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Fabrication of functional thin films based on nanostructured surface

Hidetaka Asoh, Department of Applied Chemistry, Kogakuin Univ.

Naoya Yoshida, Department of Environmental Chemistry and Chemical Engineering, Kogakuin Univ.
Toshinori Okura, Department of Environmental Chemistry and Chemical Engineering, Kogakuin Univ.
Ichiro Takano, Department of Electrical Engineering, Kogakuin Univ.

Atsushi Yumoto, Department of Materials Science and Engineering, Shibaura Institute of Technology
Isao Nakamura, Tokyo Metropolitan Industrial Technology Research Institute

ABSTRACT : Functional thin films with nanostructured surface are expected to be used in various
fields such as electrochemical, optoelectrical, magnetical and biological sciences as functional
devices. In this study, the functional thin films were fabricated by two types of approach, that is, wet
process (metal-assisted chemical etching, anodic etching, anodizing) and dry process (supersonic
free-jet PVD, ion beam assisted deposition). The proposed thin films have potential technological
applications in fields that need textured surfaces of controlled morphology on the submicron to

nanometer order.
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Fig. 1 Changes in water contact angle (WCA) of silicon

200 nm

substrates after various treatment.

Fig. 2 (left) Plan view and (right) cross sectional SEM images
of nanoporous structures formed on Si (100) by metal-assisted
chemical etching for 1 min using Ag catalyst.
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Fig. 3 Changes in WCA (upper) and water sliding angle
(lower) of silicon substrates with different nanoporous
structures.

(2)

Fig.4 SEM images of surface of porous silicon formed by (a)
metal-assisted chemical etching (MACE) in 10 mol dm™ HF —
1 mol dm™ H,0, for 1-10 min and (b) anodic etching in HF -
C,H;sOH (20-80 %) for 1.5 min.



~~
©
R

160 , 100
= Static contact angle
° 140 f
3] {18 £
5h 120 } =
3 5
= 100 1o ®
2 =
Th 80 f @
g | Flat Si 3
5 60} 140 —
8 &
= 40 | 5
S 2 g
20 ¢ Sliding angle s
0 . 0
0 10 20 30
Pore depth / um
(b)
160 100
140
3 Static contact angle {18 <
5,120 g
2 o =
J 3
o 80 @,
8 Flat Si w0 °
s 60 E
S o
£ 40| — 2 E
O 5t Sliding angle
8 Y 'l e i re i FY i A 0
0 1 2 3 4 5
Pore depth / um

Fig.5 Contact angle and sliding angle of porous silicon
formed by (a) metal-assisted chemical etching (MACE) in 10
mol dm™ HF — 1 mol dm™ H,O, for 1-10 min and (b) anodic
etching in HF - C,HsOH (20 - 80 %) for 1.5 min.
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Fig.6 Cross sectional SEM images of nano-structure FePt fim
on A1050 substrate.
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ABSTRACT : Future energy demand is an important issue that requires consideration. Lithium ion batteries (LIB)
are one of the most popular types of rechargeable battery for portable electronic devices, such as mobile phones,
cameras, and laptop computers, and have led to other applications being commercialized. Distributed power
generation using renewable energy sources, such as solar PV, can efficiently supply electricity according to on-site
demand. If the electrodes of a LIB could function as a solar cell, the storage device could provide electricity without
an electric power supply.

This project focuses on the fabrication and properties of these multi-functional thin-film LIBs using a chemical
method, viz. the Molecular Precursor Method. We fabricated a thin film LIB which was fabricated with LisTisO12
for the anode and LisFe2(PO4)s for the cathode on a fluorine-doped tin oxide pre-coated glass substrate, and an
electrolyte of dissolved LiPFs. Moreover, we fabricated a novel LIB that was charged by light. This novel, translucent,
thin-film LIB that can be charged by solar light irradiation was fabricated using active materials titania for the
anode and LiCoOs for the cathode on a conductive glass substrate.

The translucent device can simultaneously generate and store electricity from solar light and may be applied in

smart windows, facilitating the wider use of renewable energy.

of safety problems?. To overcome this problem, a safer

1. Introduction approach to rechargeable lithium batteries is to replace
lithium metal with a lithium intercalation compound,

Lithium batteries using intercalation compounds as usually a carbon, leading to the so-called “lithium ion”
the cathode and lithium metal as the anode have been batteries (LIB), first commercialized in 1990 by Sony
intensively studied during the past two decade. Energetic Inc?9. The energy density of LIB with high
However, it has been recognized that this type of discharge voltage (3.6 V) is nearly twice as high as the
battery will unlikely reach commercialization because Ni-Cd battery. Excellent cycle life and a higher level of
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intrinsic safety have been demonstrated?. Compared to
lithium metal batteries, the cathode materials suitable
for LIB are very highly oxidizing compounds, in order
to compensate the loss in cell potential at the anode.

Candidate cathode materials include layered
compounds such as LiCoOgz, LiNiO2, and three
dimensional LiMn20s4 spinel phase. For practical
application, LiMn204 spinel is a more desirable cathode
candidate for LIB? 15, owing to the high cost of cobalt
or nickel. Manganese-based materials offer the
following advantages: low cost due to the natural
abundance of manganese, lower toxicity and well-
known recycling problems. Recent developments of LIB
have shown that some 3-D compounds are the most
promising cathode materials for LIB. Generally,
compounds with a 3-D framework are more stable than
the two-dimensional compounds. Lithium ion diffusion
is clearly easier in 3-D frameworks than in two
dimensional structures, because in the former structure
the number of contact points of the diffusion paths for
lithium ions is unambiguously larger than that in the
latter. For instance, the 3-D V205 and LiM204 (M = Ti,
V, Mn, spinel structure) exhibit very interesting
lithium intercalation properties!®2?., Among them,
spinel phase compounds are of extreme interest as the
cathode active materials for high energy density
rechargeable LIB. Recently, the layered LiNio.sMno.502
has been extensively studied as a promising cathode
material with low cost, nontoxicity, large theoretical
capacity (180 mAh/g) in the voltage range of 2.5-4.5 V
(vs Li), and good structural stability.

Spinel LisTi5012 (LTO) is a promising anode material
for LIB. This material exhibits characteristic properties,
including very flat discharge and charge curves and a
small structural change during charge—discharge
processes. The material has a theoretical specific
capacity of 175 mAh g1 and exhibits a practical specific
capacity as high as 150-160 mAh g1 after 100 deep
discharge cycles. During the process of Li* intercalation
and de-intercalation, the cubic symmetry of the parent
spinel is unaffected by lithiation; the lattice parameter
(0.836 nm) and unit-cell volume are virtually unaltered
by the phase transition. The lack of significant change
to the crystallographic parameter is remarkable and
provides a structure that is extremely tolerant to
electrochemical cycling. At the same time, the improved
safety and reliability of the spinel compared with that
of carbon electrodes make the LIB using LTO material
as anode suitable to electric vehicle and power storage
batteries?®-32),

We report here the transparent thin film LIB
fabricated by the molecular precursor method (MPM)33.
The MPM is a wet process for the formation of thin films
of various metal oxides or phosphates, including titania
and calcium phosphate compounds3¥-49. This method is
based on the design of metal complexes in coating
solutions, which have many practical advantages such
as excellent stability, homogeneity, miscibility,
coatability, and so on. This is because metal complex
anions with high stability can be dissolved in suitable
solvents such as ethanol by combining them with the
appropriate alkylamines. Furthermore, the resultant
solutions can form excellent precursor films through
various coating procedures, including the spin-coating
method. A uniform thin film can be easily obtained
owing to the stoichiometric quantity of the metal
complexes in the precursor solution. Even though
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multiple metal species are present in the coating
solution, uniformity of the resultant oxides or
phosphates can be obtained. This is the primary feature
of the MPM in thin-film fabrication as compared with a
conventional sol-gel method, in which metalloxane
polymers with different metal species having specific
hydrolytic behaviors need to be prepared in coating
solutions. Because the MPM is a solution-based method,
it can also be used to fabricate thin films on large-area
substrates.

We fabricated a transparent LIB with LisFea(PO4)s
and Li4Ti5012 thin films as LFPs and LTOs, respectively,
on FTO glass substrates by heat-treating each
precursor film in air. The rechargeable properties of
this LIB assembled with the newly fabricated thin films
were examined by a repeated charge and discharge test.
It is remarkable that synchronously electrochromic
reactions can be clearly observed during the charge and
discharge operations of the transparent thin-film
battery. Moreover, the precursor films of the anatase
type of titania (TiO2) and LiCoO2 (L.CO) thin films were
formed wusing a spin-coating method with the
commercially available, newly prepared precursor
solution at ambient temperature to fabricate the active
materials on the FTO pre-coated glass substrate®.
Zhang et al. reported that titania particles immobilized
on an anodic electrode constitute an excellent candidate
for LIB active materials because of their high safety,
good capacity retention, and low self-discharge”. In
fact, titania has excellent cyclability and chemical
stability and negligible toxicity in LIBs%. 49,
Additionally, anatase nanotubes have also been
characterised as active materials and have been shown
to have electrochemical potentials of 1.5-1.7 V wvs.
Li/Li* 39, Regarding the chemical fabrication of two-in-
one LIBs, we are therefore interested in the
photovoltaic nature of LIBs including transparent thin
films of titania on their anodes because we previously
fabricated both a transparent photocatalytic titania
thin film and the abovementioned LIB using the MPM,
which was mainly developed in our prior study3s 39,

2. Experimental

2.1 Materials

Ethylenediamine- N, NV, N, N-tetraacetic acid (EDTA =
Hiedta), LIOH ‘Hz0, Fe(NO3)3 9H20, titanium tetraiso-
propoxide [Ti(OPr)s], CHsCOOLi 2H20, and ethylene
carbonate were purchased from Kanto Chemical Co.,
Inc. Nitrilotriacetic acid (NTA = Hsnta) was purchased
from Tokyo Chemical Industry Co., Ltd. Butylamine,
dibutylamine, dimethyl-carbonate, LiPFs,
(CH3C00)2Co0 4H20, and TiO2 molecular precursor
solutions (Ti%4* = 0.5 mmol g!) were purchased from
Wako Pure Chemical Industries, Ltd. Purified water
was purchased from Kyoei Co. Ltd. H202 (30%) was
purchased from Santoku Chemical Industries Co., Ltd.
and 85% H3PO4 was purchased from Taisei Chemical
Industries Co., Ltd. Ethanol was purchased from Ueno
Chemical Industries, Ltd., and was dried on 4A
molecular sieves before use. Other materials were used
without further purification. Fluorinated tin oxide
(FTO) pre-coated soda lime glass substrates were
purchased from Asahi Glass Co., Ltd. The glass
substrates with dimensions of 20 x 20 X 1.7 mm? and 20



x 33 x 1.7 mm3 were used. Double-coated adhesive
polyester tape was purchased from Nitto Denko, Corp.

2.2 Preparation of LizO precursor solution

A precursor solution containing a Li* complex of NTA
was directly obtained as follows: 5.83 g (45 mmol) of
dibutylamine was added to 21 g of ethanol. A total of
3.35 g (17.5 mmol) of NTA and 0.63 g (15 mmol) of
LiOH ‘H20 were dissolved in the solution with stirring
at ambient temperature for 25—40 min. Each reagent
was added in several portions. The concentration of Li*
ions was 0.5 mmol g1

2.3 Preparation of Fe2O3 precursor solution

The Fe3+ complex, [Fe(H20)(Hedta)] was first prepared
as a precursor as follows: 42.18 g (0.14 mol) of EDTA
and 61.10 g (0.15 mol) of Fe(NO3)3-9H20 were added to
450 mL of water at 75°C. The solution was stirred for 1
h and then cooled to room temperature. The yellow
powder precipitated from the solution (33.43 g) was
collected on a paper filter under reduced pressure and
air-dried. The Fe203 precursor solution was prepared
by the reaction of 14.52 g (40 mmol) of the isolated
[Fe(H20)(Hedta)] with 8.61 g (72 mmol) of dibutylamine
in 19.8 g of ethanol. The solution was refluxed for 5 h
and then cooled to room temperature. The
concentration of Fe3* was then adjusted to 0.5 mmol g1
by adding ethanol.

2.4 Preparation of (BuzNHz):H2P2070.5H20

The dibutylammonium diphosphate hemihydrate,
(BusNH2)2H2P207-0.5H20 (BADP) was prepared in
accordance with the method reported by our group for
thin-film fabrication of apatite compounds5?.

2.5 Preparation of LFP precursor solution

The LFP precursor solution was prepared by mixing
0.10 g of the Fe2O3 precursor solution, 0.33 g of the
BADP powder with 2.67 g of ethanol, and 0.15 g of the
Li20 precursor solution.

2.6 Preparation of TiO:z precursor solution

The TiO:z precursor solution was prepared using a
procedure that was slightly modified from that
previously reported3® . The modified procedure was as
follows: 52.8 g of ethanol, 5.85 g (80 mmol) of
butylamine, and 7.65 g (40 mmol) of NTA were added
together. The resulting solution was refluxed for 2 h
with stirring and then cooled to room temperature.
After adding 11.72 g (40 mmol) of Ti(O?Pr)4, the solution
was refluxed for 2 h. After cooling the reacted solution
to room temperature, 4.99 g (44 mmol) of 30% H202 was
carefully added. The solution was then refluxed for 1 h.
The concentration of titanium was 0.5 mmol g~1.

The TiOz precursor gel (8.1 mg) was obtained by
drying the precursor solution in a platinum crucible at
90°C for 10 min, in preparation for TG-DTA
measurement.

2.7 Preparation of LTO precursor solution

The LTO precursor solution was prepared by mixing
2.0 g of the Li20 precursor solution and 2.5 g of the TiO2
precursor solution in 4.5 g of ethanol.

2.8 Preparation of LCO precursor solution
The LiCoO2 precursor solution was prepared by
mixing 0.51 g of the lithium oxide precursor solution

WA 1Y = 7 MRS E (H27)

and 0.51 g of the cobalt oxide precursor solution. The
mixed solution was stirred at ambient temperature for
20 min. Then, 0.16 g of 4A molecular sieves was added
to the solution. The lithium oxide precursor solution
was obtained as follows: 0.64 g (6.2 mmol) of
CH3COOLi 2Hz0 and 1.83 g (25.0 mmol) of butylamine
were added to 10 g of ethanol. The solution was stirred
at ambient temperature for 1 h. The concentration of
Li*ions was 0.50 mmol g-1. Then, 0.12 g of 4A molecular
sieves was added to the solution. The cobalt oxide
precursor solution was obtained as follows: 1.90 g (7.62
mmol) of (CH3CO0)2Co 4H20 and 3.35 g (45.7 mmol) of
butylamine were added to 10 g of ethanol. The solution
was stirred at ambient temperature for 1 h. The
concentration of Co2*ions was 0.50 mmol g-1. Then, 0.28
g of 4A molecular sieves was added to the precursor
solution.

2.9 Coating and heat-treating procedures

Precursor films were formed by means of spin-coating
at ambient temperature using a two-step process: the
first step was carried out at 500 rpm for 5 s and the
second at 2000 rpm for 30 s for all samples. Each
precursor solution (50 pL) was dropped by a
micropipette and spin-coated on substrates. The spin-
coated LTO and LCO precursor films were heat-treated
at 550°C for 30 min in air. The spin-coated LFP
precursor films were heat-treated at 550°C for 10 min
in air. The TiO:z precursor film was pre-heated in a
drying oven at 70°C for 10 min. Then, the precursor film
of TiOz was heat treated for 30 min at 500°C in air.

2.10 Assembly of LIB with thin-film electrodes

The LFP and LTO thin-film electrodes were assembled
into a sealed sandwich-type battery, filled with an
electrolyte, and sealed with a double-coated adhesive
polyester tape. The electrolytic solution (1 mol L1) was
prepared by dissolving 0.15 g of LiPFe in a mixture of
0.5 mL each of dimethylcarbonate and ethylene
carbonate with stirring for ca. 12 h.

2.11 Measurements

The crystal phase of the heat-treated thin films
adhered to the FTO glass was examined using an MXP-
18AHF22 (Bruker AXS) X-ray diffractometer, with Cu
Ko radiation generated at 45 kV and 300 mA. The use
of parallel beam optics with an incident angle of 0.25°
in the 20 range of 10-80° was employed in each
measurement. The thickness of each film was measured
by a stylus profilometer, DEKTAK-3 (Sloan). The
surface morphology of the resultant thin films adhered
to the FTO glass was analyzed using FE-SEM (JSM-
6701F, JEOL). The transmittance spectra of the LFP
and LTO thin-film electrodes and the assembled battery
were measured in the wavelength region of 200—800 nm
using a Hitachi U-2800 spectrophotometer in double-
beam mode and air was used as a reference.

The repeated charge and discharge test of the
assembled battery was measured by a current and DC
voltage source/monitor 6241A (ADC Co., Ltd.). The
assembled battery by LTO and LFP thin films was
charged from the source with a constant current of 10
BA at room temperature. The charging test of the
assembled battery by TiO2 and LCO thin films was
measured by providing the constant current of 0.2 mA
using a DC voltage source/monitor. The charge and self-
discharge cycle was repeated to times at 60-s intervals
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at room temperature. In the light-irradiation mode, the
charging test of the assembled battery was performed
under 1-sun irradiation using a solar simulator (Lax-
Cute, Asahi spectra, Japan), and the voltage was
measured with the abovementioned monitor. The
irradiated area of the battery was 4.0 cm2. The repeated
charge and self-discharge test of the assembled battery
was performed sequentially under light irradiation 30
times at 60-s intervals.

A conventional three-electrode system was used for
the current density measurements: TiO2 and LiCoOz
thin films on the FTO pre-coated glass substrate were
used as the working electrode. A Cu wire was attached
to the FTO pre-coated glass substrate by carbon tape.
For all cases, a Pt metal plate that was equal in size to
the working electrode, and an Ag/AgCl electrode were
used as the counter and reference electrodes,
respectively. The current density of the sample
electrodes was recorded at 10-s intervals for 30 min
using a potentiostat/galvanostat (VersaSTAT 4,
Princeton Applied Research, USA) under natural
potential and both in the dark and under 1-sun
irradiation from a solar simulator. All measurements
were performed in a 0.1-M Na2SOs solution after
bubbling Ar gas at 50 mL min-! for 10 min.

3. Results and Discussion

3. 1 XRD patterns of the resulting thin films

The XRD pattern of the resultant thin film with a

thickness of 80 nm that was fabricated by heat treating
the LFP precursor film in air is shown in Fig. 1(a). The
peaks at 20 = 16.30, 20.75, 23.10, 24.40, 26.65, 29.50,
36.40, 47.70, and 57.65° are assignable to the (111),
(002), (201), (031), (131), (202), (042), (-124) and (-442)
phases, respectively, of the NASICON-type structure of
LisFe2(PO4)3%?. The other peaks appeared in the
pattern could be completely identified to FTO33 .
The XRD pattern of the resultant thin film with a
thickness of 90 nm that was fabricated by heat treating
the LTO precursor film in air is shown in Fig. 1(b). The
peaks at 20 = 18.45, 35.80, 43.25, 47.65, 57.30, and
63.05° are assignable to the (111), (311), (400), (331),
(511), and (440) phases, respectively, of the spinel-type
LisTi50125%. Also in this pattern, the peaks assignable
to FTO were observed. In both patterns, any peak owing
to impurity phase could not be detected.

The XRD pattern of the thin film that had a thickness
of 110 nm and was fabricated by heat treating the
titania precursor film is shown in Fig. 1(c). The peaks
at 20 = 25.40 and 48.30° are assignable to the (101) and
(200) phases, respectively, of the anatase structure of
titania®®. The other peaks observed in the pattern could
be ascribed to the FTO, although several peaks with
very small intensities could not be assigned. The XRD
pattern of the thin film that had a thickness of 80 nm
and was fabricated by heat treating the LiCoO:
precursor film is shown in Fig. 1(d). The peaks at 26 =
19.05, 37.30, and 45.50° can be assigned to the (003),
(101), and (104) phases, respectively, of LiCoQ2%9.
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LCO on the FTO pre-coated glass substrate. The peaks are
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Fig. 2 The SEM images of the LFP, LTO, LCO and TiOz thin films adhered to an FTO glass substrate.

Additionally, peaks that could be ascribed to the FTO
and several unassignable peaks at positions identical to
those noted in the abovementioned titania thin film
were observed.

3. 2 The FE-SEM images of resulting thin films
The FE-SEM images of the electrode surfaces having the
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Fig. 3 The transmittance spectra of the LFP and LTO

electrodes fabricated on an FTO glass substrate. The bold
and thin lines indicate LFP and LTO, respectively.

resultant thin films adhered to the FTO glass are shown in Fig.
2. The surfaces of the thin films were too smooth to determine
the particle sizes of the coating components. It can be seen that
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3.3 Transmittance spectra of LFP and LTO electrodes

The transmittance spectra of the LFP and LTO thin-
film electrodes fabricated unto the FTO glass substrate
are shown in Fig. 3. The optical transmittance of the
LFP electrode in the visible region is 55% (at 400 nm)
or more. The transmittance of the LTO electrode in the
visible region was 50% (at 400 nm) or more.

The transmittance spectra of the LCO and TiO:z thin-
film electrodes fabricated unto the FTO glass substrate
are shown in Fig. 4. The optical transmittance of the
LCO electrode in the visible region is 20% (at 400 nm)
or more. The transmittance of the TiOz electrode in the
visible region was 65% (at 400 nm) or more.

3.4 Charge and discharge of assembled battery
(= LTO | LiPFs | LFP +)

The repeated charge and discharge of the assembled
LIB were successfully operated at constant current of
10 pA and the curve of the voltage change is shown in
Fig. 5. When the current was applied at an interval of
20 s, a maximum voltage of 3.6 V was recorded. The
large polarization of the cell was generally caused by the
low electrical conductivity of the LTO. The low electrical
conductivity becomes a major drawback which is
unfavorable to high rate capability, because the
polarization of the electrode becomes serious when
charged/discharged at a higher current density. Shi et
al. reported that the hybridization can improve the
electrical conductivity and the power performance of
LTO material.5?

4.5
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Fig. 5 The repeated charge and discharge test of the
battery. The charge at the constant current of 10 pA and
spontaneous discharge was repeated at 20-s intervals.

When the battery was charged from an external
source, the colorless battery drastically changed color
to blue-gray, as shown in Fig. 6. The specific coloration
of the LTO electrode was confirmed by disassembling
the colored battery. Further, the color change could be repeated
synchronously with the charge and discharge operation. The
transmittance spectra of the charged and discharged battery are
shown in Fig. 7. Therefore, it is clear that the colored battery
after charge recovered to a colorless battery after spontaneous
discharge.
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Fig. 6 The colorless battery before charge and after discharge
(left) and blue-gray battery after charge (right).
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Fig. 7 UV-vis spectra of the before/after charge and after

discharge of the battery. The lines indicate the following:
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This unprecedented phenomenon suggests a two-step
reaction based on the Ti*/Ti** redox coupling with the
intercalation of Li* ions into the spinel-type LTO electrode. The
electrochemical reaction can be described as follows:>®

Li[Li13Tis;3]O4 + Li* + € — Li2[Li1/3Tis;3]Oa4

The intercalation of Li* ions occurred in the vacant sites of the
LTO spinel-skeleton through the electrolytic solution, because
an excess amount of Li" ions was supplied from the LFP
electrode by the charge operation. The Ti*' site was then
reduced to Ti** ion by the generated electrons of the reaction.
The Ti*" ions could be oxidized to Ti*" ions, and the intercalated
Li* ions returned to the LFP electrode through the electrolytic
solution when the spontaneous discharge of the battery occurred.
Thus, the reversible LIB reaction could be first visualized by
using the novel thin-film electrodes. This monitoring system
might be useful for clarifying the reaction mechanism of the
novel LIB and contribute to solving multiple problems such a
thermal runaway, explosion, or fire.

3.5 Charge and discharge of assembled battery
(—TiO2 | LiPFs | LCO +)

A typical charge/discharge cyclic test was performed with a
DC voltage source/monitor and was repeated 30 times at 60-s



intervals. The averaged potential at 2.04 V was observed by
applying a constant current of 0.2 mA. Then, that at 1.82 V was
detected after 60 s during the sequential self-discharge process
(Fig. 8a).

TiOz has been considered to be a good alternative to graphite
anodes for conventional LIBs because of its appropriate
discharge plateau potential in the range of 1.50-1.75 V wvs.
Li/Li*, which would decompose organic electrolytes.’” In
addition, the layered structure of LiCoO:z is chemically and
electrochemically stable and exhibits a relatively high capacity
of approximately 140 mAh g! and a discharge plateau potential
of 3.8 V vs. Li/Li*.%? Based on these plateau values, the
potential difference between TiO: and LiCoO: can be
theoretically estimated in the range of 2.3-2.0 V. Therefore, a
device constructed of these active materials on a FTO pre-
coated glass substrate could be operated as a typical LIB
because the detected potentials in the charge/discharge cycles
are in good agreement with the theoretical values. Therefore, the
lithium intercalation/de-intercalation reactions in the active
materials can be written as:

Anode: TiO2 + x Li* + x e — LixTiO2
Cathode: LiCoO2 —(1- x) LiCo™MO2 * x Co'VO2 + x Li*

The repeated charge and self-discharge test of the LIBs
performed here study was also conducted under light irradiation
and in the dark with no electrical supply 30 times at 60-s

intervals. The 1-sun irradiation was achieved using a solar

2.5

20

Voltage/V

1.0

0.0 : - . : :
0 10 20 30 40 50 60

Elapsed time/min

Fig. 8 The charge/discharge cyclic test of the assembled battery
with (a) a constant current of 0.2 mA (black line), (b) 1-sun
irradiation (blue line), and (c¢) 1-sun irradiation after providing a

constant current of 1.0 mA (red line).

simulator and monitoring with a DC voltage monitor. The
irradiated area of the LIB was 4.0 cm?. The voltage change
during the test is shown in Fig. 8b. The averaged voltages were
1.32 V during 1-sun irradiation and 1.29 V in the dark during
the self-discharge process. In Fig. 8b, a time required to stabilize
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at 1.32 V was observed. In the case of continuous irradiation,

the voltage of 1.32 V was reached in 6 min.

Additionally, the repeated charge and self-discharge test of
this photovoltaic LIB, which was charged once for 20 s by
providing a current of 1.0 mA, was performed under light
irradiation 30 times at 60-s intervals (Fig. 8c). The averaged
voltages were 1.38 V during 1-sun irradiation and 1.37 V during
the self-discharge process. These voltages, which were detected
after providing 1.0-mA current and before light irradiation, are
higher than those observed under light irradiation of identical
intensity with no pre-operation. Based on the calibration curve
of the charging voltages over constant currents ranging from 0—
1.0 mA, the detected value (1.38 V) can be theoretically reduced
to the charging operation by applying a constant current of
approximately 60 pA (Fig. 9). Notably, the self-discharge
voltage is almost identical to the charging voltage under light
irradiation, indicating the effectiveness of the photovoltaic
charge.

The current densities of the TiO2 on the FTO pre-coated
glass substrate were measured at a bias of 0 V vs. Ag/AgCl to
verify their conductive properties using a three-electrode system
in an electrolytic solution. The results indicate that the TiO2 thin
film is an insulator in the dark and acts as an n-type
semiconductor under 1-sun light irradiation based on the anodic
photocurrent density observed, as we reported previously.°D

2.5 i

1.5

1.0

Average voltage/V
*

05 -

0‘0 i i i
0 200 400 600 800

Constant current/pA

1000

Fig. 9 The averaged charging voltages over constant currents

ranging from 0-1.0 mA.

Thus, it can be assumed that the photovoltaic
charging of the LIB requires the active materials on the
anodic electrode to function as semiconductor to
produce the electron-hole pair and as lithium ion
conductors in their structures. Based on this
assumption, there are numerous candidate active
material for photovoltaic LIBs. Investigating both the
physical and chemical properties of active materials
used in anodic electrode is thus required to successfully
obtain this type of innovative device.
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Conclusion

The molecular precursor method is useful to obtain the
active materials for the novel device which was
functioned as the lithium ion battery, photovoltaic
lithium ion battery, and the solar cell. This is the
original report on translucent, thin-film LIB that can
be charged by solar light irradiation was fabricated
using active materials on a conductive glass substrate.
The molecular precursor method was developed in our
studies just 20 years ago. At that time, we reported the
fabrication of Co304 and TiOz thin films. We
subsequently reported the fabrication of thin films of
various materials such as Cuz0, SiO2, ZnO, and apatite.
This method is pertinent to coordination chemistry,
materials science, nanoscience, and nanotechnology,
and it has provided various thin films of high quality.
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Basic Research on roles of the Saito Family to contribute to the spread of science education for
Inume-machi and its neighboring area of Hachioji city, Tokyo from the end of Edo era to Showa

era.

Koji Kazuma, Division of Liberal Arts, Kogakuin University
Morio Yoshida, Division of Liberal Arts, Kogakuin University
Junichi Enomoto, Faculty of Literature Department of History, Taisho University
Minori Kamaya, Department of Environmental Chemistry and Chemical Engineering,
Kogakuin University
Eiji Konno, Hachioji City Historical Musium
Noriko Kato, Hachioji City Historical Musium
Masumi Kawamura, National Diet Library
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Masataka Kojima, Kojima Musium
Tomoharu Sakai, Department of General Affairs, Kogakuin University
Yutaka Tanaka, Science Education Center, Kogakuin University
Akihide Wakamatsu, Science Education Center, Kogakuin University

ABSTRACT :

1. This study aims to investigate roles of the Saito Family to contribute to the spread of science education for
Inume-machi of Hachioji city from the end of Edo era to Showa era.

2. At the end of Edo era, the Saito Family in Inume-machi was one of the Hachioji Sennin-Doshin and the village
head of Inume. Hachioji Sennin-Doshin were employed by Tokugawa for the defense of the Edo Castle.

3. The collection of the Saito family contains old documents about their agricultural administration in Edo era,
letters written in the same period, books since Meiji era, swards, instruments for chemical experiments,
samples of stone relics as well as clothes, and so forth. Until 2015, we have made lists of 5,860 items of the
collection.

4. The contents of the documents includes Hatamoto, Sennin-doshin, their land governance and situations of the
Shimo-inume village of the time, Kenjutsu (Japanese fencing) school and Memorandam which was written by

Saito family after exploration for the remains of neighboring villages.
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. The research group assumes there are several reasons why the Saito family could take advantages of getting

the leading edge scientific (technological) information from Edo, supposedly the most advanced information
center at that time. The first reason is that the Saito Family was one of Sennin-Doshin throughout the Edo
era. Secondly, they had learned Ohira-Shinkyo-Ryu Kenjyutsu (one of the Japanese fencing schools) and they

occasionally visited a training center of the school in the Edo area. Then finally, being the village head of

Inume might have allowed them to have easy access to the information from Edo.

. With these backgrounds, the Saito family could contribute to the spread of science education for /nume-machi,

which led Satoshi Saito, an offspring of the Saito family, to be assigned as a teacher of Kawaguchi Seinen

Gakko (a school for youth after elementary education) during Showa era.

. There are 22 items of Chemicals and the scientific instruments made by glass in Saito family’s

collections which are assumed to be used between Taisho era and the beginning of Showa era.
These chemicals included copper sulfate which was used as stock for Bordeaux mixture,hormalin,
terpeintine and potassium dichromate.

. ’Sekki Jidai Iseki Tankenki’ was written from 1907 to 1913 as a diary for the exploration of the

Remains near Inume machi for example Naraharamachi,Nakanomachi,Kobikimachi and

Komiyamachi(Hachioji City); besides Ninomiya,Kusabana,Setooka(Akiruno city).Saito family were
in a position that had access to some information about the remains in the suburbs of Hachioji.

9. The order ‘L’ collection of the Saito family are 289 collections. There are 78 of books written in edo

era,37 published books after Edo era,12 documents of the religeion and etc....These items suggest
that the Saito family were the pioneers who tried to acquire the knowledge and the information and
put their knowledge to the cultural account and the movements for people’s rights account in Inume

village. Trough ordering ‘L'collection, we can suggest Saito family had been lived in high culture

status.
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Development of integrated evaluation system for Thai green industry

Atsushi Inaba, School of Advanced Engineering

ABSTRACT : Eco-Efficiency has been paid attention recently as the indicator to show the
environmental performance of product and/or company, which is calculated by dividing the value
of the product/company by their environmental load. When the added value and the CO2 emission
of the industrial sector were selected as the numerator and the denominator respectively, the CO2
efficiency of its sector was defined. And then, if a company calculated the CO2 efficiency in the
same way as the industrial sector that it belong to, they could be compared each other, which
could be used as the bench mark to evaluate the performance of the company.

The aim of this study is to be calculated the CO2 efficiencies of Japanese and Thailand
industrial sectors, and to be compared with those of the industrial sectors. The results will be
useful for both countries to reduce the CO2 emissions. In addition, Thailand companies
environmental performance is to be estimated using industrial CO2 efficiency. We analyzed the
input-output table and the industrial statistics in Japan and Thailand, and calculated the CO2
efficiencies for the both countries industrial sectors. The calculation results showed the CO2
efficiencies of Thailand industries were not so much lower than those of Japanese industry. And
we estimated SCG's the environmental performance, which is one of the bigest company in

Thailand, using calculated CO2 efficiency. We achieved some positive results for the next step.
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EOREHERLR B Lz, AAROEEHPE I, &
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ZAE KO EMOKESE W2, BAR S HE 31 P CK,
FIE, WL, 9, B (EH), B ER). R
FE. WHEREHEYD. SKEHAEY. oo s AHEE
. ERHEY ., FE. EX - EAE. 2otod e
BHREEY . R, BN, W, K, A4, 2oftio
HE, BRIEE, BEY - A(REEE) ., BN, F5.
R RMEY (BFFHEE) . IRRIRCE, MPERZE, EIFA
¥ AR, PUOKERE, NKEEEE] DD
Tay hERNTND, BHRKEETEH & bRENE
DEWEF L, BT 9,471 M/kg-CO2 TH Y, BEE
PHEDMMRNE L, f6x - EAED 71 M/kg-CO2 ThH
5, MIURDECBLTWLIERSEHTH-THZOD
RESRICHENR LY, B0 NbAERER-T
W5, EARGEOR TR LEEDNENEEMIL, K
W OxtEEF—ERCET 2B EHEIREY — B X
T 24,798 M/kg-CO2 THh 5, F & IRE Y — A%,
Y= REDPFTHLZRLX—%HEVLELET,
PO ES B W= O BRENENE VA TH 5,
BHEOEMIZ, KoEIZEE - L TH DA
> h®D 1 Mkg-CO:ThHhoTo, &AL MIAKARIE
D COzBEHIENZ Wz | BENERENFER & 72 o
7o BAZIKOBREEHRIT 256 M/kg-COz & FHHE TX
72 Tablel |2 HARDFERHER O KRG L OREL)
F—EER LI, B LREEL L COz g ENRZ N
B2WEEOBRBENENMEL ., HIREXOF—E R
EOBRBEENRE D,

B, ZORRITEXEOREESTLTNDLHDT
b, FHEEOELERRTHLDICEHLTND
DTEBRNZLIZTEETOINEND D,
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Tablel BRIZEITHREMNE (KDE)

RITHR BB
[M/kg-CO2]
01 BMKEE 268
02 L 131
03 KB 362
04 kS 232
05 7L« k- ARE N, 154
06 fbH 79
07 A - AR, 9
08 2% - L AEL 31
09 k4 20
10 FEE)RE 121
11 &BHL 501
12 — P 792
13 BRI 657
14 5 - BN 783
15 & 275
16 HaEr& ik 378
17 KSR 744
18 Zofthoflyt T 385 540
19 &% 1,204
20 &) - WA - BViLG 8
21 JKiE - BEEWILER 88
22 P 1,076
23 &l - RIE 5,064
24 AREhEE 4,623
25 EH 128
26 (EHIBEE 1,631
27 N¥ 712
28 HE - R 694
29 [EE - (RME - AESREE - i 1,025
30 FoOfoNIY—1r R 1,575
31 XtEEFY—E X 2,212
32 A —E R 489
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BREEEBEERNOH/DLI LN TE R, 2T,
FRDOOOHEICH DEHGIEEZSEIT 2005 F0
180 HFAICK T 5 CO PEHBEOR M 21T > 7o, H[H#Z
AR BEARIL, =R LF =T 2£00 L OIL
AND THAILAND 2005V% v iz, =3 /¥—&F A
EREETCETLINEIE. 10 s TH L,
[ Agrilcultural/ Manufacturing/ Mining,

Construction/ Commercial/ Road transport/ Rail
transport/ Air transport/ Waterway transport/
Energy Industries] & 720, #AEHEIL Tanthracite/
bituminous/ coke/ briquettes & other coal/ lignite
(mae moh) /lignite (krabi) / lignite (others) / crude
oil/ condensate/ natural gas/ lpg/ gasoline/ benzene/
gasoholgasoline/ gasoholethanol/ jet kerosene /
kerosene/ diesel/ biodiesldiesel/ biodieslethanol/
fuel oil/ fuel wood/ charcoal/ Passy Husk/ Bagasse/
Agricultural Waste/ Biogas] & 725, Z® 9 b Passy
Husk, Bagasse, Agricultural Waste, Biogas &7 — 7~
Yoa— R IABMTORTND EBXRRINLE Lz,
TRAX—ERADERETE L2 508IT 10 s KREN
It b, FEEEBIR D 180 D EHEITK T H K T X
X —FE~DOBEASFEIIEC T, 10 EOT R/ F—
BAELED H T, HETRAF—FITd 5 pEHE
HEIF DFT2— K% Table2 (2”7, [ L I0 @ 180
SYHEICE L THEEO = X VX —FR IS T 2580 H
b, ZOHAE, B0YTHEHT 2 HER MO RV
F—RHORICEBTLIZLNBELOND, A DEX
HRE#E TIx, EE M (domestic) & i A & (import) D %
NENIZBRASENEH SN TND, ZRXLFXF—FD
WEENST DD, =X —flAE CEXRS
BICBRT DB, EHEM &AL XA L CTRARE
HEEH LR L —82E Y YTk,

BHREERYII T 5 CO2 HEHfREIT. 2006
IPCC? DA S LT, Fig.81Z 180 M T
LD COz P& & MIMEMEORREZ R LTz, £z,
Fig.9 T 180 A HIZK T 2 BREMRE | Fig.T L I[Akk
W16 DT EITHElc ey FLTEEDTRLE,

A EBETIE, E#EDO COz H:H &1L 2.2 X
101kg-CO2 & 72 - 72, IEAO®N /A LTV 5 Al Sk
® CO2 HEH F1X 2.0X 1011kgCO2 TH YV . IEA ® CO:q
PEHEOR I IFEN, KRR ERD 2 AN RA D %
EBRET DL, PFHEICIIREREN R S AFEOE H
ERIIZYTHD EEZ OGNS, OIEA ICIEAIK AR
KOPEHENRE EN TRV, QOIEA /X EEEMZE -
E A OPEHEITE T,

WA 71y =/ MFEHEE (H27)

Table2 TRILF—MHMED T RIILF—FEL 10 DHIG

TR X — 10 4R
anthracite 030 | fafx - B (WA fh)
bituminous 030 | fafx - 8% (WA fh)
coke 094 | % OO A7 0 L5 G A
)
Briquettes & | 030 | Ak - 1Bk (FiIAM)
other coal
lignite (mae | 030 | Ak - Bk (EHEE )
moh)

lignite (krabi) 030 | A fx - Bk (EEEM)
lignite (others) | 030 | /% - ¥ (EHEE5H)

crude oil 031 | JfiH « KT A

condensate 031 | JFUiH - RAH A

natural gas 136 | XA T T A~

Ipg 136 | NA T T A
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biodiesldiesel 093 | AR - 4 25 EEE M)
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BEDHE

HARDBREMNRE XA OBRENRO LI ZI1To T,
BB A R TEICIX, MIMEO RS Y & —Y
TRRD LMD, 2006 FOEHAEFEL—ELT1
N—> 282 ML LT, MICHE LT, # A DBREERR
I%. 27.4 Baht/kg-CO2 TH 5 DIZx LT, HARDERSEE
ZhE 1%, 116.7 Baht/kg-C02(329.0 [/kg-CO2) & 72 1 |
lv«w BT DERENRIT, waﬁ¢3%&fm
WiER E oo T, Fio, EESEI LI L Z6%
Table.3 TR L7z, %< DELTHRDBENRD
DEWERLE R, A OBRENROGFNEAL
DHERWEELTFET S, 70X MIELT
. BAROERL ¥ A OFEEHEEL CIIEFERESED
EZAFDRRDEDERDENNEZEL TND I LN
Ex bz, BEEDERECTIE, BAROEEHEBEKT
IXEFWENBRSEE LTH D, XA OpEHEE
R TIHBEFMESPVEREDREICEENL DL
N, BT EnTE RN, £, A1
B 5 EMMEEICK LT 182 5D TV H/NEEIT
AARCEEDNRLY bEWERE 2o T2,
PERHBR O EROBENER B Bl bl i3 L
W, H A L BARIZEIT AEEER OBRBEZNFITH 2 K
PERENMEL BB B IRFEEN TV &) RO Z 77 L
726

4. BAEXREZFADIR

Transportation and Communication (149-159)

Unclassified (180)

N
AT

fr7rey =7 MfFseHEs

& (H27)

Table3d HARE 2 1 DIREBEMED LB
2 A HAR
B BRIELh
CODE 4R S CODE Ei &
001 Paddy 112.0[011101 ES 292. 0
005 |Other Root Crops(489.0({011301 B2 119.1
006 | Beans and Nuts |54.5 (011202 T 910. 1
008 Fruits 72.3(011401 S 178. 4
015 | Coffee and Tea [48.1(011502| #xEHAEY | 223.2
Cattle and
018 Buffalo 163. 6012105 A A4 184.8
019 Swine 91.4 (012104 23 158. 8
025 Logging 520.9[021101 B 3359. 5
Ocean and Coastal N
028 Fishing 12.0 (031101 JR/FIR¥E 20. 7
040 |Stone Quarrying |88.9 (062201 b F| - £H 74.0
063 Breweries 89.6 112102 E—)L 43.2
066 [Tobacco Products|324.9(114101 =Xz 537.3
0g1 | Pulp Paper and | g 511610 SOV 2.3
Paperboard
181201 ¥MK - Ffk 18.0
181301 BEAR—n1 109. 2
082 | Paper Products [43.6 »
181201 VMK - Ffk 18.0
Z oo v
182909~ « #& - M| 206.5
i
Drugs and A
088 Medioines 184.0/206101 = 38 292.6
090 Cosmetics 63.5(207102| fbHEdL - HEE | 477.6
096 |Tyres and Tubes |12.6 (231101 54—\7 %1 79.4
098 | Plastic Wares |[11.1[221101 737%1/7@ 128.6
Glass and Glass WH T A - 2e
100 Producte 6.2 (251101 75 % 36. 4
102 Cement 0.8 [252101| & Ak 0.4
103 | Comerete and o0 olosoon | s Y — 1| 232.7
Cement Products
107 NO“&Z?;{“S 9.0 [272203|IE8k & RmFAM| 65.9
Engines and
112 Turbines 105. 9301103 SR Eh % 194. 4
Radio and T4 T L e
118 Television | 67-1[331103 = (= 148. 2
123 | Ship Building |[77.4 (361101 biiil o 124.2
125 | Motor Vehicle |[56.5[351101 P E 193.3
128 Aircraft 140. 2(362201 U ZE i 153.6
135 | Electricity | 2.4 |511101| FEMESH 2.9
137 | Water Supply fo, o gy gy [EAKHE - BEBIK) o))
System B
145 |Wholesale Trade [320.0(611101 7 1104. 2
146 | Retail Trade [189.9|611201 /NFE 158.8
149 Railways 13.6 (711101 f)ﬂiLﬁﬁgﬁﬂUL 72.8
Road Freight 15 Wi
151 Transport 1.4 (712201 (I&%E%ﬁﬁ%) 73.4
NV - 3
154 Coastal & Inland 270. 9|714201 AST ?ﬂmﬁﬁﬁ 7.9
Water Transport %
155 | Vater Transport|gg o \zyyao|  peism st 187.3

Services
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¥ (Paper) & lb# L TV 5 Pulp Paper and
Paperboard CHEHLEESE) 13V FREEICINZ T, K
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RAMMRCENRETL Y TS RESHBORIMI & BBAEE

THFERT TFE M TP ARz
(HAf) SORESLPERE BT SR v & —  SESET RILEA
(HR) HCCE S ESR BN FEE > & — U BT

Processing of Natural Fiber Reinforced Plants—Derived Engineering Plastic Composites
and Their Mechanical Properties

Yosuke Nishitani, Department of Mechanical Engineering, Faculty of Engineering,
Kogakuin University
Tetsuto Kajiyama, Jonan Branch, Tokyo Metropolitan Industrial Technology Research Institute
Toshiyuki Yamanaka, Tokyo Metropolitan Industrial Technology Research Institute

ABSTRACT : For developing the new engineering materials such as structural materials
and tribomaterials based on all plants-derived materials, processing of natural fiber
reinforced plants-derived engineering plastic biomass composites and their mechanical
properties were investigated experimentally in this project study. The materials used in
this study were hemp fiber filled plants-derived polyamide (PA) biomass composites and
the polymer blends of these composites and plants-derived thermoplastic elastomer
(bio-TPE). In this year, we investigated the following three contents: (1) polymer
processing method of natural fiber reinforced plants-derived engineering plastic biomass
composites using melt-mixing method by co-rotating batch mixer, (2) the effect of type of
alkali treatment on the rheological and mechanical properties of hemp fiber reinforced
plants-derived polyamide biomass composites, and (3) the effect of initial fiber length on
the mechanical properties of these biomass composites. The following results were
obtained: (1) the influence of mixing condition on the bending properties of hemp fiber
reinforced plants-derived polyamide biomass composites prepared by melt-mixing
method using co-rotating batch mixer were strongly influenced by shear rate. (2) The
rheological and mechanical properties were improved with both alkali treatments by
NaOH and NaClO:z with or without the surface treatment by ureidosilane coupling agent
(A-1160). The combination NaClOz and ureidosilane coupling agent was the most effect
improvement for the rheological and mechanical properties of HF/PA1010 biomass
composites. (3) The mechanical properties of these biomass composites changed with the
initial fiber length of HF. The critical fiber lengths of various mechanical properties of
these biomass composites differed for each property.
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Fig. 3.1 Storage modulus as a function of angular frequency

for various HF/PA1010 biomass composites.
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Fig.3.5 SEM photographs of cryogenically fracture surface of
various HF/PA1010 biomass composites: (a) NaOH, (b)
NaClO,, (¢) NaOH + Ureidosilane, and (d) NaClO, +

Ureidosilane.

\«

REWRT 7 1Y =7 MFEREE (H27)

10

O:PA1010 1%

O:HF/PA1010

4 :NaOH (HF-A/PA1010)

9 % :NaOH+Ureidosilane
(HF-A-S3/PA1010)

4:NaClO,

< :NaClO,+Ureidosilane

Complex viscosity, Ln | 77*|(Pa*s)

190 195 2.00 205 210 2.15
UT %103 (K1)
Fig.3.6 Temperature dependence of complex viscosity for
various HF/PA1010 biomass composites.
Table 1 The apparent activation energy of various HF/PA1010

biomass composites.
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Fig.3.7 Relationship between tensile strength and tensile

modulus of various HF/PA1010 biomass composites.
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Fig.3.9 Image of SEM photographs of wear debris of various
HF/PA1010 biomass composites: (a) PA1010, (b) NaOH, (c)
NaClO,, (d) NaOH + Ureidosilane, and (e¢) NaClO, +
Ureidosilane.
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Fig.4.1 Effect of initial fiber length on the tensile
properties of HF/PA1010 biomass composites.
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Development of research discipline on chitin and mammalian chitinases in medicine, pharmacy

and engineering
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ABSTRACT : Chitotriosidase (Chitl) is closely associated with various inflammatory diseases, such as Gaucher

disease, chronic obstructive pulmonary disease, Alzheimer disease and cystic fibrosis. To understand its

pathophysiological roles, we expressed mouse Chitl as a soluble fusion of Protein A-Chitl-V5-His in the

periplasmic space of E. coli and purified it using Ni Sepharose, followed by Hitrap Q HP columns. We found
that chitinolytic activity of the Protein A-mouse Chit1-V5-His was comparable to CHO-expressed Chitl-V5-His.

The E. coli-produced Chitl showed a pH optimum at around pH 5.0, where the optimal temperature was 50°C.

During 1 h pre-incubation at 0°C, Chitl retained full chitinolytic activity at pH 5.0~11.0 but its activity was

decreased in response to decrease of the pH value. Chitl cleaved crystalline and colloidal chitin substrates as

well as oligomers of N-acetyl-D-glucosamine (GlcNAc) and released primarily the (GIcNAc), fragments at pH

5.0. Chitl degrades chitin substrates in the physiological conditions. Thus, this enzyme can play important

physiological roles at neutral conditions in vivo.

1. EL®»IZ

XFUNIN-TEFA-D-ZNAah I OEESETHD,
X TFUITHBRESCR ROANERE, FAERTHLHI/M
T4FVTREEEOMIREED E BB ER THD,
FOID, EAT—RIZIRWTHRRIC _EHBICE
BIFETLZETHD (1],

WFLEEIZ B B TR T U2 AL TOZRWNISH DD
59, ZEEOXTF S —EERBEL D, EhEvwT R

TlE, FhNAT# —+ (chitotriosidase, Chitl)EEE M
H¥LIEXF 7 —E (acidic mammalian chitinase,
AMCase) O _FERFEINTND [2, 3],

Chitl [ ZE Y BEHEDT A — L[ ThD
Gaucher JREFOMFEF TELI EF LTS [4],
Chitl J{EMEDO L HBARAI KIBA A AN — A ZS
N5 [5], AMCase 1%, Chitl DFH{ER/2%&E%9 5
T ELCEDIFERHALNIIRY, BEOEE RIS
HIpA TSIz [6, T]e ZHOOFLIRNF 7 —
BIIFTF 2 E8H0 T 20WREE T E RISk 5414
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PHBRE L CHEBE T D EMHFEESN TS [2, 3],

Chitl 138 % 2R RIEMED TR B TR LH LT
HOT, IEFEITHEH SN TS, Chitl 1X Gaucher J5
[8], 1B B ZE I fiti % BB (Chronic Obstructive
Pulmonary Disease, COPD) [8], Alzheimer 5 [9], 2
JEE [10] THEN EFT5,

2 1%, &3, Chitl mRNA 23~ 2DF, B, i
TEWL L THRELTHZEEAALNICLEZ [11],
DOFREOMIZ, 72T R TOMBETHLRHETES
<BWVOLULTHRIL TN 11, 12], ZHS D% R
1%, Chitl 235, Z<DEBIREIZB W TEEREEZ
BRIELTOWABILEERIBL TS, LOL, TDIFREER
1T D Chitl DFEHIX5 03> TR,

Chitl OEALZERIBRFHIITERIS =2 780
KEICHETHD, BLE, Chitl DAL FAIFRT X
HIESLCEROMIE TORBRZTOXT UREERNAL
% RAB 7= Chitl OFRBER AL ORB ST 2 N
Vb Tng (13, 14],

41, VA AMCase Z KIGE DY T T XA
Protein A-mouse AMCase V5-His D@h& % /~"7'&g L
LCRIRTHIEITHEL TS [15, 16], Fexix, &
WF22C, <~ A Chitl % Protein A & V5-His &D#HAH#A
Z G4 378 (Protein A-Chitl-V5-His) &L TH
L, ZOMEEREFLZ,

2. EBRIBIE T

HIEMBE CORBI AT

~JAR—%)L RNA ~AH—,3%/L (Clontech
Laboratories 1) 2>5H157-H @ total RNA % fH\,
cDNA ZERLTZ [11], T ADE D cDNA 75
KOD Plus DNA 7RYAZ—€ (Toyobo) &4V X/1
FFRFZ7A~— (Sigma-Aldrich Life Science Japan)
% FHU T Chitl ¢cDNA (GenBank accession number
AY458654.1, nucleotides 229-1620) ZHiMEL7-, TL
T, pre-Chitl-V5-His (pre-Chit1-V5-His, [X] 1A) &L
TEWEEM CRELT 5720, HEMAIEHR Y
#— (pcDNA 3.1, Invitrogen) (ZHHAIA A, FEH=
AR 71 (pcDNA3.1/pre- Chit1-V5-His) Z{EHIL7-,
@ DNA O2EIELF A7) D 7= (Eurofins

Genomics) .

KIBE TORB AN I

Chitl D7 FIVESNZFFIZ/2 N~ A
Chit1-V5-His cDNA % PCR &L, Protein A fusion
vector pEZZ18 (GE Healthcare) |Zf& & L7-, Protein
A-Chit1-V5-His Z 3 B3 572, £ plasmid DNA
Z KIS BL21 (Takara Bio) (CTRE AL /-,

KIGE OEEH, YT LZ2/, 7] FHEE 425D
Kz Z R EOFBLER
R L 7= KB HE A 100 pg/mL OT7 Y%
&Te LB EEHIT 37°C, 18 BEfEE#LIZ, T CTIC#H
HLIEHE [15,16] C, KEGENOERIRE 77, XV

WAEMERT 1Y = 7 MFEHEE (H27)

IR LE Gy, BN REMEE S, B OREE M E
DEFRELT,

Ni Sepharose L&A A R#Iu~ b F77 4—I12LD
BERORERL
FREOFEICTEHELEENENDE 5%, 20
mM Tris-HCI (pH 7.6), 0.5 M NaCl T¥f#{kL7= Ni
Sepharose (GE Healthcare) (ZfitL7z, 77 AIXHED
10 {25 0.05 M imidazole, 0.5 M NaCl, 20 mM
Tris-HCI (pH 7.6) THEHL, 0.5 M imidazole, 0.5 M
NaCl, 20 mM Tris-HCI (pH 7.6) CIAH L7z, ¥ 7 v
% 20 mM Tris-HCI (pH 7.5)C 10 fFIZ#KL, 20
mM Tris-HC1 (pH 7.5) C¥fi{k.L7= HiTrap Q (GE
Healthcare) (ZffiL7z, BT LITHT LD 10 FED 20
mM Tris-HCI (pH 7.5) T¥E#L, 20 mM Tris-HCI (pH
7.5), 1.0 M NaCl T/ oY= MNaH Lz, TD#%, TS
buffer [20 mM Tris-HCI (pH 7.6), 150 M NaCl] T
#{k.L7= PDI10 (GE Healthcare) CTitEL 7=,

XFF—BIEHERIE

XFFF—BIEHIIATEAEE ThD
4-nitrophenyl N, N'-diacetyl-B-D-chitobioside
(4-NP-chitobioside) (Sigma-Aldrich) % 200 uM D2
ECHERAL, 3 CITRELFIE (15, 16] ITHEVEE
RO FEARAIMEE AR~

BEH12350 Chitl-V5-His O —iE PRI LR R
CHO-K1 cells (CCL61, ATCC) 1E 10% 5k
L& % ¥ ANL 72 Minimum Essential Medium
(Invitrogen) F1CHE;#EL7-, CHO fifaiz
Lipofectamine plus (Invitrogen) % VT
pcDNA3.1/pre- Chitl-V5-His 7 A7 =/ LTz,
48 [, BrAEI LT, DSl
Chit1-V5-His % 20 mM Tris-HCI (pH7.6), 0.5 M
NaCl C¥#{bS472 Ni Sepharose (ZFEE LT, £
D%, fEA LTG5 737G % [20 mM Tris-HCI
(pH 7.6), 0.5 M NaCl, 0.5 M imidazole] CIAHi L, PD
MidiTrap G-25 (GE healthcare) CliHE L 7=,

Chitl (2L & X T EE DR

anaAXZVXF 0%, UANCHELZIIZ, =D
FXDOFF L (Sigma-Aldrich) NHFFRIL, 55—+
DOIEEERETHRE LU CEHAIN [15, 16],
T IO FrafbibtExF e TERLE,

EEELCanA/ ¥ LxFr (KIRE 1 mg/mL), #&
fatE¥ T (1 mg/reaction), HL<IE (GleNAc);~
(GIcNAc)s (&I 200 uM) ZfEFL, £ TOREFED
BT Mellvaine’s buffer (pHS.0) L, #A#x
Chitl #&Te2E 50 uL TIr/e-7-, KUtiE 37°C
T 10 47, 1 W§fE, 16 BERITT o7, ERRLTZF T Wy
R DiEILAREA  fluorophore



8-aminonaphthalene-1,3,6-trisulphonic acid (ANTS,
Invitrogen) THEm&L, U8 NFHEWEIL
Jackson [7, 17] IZ&oCRiiR s /- mt&rEtE PAGE
IZEo TR T2,

3. R

#H#Lz <A Chitl O3B plasmid

#HAZ ~T A Chitl OERRZX 1ITRT, ¥R
Chitl 1% N Kl AR A1 (Catalytic domain,
CatD) & C RIHlIZFF U #EARAALL (chitin binding
domain, CBD) #H 9 5%) 50 kDa D4y /&
ThbH, CHO #iffd CHRELTH0, 2FERENE S
#o Chitl HiEF{A (pre-Chitl) cDNA (% N Rz
7 VB, C RKEC V5-His ZFHINU 7= FLEE 5
B~ %— pcDNA3.1/V5-His (ZW7/mn—=71,
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