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Introduction

To establish an effi cient method for effective utilization of 
lignocelluloses, many studies on lignocellulose conversion 
technology have been carried out. A promising novel method 
is treatment with ionic liquids, which are organic salts with 
melting points in the vicinity of ambient temperature.1 Ionic 
liquids have many notable characteristics such as negligible 
vapor pressure, thermal stability, recyclability, and nonfl am-
mability. It has been found that some ionic liquids are able 
to dissolve cellulose,2 and there have been several reports on 
applications of ionic liquids to cellulose.3–6

Previous work has shown that wood components are 
decrystallized and depolymerized as they are liquefi ed by 
treatment with ionic liquids.7 The differences in the reaction 
behavior of two different wood species with ionic liquid 
have been studied. Signifi cant differences in lignin liquefac-
tion behavior were explained by differences in the chemical 
structure of the lignin in the two wood species.8 The reaction 
atmosphere was also found to infl uence the liquefaction of 
wood.9 Although many studies on ionic liquid treatment of 
wood have already been reported, the resulting morpho-
logical changes of wood have not been elucidated. For that 
reason, in the present study, the morphological changes in 
wood after treatment with the ionic liquid 1-ethyl-3-methy-
limidazolium chloride were studied by light microscopy.
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Materials and methods

Wood specimens from sugi (Cryptomeria japonica) [approx-
imately 5(R) × 5(T) × 20(L) mm] were extracted with 
ethanol/benzene (1/2 v/v) for 8 h in a Soxhlet apparatus. 
The extracted wood was oven-dried at 105°C for 24 h prior 
to use. 1-Ethyl-3-methylimidazolium chloride ([C2mim]
[Cl]) was purchased from Tokyo Kasei Kogyo.

Specimens of extracted wood were sectioned with a 
sliding microtome to give 15-μm-thick transverse sections 
that were mounted in a hemocytometer with a depth of 
20 μm (Sunlead Glass). A total of 100 μl of [C2mim][Cl] 
heated to 120°C was poured onto the mounted section, and 
the hemocytometer was immediately closed with a cover 
glass; the time at this point was taken as the beginning of 
the treatment. The hemocytometer was placed in an oven 
at 120°C for a set period of time and then removed from 
the oven to examine the morphological changes in the wood 
section by light microscopy (BH-2, OLYMPUS). The perim-
eters of six neighboring cell walls were measured on late-
wood and earlywood using image analysis software (Motic 
Image Plus 2.25). From these observations, average cell wall 
perimeters and the corresponding standard deviations were 
calculated.

Results and discussion

Figure 1 shows light micrographs of latewood, earlywood, 
and the latewood/earlywood boundary after treatment with 
[C2mim][Cl] at 120°C for various times. The cell walls in 
latewood at 0 h treatment were well ordered, but they 
became disordered after 0.5 h treatment. Moreover, the dis-
tortion of latewood with some occlusion of cell lumens was 
observed in whole samples after 0.5 h treatment, although 
neither destruction nor fl aking of the cell walls was seen. 
After 4 h treatment, however, some destruction or fl aking 
was observed in the cell walls. By contrast, no signifi cant 
morphological changes could be seen in earlywood. Even 
after 4 h treatment, earlywood had a similar form to that 
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Table 1. Changes of cell wall perimeter in latewood and earlywood

Treatment 
time (h)

Cell wall perimeter (μm)

Latewood Earlywood

Average S.D. Average S.D.

0  75 10 146  9
0.5 101 13 145 11
4 107 14 141 12

S.D., standard deviation

10µm10µm 10µm 

10µm10µm 10µm 

0h 0.5h 4h

100µm

(a) Latewood

(b) Earlywood

(c) Boundary of latewood and earlywood

100µm100µm

Fig. 1. Light microscopy images of wood treated with 1-ethyl-3-methylimidazolium chloride at 120°C for various times. a Latewood, b earlywood, 
c boundary of latewood and earlywood

before treatment. These differences in latewood and early-
wood can be easily seen in the images of the boundary 
regions of latewood and earlywood.

Table 1 shows the cell wall perimeters in latewood and 
earlywood after various treatment times. The cell wall 
perimeter in latewood was found to increase signifi cantly, 
whereas no substantial changes were found in earlywood. 

These results indicate that the cell walls in latewood swelled 
as a result of [C2mim][Cl] treatment. In a previous study on 
the swelling of wood by water, it was reported that latewood 
swells much more than earlywood because the specifi c 
gravity of the former is higher than that of the latter.10 
[C2mim][Cl] is thought to exhibit a similar swelling effect 
to that of water, and the different swelling behavior of late-
wood and earlywood is assumed to cause the difference in 
morphology shown in Fig. 1.

In our previous study, more than 80% of western red 
cedar was found to be liquefi ed by [C2mim][Cl] treatment 
at 120°C for 24 h.8 The light micrographs in Fig. 1 are 
thought to show the morphological changes of the cell walls 
before they disappear through liquefaction. Thus, the results 
of the present study revealed that the liquefaction of wood 
by [C2mim][Cl] is not homogeneous, and marked distortion 
and dissociation of the cell walls in latewood occurs at an 
early stage of liquefaction. In our next report, the swelling 
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behavior and distortion of the cell walls will be investigated 
in detail to clarify the mechanism of liquefaction of wood 
in [C2mim][Cl] from the morphological viewpoint.
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