peak has been
shifted slightly to higher wave numbers
(1,737-1,730 cm-1) in the acetylated wood
(Table 2).
As shown in Figures 3 and 4, another peak
(3) at wave number 1,369 cm-1, which has
been assigned for C-H deformation in cellulose and hemicelluloses, was increased due
to the acetylation [1, 3, 17, 19]. Its magnitude was also increased by the raised WPGs
in the acetylated beech and pine wood.

Table 1. Acetylation conditions and weight
percentage gains (WPG) in acetylated wood.
Weight Gains (%)
Scots
Beech
Pine
0
0
1.84
2.43
6.72
9.13
8.33
10.12
17.43
19.46

celluloses at 1,369 cm-1 (8); C-H vibration in
cellulose and C1-O vibration in syringyl derivatives at 1,319 cm-1 (9); syringyl ring and
C-O stretching in lignin and xylan at wave
number 1,226 cm-1 (10); C-O-C vibration in
cellulose and hemicellulose at 1,151 cm-1
(11); aromatic skeletal and C-O stretch at
1,116 cm-1 (12); C-O stretch in cellulose and
hemicelluloses at wave number 1,024 cm-1
(13) and C-H deformation in cellulose at 892
cm-1 (14).
IR spectra in the acetylated beech and pine
wood are shown in Figures 3 and 4. It was
revealed that, at wave numbers between
3,500-3,300 cm-1 (1), the intensities were
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17.43%

Absorbance
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Reaction conditions
Acetic
Acetic anhyacid (%)
dride (%)
75
25
50
50
25
75
0
100

8.33%

6.72%
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Figure 3. IR spectra of acetylated Beech wood.
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Another prominent peak (4) at wave number 1,226 cm-1 was increased in both acetylated beech and pine wood. This peak has
been assigned for C-O stretching and C=O
deformation in lignin and xylan [5, 6, 19].
The magnitude of this peak was increased by
the raised WPGs. This peak has slightly
been shifted to other close wave numbers
(1,236-1,226 cm-1) due to the acetylation in
both woods (Table 2).

CONCLUSION
This research demonstrates the applicability of ATR-spectroscopy as a useful technique to proof acetyl bonding in wood cell
wall polymers due to the acetylation.
As was expected from the acetylation reaction, the number of the acetyl groups bearing
C=O (carbonyl) and C-H bonds (in the

6.72%

8.33%

17.43%

Nonacetylated

2.43%

9.13%

10.12%

19.46%

Wave numbers in different weight gains (cm-1)
Beech
Scots Pine
1.84%

Peak number

Table 2. Wave numbers and their assignments in acetylated wood.

Nonacetylated
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Figure 4. IR spectra of acetylated Scots Pine wood.

Assignments

1

3342

3346

3346

3352

3354

3346

3348

3350

3348

3348

2

1730

1730

1713

1733

1737

1730

1730

1733

1735

1735

OH stretching (bonded) [4,
10]
C=O stretching in acetyl
groups, increased due to
acetylation in xylan [21,
22]

3

1369

1369

1369

1369

1369

1369

1369

1369

1369

1369

C-H deformation in CH3
from acetyl groups due to
acetylation in hemicelluloses and cellulose [3, 17,
19, 1]

4

1259

1236

1230

1228

1226

1259

1234

1230

1228

1226

Stretching of C-O & C=O
deformation in the ester
bond formed during acetylation [19, 1, 5, 6]
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methyl group) should be increased in the cell
wall polymers and their intensities should be
raised due to the acetylation. ATR-IR spectroscopy- here revealed that all the cell wall
polymers- hemicellulose, cellulose and lignin-were acetylated during the acetylation.
Therefore, this study proves the substitution
of the hydrophobic acetyl groups in the
wood cell wall polymers.
Substitution of the acetyl groups decreases
the number of functional OH groups in the
cell walls. It is well known that functional
OH groups in the wood cell wall polymers
react with surrounding water. As a result,
any increase of absorbed water causes swelling in the wood and its composites. The substitution of the hydrophobic acetyl groups in
the cell wall constituents restricts the absorption of water and the wood becomes
sequentially water repellent, which is of
great technical interest in to the wood industry.
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ﻛﺎرﺑﺮد ﻃﻴﻒ ﺳﻨﺠﻲ زﻳﺮ ﻗﺮﻣﺰ اﻧﻌﻜﺎﺳﻲ در اﺳﺘﻴﻼﺳﻴﻮن ﭼﻮب

ب .ﻣﺤﺒﻲ
ﭼﻜﻴﺪه

ﻗﺮﻣﺰ ،ﺗﻜﻨﻴﻚ ﻗﺎﺑﻞ اﺳﺘﻔﺎدهاي ﺑﺮاي ﺗﺄﻳﻴﺪ اﻧﺠﺎم ﭘﻴﻮﻧﺪﻫﺎي ﺷﻴﻤﻴﺎﻳﻲ در ﭼﻮب اﺳـﺖ .ﻃﻴـﻒﺳـﻨﺠﻲ زﻳـﺮ ﻗﺮﻣـﺰ
ﺗﻀﻌﻴﻒ ﺷﺪه اﻧﻌﻜﺎﺳﻲ ) (ATR IRﺑﻪ ﻋﻨﻮان روﺷﻲ ﺳﺎده ﻧـﺴﺒﺖ ﺑـﻪ ﺳـﺎﻳﺮ ﻃﻴـﻒ ﺳـﻨﺠﻲﻫـﺎي زﻳـﺮ ﻗﺮﻣـﺰ ﺑـﻪ
ﻛﺎرﺑﺮده ﺷﺪ .ﺑﺎ اﺳﺘﻔﺎده از اﻧﻴﺪرﻳﺪ اﺳﺘﻴﻚ ،ﺷﺪتﻫﺎي ﻣﺨﺘﻠﻔﻲ از اﺳﺘﻴﻼﺳﻴﻮن )درﺻﺪ اﻓـﺰاﻳﺶ وزن(WPG ،
در ﺑﺎرﻳﻜﻪ ﭼﻮبﻫﺎي راش و ﻛﺎج ﺑﻪ دﺳﺖ آﻣﺪﻧﺪ .ﻧﻤﻮﻧﻪﻫﺎي اﺳﺘﻴﻠﻪ ﺷﺪه ﺑﺎ اﺳﺘﻔﺎده از ﻃﻴﻒ ﺳﻨﺠﻲ زﻳﺮ ﻗﺮﻣـﺰ
ﺗﻀﻌﻴﻒ ﺷﺪه ﺗﺠﺰﻳﻪ و ﺗﺤﻠﻴﻞ ﺷﺪﻧﺪ .ﻣﻘﺎﻳﺴﻪ ﻧﻤﻮﻧﻪﻫﺎي اﺳﺘﻴﻠﻪ ﺷـﺪه و ﻧـﺸﺪه ﻧـﺸﺎن داد ﻛـﻪ ﻃﻴـﻒ ﮔﺮوﻫﻬـﺎي
ﻫﻴﺪروﻛﺴﻴﻠﻲ ) (OHدر ﻋﺪد ﻣﻮﺟﻬﺎي  3328-3354 cm-1ﺑﻪ دﻟﻴﻞ ﺟﺎﻳﮕﺰﻳﻨﻲ ﮔﺮوﻫﻬﺎي آبﮔﺮﻳﺰ اﺳـﺘﻴﻞ در
ﺑﺴﭙﺎرﻫﺎي دﻳﻮاره ﺳﻠﻮﻟﻲ ﻛﺎﻫﺶ ﻳﺎﻓﺖ .ﻳﻚ ﭘﻴﻚ ﻗﻮي در ﻋﺪد ﻣـﻮج  1728-1733 cm-1در ﭼـﻮب راش و
 1728-1737 cm-1در ﭼﻮب ﻛﺎج ﺑﺮ اﺛﺮ ﻛﺸﺶ ﮔﺮوه ﻛﺮﺑﻮﻧﻴﻞ ) (C=Oﻧﺎﺷﻲ از ﮔـﺮوه ﻫـﺎي اﺳـﺘﻴﻞ ﭘﺪﻳـﺪار
ﺷﺪ و ﺑﺰرﮔﻲ ﻃﻴﻒ ﭘﻴﻮﻧﺪﻫﺎ ﺑﺎ اﻓﺰاﻳﺶ درﺻﺪ اﻓـﺰاﻳﺶ وزن ) (WPGﺑﻴـﺸﺘﺮ ﮔﺮدﻳـﺪ .ﺗﻐﻴﻴـﺮ ﺷـﻜﻞ ﮔﺮوﻫﻬـﺎي

] [ Downloaded from jast.modares.ac.ir on 2022-01-21

اﺳﺘﻴﻼﺳﻴﻮن روﺷﻲ ﺑﺮاي اﺻﻼح ﺷﻴﻤﻴﺎﻳﻲ ﭼﻮب ﺑﻪ ﻣﻨﻈﻮر اﻓﺰاﻳﺶ وﻳﮋﮔﻴﻬﺎي آن اﺳﺖ .ﻃﻴـﻒ ﺳـﻨﺠﻲ زﻳـﺮ

ﻣﺘﻴﻠﻲ ﻧﺎﺷﻲ از ﮔﺮوﻫﻬﺎي اﺳﺘﻴﻞ در ﻋﺪد ﻣـﻮج  1369 cm-1ﺑـﻪ دﻟﻴـﻞ ﻛـﺸﺶ ﭘﻴﻮﻧـﺪﻫﺎي  C-Hدر ﭘﻠـﻲ ﺳـﺎﻛﺎرﻳﺪﻫﺎ
اﻓﺰاﻳﺶ ﻳﺎﻓﺖ .ﻫﻤﭽﻨﻴﻦ اﻓﺰاﻳﺸﻲ در ﺑﻠﻨﺪي ﭘﻴﻚ ﻋﺪد ﻣﻮﺟﻬﺎي  1226-1234 cm-1در ﭼﻮب راش و -1226cm-1
 1236در ﭼﻮب ﻛﺎج وﺟﻮد داﺷﺖ ﻛﻪ ﻧﺎﺷﻲ از ﺗﻐﻴﻴﺮ ﺷـﻜﻞ ﭘﻴﻮﻧـﺪﻫﺎي  C-Oو ﻛﺮﺑﻮﻧﻴـﻞ ﻧﺎﺷـﻲ از ﭘﻴﻮﻧـﺪﻫﺎي
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اﺳﺘﺮي در ﻃﻲ اﺳﺘﻴﻼﺳﻴﻮن ﻟﻴﻨﮕﻴﻦ ﺑﻮد.
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