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Application of ATR Infrared Spectroscopy in Wood  
Acetylation 

B. Mohebby1  

ABSTRACT 

Acetylation is a chemical modification of wood to enhance its properties. IR-
spectroscopy is a useful technique for proofing chemical bondings in wood and the At-
tenuated Total Reflection (ATR) Infrared Spectroscopy technique was applied as an eas-
ier technique over other IR-spectroscopies. In this research, different degrees of acetyla-
tion, weight percentage gains (WPGs) in beech and pine mini-stakes were achieved by us-
ing 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 magni-
tude 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 ace-
tylation of lignin. 

Keywords: Acetylation, Acetyl groups, Attenuated total reflection, Infrared Spectroscopy, 
Beech, IR spectroscopy.  
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INTRODUCTION 

Wood as an engineering material is a bio-
polymer and is composed of highly elon-
gated cells whose walls have complex and 
multilayered structures. It is constituted of 
three main polymers- cellulose, lignin and 
hemicelluloses- known as cell wall poly-
mers. Cellulose is a chain polymer and 
forms microfibrils, which are embedded in a 
matrix, composed of amorphous hemicellu-
loses and lignin. These biopolymers deter-
mine 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/de-
sorption processes) with the surrounding 

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 humid-
ity, 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 modi-
fication 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 
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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 me-
chanical properties become improved due to 
the increased hydrophobicity. Consequently, 
the chemical structure of the cell wall poly-
mers 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 ace-
tylation and its influences on wood proper-
ties such as bioresistance [9, 11, 12, 13], 
water repellency [2, 16, 20] and mechanical 
properties [7, 8]. There are also a few re-
ports 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 deter-
mine chemical changes in the acetylated 
wood. During acetylation, the chemical sub-
stitution of hydrophilic OH groups by hy-
drophobic 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 

proof any chemical changes in the wood cell 
wall polymers qualitatively.  

Attenuated Total Reflection (ATR) Infra-
red Spectroscopy is a rapid technique that is 
used for solid or powdered wood [10]. It is 
much easier to use than typical FTIR spec-
troscopy 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 distin-
guish the chemical alteration in beech and 
Scots pine wood due to the acetylation by 
using powdered acetylated samples. 

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 mini-
stakes 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 react-
ing 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. There-
after, the acetylated samples were washed in 
water to remove the acetic acid that was 
formed as a by-product during the acetyla-
tion reaction. Specimens were dried at 
103±2ºC to determine dry weight and calcu-
late 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 be-
fore and after the acetylation, respectively. 

IR Spectroscopy 

 Attenuated Total Reflection (ATR) Infra-
red 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 pur-
pose, dried samples were milled and passed 
through a sieve with mesh 40. IR spectra 
were collected directly from the wood pow-
der 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. 

Sample and background were scanned with 
60 scans. The background spectra were col-
lected using an empty collector. A rubber 
band method was used for baseline correc-
tion. The band for CO2 was removed to 
make a suitable baseline correction. Collec-
tion 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 vibra-
tion 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); conju-
gated C-O stretching at 1,587 cm-1 (4); aro-
matic skeletal vibration at 1,500 cm-1 (5); C-
H 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-

 
Figure 2. IR spectra of non-acetylated. 
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celluloses at 1,369 cm-1 (8); C-H vibration in 
cellulose and C1-O vibration in syringyl de-
rivatives 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 

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 acety-
lation 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 as-
signed 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 cellu-
lose and hemicelluloses, was increased due 
to the acetylation [1, 3, 17, 19]. Its magni-
tude 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. 

Reaction conditions Weight Gains (%) 
Acetic 

acid (%) 
Acetic anhy-

dride (%) Beech Scots 
Pine 

- 
75 
50 
25 
0 

- 
25 
50 
75 
100 

0 
1.84 
6.72 
8.33 

17.43 

0 
2.43 
9.13 

10.12 
19.46 
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Figure 3. IR spectra of acetylated Beech wood. 
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Another prominent peak (4) at wave num-
ber 1,226 cm-1 was increased in both acety-
lated 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 applicabil-
ity of ATR-spectroscopy as a useful tech-
nique to proof acetyl bonding in wood cell 
wall polymers due to the acetylation. 

As was expected from the acetylation reac-
tion, the number of the acetyl groups bearing 
C=O (carbonyl) and C-H bonds (in the 
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Figure 4. IR spectra of acetylated Scots Pine wood. 

Table 2. Wave numbers and their assignments in acetylated wood. 
Wave numbers in different weight gains (cm-1) 
Beech Scots Pine 

Pe
ak
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84
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2.
43

%
 

9.
13

%
 

10
.1

2%
 

19
.4

6%
 Assignments 

1 
 

3342 
 

3346 
 

3346 
 

3352 
 

3354 
 

3346 
 

3348 
 

3350 
 

3348 
 

3348 
 

OH stretching (bonded) [4, 
10] 

2 1730 1730 1713 1733 1737 1730 1730 1733 1735 1735 

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 hemicellu-
loses 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 acety-
lation [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 spec-
troscopy- here revealed that all the cell wall 
polymers- hemicellulose, cellulose and lig-
nin-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 swell-
ing in the wood and its composites. The sub-
stitution of the hydrophobic acetyl groups in 
the cell wall constituents restricts the ab-
sorption of water and the wood becomes 
sequentially water repellent, which is of 
great technical interest in to the wood indus-
try. 

REFERENCES 

1. Chang, S. T., Chang, H. T., Huang, Y. S. and 
Hsu, F. L. 2000. Effects of Chemical Modi-
fication Reagents on Acoustic Properties of 
Wood, Holzforschung, 54(6): 669-675. 

2. Chow, P., Harp, T., Meimban, R., 
Youngquist, J. A. and Rowell, R. M. 1996. 
Effects of Acetylation on the Dimensional 
Stability and Decay Resistance of Kenaf 
(Hibiscus cannabinus L.) Fiberboard, The 
International Research Group on Wood 
Preservation, 19-24 May, West Indies, IRG 
Document No. IRG/WP 96-40059. 

3. Evans, P. D., Michelle, A. J. and Schmalzl, 
K. J. 1992. Studies of the Degradation and 
Protection of Wood Surfaces, Wood Sci. 
Technol., 26: 151-163. 

4. Fengel, D. and Wegner, G. 1983. Wood: 
Chemistry, Ultrastructure, Reactions, New 
York, Walter de Gruyter: 613 PP. 

5. Faix, O. 1991. Classification of Lignins from 
Different Botanical Origins by FT-IR Spec-
troscopy, Holzforschung, 45(Suppl.): 21-27. 

6. Faix, O. and Bِöttcher, J. H. 1992. The 
Influence of Particle Size and Concentration 
in Transmission and Diffuse Reflectance 
Spectroscopy of Wood, Holz als Roh- und 
Werkstoff, 50: 221-226.  

7. Fuwape, J. A. and Oyagade, A. O. 2000. 
Strength and Dimensional Stability of Acety-
lated Gamelina and Spruce Particleboard, J. 
Tropical For. Prod., 6(3): 184-189.  

8. Goldstein, I. S., Lund, A. E. and Weaver, J. 
W. 1961. Acetylation of Wood in Lumber 
Thickness, For. Prod. J., 36: 363-370.  

9. Militz, H. 1991. Die Verbesserung des 
Schwind-und Quellverhaltens und der 
Dauerhaftigkeit von Holz Mittels Behand-
lung mit Unkatalysiertem Essigsaureanhy-
drid,  Holz als Roh- und Werkstoff, 49: 147-
152.  

10. Mohebby, B. 2005. Attenuated Total Reflec-
tion Infrared Spectroscopy of White Rot De-
cayed Beech Wood, Int. Biodeterior. Biode-
grad., 55: 247-251. 

11. Mohebby, B. 2003. Biological Attack of 
Acetylated Wood, Ph.D. Thesis, Göttingen 
University, Göttingen, Germany, 165 PP. 

12. Mohebby, B., Mai, C., Militz, H., 2003. Soft 
Rot Decay in Acetylated Wood: Microcalo-
rimetry and Ergosterol Assay in Decayed 
Wood, European Conference on Wood 
Modification, Ghent, Belgium, 3rd-4th April 
2003, 197-202.  

13. Mohebby, B. and Militz, H. 2002. Soft Rot 
Decay in Acetylated Wood, International Re-
search Group on Wood Preservation, IRG 
Document No. IRG/WP 02-40231. 

14. Ohkoshi, M., Kato, A. and Hayashi, N. 1997. 
CNMR Analysis of Acetyl Groups in Acety-
lated Wood: I. Acetyl Groups in Cellulose 
and Hemicellulose, Mukuzai Gakkaishi, V., 
43: 327-336. 

15. Ohkoshi, M., Kato, A., 1997. CNMR Analy-
sis of Acetyl Groups in Acetylated Wood: II. 
Acetyl Groups in Lignin, Mukuzai Gakkai-
shi, V., 43: 364-369.  

16. Ohmae, K., Minato, K., and Norimoto, M. 
2002. The Analysis of Dimensional Changes 
Due to Chemical Treatment and Water Soak-
ing for Hinoki (Chamaecyparis obtuse) 
Wood, Holzforschung, 56(1): 98-102.  

17. Pandey, K. K. and Theagarjan, K. S. 1997. 
Analysis of Wood Surface and Ground 
Wood by Diffuse Reflectance (DRIFT) and 
Photoacoustic (PAS) Fourier Transform In-
fra red Spectroscopy, Holz als Roh- und 
Werkstoff, 55(6): 383-390. 

18. Pandey, K. K. 1999. A Study of Chemical 
Structure of Soft and Hardwood Polymers by 
FTIR Spectroscopy, J. Appli. Polymer Sci., 
71(12): 1969-1975.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
08

.1
0.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

26
 ]

 

                               6 / 7

https://dorl.net/dor/20.1001.1.16807073.2008.10.3.5.1
https://jast.modares.ac.ir/article-23-4042-en.html


Application of ATR Infrared Spectroscopy… _____________________________________  

259 

19. Pandey, K. K. and Pitman, A. J. 2003. FTIR 
Studies of the Changes in Wood Following 
Decay by Brown-rot and White-rot Fungi, 
Int. Biodeterio. Biodegrad., 52: 151-160. 

20. Rowell, R. M. 1983. Chemical Modification 
of Wood, For. Prod. Abs., 4(12): 363-382.  

21. Takahashi, M., Imamura, Y., and Tanahashi, 
M., 1989. Effect of Acetylation on Decay 
Resistance of Wood against Brown Rot, 
White Rot and Soft Rot, International Chem-
istry, Congress of Pacific Basin Societies, 

Agrochemistry, Sub-symposium on Chemi-
cal Modification of lignocellulosic Materi-
als-Chemical Reactions, 16 PP. 

22. Sundell, P., de Meijer, M. and Militz, H. 
2000. Preventing Light Linduced Degrada-
tion of Wood by Acetylation: A Study on 
Lignin and Model Compounds, Second 
Wood Coating Conference, Challenges and 
Solutions in the 21st Century, 23-25 October, 
The Hague, The Netherlands. 

  كاربرد طيف سنجي زير قرمز انعكاسي در استيلاسيون چوب

  محبي. ب

  چكيده

طيـف سـنجي زيـر      . استيلاسيون روشي براي اصلاح شيميايي چوب به منظور افزايش ويژگيهاي آن است           
سـنجي زيـر قرمـز    طيـف . اي براي تأييد انجام پيوندهاي شيميايي در چوب اسـت         تكنيك قابل استفاده   ،قرمز

هـاي زيـر قرمـز بـه     به عنوان روشي ساده نـسبت بـه سـاير طيـف سـنجي      (ATR IR)اسي تضعيف شده انعك
) WPGدرصد افـزايش وزن،     (هاي مختلفي از استيلاسيون     با استفاده از انيدريد استيك، شدت     . كاربرده شد 

ز هاي استيله شده با استفاده از طيف سنجي زير قرم ـنمونه. هاي راش و كاج به دست آمدند  در باريكه چوب  
هاي استيله شـده و نـشده نـشان داد كـه طيـف گروههـاي                مقايسه نمونه . شدندتضعيف شده تجزيه و تحليل      

گريز اسـتيل در     به دليل جايگزيني گروههاي آب     cm-1 3354-3328در عدد موجهاي     (OH)هيدروكسيلي  
راش و   در چـوب     cm-1 1733-1728يك پيك قوي در عدد مـوج        .  بسپارهاي ديواره سلولي كاهش يافت    

cm-1 1737-1728          در چوب كاج بر اثر كشش گروه كربونيل (C=O)           ناشي از گـروه هـاي اسـتيل پديـدار
تغييـر شـكل گروههـاي    .  بيـشتر گرديـد  (WPG)شد و بزرگي طيف پيوندها با افزايش درصد افـزايش وزن     

 لـي سـاكاريدها  در پ C-H بـه دليـل كـشش پيونـدهاي     cm-1 1369متيلي ناشي از گروههاي استيل در عدد مـوج          
-cm-11226  در چوب راش و    cm-1 1234-1226همچنين افزايشي در بلندي پيك عدد موجهاي        . افزايش يافت 

و كربونيـل ناشـي از پيونـدهاي     C-O در چوب كاج وجود داشت كه ناشي از تغيير شـكل پيونـدهاي              1236
  .استري در طي استيلاسيون لينگين بود

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
08

.1
0.

3.
5.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

26
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dorl.net/dor/20.1001.1.16807073.2008.10.3.5.1
https://jast.modares.ac.ir/article-23-4042-en.html
http://www.tcpdf.org

