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Fig.1 The lower half of the cell structure of pollucite.
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C	)�µm,��Z9Ûö§îÌ2�vö\ý,í�Ò�,��\�6õö Al/(Si+Al)�ZS�ñ�
�,?
[a÷Iaúæ�\�S�ñ�
�çõÎ\�µm�Á�
öS|`Z^õ 473-1173K �=���A�S|`
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���	
 Cs+��������������������,�� !�"#��$�%&(RT)'(
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Na-¬�moV�l��NCs1.0NaxAl1+xSi2-xO6óúCs+�C	iZ�6���, Al/(Si+Al)�Z�Ööæçô�²ö÷
æ��,óúAlO4

-��x�í�Ò�ç`\��ÅûÌ� S l��,�A
,�|õö Na+�C	Z¬�õöæç

�úoV�l���Åû�6Z�Öa÷æ�S|`�¼óú6�iýmoV�l�� CsAlSi2O6ç�±, RT ³\

473K I����öS|`ç 473K8Î���ò³öS|`� 2 ��,����a÷	x
,ó�\³,£S

|`6`\[a÷IaúNa+�C	Z¬�õöç 473K8Î�S|`vôòò�²Söö�Ú^`a÷ 
Na-¬�moV�l���CTEóCs-s moV�l��ç�±,úAl/(Si+Al)�ö\ý,2�v,�`\�e

e�ôR\�a÷Na-¬�moV�l���§î¥ªóúµm,e�öS³´G�`aaßú§îÌ2�vó S
l��� Na+�C	i�G¼
,\Iöæç,öö÷IaúNa+�C	�¬�óús mç�±, Al/(Si+Al)���
6Z�åæç,öö÷æ�\ZU�õöçúNa-©OmoV�l��� CTEó�,Al/(Si+Al)�,����\[öç
UÖ\�ö÷ 

3) Na-����=����@Y���1
S|`�¼óúNa"5i,��\ 473K8Î�S|`vô��Söö�ÚZ^õ!V�·ç Na"5i,e
�öSg	·B��(CsAlSi2O6)ç³´�`S|`vZ^õ!V�·,�Û\�a÷æ��åöS|`�¼�� 
óúoV�l��6³½�µm,�õö��ÅûÌ�2wG³(2�v)Y�ýð§ÅûZ�mõö SiO4 ç

AlO4
-��x�µmY�ý&������Z9Û\[öç%=�²a÷ 

Na-"5moV�l��� CTE óú��ÅûÌ�2�v,�`\�ee�Z^õ!V�·çG¥¡Z^õ!

V�·,�Q�²a÷Na-"5moV�l���óúAl/(Si+Al)�Zx¥`\ Cs+�C	Z Na+�C	,"5õöæ

ç�2�vZb.��\[öaßú�4�!V�·óS|`�ª���gîô�ç`\2�v�û�ú�4�!

V�·ó�,Al/(Si+Al)��ûö÷ 
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(2) �O�X��}��=����f�)_@�L?�(Cs+, Na+)@��
³m`aõÎ\�s��ïoV�l��6³½� CTEç

Al/(Si+Al)��e�Z Fig.2,Içß\^õ÷Cs-s moV
�l��(�¢)çG¥�CTEZ^`aNa-"5moV�l��
(�¢)�£�
ó�G¤�Î, i�[ö÷Na-¬�moV
�l��(�¢)ó Al/(Si+Al)���e�²öôúCs-s mo
V�l���£�
çó�ee�ôR\�ö³�a÷Ia/

S|`6`a Na-"5moV�l��(�¢)� CTE 
Al/(Si+Al)���e�²ö³�a÷æ�\���³\ú³m

`aoV�l��6³½� CTE ó�¦
,ó Al/(Si+Al)�
,����\[öôú�|§îÌ�2�v���9Û\

Y�,�, Na+�C	ô�Øõö6³½�ó Na+�C	ç Cs+

�C	���ZU�õö¢]ôûö÷ 
³m`a�oV�l��6³½,YÛö��ð§unC

	(Cs+, Na+)����ñ�£Z Fig.3(a)-(e),^õ÷6�iý
moV�l�� CsAlSi2O6�óúFig.3(a)��å,�|§îè
,Øáõö 16ï�Wl��ôõÎ\Cs+�C	�2ô��

\[ö÷Ia S l��ó 2 n�¥l��,*¦`\�|§î
è, 24ïØáõö÷Cs-s m�Cs1-xAl1-xSi2+xO6�óúCs+

�C	�É¦,�`\ Fig.3(b)��å,2� W l��ôJa

,Ë`ö÷Na-¬�m� Cs1.0NaxAl1+xSi2-xO6�ó W l��ô

õÎ\ Cs+�C	�§a��\[öaßúNa+�C	ó Cs+�

C	,*¦õö S l��,�|õö(Fig.3(c))÷Na-"5m�
Cs1-xNaxAlSi2O6�óúCs+�C	ZNa+�C	�"5`aG³

,>`\ W l��ô2,ööôúNa+�C	ó&��C	¨

©³\ Sl��Z2ßöæç,öö÷ 
8Î��åö��ÅûÌ�� Cs+�C	ç Na+�C	��

�ZU�õöçú/S|`
Z^õ Na-"5moV�l��
è�Na+�C	ó73(d)��å,Na-¬�mç�±,Cs+�C

	,*¦õö S l��,�"`úG� Cs+�C	�É¦,�

[Ë`ö2�W l��ó Cs-s moV�l���Ü³ç�
±çöö÷æ� W l���2wô/S|`6,,-õö÷æ

�,�`\úG¥�S|`�ªZ^õ Na-"5moV�l
��è�Na+�C	óú2,ö�aWl��|ª�Sl��,
|"õöæç�l��ÌZûü,�/�²öaßú*¦õö W l��,��Z-Öö÷æ�¥l���2wó/S

|`6,,-`ö[aßúg	·B��ç�`CTEZ^`aç%=`a÷ 
%Ü`a��ð§unC	(Cs+, Na+)���«£Vç Al/(Si+Al)�Z�¦,úNa+�C	ç Cs+�C	���Z

U�`a(1+(S site occupancy/W site occupancy )Z«ª¬,.Öa[Al/(Si+Al)](1+3S site occupancy/W site 
occupancy4)ZJ�,S�ñ�
�ç`\¬�`\ú³m`as��ïoV�l��6³½(Cs-s moV�l�
�úNa-¬�moV�l��, Na-"5moV�l��)�S|`�ª�¥i6ZØHa÷&���ZFig.4,^õ÷
³m`aõÎ\�oV�l��6³½� CTE(473-1173K),�`\Ùö�ee�(R2=0.9931)ôR\�a÷³
m`as��ïoV�l��6³½� CTE(473-1173K)ó��ÅûÌ� Al/(Si+Al)�ú2�vúCs+�C	ç Na+

Fig.� CTE(473-1173K) of the Cs-deficient pollucite(�),
Na-introduced pollucite(�), Na-substituted pollucite with 
low thermal expansion(�) and Na-substituted pollucite 
with template thermal expansion(�)  as a  function of the 
Al/(Si+Al)  ratio. 

(a) (b)

(c) (d)

(e)

Fig.3 Schematic illustrations of the 
model for  pollucite compounds 
(a):stoichiometric pollucite, 
(b):Cs-deficient pollucite, 
(c):Na-introduced pollucite,
(d):Na-substituted pollucite with 
low thermal expansion,
(e):Na-substituted pollucite with 
template thermal expansion.  
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Fig. 4 Relationship between new parameter : [Al/(Si+Al)](1+Na/Cs)

and CTE for various pollucite compounds

� Cs1-xAl1-xSi2+xO6

� Cs1-xNaxAlSi2O6

§ Cs1.0NaxAl1+xSi2-xO6

¨ Cs0.7Na0.2Al0.9Si2.2O6

R2 = 0.9931

Fig. 5 Transmission electron microscopy (TEM) 
image of Ag nanosized particle
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Fig. 6 Transmission electron microscopy (TEM) 
image of Ag/Cu nanosized particles

Fig. 7 Energy dispersive X-ray (EDX) image of the 
distribution of Ag on Ag/Cu nanosized particles

Fig. 8 Energy dispersive X-ray (EDX) image of the 
distribution of Cu on Ag/Cu nanosized particles
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Fig. 9 Transmission electron microscopy (TEM) 
image of Ni+Co nano particles. Microwave: 30 min.

Fig. 10 Energy dispersive X-ray (EDX) image 
of the distribution of Ni on Ni+Co nano 
particles.

Fig. 11 Energy dispersive X-ray (EDX) image 
of the distribution of Co on Ni+Co nano 
particles.



ò�16�ò�

³\ó B-O-C �³�ØáôY@�²ú¡þíèfgV�³ôÙ�,�m`\[öæçôf³�a÷æ�±³½Z

S����a�sxtuZ0Þß»`\ B2O3ZCÙõöæç�ú�sxtu�Åmm�ô�mõö6:ö�

�Zmn`a÷SEM<=,�örÔ
ö��Z Fig.12,^õ÷æ� SEMÌóìzð§���Zþà`\Y�ú

³Ã�áôÔ�,�G,�/`\[a÷æ�æç³\ú�s

xtuóB2O3�pîôìz�� }fè,UNñ��VC�

;���G,�/`aÅûZ�m`\[öæçôf³ö÷ 
æ���Zn�sxtuZ Ar:fU����m`aç

æ?úB4C �ËmKi0�ó 1100\�û�a3Fig134÷æ�
0�óúG?
öô��sx³\�ìzSTDE,YÛö

³m0�31400Ë1600\4,�Î\�ô,/[0��ûö÷

Iaú1100\ú1150\�m�ó�m�w2hç5hç�B4C�
ËmG³,� ô@ß\�ú

/0â0�ó&�Ëmþ>

,�wÉØ
ôûöæçô

f³�a ÷ Ó¬
, ú

1100\]20h ��m�×Ø
t �u�a	�ö[�G

����
B4Ctuô³m
�²a÷ 
�

2.2 r!)*@��H²³2���X´µ¶·@¸¹yz@{|
�uí�?�´ÏëY�ý´Ïëí6½yzí{�yzvóí{µ@�H�Åm��öæçóã�û�ú°

S�Ü³,Y[\ 2Y�ý 3m��Åm��\[ö÷æ�\�m�óí{µ@ç�xZ¾½Æ,����ö÷�

4óí{þ>�£rä
�<�³\ú�4óyzí{�~Q
�ÚÎúÔ�Û�ÚÎY�ýÔ����´å

ö[�<�³\ú&�ú���
,>`\mn��\[ö÷Iaú´Ïëyzí{�Ô���óí{�Ô�Û

Y�ý~Q
Zé×õöGg�û�ú&�´åEç`\�xZ¾½Æ�¸¹úwx?w�csEö[ômn�

�\[ö÷ 
´Ïëyzí{PsE�Gn�ûöwx®S��E,Y[\óú�xÔ�,®W��öí{µ@��/Ã

�Y�ýÔ�����ôwx?w�csòS��ÐP,��t	�ûöç[å�ôûö÷æ�\ZFá,�

��²�Rúí{þ>Ü�æ 3�D6ò°m��£rä
Zní{µ@v�Å^ô���²ö÷ 
ë��/0À�ók,úwx(H2PtCl6?w)®S��EZ?[\ Fig.14,^õ�åö Ptpî���`a×"�
}ö°áÆ��� �}ÅûZéúyzvÌ,}��}�Øá`ö[ Pt/Ti yzí{ZPs`\[ö÷&æ�úy
zí{�~Q
�ÚÎZ7öaß,�xZ¾½Æ,��ÆSiO2Zrä`úH2PtCl6?wçSiO2çV�µ³�Z

?[\Ô��������a}��}�Øá`ö[°áÆö(Pt,SiO2)/Ti yzí{ZPs`a÷IaúFig.14 ,^
`a�åö Ptpî���`a×"�}ö°áÆ��� �}Åû,yzvÌ�¬ídèç`\�~GZa�úæ

�,í{µ@ç`\� IrO2ZPt�°áÆ��� �}ÅûÎ,£�/,®W��öæç�ú£Ô�Û�Ô���

�����a(IrO2,Pt)/Tiyzí{ZPs`a÷öYúPs`ayzí{�í{�
�§�,ó1.0M H2SO4?w

è�R\�al�} �}aV
«!�h(CV é�)è� Pt �í�6�þ>,YÛöÕ�Þzí�iúÞzê<

í�iY�ý Pt-O�TDí�iZ?[a÷ 
�

�

Fig.13 XRD patterns of products by heat treatment 
at 1050-1200 oC for 2 h in Ar flow.
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Fig.12 SEM image of precursor powder 
pyrolyzed at 250 oC for 2 h then 600 oC
for 2 h in air after removal of B2O3 by 
washing in hot water. 
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Fig.16 Surface morphology of IrO2 ,Pt )/Ti 
electrode 

Fig.15 Surface morphology of (Pt, SiO2)/Ti 
electrode 

Fig.14 Surface morphology of Pt/Ti electrode 
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Abstract 

In this review a method for polymerization of fluorocarbon gas in argon plasma to obtain a novel granular structure 
was reported;We prepared granular films where FeCo fine particles were distributed in plasma-polymerized 
fluorocarbon matrix by a facing-targets rf magnetron sputtering method3and investigated the correlation between their 
structures and magnetic properties;The magnetization of the films prepared with the partial pressure of fluorocarbon 
gas between 0 and 1.0 mTorr decreased3because the FeCo content in a unit volume of a film decreased;However3the 
coercivity of the films decreased drastically with increasing the partial pressure of fluorocarbon gas above 0.4 mTorr;
This is because the magnetic anisotropy of FeCo particles is decreased by the decrease of grain size;It was confirmed 
by a HR-SEM observation that the FeCo-(C4F8)n films had the granular structure which was constituted by the very fine 
FeCo particles and the plasma-polymerized fluorocarbon matrix. 
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Fig. 1  Scheme of deposition of the FeCo-(C4F8)n
granular thin films. 

Fig. 2  Surface HR-SEM images for the FeCo-(C4F8)n
granular thin films prepared with the various partial 
pressure of fluorocarbon gas.
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Fig. 4  Dependence of magnetization and coercivity on 
partial pressure of fluorocarbon gas for the FeCo-(C4F8)n
granular thin films.
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fluorocarbon gas for the FeCo-(C4F8)n granular thin films. 
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Abstract 
Novel three dimensional images were obtained from rapidly frozen plant tissues and cells with a 

combination of the Alto 1000 cryo system and a low vacuum scanning electron microscope (Hitachi 
S-3400N).  Segments of plant tissue were frozen in slush nitrogen and set in the cryo system.  The 
sample was then fractured with a cooled knife and placed onto the specimen stage in the SEM.  After 
appropriately subliming ice, a back scattered electron (BSE) image was obtained in low vacuum mode.  
While the fine structure of the cell surface could be observed with an accelerating voltage of 5 kV, 
intracellular ultrastructure was clearly visible through the cell wall at an accelerating voltage of 15 kV.  
The method allows the study of internal ultrastructure of plant cells and function close to the living state 
without lengthy specimen preparation process. 
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Solvent-induced chirality control in the enantioseparation via diastereomeric salt formation 
�
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Koichi KODAMA, Yuria KIMURA, Mikio YASUTAKE, Takuji HIROSE 

Abstract 
Solvent-induced chirality control in the enantioseparation of 1-phenylethylamine 1 by 

N-(p-toluenesulfonyl)-(S)-phenylalanine 2 via diastereomeric salt formation was studied.  (S)-1·(S)-2 salt was 
preferentially crystallized as a less-soluble salt from aqueous alcohol, while (R)-1·(S)-2 salt was mainly obtained by 
addition of solvents with a six-membered ring such as 1,4-dioxane, cyclohexane, tetrahydropyran and cyclohexene to 
2-propanol.  Further investigations were carried out from the viewpoints of molecular structures and X-ray 
crystallographic analyses.  Crystallographic analyses have revealed that incorporation of the six-membered ring 
solvent molecule in (R)-1·(S)-2 without hydrogen bonds changed the molecular conformation of (S)-2 to stabilize the 
salt, which changed the selectivity of 1 in the enantioseparation.. 
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Fig. 1 Schematic representations of the optical resolution methods via a) conventional diastereomeric salt 
formation and b) solvent switch method. 
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Table 2. Optical resolution of racemic 1 with (S)-2 in 
2-PrOH/cyclic compounds mixed solvents. 

Table 1. Optical resolution of racemic 1 with (S)-2 in 
water, alcohols and their mixture with 1,4-dioxaneØ�
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Table 3. Optical resolution of racemic 1 with various resolving agents derived from amino acids. 
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Fig. 3 Crystal structure of (R)-1·(S)-2. a) Packing of the hydrogen-bonded columns viewed down the columnar axis. 
b) A columnar structure consisting of three kinds of hydrogen bondsØ�

Fig. 4 Crystal structure of (S)-1·(S)-2 viewed 
down the columnar axis. 

Fig. 2 Crystal structure of (R)-1·(S)-2·cyclohexane. a) Packing of the hydrogen-bonded columns viewed down the 
columnar axis. b) A columnar structure consisting of four kinds of hydrogen bonds. Hydrogen atoms are omitted 
for clarity and cyclohexane molecules are shown with CPK model.  The dotted lines and circles show the 
hydrogen bonds and columnar networks, respectively.
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Functional specialization of GroEL homologues in cyanobacteria 
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Abstract 
The photosynthetic prokaryotic cyanobacteria generally have two copies of the groEL or chaperonin gene. The 

groEL1 gene forms an operon with groES, whereas groEL2 is not accompanied by groES. There is evidence for some 
specificity of in vivo function in these two GroELs. We have shown that GroEL1 can replace GroEL functionally in 
Escherichia coli, while GroEL2 cannot. GroEL1 appears to be essential in cyanobacteria, while the groEL2 gene is 
dispensable under normal growth conditions. However, we showed that a groEL2 mutant of Thermosynechococcus 
elongatus is high- and low-temperature sensitive. Our comparative biochemical characterization of the two GroELs 
showed that the cyanobacterial GroELs are mutually distinct and different from Escherichia coli GroEL. On the basis 
of our results, I propose the following hypothesis. GroEL1 plays an essential housekeeping role, like Escherichia coli
GroEL. On the other hand, GroEL2 plays a role under stress that cannot be substituted by GroEL1. Cyanobacteria have 
acquired this unique chaperonin in order to sustain photoautotrophic life under changing environmental conditions. 
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Abstract 
I have carried out lots of research using various analytical instruments from Comprehensive Analysis 

Center for Science, Saitama University.  Particularly the NMR spectrometers are a very useful tool to 
solve the following problems.  (1) Structural analysis of novel aromatic compounds both in solution and 
solid state.  (2) Detection of unstable reaction intermediates and monitoring the reaction process using a 
variable-temperature controlled system.  (3) Elucidation of natural compounds using a high sensitivity 
device and many kinds of 2D NMR spectroscopic techniques (COSY, NOESY, HMBC, HSQC etc.)  All 
of these studies would not have been possible to accomplish without the center. 
�

1. pqjS
���	
�ô�²\³\å 30�,ööç�[úæ�I��ü�/0,æ��	
��Øáô[�º

Û�²ö��û�a³Zú´ß\K`I`a÷ü�/0óú�	
��Zôõö��, �, NMR �	
�ÚÎ,��\�Ö\��6`\[�a�å,ä[Iõ÷æ�I��/0�åé�,�	
�� NMR
��,��\R\�am�ô/0��çö�\[a/0Z��³Ö�\Ha[çä[Iõ÷ 
 
2. ßà./0f�)@"w
�So	 1,rÔ��ö��É4Þ�~6³½ó��÷øùÅû�,-���³\úJ��÷øù6

³½ç`\°S�/0ô��\²I`a÷Iaúæ�2|,Þí�ô¬���a�SoS	2 ó���
x

Q³½ç`\Øáõöç[�a��öÅûZô`\[öæç�e\�\[Iõ÷�á\�!V�·�ó

6³½ 2�ízjî�GnZABjî,åGnZyzjî,"²5Öa6³½ 3 Y�ý 4�Åû,
n[\mn`I`a÷100\³\À0I��0�t�,�öÜ¥ôt	ö 13C NMR �FE,��\úæ

�\�ïô�[A�Q³½ç`\Øá`\[öæçZA²2ßI`a 1)÷ 
 
 
 
 
 
3. �áUdeâ�E@ãäS�5de!"@Ãå
Ig	óúCBtÀ	ò£è	çûü,[2 + 2]É6}.þ>`\��É6³½ZËm`Iõ÷�á\

óú£tñ"VIg	 5 çe}S¢	
£è	 6 ç�þ>�Å,n[\ NMR ,�ömnZ=[I`a÷
NMRØ5èò100\�/0³\NMR�Ü¥,��\þ>�67Z=[I`a÷�\,úm�`aþ>

 



ò�38�ò 

èwx 7�ÅûZ�<õöæçöSP�� NMR Ü¥,��\\¥`I`a÷&���úæ�[2 + 2]É6
}.þ>óú[4 + 2] É6}.þ>ç&�,TSa|þ>� 2����=`\[öæçZ�\³,`I`

a 2)÷ 
 
 
 
 
 
 

4. ßà/æO�@£ÂHÄ@"wçU
Ó�,úÓ|�/0,n[\ÍÎa[çä[Iõ÷ø¨�ø�,ÊI�öø�m��Åû\¥,óú

1 mg8�� 13C NMR�Ü¥ôt	ö��£K�çP�� 2D NMR Ü¥�Eô¢]�õ÷7[,

ææª��	
�� NMR �F��K�óLM
,¶�·`\[Iõ÷æ�aßúë�ô*�+�\[ö

gV¢	Q�Åûôf�³ 1 mg ��	,=åæçôt	,ö�\[Iõ÷�\,úªPQ�Q³½�û

�Rú�<õöæçöSÅû�\¥ú¦öSç%¥ô�²Iõ÷øI�úGC-MS �EÏÜ�û�açæ?

,NMRç[åXEZ¬��²ö�å,ö�I`a÷&���úªÙPQ�Êôm�ôe\�\[öÆ�,

Y[\úJ���f²gV¢	 9 ç 10ZÆ��J�ø�m�ç`\<�õæçô�²I`a 3)÷ 
 

 
 
5. º»�S
/0,YÛö�	
���]
óø��\,b`\[S�çä[Iõ÷æ��åö�	
��Øáóú

�	
�<������Y³�,�ö�çKL`\Y�Iõ÷ 
 
 
mIno�

(1) Machiguchi, T.; Hasegawa, T.; Kano, Y. Bull. Chem. Soc. Jpn. 1993, 66, 3699-3706. 
(2) Machiguchi, T.; Hasegawa, T.; Ishiwata, A.; Terashima, S.; Yamabe, S.; Minato, T. J. Am. Chem. Soc. 

1999, 121, 4771-4786.
(3) Hasegawa, T.; Toriyama, T.; Ohshima, N.; Tajima, Y.; Mimura, I.; Hirota, K.; Nagasaki, Y.; Yamada, H. 

Flavour and Fragrance J. 2010, in press. 
 

 



ò�39�ò�

���������

�

F³m_
,>`aabcd,eföab��gî����

hÆi���"���V�����   Z?[\h�
�

Mechanism of photosynthetic activity-dependent transcriptional 
regulation elucidated by MALDI-TOF MS spectrometry  anlysis using Autoflex III 

�
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Yukako HIHARA 

Abstract 
The redox state of the photosynthetic electron transport chain acts as a critical sensing mechanism by regulating the 

transcription of key genes involved in the acclimation response to a change in the environment. We have shown that 
small LuxR-type regulator, PedR, is involved in photosynthetic electron transport-dependent transcriptional regulation 
in the cyanobacterium Synechocystis sp. PCC 6803. We report here that thioredoxin (Trx) is identified as an interacting 
factor of PedR by pull-down assays and subsequent MALDI-TOF MS spectrometry analysis using Autoflex III. Under 
high-light conditions, it is likely that PedR is transiently inactivated upon reduction by reducing equivalents generated at 
the acceptor side of photosystem I and mediated by Trx. This is the first report showing the direct interaction between 
Trx and a transcriptional regulator to connect the redox state of the photosynthetic electron transport chain with changes 
in gene expression. 
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Abstract 
An efficient separation between fully acetylated thiosialoside methyl esters and fully acetylated Neu5Ac2en methyl 

esters was accomplished by means of the SEC method.  Purity and structural elucidation of the isolated compounds 
were performed by a combination of elemental analyses and spectroscopic analyses, including IR, 1H, and 13C NMR, 
and mass spectroscopic analyses. 
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ô±Û\Ë`ö¯Ëm½�ûö÷æ�¯Ëm½�CÙóú�ô�}S��!�tÀ�ú��6ö[ZØHaôú)

²,¬f�a÷õöféú6³½ 2 ç 3� TLC,YÛö Rf¡óúP��+K?@ZØ`aô�`�û�úe u

JV}S��!�tÀ�,�örsst	�û�a÷e¶Víka�nC! Weo�rsóúvon Itzstein\,�
öÅÆ�ôûö�å,úZ¾x,Y[\ó{ß\Ú��ûöaßú³\óQ³½ZêZ¾`a�úHPLC,��r
s`\[ö 5)÷ë�óúZ¾�ZÊG³mèwx,Y[\rs�²ö[³çUÖúSEC�A? 7)Zmn`a÷
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P1. Reagents and conditions:  i) KSAc (5 molar excess), dichloromethane, 0 °C è rt, 2 d. 

G�ç`\ú72,e¶VínC! Weoka�C ñp³mZ^õ÷�SJNp4çnC¶�g�� 2ç�±
³óú£ñnV¶y	È�,�ö 2 �nC���ç3Syo,�öfVtÀo�mþ>,��$m��a÷`³`öô

\úe uJV}S��!�tÀ�,�örs,Y[\óú²´ö�
½��<,óù\�ú! u�V 3 ç�Q³
½�û�a÷3ç 5ç�Q³½� 1H NMRf¢}�VZ7 3A,^õ÷N6³½,ïgõö�I
öe!UVô
m���\[ö÷e uJV}S��!�tÀ�óx�ç6³½�½�
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SECó½�
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P2. Reagents and conditions:  i) Diethylamine (10 molar excess vs Br), DMF, 0 °C�rt, overnight; ii) purified by SEC; 

iii) K2CO3, MeOH—DMF, 0 °C è rt, 2 d, then Ac2O—Pyr, rt, overnight. 

 l�}Vm SEC,�ö 3 ç 5 ç�Q³½��<·St%�VZ7 4,^õ÷3 ç 5 ç�Q³½óú«Þú�G
X�}(I)�û�ú	S�öös²½(impurity)óÓÞ�l�}V����CÙ`a÷&��ú�GX�} Ióµ�,
�¶`ú4 l�}V�,óúX�} II çX�} III��	ö�<çç,&�ú���<,mV`a÷! u�V 3
ZÊGnC¶�g�� 2 (7 3B)úY�ý�<`anC! Weo 5 (7 3D)ç 3 (7 3C)� 1H NMRf¢}�Vóú
&�ú��Åû,�ô�e!UVç²�PÅZ-Öa÷

æ��Eý�ô�
Zm·õöaß,�ööe¶Seo��<Z¸º`a÷�SJNp 6 çnC¶�g�� 2 ç
�±³óúìíu þhØá�ú�v�S�=`a÷v¶�nV6�úe uJV}S��!�tÀ�,�örsZ

ºõæç,��ú! u�V 3 ç�Q³½ç`\�<`a÷�±,`\úæ�Q³½Z l�}Vm SEC �",��

�<`únC! Weo 7 Z²´ö6³½ç`\�<õöæç,mV`a÷æ�\�6³½ó-�Æi��úD

z��Á�½
§�,��ÅûY@��a÷
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P3. 1H NMR spectra of (A) mixture of disaccharide 5 and glycal 3, (B) thioacetate 2, (C) glycal 3, and (D) pure 

disaccharide 5.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
P4. SEC profile of the separation of disaccharide 5 and glycal 3.  The inseparable mixture was injected into SEC 

columns at mixture load. 
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Atom Transfer Radical Polymerization of methyl methacrylate using iminopyrdineiron 
complexes immobilized into fluorotetrasilicic mica interlayer 
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Department of Applied Chemistry 

Takashi KONDO, Masa-aki OHSHIMA, Hideki KUROKAWA, Hiroshi MIURA 
 
Abstract 

The iminopyridine iron(III) and (II) complexes were immobilized into fluorotetrasilicic mica interlayers through the 
intercalation of the iminopyridine ligand into the mica interlayers and simultaneous coordination of the ligand to the 
interlayer metal cations.  The prepared catalysts were used for atom- transfer radical polymerization (ATRP) of methyl 
methacrylate (MMA). The Fe3+-based catalyst did not show a significant activity for the ATRP of MMA, whereas when 
ATRP was performed using the Fe2+-based catalyst, PMMA (poly(methyl methacrylate)) was obtained.  Two peaks 
were observed in the GPC curve of the produced PMMA. Because polydispersity index was higher than 2, free-radical 
polymerization occurred simultaneously.  To suppress the free-radical polymerization, we varied initiator/catalyst 
molar ratio.  On increasing the molar ratio from 2/1 to 4/1 (favorable conditions for free-radical polymerization), 
PMMA with higher Mw was obtained.  In contrast, by decreasing the molar ratio from 2/1 to 1/1 (favorable conditions 
for ATRP), PMMA with lower Mw was obtained.  Those results clearly indicate that the lower Mw peak in the GPC 
curve corresponds to PMMA produced by ATRP. 
 
1. éê�
£�î6�,Y[\µm®Åû��Yöo ���³mwxú�	
£�î��î!�ó'�EFôWa
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³(Atom Transfer Radical Polymerization : ATRP)
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Scheme 1. Mechanism of ATRP
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ö ATRP �ó�Gïµ@,�ö�ô³çi[�û�ús�Gïµ@,�öÅÆ� 3),4)ó{ß\¦ö[÷`³`ú

s�Gïµ@Z?[öæç�a�Rú�³�úµ@çËm½ç��<ôûü�û�sû·S�fô�1,�v6
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ö��ó{ß\�]�ûö÷ 
¸"Â5
3Ã�ÄÅÆÇ5t���È��j��Ã��ÉÊË �¶n �1<ÌÍÎÏÐ�ÑIL3

VÒ?VW�½i@B(MMA)�ATRP�SILÓÔ�1ab�ÕÖ��; 
³mt�z��uóúFigure 1,^õ�å, MgO6Á�xe��Z,

n� SiO4 ��xe����Gæç,��Gn�vZ�m`ú&�\ô

Ûv`aÅûZç�\[ö÷Á�xe���Mg2+óG�u(`\Y�ú

&�aß,vó�,�í`\[ö÷vçv�w,ó�í��Ò��

aß, Na+ôØá`úæ�vwunC	ó��ÏëunC	ç45t

	�ûö3unC	45	4÷Iavw,{
�îZ*��G�	
�

uB�ec		Zô`\Y�úæ�\,n��IZA?õöæç�ú

P��ÏëzxZvw,x¥6õöæçôt	�ûö(vwx¥6µ@)÷æ�EF�µ@cs�úlo\óv

w, bis(imino)pyridine Fe3+ zxZx¥6`aµ@Zcs`ú&�\ôènB	��³,Y[\�ô,£_


�ûöæçZ<�`a 5)÷ 
¦/0�óvwx¥6µ@ZATRP,>?`ú³mt�z��u�vw,%zxZx¥6`as�Gïµ@

Z?[\MMA�ATRP,n[\mn`a÷ 
ATRP �óú�³��=,óµ@�ûöÏëzxô�SJ	Z¤²±²úí6

��ö¢]ôûö÷&æ�zx�í6ª,½�`\úFe2+üý Fe3+45³mt�

z��u (Fe2+-mica, Fe3+-mica)Zcs`a÷Ia�|îç`\ú�4�ÅÆ 6),Y

[\ iminopyridineôATRP,A?��\[öæç³\ú2,6-dimethyliminopyridine 
[PI(2,6-Me2)]Z?[\úFe3+ïüý Fe2+ïµ@Zcs`ú�³_
üýËmõö

o ñnVñ
} B��3PMMA4��îiú�îi�xÁZ��`a÷ 
 
2. ÉÊ�Ë
³mt�z��u�unC	45�

³mt�z��u3W�·IyuVsúME-1004Zìí%(×)IaóAí%(Ø)Þ?wè,�/��\unC	

45Z=�a3Fe/Na = 10ú2 �454÷T[\R\�a45xZ?©,���Å`úè
N�Vß»úw2`a�ú
Fe3+-mica,n[\ó 200ºC, 4 h��mú12º�Z=�a÷IaúFe2+-mica,n[\óí6ZÁ�aß,2�

è���mó=f�ú12º��HZ 200ºC, 4 h=�a÷ 

vwx¥6µ@�cs

unC	45xZ¶��"� VèúPI(2,6-Me2)�|îçyzÂ���ú70 ºC, 120 h¦µ��a3ligand/mica = 
Fe3+:560 mol/g, Fe2+:850 mol/g4÷&��¶��"� Vú�Vè	úN²l	�V,£u	g�ec	ß»`úÀ0

�12º�Z 4 h=�\µ@ç`a(PI(2,6-Me2)/Fe3+-mica, PI(2,6-Me2)/Fe2+-mica)÷ 

MMA�ATRP
eYB	},µ@ 50 
molú?@:�Vè	 3.53 mlú«N��:MMA 1.07 ml (10 mmol)úKi�:ethyl 

2-bromoisobutyrate (EBiB) 0.25 M 0.40 ml (0.10 mmol)Z.Öyz�úÃÄ`öô\ 90ºCú24 h�³Z=�a÷ 

N
N

Figure 2. 
2,6-dimethyliminopyridine 
ligand

Na+

SiO4
tetrahedron

MgO6
octahedron

Interlayer 
cation

Figure 1. Structure of fluorotetrasilicic mica
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3. FGHIJ
3-1. ëÕ@ÁìÀ7�Kí�6î�

XRD,���|î��	
�uB���ô��Y@Z`a÷Figure 
4�� Fe3+ï, Fe2+ï[é\�µ@Å�w�ô&�ú� 0.99 nm � 
1.51 nm, 1.01 nm � 1.51 nmç�ô�\[öæç³\ú�|îôvw

,�	
�uB��`\[öæçô�³�a÷ 
3-2. MMA@ATRP 
cs`aµ@Z?[\MMA� ATRPZ=�a÷��Z Table 1
,^õ÷PI(2,6-Me2)/Fe3+-micaµ@Z?[aÜ³,óúPMMAó	

SR\�ö³�a�,�`\úPI(2,6-Me2)/Fe2+-mica �ó�³ô�

=`\PMMAôR\�a÷æ�����Fe2+ïµ@�óúFe2+çFe3+

�w�Bo�}fþ>,��ATRPô�=`açUÖ\�úIaATRP
,ó/í6ª�µ@ôôA�ûöæçô�³�a÷`³`�îi�

xó�ô,�S(Mw/Mn = 7.5)úFig 5(a),^õ�å,R\�a

PMMA��îi�xóÆÇ
�xZ^`a÷ 
 
 

 
æ�ÆÇ
�xóúKi�ô©O,Øá`\[öæç,��t ��£uV�³çATRPôÈÉ
,�=`aæ
çôjgçUÖ\�ö÷&æ�t ��£uV�³Z����öaßúKi�/µ@�Z��`\�³Z=�a÷�
�Z Table 2,^õ÷Ia Figure 5,óR\�a PMMA��îi�xé�Z^õ÷ 

Figure 5��ú�Z4/1,b.��\t ��£uV�³ô�A
,�=`òõ[©ª��³Z=�aÜ³ú£
�îi��X�}ô�çöö�xé�ZÊ[a(b)÷&�,�`\�Z 1/1ÆÉ¦��\t ��£uV�³ô�
=`,S[©ª��³Z=�aÜ³ú/�îi��X�}ô�çöö�xé�ZÊ[a(c)÷æ�\���³\ú

£�îi��X�}ôt ��£uV�³ka� PMMA �û�ú/�îi��X�}ô ATRP ka� PMMA
�ûöæçô�³�a÷ 

Table 1.  Results for the polymerization of MMA using PI(2,6-Me2)/Fen+-mica catalysts (n=3 or 2) 

Catalyst TP
*1 / ºC Time / h PMMA yield / g Conversion*2 / % Mn*3 / 104 Mw / Mn

PI(2,6-Me2)/Fe3+-mica  90 24 0 b b b

PI(2,6-Me2)/Fe2+-mica  90 24 0.239 23 0.71 7.5 
*1 TP = polymerization temperature. *2Conversion = (PMMA yieldbinitiator) / MMA. 
*3 Average-number molecular weight. solvent: toluene. molar ratio [M]0/ [I]0 / [catal]0=200 / 2 / 1. 

Figure 4. XRD profiles of (a) Fe3+-mica, 
(b) PI/Fe3+-mica, (c) Fe2+-mica, (d) 
PI/Fe2+-mica. Samples were analyzed 
after drying at 110 ºC for 1 h. The values 
in Figure 3 indicate the basal spacing 
(d001) including the layer thickness.
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Figure 3. Outline of catalysï preparation 
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4. F-
%zx�í6ª,½�`\úPI(2,6-Me2)/Fe3+-micaçPI(2,6-Me2)/Fe2+-micaZ&�ú�cs`úATRPZ=�a÷
&���úFe3Ëïµ@�ó PMMA óËm`ö³�a��úFe2+ïµ@�ó PMMA ôR\�a÷æ�æç³\

/í6ª�%zxôATRP�µ@ç`\ô��ûöæçôf³�a÷Ëm`a PMMA��îióÆÇ
�xZ

^`\Y�úKi�/µ@�Z��`\�³Z=�a��ú£�îi�ôt ��£uV�³kaú/�îi�ô

ATRP ka� PMMA �ûöæçô�³�a÷`³`úËm`a PMMA��îi�xó�Súþ>ó Ù	!
ç

ó·Öö³�a÷ø�vw,x¥6õözxò�³©ª�mn,��ús�Gïµ@,�ö3S�}��³xö

[�³môt	,ööçUÖ\�ö÷ 
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Table 2.  Effect of the initiator/catalyst molar ratio 

Catalyst molar ratio 
[M]0 / [I]0 / [catal]0

PMMA yield / g Conversion*1 / % Mn*2 / 104 Mw / Mn

PI(2,6-Me2)/Fe2+-mica 

200 / 4 / 1 0.259 23 1.26 5.5 

200 / 2 / 1 0.237 23 0.71 7.5 

200 / 1 / 1 0.220 21 0.74 5.5 
Polymerization conditions: temperature 90 ºC, solvent toluene. 
*1 Conversion = (PMMA yieldbinitiator) / MMA. *2 Average-number molecular weight. 

[I]0/[catal]0

2 / 1

4 / 1

2.3 4.3 6.3
Log Mð

1 / 1

2 / 1

[I]0/[catal]0

2.3 4.3 6.3
Log Mð

2.3 4.3 6.3
Log Mð

(a) (c)(b)

Figure 5. GPC curve of PMMA produced using PI/Fe2+-mica. molar ratio (a) 
[M]0/[I]0/[catal]0=200/2/1, (b) [M]0/[I]0/[catal]0=200/4/1, (c) [M]0/[I]0/[catal]0=200/1/1
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,ÚÎ`ú¦i�l	·V�5�w

�Ü¥t	çö�I`a÷,n�óú`a� 200 MHzú300 MHzú400 MHz� 3�Z1�õöçç,ú
Ja, 300 MHz ô 1�ç 500 MHz ô 2�¬���aæç�õ÷ÎÒ�����P NMR ôÜ¥t	�

²ö�óG���,á\�\[I`aôúæ�,��	\��ËôÜ¥t	çö�I`a÷�\,ú«/0

À�ó 119Snò 77Se ç[�aø¨Øá�ô��ö�� NMRZÜ¥`Iõôúæ�\�¬�,��Ü¥�

wô5±��ú��
,/0�£�v6,öô�I`a÷nn�ó£¤�X����Åû���"�

¬��õ÷`a��"Ù�,zÌ\`[
	�`aôúø�¬���a��ó&����\,£


	�`a÷�ÖRú`a��"�óÜ¥,¨O³³�\`Iåæç¦öSû�I�i�`aôú£¤��

"�ó 1�w¨���Ü¥ô�Í`\`I[Iõ÷�\,ú`a��"�óÜ¥�²ö³�a�åö��

ö���£¤��"�óÜ¥t	º�aç[åd¹û�Iõ÷

æ��å,£
	���ôÕ¸`ú&�\ZKý`\�?�²ö�óú���	
��O�ñ	gU	

fòcdefghüý�?�¥Á�5�Z`\��ö<�òf
�t����Y³��û�Iõ÷æ�Ü

Zó�\'S���`Î�Iõ÷

Ó�,úë��Ë,�²öæçóúæ��åöfI�aÉÊ�è�rGÎ�`ú��a/0Z�=`ú

�����/0B¡VZÎ�öæç�û�Iõ÷&åõöæçôú���	
���öö�+,öôö�

�óö[³çä�\Y�Iõ÷
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�

�����������	
�ô� `únÙt�ç[åÒ_õÎ²�ZÕÖ\�I`aæç,�`ú

ý��Y¯ý�`Î�Iõ÷

�\úüô���,/0À,�ë��úæ������������	
�38�ú���	
�ç

Ò`Iõ4�����Z�?õö�å,ö�\³\ú³�æ�Ï�déI`a÷æ�Ï�wZ����Iõ

çúÜ¥ÉÊô�Z�Jö"ç,LM
,´å��TÛúøçö�\ósFk�Z	SK`öæçôû�I

�i÷Ï��ú��û�a NMR �åéú��P�Ü¥Z=Öö�~óG�ºÛ�`a÷é?iú�?

�²öMó�d��\Y�úÐôFk,Ü¥�²öç·ÖöÉÊ�óû�I�i�`a÷&��úæ��

ôLM
,´å��ú�áú��Ë��P�Ü¥Z�²ö�å,ö�ú�\³,/0�1ô�ô�a�

å,äÖIõ÷Iaú500 MHz� NMR ô¬���ö�óú29Si NMR���t�ªô��,ûö�£C

��t�ªç�ööç[å�k�Ü¥õöæçô�²I�i�`a÷I�z6³½Z+�\[aüóú�

�,Y[\¯ö�ú29Si NMR �Ü¥Z`ö[��õ³?´çÆ^��úÎ�ÍÎa(PZsM,Ö�`ú

Ñ`[ä[Z`aæçZ)Ö\[Iõ÷�õ³\ú500 MHz� NMR ô¬���öç�[a�,óîè�

�å,Øýú29Si NMR�nR��ZX,`a�,ó�ô,K¼`a)Öôû�Iõ÷æ��å,úæ���

�	
�ô�+`TÛ\�ö�úf
�t���çë�×� �ô�öWyY"I�ec	Z7�úô,

Ù[Ü¥ÉÊZ^²Î��åç�`\²a³\ºçä[Iõ÷Y³,ú&�³\ø�,³Û\ú��Ò

kcÐ�e��£
	�����ôV���ú&�ô�k�Ü¥ÉÊô�\,Õ¸`I`a÷`³`ú

[S\Ù[�~ôÒ�\ú�ÜÝ,��\[\óú�iºÜ¥ÉÊ,öö�óûü,cí��Iõ÷

J�����¬���,ú°�ö�wZ³Û\���	
��f
�t���çAË�ô�?�¥�

Pm,*�µi�Y\�I`a÷üóæ�ÓZÔ<`úæ����	
��Hö\�ú����	xô�

Ë�æçZ�G,UÖú&�æç,e`\ô,1Õ�ûöæçZv@ßõöæçô�²I`a÷ë��Ëóú

�á"³�\[öÉÊô[³,fI�\Y�úaS�i���,�ö��Ö½�ûöç[åæçZúæ�

nÙt�Z�,@ßõöÎ²�ûöçä[Iõ÷Iaúæ��å,Ü¥ÉÊô£�\[öfÛ�õ³\úæ

�I�ówx
ö�³\�aö³�aú�ç�J
ö/0ô�²öó��õ÷ë�óú�Ã,×i`ö

æçöSú�\,Er
,,iº/0Z=[ú&�Z�x\¿ò��Z�`\� ,aS�i�.õöæ

çôúæ����	
�Æ�Ø�`,öö��óö[�`Ýå³÷

Ó�,úæ��åös_ö���	
�ôø��\öö�+Z��úO¦�Hö\�ú� ô½�õ

ö�åö/0ô=f�\=SæçZ�_`\Y�Iõ÷
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�

üó�áú���/0�,Lë`ú�,ÙÓ�½
ò/Æ,n[\¹�`\[Iõ÷/0,Y[\

óúæ�\���
EFºÛ�öSú�,0H�@Æ�Ó>ZÚÛ,O�*�µi�[Iõ÷æ�I�ú

üFl�/0,efö��ÁÆ�.õöçúüô����i�²a0H��ò/Æ�ú/³6�Á�

�^ºÛ�öSú±�ö�@�eßô_?��\[ö(Zô,¸K`Iõ÷¸�,Ó|�0H(u,

eõö�²ö�X�}ç`\��\�öóÊ
1�½�/vÈ�ò,í6ìz�/è{Ø,Y[\ú

�Ç
öeßóé?iú°�
ö§�ôÑß\�\[Iõ÷

�������	
��óú�Ç
ö��ô°ª£b��úIa�Ë,Kó��\Y�úF�Fl

�/0Z±�ö���¶·S�n�²öÜL�û?åçK`\[Iõ÷ ü�/0�óú¸�,�/��

*`aÙÓòÜ½��¥Z=åaß,XRD�"Z�?��\[aº²ú´�ö£�
ZRö(ô�²I

`a÷Ia�?,As�\ú�	
������,óú�"��?�E,e`\�ô,�³�òõS"

«¬`\[aº²úë��ËKý`\�?õö(ô�²I`a÷�	
���",e`\ú�ºíî`

\[ö[�û�Iõôú��Ìç[ål|öÜL,ú³n±�ö�@��Ë,C�·	öº!ç[å

Ó�á�ñ ��Z_³`\úø�Û{
,_?`\[²a[çä[Iõ÷

Ó�,ú����,ó°S�Ø�Ëôáâ`\Y�ú³\,ç�\æ��åö!bóFl�/0ò¹

�,ç�\�ûö��û?åçä[Iõ÷&�aß³\,���[òõ[ÉÊ,öö(Zk�\Y�

Iõ÷

LÝ

�������	
��¦E�i,óúXRD �"��?�E,n[\"<^[aº²I`a÷ææ,

Ò`\KL�*ZÔ`Iõ÷
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�

ô�6��/0ZõöÎ�ú����,��\Ëm½�ÅûZ\¥õöæçó¢]stuöæç�û

�Iõ÷�����������	
�,ó&��å�îÅûZ\ßöaß��"ôÒ�\Y�úü

�áI�,ú&�\��"�Y³��[Sn�J�6³½��îÅûZ\¥õöæçô�²I`a÷

ªûö���è�üôÓY��,ö�\[ö�"óNMR�û�ú³´ÞO��å,Ü¥`\[Iõ÷

�áóJ`[ NMR ô 4�û�ú�� 4�Ë�°�� NMR ôÜ¥�²ö�å,ö�\��5A,ö�

I`a÷`³`&�I�ó°��Ü¥ô�²öNMRó���	fZW�a�Ë`³Ü¥�²�úü��

4�ú®� 1���ó³ö�Aß,NMRZç�\\�\[I`a÷øç�ÎöçûI�5Açó·Öö[
NMR�Ü¥ÃÄ�èúü,ç�\à[º�a�ô 300 MHz� NMR�t �
�h�`a÷/0Ziß
a«Þó�w��[�ôåISöSúNMR �cdZ��\�wI�,¸¹ô¬f\ö³�a�ú�w

ôá�\â,ö�\`I�a�ú*�a[�w,ócdôãI�\`I�\[a�`\ö³ö³ç��\[

ÃÄ�`a÷&iöèú300 MHz � NMR óF����ÎöS\[¶Sú[n��\Y³`Sö[�å

öÃ�º�aaß³úi�Ü¥õöMô¦öScd`òõ³�a�Z)Ö\[Iõ÷Iaú��©Â

�R[n�Ü¥�²öç[åKýK³\³ú�ý�ý¸¹ô�²\[a�åö�ô`\[Iõ÷t �


�h�ó�wô�ö�\`I�\¦`�næçû�I`aôú&iö�ó��/0À�MaéçY`äÎ

��²a�`\�`[�w�`a÷&�Y`äÎ��è,ó�]ö¸¹�¶oO�fû�úü,ç�\ø�

/0m�ôûö�&�t �
�h�Y³�º�a�åö�ô`Iõ÷å��û�a 300 MHz � NMR
çt �
�hôöSö�a�óúIö�Ð³ç��a���åö�ý`[�Wé,ö�I`a÷300 MHz�
NMR çt �
�h,óø�¦«,KL`\[Iõ÷Iaú¶[ NMR çJ`[ NMR���WÖ��
�,sé�åæçô�²a�ó´�öx¹�`a÷øóåt �
�hóû�I�iôú�³,ì_Z�

�`\[Iõ÷

Ó�,úø����	
����çç,J`[6³½ZËH�`\[²a[çä[Iõ÷���	


�����h±,IºIºY��,ö�Iõ÷
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������"3AVANCE300, 500, 500T4
�

%��¼½¾����� °j� }Ä�

�

�� 63 �,�	
�,!"��ú'�,fa�\ª°S�×� �

�/0Z�Ö\²a Bruker 1� DPX4003D AM4004úAm 5 �,¬
���a DPX2003DAC2004Y�ýAm 8�,{!��aAC300P3s
ûó�� 63�4� 3��������"38� NMR �"ç(õö4ó

Am 21 ���ÒkcÐ,��\&�ú��J��a÷J�,¬���
a NMR �"ó3Vu�®O�CfX	1s� AVANCE300 ôG�ç

AVANCE500 ô,��ûö÷æ�åéúAVANCE300, 50038� AV300, 
AV500 çÒõ4,n[\ó���/0���ä��ú�������

	
�,{5!"��a��ûö÷åG��AVANCE500,n[\ó
�Í��F���±� [Á³\QæZçÛöaß,�	
��ó

AVANCE500T(8� AV500T çÒõ)ç�æçç`\[ö÷
ø�¬���a�F�ó AVANCE ×
�·�££
V�F��û�ú

`a��F�,�Î\K¥`aÜ¥ôt	ö££
VS�}ú£;�U

y�}B	£ú£££
V��	Z¸�`aÓJm�ûö÷Ia AV300 �
�F�ó NanoBay ç�R�ö§�m��F��ûö÷æ�ó

AV500,AV500T ,?[\�\[ö`a� One-Bay 
�·,�Î\�ô
,W	S}�öl�ñ,ö�\[ö÷[���§í¬�ÓF®èé�!

���ç�R�öúêë�ÜZ²R	�Võö�ÜZ³ÛöÅû,ö�\

Y�ú�ô� DRX400 �N	e�Vo�!���,�Î\êë�Üó�

ô,��Sö�\[ö÷AV500T ón���ôt	ö�±,ö�\Y�

3Tó Triple Resonance� T�ûö4ú·S�3&�,�>`a·S�3

31H, 13C, 31P, 15N4ô?*��\[ö÷¦�",����\[ö?w?°
�·S�3óªÙPQ��Pô·S�345ZõöæçöSÜ¥õöæ

çôt	ö��û�ú��t�ª�nY�"	!F¼6��\Y�ú

°�PÜ¥ô�ô,ûü,ö�\[ö÷Iaú19F ��Ü¥,n[\ó

æ�·S�3�II�Ü¥ôt	çö�ú19F NMR �Ü¥ôûü,ö�
a÷IaúAV500T ,óxx·S�3ô?*��\[öôú�ôó?w

?°�·S�3ô����\Y�úxxÜ¥,ó��Ü¥�ìôû�

aÜ³úGí��åé,\I�a9,�A`\Ü¥�²ö�å, NMR �
Ç���,��\�?�Eô\ß\�\[ö÷Ü¥®��·S!�hó

�?� Topspin Ver.2 �ûö3DRX400ó Topspin Ver.14÷æ�O�£c	
³\ Topshimç[åehc£ZõöV�n	ôÞ[�µH�I�\Y�ú

�ô�Ø�û�R`a�X¼��ehc£,�Î\£����c

£F¼�=f�ö��ú�ô,�,ö�a÷���aßú¶VuS�o

�GP�ûö²"��3Quinine4Z&�ú���"�Ü¥`a NMR f¢}�VZ7^`a÷f¢}�V�

P . ú û ü AV300, 
AV500, AV500T 
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G�Z<�R�³ö�å,�Üô�²Söö³[�ö�³�\[ae!UV��<ô<\�ö÷DRX400
ó}��C·S�3,��\î
öK��ÚÎô¸���aô�Ü��²�ó 400 MHz�II�ûö�

�úø�¬���a 500 MHz ��!���,�ö��	�ÚÎó[\öô��î�Åû��Z=åÎ

�ô�öæç�ûö÷

Ó�,úNMR óA?4ª��ô,°[�"�ûöôú`a�PóA?4�h±�"jû�\ú

�²ö��3VöSA?��\²a÷J`[�",n[\úuES�?õöaß,A?4�h±�"

��ç"jZYk[`a[÷

ýþ@'�VHM97�=�Ã�@��(1H NMR, Quinine/CDCl3)
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56���FF��� HYPERION3000 
�

%��¼½¾����� °j� }Ä�

�

���FEóú�î��³Ã�,n[\�PÅô°SR\�öæç³\ú¶S³\ô�6³½���Zó`ß

çõö1�[�@,A?��\²a÷Iaú���F�ç567ZµH³f�a56���F�óúy}S	C

�;��Ô�Ã�,YÛöØ�PÅZRöaß,ó�ô,�[��V�û�úô��ò����Ô�

��,?[\�\²a÷Ô����"�rÔ
ö�,ó34míî5673SEM4ò X �F�FE3XPSú
ESCA4ôûöôúÔ���îÅûú6��³�±îZp`ScÎöæçóÚ��û�úæ��åöPÅZRöaß

,ó56���F�ô�ô,ô?�ûö÷56���F�óªy}S	l�ñ�6������,Ó`\Y�ú

&�?°ó°ï,faö÷Ü¥>?�Z��õöçúô�®����Ô���úJ���ú£�î�(Ûv
£�îtÀVhúo ��3B	oÁ)�Ô���úFµ@$%�Ô

���úËxØ(Ëxµ9)��ú�ð���úÜ½��ú�u�
�6����Áôûö÷ 
¦�	
��óAm 5 �,56���F� SIRM / IR�s 

(Spectra-Tech1s)ô!"��\[aôúd��þ6û�úAm21
��ÒkcÐ,��\ÓJm�56���F� HYPERION3000
33Vu�®C·gÀ}f1s4ô�J®¬���a÷ø�¬���a

HYPERION3000 óú`a��zîm��,�ö56�F��,

.Öú���F,YÛöÓJwx�\çn�ûö,�D¶B�m�

�3FPA : Focal Plane Array4,�ö FT-IR �ñ�£	!Zt	,`a
��567�ûö÷¦�"ó 64 × 64zî� FPA m��Z?[\
Y�ú�ñ�£	!Ü¥�óú15 ãu�!B	M�½7Z?[öç
4,096 ¦3= 64 × 644���f¢}�VZÊGú<Üè ¶ôY�&

340 x 340 �múX}�V��	 2.7 �m � FT-IR f¢}�V�ñ�
£ Z5�w�Röæçô�²ö÷Iaúí¼M XY l	·Vfg�
£ZTt�þè¶Î�W	�S�Võöæç�[ª��ñ�£Z
�V

Ã,��`ú���=��f¢}�V�ñ�£ZRöæçt	�ûö÷

æ��å,£±ö�ñ�£	!ôt	ö FPA m���ûöôú&�

£
	öþ�ú+[,ó°¦)dZ�å÷`a��zîm��ç�

ö�úFPA m��ó�Siô�²S�íõöç²ó¢�wxyz�

ñòZõö¢]ôûö÷S,�ö;ñ�£�úzî,Ü¥st	ö

��ôË`\[Saß�ûö÷£�öm���û�úÜ¥4ówx

yzi,ô,�Zóå¢]ôûö÷ 
Ü¥«�oó�ô�¨©®ÕÅ«�o,.Ö\ú¦�"�ó Ge
} f
VZ?[a56ATRE3ATR: Attenuated Total Reflectanceú
	þÊÜ¥E4,�ö<Üt	�ûö320 ã ATR �½74÷ATR
Eó} f
VZl	·V,¦µõöæç�l	·V�Ô��,

���G��F,��\úl	·V�Ô�Ã�3'� 10 y}S	�

P1ÚHYPERION3000 

P 2.Ú�K;L��b>=�b�Kg8��
�@��	
=�@���:��

®��Ë�C-H����v���X�@¯
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�4�PÅZRöæçô�²ö��ûö÷56ATRE�óY�&ª 10 
m���6�â0���ÕÅf¢}�

VZ¤¦Röæçô�²ö÷ 
Ø�t®<=,ó£c�fgÀ�},��\í¼M XY l	·Vfg�£Z{¼`ú¦ôB	ñûö[ó

CCD uñ�,�ö¦x���w�£Àf·B��ÌZY@õöæçô�²ö÷Ü¥®£�
È�ó�?�»³Tt

�þè¶ OPUS ,��\=f�ö÷567�¨©®þÊ«�o�räö[ó567¦x�ÐP�²öôúTt�

þè¶Î�ÐPôt	�ûö÷OPUSó&�ú��Ü¥«�oò��V�n	ó¶�W	ö[,��\¤K

,���²öôú�ô,°�	�û�ú�[æöõ,ó�«�[�Gæçô¢]�ûöçK`a÷ 
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wx}S��!�tÆi���(NanoFrontier eLD)���
�

%��¼½¾����� KL� M�úJ�� �Q�

$�&e�f�%� !�� (��

�

1. i���
&��úÒkcÐ��������	
�,Os��g}1�

wx}S��!�tÆi���úNanoFrontier eLDô¬���I`a÷

¦õ�óú�ô�ô�6³½�£��	Æi��,n[\��

`Iõ÷

2. ESI/MS Hp
èB}�Sf·B�/�C	(ESI)6E�

óú�C	6`a½ÆZÊG?w,í�

Z³Ûöô\²RX� ³\õö`a�ú

?@ZÄ��� 1 �î�n��C	çõ
öæç,��ú�îiôª0�½Æ�Æ

i��3MS4ôt	�õ÷

IaúnanoLC ç ESI/MSZµH³f�

öæç,��ú
	S}ÆZªz���.Þ��`a¢·noZ�<`úESI E��C	6`ú1 ���Æ

i��Z`a�úè�V"�Z³Û��õöçúP��t�!ñ	��C	ZË`Iõ÷æ��C	Z�\,

2 ���Æi��,³Û3MS/MS)úÆi/í�3m/z4�Þ³\¢·no�¶yNí��ô���²Iõ÷

æ� nonLC-ESIE�óúpmol³\ 100 fmol�i�
	S}Æ�¶yNí��Z��õöæçô�²Iõ÷

3. �t@����U��
æ�Ü¥�ó�,?@ç`\ñ
N�Vú¶��"� Vô?[\�\[Iõ÷��?@�Ü¥ôt	

ö�û�Iõôm�K�ú�C	6`,S[Á��k³\æ� 2 P�?@ô�,�f�\[Iõ÷I

aúm��C	,e`\óúunC	P(G?
,�f�\[ö�E)Zm�õöo£gÀ3«�oç¶"

C	PZm�õö�:gÀ3«�o� 2 P�Ü¥ôt	�õ÷Ü¥õö6³½�
Æ,³f�\Ü¥

«�o�«¥Z`öÛ�Rö�I�i÷2 P��C	6,Y[\Ø?w�À�ô�ö�Iõ��8�

,`�\c£õö¢]ôû�Iõ÷

o£gÀ3«�oNd 25Ë100 mg / L�ñ
N�V?w`Sóú¶��"� V?wZ[b
(Ó£� 500 mg/L (1 mg / 2 mL�?w)]�"÷¨�t	
�)
�:gÀ3«�oNd 50Ë200 mg / L�ñ
N�V?w`Sóú¶��"� V?wZ[b
(Ó£� 800 mg / L (8 mg / 10 mL�?w)]�"÷¨�t	
�)
øñ
N�Vò¶��"� V,�`?�
�Ú[6³½,n[\óú�	
�,"�ùSº�[÷

��� �

P 1. T�VWX nano LC/MS system 

P 2. ESI/TOFMS@ #P
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�á�çæ?Ü¥,óúl	·V�¤¦¬�E�HZ=�\Y�Iõ÷&�G��ÐPZ�,^`I

õ÷

P 3. ESI/MS@¤!@��

7�ÐP�R\�aÆi�PÅZ�,e!UV��|x�úÆi�¡³\¦a��îµm�R\�

öÆi³\�ñBZ ppm C�;���õæçôt	�õ÷

P 4. ESI/MSv"üWX#��

æ��å,¦�"ó�ô,ò�, HRMS(£��	Æi)���Ü¥ô�²Iõ÷

Iaú¦�"�ó�C	���·ô}[\[Iõ��MS/MS�Ü¥ô�²ú�îÅû���,ó�ô

,XÎÛçöö�"�õ÷

øæ��"�óúÆi�Òkç`\Þ[l	·VZ¢]ç`Iõôú`R\Só�	
��ÒÕ[a`I
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���B� �567ó���34mB� �5673Confocal laser scanning microscopy4ç�
R�úCLSM ûö[ó LSCM ç(Ò��ö÷æ�567óú£�Ì���ñ�£çn�DPÅ�vÅ

^ôt	�ûö÷�ô�B� �567�ón�DPÅZ�ñ�£6õö�,¸��Ø�ÑF�8

��ÜL�±�ö�qô�Ë`ú&�ôm���\`Iåaß,ú¾�ö<=ÌZ*Rõöæçô�²ö

[÷`³`ú���B� �567�óú���X	¡�VZ?[öæç,��\ú���8�³\��

\SöFZCÙ`ú���³\�FºÛZ±²�õæç�úûòü��åö![Ø,Y[\<=Ì�

sxÅ^ôt	çöö÷

�

1. 456�756"8
of�JNh�r,Y[\úËx£�îúCV:����áò��Z£r�, in vivo �<=õöæç

óËÌ��,Y[\�]ö]ªçö�\[ö÷¬���óZ��Ú��Ì�ô£Sú�\,ÐPôò5

�ûöaßú5�wCBZ9CõöºÛ�ûü,£�DÅ^ô�²ö�å,öö÷�\,ú«£ 	!Tt

�þñ¶“Volocity”Z?[\úÍÌZÒ�õöæç,��ú£r:öÍÌZ*Rõöæçô�²ö÷n�D,

�\,�w�Z.Ööæç,��\úËx£�îö[��áZsx
³nd�
,<=õö��DÅ^

ûü�ûö÷

�

2. �9:;<J�=>�?�U
¬���ó<=fg�£,����²ö CO2�	²Y¡�
�bÖ\[öaßúË:;ú�,¼½:

;Z'�w,¿�\<=õöæçô�²ö÷`³ú°S�<=�Z��,<=�²ö
	Zô`\[ö

aßú��fV�·��ö��ôt	çö�a÷æ�'�w<=,Y[\ýx�þH,ïg`a���

��ô�_��öôúæ�ZÒkõö�	bÖ\[ö÷Iaú¼½:;,n[\��r��£[ÍÌZ

RöæçZ�ýG��û�Rú¦��,Ó³`a��£À�eYZ?[öæçZ%õõö÷¬���óú

'P¼��½B	ñbÖ\[öaß,æ�ôt	çöö÷Ia*R`aÍÌZç,Ëx£�îúCV

:���{¼òxÛ�d��6Zm�®ª¡6õöæçôt	�û�ú��á,n[\�ª¡
ö§�

Z=öå¶· I�ec	ô`\[ö÷

�

3. �ÑÖ@�AÑ@�12���XÃ¼
O�}!�þ	o�f¢}�VZ*Rõöæç�ú#F©zç��ö�ZC�õöæçô�²ö��úçS,

8½:;ö[��å,úB� �F�ÉÊ,�öF�#FôGFP��åö�?¼��£[#F©zç�
ö�ôé�ûöl	·V,Y[\ô��û�úF�#FZ�Ù`aÍÌZ*Rõöæçô�²ö÷Iaúû

ö
	S}Æô[����±��Ja,³m��ö³úIaóúûö
	S}Æô�¥�È�,��\C

V:��,�á6õöæçZ<=õöÜ³,út��3 �n	!ç[åXEô?[\�ö�å,ö�a÷æ

�ó
�J��çöö
	S}ÆZû\³`ß#FÞß`\Y²úÞ

	S}ÆºÛZ���Á�ÉÊZ

=öå÷J�,³m��a#FÞß
	S}Æúûö[ó�á6õö
	S}Æ,n[\�wZ6�\m

�õöæçô�²ö÷,n�#F©zZ?[\ FRET Z>?`a��t	�ûö÷æ�óûö#F©z
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��#F©zô�ï��\Ë`aFôåG���ïF�ûöÜ³,ïæö÷õöféÓÖö#F©z

Zrä`Ü¥�qçõöËx£�î,Þßõöæç,��\ú:;Ì,YÛöËx£�î��³ò�

³Z·�õöæçô�²ö��ûö÷

�

b1óú¦Â�ÔÕ,b1Z]q`a¶uS	uÙ3Neurospora cassa4@Ë��<=Ì�ûö÷Ú

ÛÌ��çy�W	o ¶Z��,m�`\[ö÷�3b1èú³��#FZ�`\[ö�÷¸�óÝ©4

�m�,óúDNAZÀ²}Û\�}BCT�hZÅm`�,�á`\[öàf�	H1,úÝ©#F
	S
}ÆGFPZ'³��a�Z:;Ì���`úB� �F,��\�ï��aGFP�Ý©Zm�`\[
ö÷Ý©#F
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Am 5�,�	
�,!"��ú'�,fa�\×� ��/0Z�Ö\²a MAC Science 13� 3Vu

�®è�è�}fèf14� 4 �m���Åû���"(MXC18KHF)Y�ý�± X ��·Ü¥�"3DIP30004
ód�,�öþ6òZD���c$ôÚ�,ö�aæçö[³\J�PÆ��Jô�I�\[aôúAm21�
��ÒkcÐ,��\�Jõöæçô�²a÷J�,¬���a���Åû���"ó3Vu�®è�è�}f

èf1s�CCD�q���X�Åû���"SMART APEXØ ULTRA�ûö÷öYúAm15�,¬���
aåG��CCD�q���X�Åû���"3SMART APEX4ç��õöaß,úcdefghÎö[�ó
J�"Z SMART APEXØçÔÒ`\[ö÷

¦�"��Ió&� X �Ö�ûö÷�a��{m� X ��Ë�"Z�?`ú�\,°v%y��ZU¤®

A=�Ú,�"`aÑFm�é°v%y��ZµH³f�öæç�ú��,ÉÊ��öb���Z�ô,£ß\

[ö3SMART APEX,?[\�\[ö��5³M,�Î\d 60ã�b���,öö4÷�\,úm��ó£K

�CCDm���ûöAPEXØ
�·,ö�úk!�SMART APEX�ó�¸
ö�w�óÜ¥ôst	�û�

a6�ö��Ü¥t	çö�a÷¯óÊF�`³�²ö³�a�åö6�����Åû��ô¸¹À�t	´ç

[åñ�u��Ô�ûöôé��\[ö[�å,K`ö÷

�\,úN þh0�310 K4�>m��²}ÛM
Ø/0ñò�"óúwxyz0�I�ö\yz

Z2�è³\�<`\w6õö
�·�ûö��ú

wxyz£Y ��×iZ�,õöæçöSK¥,

'�w�{/0���Ü¥ôt	�ûö3wxN 

þh��?�ó90 K��I�ó��t	4÷wxy

z0�8��¸¹�ówxN þh£Y �Z¦T

`\0�!¥Z=å÷

IaÜ¥®��ó¯APEXØ´ç�R�ö�?�T
t�þè¶�G��PuZ=åæçôt	�ûö÷k

!� SMART APEX �óþÊ£�
Ü¥ó

¯SMART´ú��ó¯SAINT´ú¯SHELX´ç[å��
�Tt�þè¶�=å¢]ôû�aôúAPEXØóC

�V�	 	�Tt�þè¶çö�\[ö÷��PTt�þè¶��[±Xç°¦�ööôú���Ìûó�`�û

�úÐP�U�,�\ñ"Y�¶�W	ô��`a�M,ö�\[ö��ú���Åû��Z��`\[ö×

� �,ç�\ó���R�,^_ó�[çäf�ö÷

æ��å,ú¦�"ó�öb�Öç£K��CCDm��ZbÖaefghÅm,ö�\Y�ú`a��"�

óaçÖÎÆ�����Ü¥Zû²\ß\[a�åöðÃ��30.01mm ����²�4ö[�úSMART 
APEXØ�óÜ¥`\H�åç[å�,��\S�ö÷`³úÜ¥,?[ö��ô��[çú��,�ö X ��Õ

ÅZ³ö���Ööæçô�²ö��úÏë�C	ö[��jîZÊG6³½Z�,+�\[ö'4,ç�\ó�

³ô�[÷`³`ú{�����Ü¥®��Z=åæçôt	çö�aþ�ú����	o 	!��ü�ôÎô�

a÷ÙÆ���Z567��rä`a�ú��Z:�f²RX� ��A�Á,�þ	�õö�óX��ÖZ{

P. B<?������@C�
®DpCCDÖ@E�FpXGHÏI�¯ 
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�Ö\=åaßúr)Ñèô��Ñß\�ö�å,ö�a3��}S�"XYB�
ö[Z�å³[�ó�[º?å

ô®®®4÷

Ó�,úf}S�f3ecp4�Ü¥°è��·S
�	Z�7,^`a÷��ó 0.09 mm ×0.05 mm ×0.04 mm
�ûö37è�567b1,YÛöÐ�¨©ó 0.1 mm4÷»��!�"Y�p�ó�²õÂö��ú:³SGÏ

`a��è�ú�Ã�Ù�&åö�ZÃ[Î�a÷ecp�ÅmDzó C,H,O ç[åòDzºÛ�ûöôú×
7,^õ�å,�F�wó 2 ����Ù�ö�·ôR\�\úÅû���²a÷�ç��ö���t	

�ûöçäf�ö÷
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¦efghóú/1234míî567,}��C��	ft%�efghçè�V"��/m X �m��Z

µH³f�a[³efgh�û�úAm 21��ÏÐ]Ñ,��!"��a�"�ûö÷ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. °N~OP�¶�QRS
/1234míî5673LV-SEM4óúØÀ�12�Z/���úªÙËª� Pa�/12â0��<=

Zt	ç`a�"�ûö÷/12â0�óúÞ�Á�Ä�ô����ú×Ø:f�îçíî��A,��\Ëm

õö·�f�C	,�ö�íè�ZA?õöæç,��úÊÞØò�¸�Z&�II�Ä��<=õöæçô

�²ö÷ 
ø�!"��aLV-SEMóúOs��g}NS£�ñs S-3400N�ûö÷S-3400Nóú
	!fg	3W4tÀ�

ñ	�MSíîóÊmíî�Z?[aúÓ.?
�£[�P�û�ú	F¼o�3XúYúZúTúR4«�
��
�M�Øfg�£Z�q`\[ö÷ 
�"��'�ûö/12«�o�óú6Ë270 Pa ���<=ôt	�ûö÷12ï,ó
�a�îo	·

Z�q`ú�"�ï¼òØ�45�w�5±ô7\�öçç,ú/12<=��K¥`a12�Z¸�`\

[ö÷ 
<=,�?��öm��ó�� 3 PQZbÖ\Y�ú�
,>`\ÓÓöm��Zrä`\�?õöæç,�

�ú£12³\/12I�	\�Ã�,Y[\ÓÙ�<=��ZRöæçô�²ö÷ 
® £12,�íîm��3��	Z·N3.0 nm (30 kV), 10 nm (3 kV)3£12«�o44 

P� S-3400N@I�"O
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® £12�/12�> 4+1¨¬xþÊíîm��3��	Z·N4.0 nm (30 kV)3/12«�o44 
® /12,�íîm��3ESED4 

�"ó	\ PC,������ú	\�!¥ôúf³�òõ[GUIçÐPS�V,��ûü,ÐP�²ö�å,
P\�\[ö÷ 
 
2. 7À�?�À�M	)�6M¿�
}��C��	ft%�efghóúLV-SEM �<=ôÚ�öÊÞv�£[ØÁZú8w
,/���ú/

���aII� SEM<=Z=åaß�×"���ûö÷ØZ8w
,/���öaßúØ��Áôïæ�,S

SúF¨öÃ���<=ôt	çöö÷ 
ø�¬���a}��C��	ft%�efghóúGatans ALTO 1000�ûö÷ALTO 1000ó/���aØ

Z SEM,¬�õöaß�· SB�ec	nR	O�ç/0��ØZ<=õöaß�W�Vofg�£�úE

s`a 2n�×"���Åm��\[ö÷ 
· SB�ec	nR	O�óúô�S-3400N,*�}Û\�\Y�úØ�È�?�fg�£òW�VoU�

túÄ�×"��ö[ô�����\[ö÷�?�óÌ�ZS�
 �o	·�12º�`úwxyz,��ñò`

afg�£Î�ú/���aØZ¤¦<=`öô\�È�Z=å÷ 
W�Vofg�£óú�ôS-3400N³\ó*����\Y�ú�?�,SEM�Øfg�£Î,*�}Û\�

?õö÷W�Vofg�£�ñò,ówxyz,��ñò��ayz:fZ Éõö�MZ�?`\Y�ú

-185\ËÀ0,Y[\±2\8Ì�K¥`a0���Z=åæçô�²ö÷Iaú<=��Ã�Z�6��öaß

�Ø.Sófg�£.S�M�û�ú ¶V
�h�Ì<=Z=[öô\0�Z�6��öæçô�²ö÷ 
 
3. ;T=U����XGÖ@E
è�V"��/mb�3EDX4m��óúSEM <=�,Ø���Ëõö�
b�Zm�`úR\�öè�V

"��x³\Ø�ÅmDzZcÎö�"�ûö÷ 
ø�¬���a EDX m��óúBruker AXS s XFlash 5010 �ûö÷XFlash 5010 óè�V"���	ô

123eV3Mn-K�4ç�ô,£��	öú� 5 �re W	o t�M§£K�¨¬xm��Z�q`aÓJm�m

���ûö÷òDzó¡  þh34Be4³\Ü¥ôt	�ûöçç,ú4BeËt�z39F4�òDzâ0,Y[\
�ô,£[��	Z¸�`\[ö÷m�zî�ñòóú¢Vnñ,�öíîñò�H�ú`a�m����å

,wxyzòÞñç[�aÒÎñòefghZ¢]ç��úñ	gU	f
,��\[ö÷ 
Ü¥®��?Tt�þñ¶óQuantax200�û�ú8���	ZbÖ\[ö÷ 
®SEM�ñ�£�*��H� ®f¢}�VÜ¥3¥
��4� ®¥i��3f
	;�oû�úö`4 
®££
VÍÌÈ�� ®°���� ®��	��3¥
ú¥i4� ®	Dzb���X	! 
®¥iX���X	!� ®��S���X	!� ®o t�Òk� ®��� 

Quantax200ï¼�óúSEM��?PCç�þfú²�a�oô�ô��úSEM�<=©ª3.±í�úãvú

 �²	!£Àf
	fö[4ôF¼� Quantax200,]l��öö[ú»³��aGn�efghç`\¼Põö
�å,ö�ú{ß\ÐP
,��aefghçö�\[ö÷ 
 
4. VVWS
¦efgh�Ó���'óú��"��	ZµH³f�\�?õöL,ûö÷µH³f��,��\ú`a

��"�óÚ��û�a°S�<=òÜ¥ôt	çöö÷p:ó�������	
�I���,^[³f�

\\[a[÷��°S�×� �,_?`\\ÖöæçZ��õö÷ 
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34míî567(SEM)óú�,xx�Ô��6:ÅûZ<=õöaß��"�û�úÓ|�óUNñ�

�VC�;���Ô�<=ôÑß\�ö�å,ö�\[ö÷¦�"óúæ�\�]Ñ,>Ö\�ö
	Zô`úI

aúè�V"��/mb�m��ZµH³f�öæç,��ú��,b�Dz��t	ö6�â0[³���

"ç`\úAm 21��ÒkcÐ,��!"��a�"�ûö÷ 
 
1. XA�Ã�OP�¶�QRS
ø�¬���a§£��	 SEM óú

Os��g}NS£�ñs S-4800 �ûö÷
Øfg�£ó	F¼o�3XúYúZúTú
R4«�
���M�úØ45ÀZbÖ

\Y�úØÀÌÆQ�õöW	
y��

ec	�/Éç�±öØ45ôt	ç

ö�\[ö÷ 
íî�,óñ�{í ó�míî�

3 Cold Field- Emission Electron Gun 
(FEG))ô?[\�\[ö÷Cold FEGó¤

�ô£Súó�íî�è�V"�1ô!

[æç³\ú£��	<=?,Ó`\[ö÷

FEGZ�?`a SEM�æçZ FE-SEMç
�ýú£��	 SEMZÔ�õö�,�S
?[\�ö÷ 
�½B	ñ,óú�������	
�k!� SEM çó�ö�ú�y�	B	ñm3eYN�IVm4ô�?�

�\[ö÷�y�	B	ñm�½B	ñóú�mØ�<=ç£��	<=ZNs��aB	ñ�û�úB	ñ�

Î�, 2n�m��Zô`\[ö÷£��	<=,ó�y�	B	ñm��'�ûöÎ�m��ô�?��ö÷ 
Î�m��,óú,�íî,.Ö\þÊíî�.Â!$õö÷,�íîó2w��	ô£Sú£��	ö

Ô�PÅ,��\[öþ�únR�£¶�·���Z9Ûòõ[ç[å
Æôûö÷G�þÊíîóú2w��

	ó,�íî,þö��úµmPÅòÌ�PÅôR\�únR�£¶�·���ô��[ç[å
ÆZW�\

[ö÷¦�"óúæ�,�íîçþÊíî�.Â�vZt�`ú.Ð��öæçô�²ö.Ârä�	Zô`\

Y�ú<=õöl	·V,ÓÓöúnR�£¶�·Z�Öa£W	��f�öÍÌZRöæçô�²ö÷ 
Cold FEGç�y�	B	ñm�½B	ñ�µH³f�,�ö
Î�m���,�íî��	ó 
® 1.0 nm3.±í� 15 kVúWD = 4 mm4 
® 2.0 nm3.±í� 1 kVúWD = 1.5 mm4 
çö�\Y�ú`a��",�Î\�,/.±í�,YÛö

��	,�`[ÚÎô@ß\�ö÷ 

P 1 S-4800@I�"O�

P 2 YZ[\!�
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/.±í���<=,óú���åöA�ô��\�ö÷ 
® ØÌ����Êíî�/æô¦ö[aßúØÔ�ka�PÅôb.`úÔ��H�<=ôt	ç

öö 
® �ÊíîªÙ,�íîªçöö�åö©ª�ónR�£¶�·ô����ú�¸½��Ä�<=ôt	

çöö 
® ô�½��åöÙ�h;ñ�£,¤[�Æ�;ñ�£ZòÉ�²ö 

¦�"�óúæ�/.±í�����	Z�\,ÚÎ��ö�	ç`

\ú 
�£À	!�	Z�q`\[ö÷ 
�£À	!�	óúÓ¬
,

Ø,ÉÊ`a[.±í�3ÉÊí�ç�4��£[.±í�Z�Ê

��úØ,�í�Z¢.`\úØ¤��íî��è�V"�ZÉ±

��\ÉÊõö�	�ûö÷æ�,��ú���åö��ôR\�ö÷ 
® ��	��\ööÚÎ� 32.0 nm � 1.4 nm 3ÉÊí� 1 kVú� � �

WD = 1.5 mm44 
® �ô� Cold FEG �óÚ�ö{/ÉÊí�3100Ë

500 V4,�ö{Ô�<= 
® Ù�h;ñ�£��\öö/É 

�"ó	\ PC ,������ú	\�!¥ôúf³�ò

õ[GUIçÐPS�V,��ûü,ÐP�²ö�å,P\�
\[ö÷ 
 
2. ;T=U����XGÖ@E
è�V"��/mX�3EDX4m��óúSEM<=�,

Ø���Ëõö�
X�Zm�`úR\�öè�V"��
x³\Ø�ÅmDzZcÎö�"�ûö÷ 
ø�¬���a EDX m��óúBruker AXS s XFlash 5030 �ûö÷XFlash 5030 óè�V"���	ô

127eV3Mn-K�4ç£��	�û�úCold FEG ç�µH³f�,ô�ö£K�
�·�m���ûö÷m�zî

�ñòóú¢Vnñ,�öíîñò�H�ú`a�m����å,wxyzòÞñç[�aÒÎñòefgh

Z¢]ç��úñ	gU	f
,��\[ö÷ 
Ü¥®��?Tt�þñ¶óQuantax400�û�ú8���	ZbÖ\[ö÷ 
®SEM�ñ�£�*��H� ®f¢}�VÜ¥3¥
��4� ®¥i��3f
	;�oû�úö`4 
®££
VÍÌÈ�� ®°���� ®��	��3¥
ú¥i4� ®	DzX���X	! 
®¥ib���X	!� ®��S���X	!� ®o t�Òk� ®��� 

Quantax400ï¼�óúSEM��?PCç�þfú²�a�oô�ô��úSEM�<=©ª3.±í�úãvú

 �²	!£Àf
	fö[4ôF¼� Quantax400,]l��öö[ú»³��aGn�efghç`\¼Põö
�å,ö�ú{ß\ÐP
,��aefghçö�\[ö÷ 
 
3. VVWS
¦�"��y�	B	ñm�½B	ñóúB	ñ���2w,B	ñ� Z�m`ú&�è,ØZ"Sæç,

��B	ñ�ÅÞZ��S`\ú§£��	<=Zt	ç`\[ö÷&�aßú� ���Z9Ûö�
xtuò

x¥�×[§6tuö[óú�"Z÷(õöt	
ô£[��<=st�ûö÷æ��å,G��áZ9Ûö

Øûöaßúp:ó�������	
�I���,^[³f�\\[a[÷��°S�×� �,_?

`\\ÖöæçZ��õö÷ 

P 3 K��#
�!�

P 4 K��#
�!�S�5<J]



ò�68�ò�

�forum in FORUM�
�

¨©m��íî567 
�

%��¼½¾����� ¦E� :�

 
¨©míî567(TEM)óúØÌ�Z¤¦újîB¡V�<=t	ö�"�ûö÷>?=�ó���Sú

<=�qçööØóúË½úÏëúÜ½ú��y�}fö[°ï,fa�\[ö÷�",]Ñ��ö
	óúË½

ïØç���ïØ�ó���ö�ú���ïØ�Ü³,óú£[.±í�ô¢]ç��ö÷Ó|�

óú<=ºÛ�óöSUNñ�
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1. ���¶�QRS
ø�¬���aTEMóúFEIs Tecnai G2 20�ûö÷íî�,óÏ¡þ6�	
	3LaB64Z?[aSíîó
�míî�ô?[\�\Y�úÓ�.±í�óú���ïØ,�>t	ö 200 kV�ûö÷ 
��ó�	,££
V6��\Y�ú	\ PC Î³\ÐP�²ú¢]öÖ�WÖÁó 	
�n�=Ööö[ú

{ß\ÐP`òõ[efghçö�\[ö÷ 
íî�«�oç`\óú¨©íîÌ<=«�o3TEM«�o4ç��«�oôrä�²ö÷ 
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TEM«�oóúíî�ZW	£	l�B	ñ�6¦A=F�ç`\Ø,ÉÊ`ú¨©`\²aíî�Z��

`\<=õöú[f#ö�ô� TEM <=«�o�ûö÷<=Ì�*R,óú`aób1tÀVhô�f�\²

aôú�á�ó�,CCDuñ�ô�f�\[ö÷¦�",����\[öCCDuñ�ó7x¤�,��õöa

�hM�úÍzª2k × 2kúÍzl�ñ30×30 
m2úô��Û61.2×61.2 mm2�£�Ûú£�Ì�
�·�ûö÷G

?
öA?,�`\óú`a�tÀVh,�öÍÌç��`\"©�ö[ÍÌôR\�ö÷ 
¦�"� TEMÌ<=����	ó�����ûö÷ 
® pîÌ��	� 0.24 nm 
® §îÌ��	� 0.14 nm 

��«�oóúíî�Z:Sg�ú1 nm 8��·S�3ç`
\Ø,ÉÊ`ú34¨©íî3STEM4Ìüýíî��·Ì
�<=ò�Í�è�V"��/m X �m��,�öDz�

�,?[\�ö÷ 
STEM Ì<=óúíî�·S�3,��ØÎZ,�D3

4`úØZ�©`aíîZm�`\ú34míî567

3SEM4ç�±,«"
�Î,Ô^õö�E�ûö÷¦�"�

óúm��ç`\£��ÐÉÃ3HAADF4m��ZbÖ\[ö÷
HAADF m��óè#,��K[aúo�U�ÃZ`\Y�ú

£��,�$
/æ��aíîZm�õöaßú%®@Ìç

öö÷íî�/æóú�[jî³[�S/æ��öaßúHAADF�m�`aÜ³,ó�öSö�ú&��ö�óú

jî�Â3Z4� 2�,��õö÷��	óíî�·S�3�l�ñ,��\Iöaßú¦�"� HAADF-STEM
Ì<=����	ó 1 nm�ûö÷ 
ÎÍ`\²a�ô� TEMÌò STEMÌó 2�D�¨©Ì�û�úØ�!H�Ú�PÅZRöæçóÚ�

�ûö÷æ�\�u�ZÒåaß��Eç`\K���a�ôúW	XY�
ZA?`a 3�D33D4�«!�tÀ�
E�ûö÷¦�"�ó±80°�£�&t	öØ¡V;�Z?[\ú�T
,��Z�6��\£�
Z*R`ú

R\�a�i�£�
ZW	XY�
�È�`\ 3DÍÌZ�m��ö÷æ�,��úØÌ��ÅûZsx
,

��õöæçôt	çöö÷*Rõö£�
óúTEM ÌúSTEM Ì�N�,�>`\[öaßú�[>?=�ô

���²ö÷ 
�

2. ;T=U����XGÖ@E
è�V"��/mX�3EDX4m��óú<=�,Ø���Ëõö�
X�Zm�`úR\�öè�V"�

�x³\Ø�ÅmDzZcÎö�"�ûö÷ 
ø�¬���aEDXm��óúAMETEK3�EDAX4s rTEM�ûö÷rTEMóè�V"���	ô136 eV
3Mn-K�4�û�úTEM ç�µH³f�,ô�ö£K�
�·�m���ûö÷m�zî�ñòóúwxyzñ

òM�û�ú�?�,cß£Y �,wxyzZ§a`\ñò`\YS¢]ôûö÷ 
Ü¥®��?Tt�þñ¶ó���	ZbÖ\Y�ú�, STEMç�µH³f�,��1�Z�3õö÷ 
®f¢}�VÜ¥� ® X�}�<� ® ¥
��3C��ú�"Y¶V4 
®¥i��3f
	;�oû�úö`4� ®££
VÍÌÈ�� ®°���� ®��	��3¥
ú¥i4� � ®	D

zb���X	!� ®¥ib���X	!� ®o t�Òk� ®��� 
¦Tt�þñ¶ó�	, TEM��?�Tt�þñ¶çGx6`\Y�ú �KöSÐPõöæçô�²öú{ß\

��aefghçö�\[ö÷ 
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� 2� 6/143O4 C¼¯ø�8½�P��õø�½Æ�6�´'ÑÜ ]^R� +<=

� 3� 7/123O4 C¼¯����ô�6�´ ¯° �� C)

� 4� 9/26304, 273O4 ¸B¯à�,wm\¥icîÎ¥´ µ¶� ¢� C)ú¡à� ¢� C)

� 5� 9/26304 ¸B¯STW	�=å�îï»ã�Pm´ �P� ²G� <=

� 6� 10/183O4 C¼¯Þ�»6ç½Æ É´ E-� �� <=

� 7� 11/153O4 C¼¯¸¹?:�f�Ò�sP´
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� 8� 12/133O4 C¼¯ÞçËÌ´ E-� �� <=

	 8�Z�`\.Î� 70Ç��.4ôû�a÷[�CD�úÆH>/�ó_�ö�ýôû�úC¼

Ìûó�.<��M],<³�\[açäf�ö÷�CDç¬Í��Hö\�úCDè,°S�Æ

^ô,�\�ú�C)&�\�Æ^,/Öö���#,C¼Z�ßa÷Æ^�ÌûúOô01õö

±�ö�qò�_,n[\�ÓJeßºÛ�öSú�@�Ü�Ë(³\�Æ^,[å/ÖöÎ²³úç

[�aÌû��°Sú�.<�Röçæ?ô�²³�açäf�ö÷G�úC)çö�a��<��

�,ç�\óú£@<�³\�ÑßZ2�K`öæç,ö�a÷(¸úC)�³\£@��<¿��

ÃZeö�[��,ö�aç�*<�³�a÷æ��åöPÅ45,��úø�úæå`a<�/®�/

®ÌûZmnõö,ûa�\ú��²ß�:³[�>ôt	,ööçäf�ö÷

�Í���æ�/®�ó JST��ÎZ9Û\=f�a÷JST,ó'SKLõö÷Iaú��Aç`\�
�'<¿���,ú�\,C)ç`\E-<=ZÞß¦����/0�ç²³/0�Åwx��°S

���,ú"j
[a÷Iaú	 8 ��åé 5 �óó�����B�	
�,�ÜZçè`\
[

a÷æ�ÜZó�\'SKL�*ZÔ`a[÷



ò�71�ò

�

MN 1.� _ 1K`Viaib^cSdeRÏ)f�g@�h4

MN 2.� _ 4K`i�jk�çUlm�nUf³�MN



ò�72�ò

�������

�

X ��·,�ö������çJ���¸¹

�

%��¼½¾����� KL� M��

�

_ 5KU]����
� 5�¥��yU�ôAm 21� 12� 10O(H) 15:00Ë17:00ú²³/0�Å{e¶
�<À,\
K���I`a÷¦��ó������ç[åæç�úX��·,r�`\Y\�öY,��/04Z

���/0�½Æ6��Ç®<=��é�ÔAË��"��[aº²úX ��·�Ü¥j����ç

¸���[�,n[\�ÖZÊßa"C3Z`\[aº²I`a÷�,����Áô�öÌû,

ef\�ú���ú���Zißç`a<��üý��ùË��.ô 46 Çû�úX ��·�",�õ

ö/0��]
çEF�£�Z�[eöæçô�²I`a÷

I�úÐÑÒG�������	
�'��ú�	
�� X ��·�"��Ãç�]
,n[\K

��û[�nZ[aº²I`a÷

C)�GM�óúà4����ù�L���²³/0�Hë} f
V��/0�	
��<=�5

o��AË�úX ��·,n[\6¨H�ö[/04ò�ËÚÛ�ò�ö X ��·�q���,n

[\�Ö`\[aº²I`a÷X ��·�"�j�çÒx
ö��XE,n[\���,iI�úC3

�
��V¯J`[��6³½�¸4ç��Åû��´,�\úÓJ���� X ����"Z��a

���½Æ�Åû��ç5oAË�/0ÌûZe���\�Ô`\[aº²I`a÷5oAË�7

,öX�����çA??°,n[\"�Ô[aº[aaßú¦��/04ô�[,EFZW�\�

[\[a±î�`a÷

�[�ú)8Ü�� ���½ÆËÌ6��®<=�àpBAË��úC3�
��V¯X ��·EZ

?[aí6½�C	c¬��/0´,�\útu X ����"Z��a���½Æ�Åû��

�,n[\"C3[aº²I`a÷I�óú#Óe�Åû,n[\���eßç��è�ízu9ô

Y�´õc¬���6,n[\p:,"�Ô[aº²I`a÷Y�\úàpAË�/0Ìû,e��

�\¯í�c¬�ç:0Q C mÅûç§î¥ª�µm�6´,n[\"�Ô[aº²I`a÷ø��;

C4óú���ï�/04ô°³�aaß³ú"�ÔÌû,EFZW�\�[a±î�`a÷

Ó�,úø��¥��yU��K�,ûa�úY,��/04���Z
[a���/0�½Æ6

��Ç®<=��é�ÔAË��²<�û[�nôû�ú¦�yU�ó���åé,=Z�`I`a÷

     
�



ò�73�ò 

�������

�

e	!V�V PCR�yU�
�

%��¼½¾����� ¡à� ¢�

 
K�ONAm 21� 10� 7O3Þ4
"jN"�·	g}N}�f
�M�1

�>N22Ç
ÌûNPCRóøò��tl�è	f�/0�@�óOô
,=öf�ú�/0À,ó PCR�aß���úl�
�Vl�}��ôûöç[å�r�ûö÷ø���yU�óúþ>iôf�³, 1 ��}S ��VúGn�:;,

ÊI�öicPÅZb1õöç[å�Jöwx����ûö÷þ>��� AmpliSeed Cycler3¦x4�¸½��
«�}óI�,EX,qö³[�W	S}�ö�±�û�úf��o!�f���[?H,Y[\þ>Z=åç[åú

`a�Ï_çG�ZÍõöwxô����a÷Gn�:;,½�`\ PCRZ=åñ ��ò¶· I�ec	ó�
��r�/0ZK`��ö�ôû�a÷

�

�

�



ò�74�ò 

�������

�

wx}S��!�tÆi����yU�

�

%��¼½¾����� KL� M��

 
K�ONAm 21� 11� 30O3�4
"jN�M�1Os��g}NS£�ñ

�>N49Ç
ÌûNOswx}S��!�tÆi���(NanoFrontier eLD),eõö�yU�Z�M�1Os��g}NS£�
ñ±�"j�ç�K�`I`a÷¯wx}S��!�tÆi���,eõö�¦j�´,¯ESI-MS Z?[a/�
îÅû��´,¯LC Z�?`a[\ïl	·V�Ü¥�N
	S}Æ��´� 3 ng��,n[\ú�Ö`\
²

I`a÷�,¯LC Z�?`a[\ïl	·V�Ü¥�N
	S}Æ��´Y[\óúOs��g}ö\�ó�

ECD(Electron Capture Dissociation)Z?[aÜ¥üý��,n[\�Ö��úô*¼ö�yU�,ö�açä

[Iõ÷

�

�

�o�kE78��À	*p�¼q

@Ï]N
NanoFrontier eLDprAstK<
>�?��À�gHAutxA�Ã�
TOF2v�»wXx�%K�¦�LC-
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À�g2z��{V5XjrAstv
É�?bMSn�¼�|�v4yiXr
TOF2}��{V5Xjr��u~b
Y�1@AV"wÃ¼�|�v4y
����vpLC-MS/MS@��H
NanoFrontier eLD2�VXÃ¼]
2W��VX�i4y

����@W�_
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�LCMS�U]@W��®1¯
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æ�IIb.õ�R�®Ï�bîÁZmnõö¢]ô�\²Iõ÷`[I`\ú&��x`I`a¸̧¹�Ò�
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£O 21	t� ^c�¼�¤®¥k¦#§T¯¨[�
©§Tª�« 
Am 21� 

4� 7O ���>?6�� 2��ËH>?6�¸¹ÚI 70Ç 
 
©ÉÊ¥k¦#« 
r!�¥k 
Am 21� 

7� 1O � 1���ï1wÈ�� 2038 L  7� 17OI� 
Am 22� 

1� 5O � 2���ï1wÈ�� 1862 L  1� 22OI� 
2� 1O � 3���ï1wÈ�� 1967 L  2� 17OI� 

3!�¥k 
Am 21� 

5� 15O � 1� ô�ï1w�½�JÈ� ô�ï1w 1808 L x�½ 86 kg 
6� 9O � 2� ô�ï1w�½�JÈ� ô�ï1w 958 L x�½ 72 kg 
7� 7O � 3� ô�ï1w�½�JÈ� ô�ï1w 2299 L x�½ 103 kg 
8� 4O � 4� ô�ï1w�½�JÈ� ô�ï1w 1342 L x�½ 85 kg 
10� 8O � 5� ô�ï1w�½�JÈ� ô�ï1w 2657 L x�½ 143 kg 
11� 8O � 6� ô�ï1w�½�JÈ� ô�ï1w 1894 L x�½ 134 kg 
12� 9O � 7� ô�ï1w�½�JÈ� ô�ï1w 2497 L x�½ 135 kg 
12� 22O � 8� ô�ï1w�½�JÈ� ô�ï1w 1613 L x�½ 140 kg 

Am 22� 
2� 9O � 9� ô�ï1w�½�JÈ� ô�ï1w 1511 L x�½ 173 kg 
3� 3O � 10� ô�ï1w�½�JÈ� ô�ï1w 1072 L x�½ 143 kg 
3� 30O � 11� ô�ï1w�½�JÈ� ô�ï1w 1072 L x�½ 42 kg 

 
©¬�«

5� 20O �������	
�� � � 1�ÉÊ���@��� 
 
©Ä@�« 

4� 13O � 1�� 1wÈ�Ö��� 105Ç 
4� 16O � 2�� 1wÈ�Ö��� 44Ç 
7� 30ú31O � 25���ÁÉÊK	j��wx����. 
11� 12O � 27���ÁÉÊK	j��²�®/®��. 
10� 2O � 1���/1Ø�È� 
2� 8O � 2���/®<¿��1Ø�È� 
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£O 21	t� VVXiµS�5¶·¸¹@ÖPFG
� � � � � �

º� }¹þ�� ��»¼'�¸¹½¾¿ÀÁÂ� � � � �

� � � � £Ã�pH2·V{mg / L
}¹	�o 6�2o 12�9o ¶·��Ä

}¹;� 10:40 –

>��<>1Åa� 33.0  40.0  380ÆÇ

¹a�?�Èt®pH¯ 8 7.4 5X9ÆÇ

Ï)f�?ca�Ép®BOD¯ 270.0  290.0 600 ÆÇ

ÊË)*p®SS¯ 160.0  230.0 600 ÆÇ

ÅaÌ3p 46.0  61.0  240 ÆÇ

ÍÌ3p 4.00  6.00  32 ÆÇ

ÎaÏÐp � � 220 ÆÇ

�¦��ÑÌÄ@f�) 0.01 Ò  ̧ 0.01 Ò¸ 0.1 Ò¸

6>�f�) 0.10 Ò  ̧ 0.10 Ò¸ 1 Ò¸

3!Íf�) � � 1 Ò¸

ÓÑÌÄ@f�) 0.01 0.010 Ò¸ 0.1 Ò¸

ÔÕ78�f�) 0.05Ò  ̧ 0.05Ò¸ 0.5 Ò¸

ÖaÑÌÄ@f�) � 0.010 Ò¸ 0.1 Ò¸

¹×ÑÌØÙÚÙ¹×

Ä@�@¹×f�)
0.0005 Ò¸ 0.005 Ò¸

�KÜf�	Û<=(PCB) � � 0.003 Ò¸

�K788;L�� 0.0300 Ò  ̧ 0.0300 Ò¸ 0.3 Ò¸

¿�À788;L�� 0.0100 Ò  ̧ 0.0100 Ò¸ 0.1 Ò¸

:788��� 0.0200 Ò  ̧ 0.0200 Ò¸ 0.2 Ò¸

7Üf`a � 0.0020 Ò¸ 0.02 Ò¸

u�í� 0.0100 Ò  ̧ 0.0100 Ò¸ 0.1 Ò¸

���ÑÌÄ@f�) � 0.010 Ò¸ 0.1 Ò¸

	ÛN�=C 0.50 Ò  ̧ 0.50 Ò¸ 5 Ò¸

ÜÑÌÄ@f�) 0.30Ò  ̧ 0.30Ò¸ 3 Ò¸

ÝÓÑÌÄ@f�) 0.20Ò  ̧ 0.20Ò¸ 2 Ò¸

ÔÃ1ÞÑÌÄ@f�) 1.0Ò  ̧ 1.0Ò¸ 10 Ò¸

ÔÃ1��ß�ÑÌÄ@f�) 1.0Ò  ̧ 1.0Ò¸ 10 Ò¸

78�ÑÌÄ@f�) 0.20Ò  ̧ 0.20Ò¸ 2 Ò¸

àhaÑÌÄ@f�) 1.00Ò  ̧ 1.00 Ò¸ 10 Ò¸

áâaÑÌÄ@f�) 0.80Ò  ̧ 0.80 Ò¸ 8 Ò¸

�

�

�

�
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Am 21������¸¹¼½¿ÀMô 10� 13O3ý414� 40�³\��� 2Âz�G��À,Y[\
K�=f�I`a÷�������ú¼½¾¿À�ðW5�Z®å�������	
�ôM�K�u)ZK

�I`a÷M,óú<¿Y�ý/0��
�¸¹¼½Z�?`\[ö��ú�������	
�<��ú&`

\¼½��À,KL`K\³ö+�Z��a[ç[å��ú³f�\ 89Ç�<��Y�ý�Ë��.4ôû�I

`a÷

fÍ´y<=®����¼½¸¹�����'�KM�æçR,��\MôK³�ú���'®ÍÎÏ;<
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¼½,�õöå¾çKL��WéZWéTÛöæçô�(�û�úô,*ß`TÛ\â`[çÍÎúû[�nZ
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�-Face-selective 1,3-dipolar cycloadditions of 3,4-di-tert-butylthiophene 1-oxide with 1,3-dipoles 

J. Nakayama, T. Furuya, Y. Suzuki, S. Hiraiwa, Y. Sugihara, Phosphorus, Sulfur Silicon Relat. Elem. 184, 
1175 (2009). 

 

Synthesis and thermal decomposition of thiirane 1-imides of 2'-adamantylidene-9-benzonorbornenylidene 

Y. Sugihara, A. Kobiki, J. Nakayama, Heterocycles 78, 331 (2009). 
 

Synthesis and sulfuration of 2'-adamantylidene-9-benzonorbornenylidene 

Y. Sugihara, A. Kobiki, J. Nakayama, Heterocycles 78, 103 (2009). 
 

Effect of a metal salt on thiiranation of 2'-adamantylidene-9-benzonorbornenylidene with 

4,4'-dithiodimorpholine and acetic anhydride 

Y. Sugihara, H. Koyama, J. Nakayama, Heterocycles 78, 325 (2009). 
 

Thiiranation of 2'-adamantylidene-9-benzonorbornenylidene using 4,4'-oligothiodimorpholine and 

Bronsted acid 

Y. Sugihara, H. Nozumi, J. Nakayama, Heteroat. Chem. 20, 12 (2009). 
 

Reactions of 9,9'-bibenzonorbornenylidene sulfoxides with TMSOTf: anomalous pinacol-type 

rearrangement of thiirane 1-oxides 

Y. Sugihara, S. Yamanaka, J. Nakayama, Heteroat. Chem. 20, 29 (2009). 
 

Preparation of some new bicyclic compounds of sulfur 

Y. Osawa, M. Aoki, O. Sato, T. Fujihara, J. Nakayama, J. Sulfur Chem. 30, 270 (2009). 
 

One-pot synthesis of bromo-tetracyanoazulenequinodimethanes and conducting properties of their charge 

transfer complexes with tetrathiotetracene 

O. Sato, M. Sato, H. Sugimoto, T. Kuramochi, T. Shirahata, K. Takahashi, J. Sulfur Chem. 30, 360 
(2009). 

Reinvestigation on the synthesis of hexakis(phenylseleno)benzene 

M. Saito, Y. Kanatomi, J. Sulfur Chem. 30, 469 (2009). 
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Novel reactions of steric encumbered 1,4-dilithio-1,3-butadiene with group 14 electrophiles: formation 

and structure of stable dihydroxygermole 

M. Saito, M. Nakamura, T. Tajima, Heterocycles 78, 657 (2009). 
 

Synthesis and structure of the dithienostannole anion 

M. Saito, M. Shiratake, T. Tajima, J.-D. Guo, S. Nagase, J. Organomet. Chem. 694, 4056 (2009). 
 

Linkage isomerism of pentaammine(dimethylsulfoxide)ruthenium(II/III) complexes: A theoretical study 

M. Kato, T. Takayanagi, T. Fujihara, A. Nagasawa, Inorg. Chim. Acta 362, 1199 (2009). 
 

Group 12 metal complexes with inner-salt, bis(N,N-disubstituted amino)carbeniumdithiocarboxylate. 

Asymmetric stretching vibration of thiocarboxylate and reduction potential as probes for the coordination 

mode 

T. Sugaya, T. Fujihara, A. Nagasawa, K. Unoura, Inorg. Chim. Acta 362, 4813 (2009). 
 

Three syntheses of trans-cyclooctane-1,2-dithiol by ring opening of cis-cyclooctene episulfoxide with 

ammonium thiocyanate followed by reduction and reductions of trans-1,2-di(thiocyanato)cyclooctane and 

trans-1,2-cyclooctyl trithiocarbonate 

A. Ishii, A. Ono, N. Nakata, J. Sulfur Chem. 30, 236 (2009). 
 

Oxidation and reduction reactions of cis-9,10,11-trithiabicyclo[6.3.0]undecane synthesized by reaction of 

cis-cyclooctene with S8O 

A. Ishii, M. Suzuki, T. Sone, N. Nakata, Phosphorus, Sulfur Silicon Relat. Elem. 184, 1184 (2009). 
 

Zirconium Complex of an [OSSO]-Type Diphenolate Ligand Bearing trans-1,2-Cyclooctanediylbis(thio) 

Core: Synthesis, Structure, and Isospecific 1-Hexene Polymerization 

A. Ishii, T. Toda, N. Nakata, T. Matsuo, J. Am. Chem. Soc. 131, 13566 (2009). 
 

Synthesis and Crystal Structures of the First Stable Mononuclear Dihydrogermyl(hydrido) Platinum(II) 

Complexes 

N. Nakata, S. Fukazawa, A. Ishii, Organometallics 28, 534 (2009). 
 

Reactions of 9-Triptyceneselenol with Palladium(0) Complexes: Unexpected Formations of the Dinuclear 

Palladium(I) Complex [{Pd(PPh3)}2(�-SeTrip)2] and Five-Membered Selenapalladacycle 

[Pd(�2(C,Se)-Trip)(dppe)] 

N. Nakata, R. Uchiumi, T. Yoshino, T. Ikeda, H. Kamon, A. Ishii, Organometallics 28, 1981 (2009). 
 

Synthesis and X-ray structural analysis of hydrido(thiolato) platinum(II) complexes 

N. Nakata, S. Yamamoto, W. Hashima, A. Ishii, Chem. Lett. 38, 400 (2009). 
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Path-integral molecular dynamics simulations of small hydrated sulfuric acid clusters H2SO4·(H2O)n (n 

=1-6) on semiempirical PM6 potential surfaces 

A. Kakizaki, H. Motegi, T. Yoshikawa, T. Takayanagi, M. Shiga, M. Tachikawa, J. Mol. Struct. 

THEOCHEM 901, 1 (2009). 
 

Theoretical study on the transformation mechanism between dipole-bound and valence-bound anion states 

of small uracil-water clusters and their photoelectron spectra 

H. Motegi, T. Takayanagi, J. Mol. Struct. THEOCHEM 907, 85 (2009). 
 

Theoretical Study on the Mechanism of Low-Energy Dissociative Electron Attachment for Uracil 

T. Takayanagi, T. Asakura, H. Motegi, J. Phys. Chem. A 113, 4795 (2009). 
 

Path-integral molecular dynamics simulations of hydrated hydrogen chloride cluster HCl(H2O)4 on a 

semiempirical potential energy surface 

T. Takayanagi, K. Takahashi, A. Kakizaki, M. Shiga, M. Tachikawa, Chem. Phys. 358, 196 (2009). 
 

Path-integral molecular dynamics simulations for water anion clusters (H2O)5
- and (D2O)5 

T. Takayanagi, T. Yoshikawa, H. Motegi, M. Shiga, Chem. Phys. Lett. 482, 195 (2009). 
 

Path-integral molecular dynamics simulations of glycine·(H2O)n (n=1-7) clusters on semi-empirical PM6 

potential energy surfaces 

T. Yoshikawa, H. Motegi, A. Kakizaki, T. Takayanagi, M. Shiga, M. Tachikawa, Chem. Phys. 365, 60 
(2009). 

 

Origin of the ambipolar operation of a pentacene field-effect transistor fabricated on a poly(vinyl 

alcohol)-coated Ta2O5 gate dielectric with Au source/drain electrodes 

S. Takebayashi, S. Abe, K. Saiki, K. Ueno, Appl. Phys. Lett. 94, 083305/1 (2009). 
 

!�tñ	�6�
PsEçô�¨¬xzîí{Æ�>? 

Î@XÄ !�tñ	��	ç>?+� (2009) 169-181 
 

!�tñ	�t?6wxç¨�¬í%Æ�>? 

Î@XÄ �Y£Àf·B�� Vol. 15 No. 8 (2009) 15-22 
 

Kinetics of Photochromic Induced Energy Transfer between Manganese-Doped Zinc-Selenide Quantum 

Dots and Spiropyrans 

S. M. Emin, N. Sogoshi, S. Nakabayashi, T. Fujihara, C. D. Dushkin, J. Phys. Chem. C 113, 3998 (2009). 

 
Growth kinetics of CdS quantum dots and synthesis of their polymer nano-composites in CTAB reverse 

micelles 

S. Emin, N. Sogoshi, S. Nakabayashi, M. Villeneuve, C. Dushkin, J. Photochem. Photobiol., A 207, 173 
(2009). 
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Induction of extracytoplasmic function sigma factors in Bacillus subtilis cells with membranes of reduced 

phosphatidylglycerol content 

M. Hashimoto, H. Takahashi, Y. Hara, H. Hara, K. Asai, Y. Sadaie, K. Matsumoto, Genes Genet. Syst. 84, 
191 (2009). 

 
Rice BRITTLE CULM 5 (BRITTLE NODE) is involved in secondary cell wall formation in the 

sclerenchyma tissue of nodes 

T. Aohara, T. Kotake, Y. Kaneko, H. Takatsuji, Y. Tsumuraya, S. Kawasaki, Plant Cell Physiol. 50, 1886 
(2009). 

 

Molecular cloning and expression in Pichia pastoris of a Irpex lacteus exo-�-(1 � 3)-galactanase gene 

T. Kotake, K. Kitazawa, R. Takata, K.Okabe, H. Ichinose, S. Kaneko, Y. Tsumuraya, Biosci., Biotechnol., 

Biochem. 73, 2303 (2009). 
 

Bifunctional cytosolic UDP-glucose 4-epimerases catalyse the interconversion between UDP-D-xylose 

and UDP-L-arabinose in plants 

T. Kotake, R. Takata, R. Verma, M. Takaba, D. Yamaguchi, T. Orita, S. Kaneko, K. Matsuoka, T. 

Koyama, W-D. Reiter, Y. Tsumuraya, Biochem. J. 424, 169 (2009). 

 
Isozyme-specific modes of activation of CTP:phosphorylcholine cytidylyltransferase in Arabidopsis 

thaliana at low temperature. 

R. Inatsugi, H. Kawai, Y. Yamaoka, Y. Yu, A. Sekiguchi, M. Nakamura, I. Nishida, Plant Cell Physiol. 50, 
1717 (2009) 
 
Regulation of translation by the redox state of elongation factor G in the cyanobacterium Synechocystis 

sp. PCC 6803 

K. Kojima, K. Motohashi, T. Morota, M. Oshita, T. Hisabori, H. Hayashi, Y. Nishiyama, J. Biol. Chem. 

284, 18685 (2009). 
 

Physiological impact of thioredoxin- and glutaredoxin-mediated Redox regulation Cyanobacteria 

Y. Nishiyama, T. Hisabori, Adv. Bot. Res. 52, 187 (2009). 
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Neuroendocrine regulation of thyroid-stimulating hormone secretion in amphibians 

R. Okada, T. Kobayashi, K. Yamamoto, T. Nakakura, S. Tanaka, H. Vaudry, S. Kikuyama, Ann. N. Y. 

Acad. Sci. 1163, 262 (2009). 
 

Impaired development of somatotropes, lactotropes and thyrotropes in growth-ratarted (grt) mice 

K. Kobayashi, K. Yamamoto, S. Kikuyama, T. Machida, T. Kobayashi, J. Toxicol. Pathol. 22, 187 (2009). 
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Demonstration of the proopiomelanocortin signaling system in the primary immune organ of the quail 

T. Kobayashi, A. Takaso, S. Tanaka, M. Amano, A. Takahashi, S. Iwamuro, T. Machida, Ann. N. Y. Acad. 

Sci. 1163, 441 (2009). 

 
Identification of ghrelin in the house musk shrew (Suncus murinus): cDNA cloning, peptide purification 

and tissue distribution 

Y. Ishida, S. Sakahara, C.Tsutsui, H. Kaiya, I. Sakata, S. Oda, T. Sakai, Peptides (Amsterdam, Neth.) 30, 
982 (2009). 

 

House musk shrew (Suncus murinus, order: Insectivora) as a new model animal for motilin study 

C. Tsutsui, K. Kajihara, T. Yanaka, I. Sakata, Z. Itoh, S. Oda, T. Sakai, Peptides (Amsterdam, Neth.) 30, 
318 (2009). 

 
Cgr11 encodes a secretory protein involved in cell adhesion 

S. Devnath, T. Kataoka, K. Miura, M. Kusuda, K. Kitamura, Y. Kumada, A. Mochiduki, K. Kaneko, A. 

Adachi, K. Inoue, Eur. J. Cell Biol. 88, 521 (2009). 

�

Prolactin-Releasing Peptide regulates the cardiovascular system via corticotrophin-releasing hormone. 

T. Yamada, A. Mochiduki, Y. Sugimoto, Y. Suzuki, K. Itoi, K. Inoue, J. Neuroendocrinol. 21, 586 (2009). 
 

Blockage of PrRP attenuates MPTP-induced toxicity in mice.

B. Sun, A. Mochiduki, K. Nakamura, K. Yokoyama, S. Adachi, K. Fujiwara, H. Matsumoto, K. Inoue, 

Peptides 30, 1267 (2009). 
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Ultrasonic back reflection evaluation of crack growth from PSBs in low-cycle fatigue of stainless steel 

under constant load amplitude 

M. N. Islam, Y. Arai, Mater. Sci. Eng., A A520, 49 (2009). 
 
Ultrasonic wave intensity reflected from fretting fatigue cracks at bolt joints of aluminum alloy plates 

S. Wagle, H. Kato, NDT&E Int. 42, 690 (2009). 
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A new development of chiral liquid crystals 

H. Nohira, Ekisho 13, 175 (2009). 

 
Development of chiral dopants for liquid crystal from chiral carboxylic acids 

H. Nohira, Y. Aoki, H. Shitara, T. Hirose, Fain Kemikaru 38, 43 (2009). 
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Catalytic enantioselective arylation of aryl aldehydes by chiral aminophenol ligands 

X.-F. Yang, T. Hirose, G.-Y. Zhang, Tetrahedron Asymmetry 20, 415 (2009). 

 
Bimetallic effect of silica-supported Pt-Ru catalyst for hydrogenation of aromatic hydrocarbons 

T. Arakawa, H. Seki, M. Ohshima, H. Kurokawa, H. Miura, Bull. Chem. Soc. Jpn. 82, 627 (2009). 
 

Support effect of palladium catalysts for naphthalene hydrogenation as model hydrogen storage process 

using low grade hydrogen containing CO 

K. Ezuka, M. Ohshima, H. Kurokawa, H. Miura, J. Jpn. Pet. Inst. 52, 10 (2009). 
 

Catalytic behavior of bis(imino)pyridineiron(II) complex supported on clay minerals during slurry 

polymerization of ethylene 

Y. Hiyama, Y. Kawada, Y. Ishihama, T. Sakuragi, M. Ohshima, H. Kurokawa, H. Miura, Bull. Chem. Soc. 

Jpn. 82, 624 (2009). 
 

Dehydrogenation of propane combined with selective hydrogen combustion over Pt-Sn bimetallic 

catalysts 

S. Kaneko, T. Arakawa, M. Ohshima, H. Kurokawa, H. Miura, Appl. Catal., A 356, 80 (2009). 
 

Polymerization of ethylene using zirconocenes supported on swellable cation-exchanged fluorotetrasilicic 

mica 

H. Kurokawa, S. Morita, M. Matsuda, H. Suzuki, M. Ohshima, H. Miura, Appl. Catal., A 360, 192 (2009). 

 
Fabrication of zero-thermal-expansion ZrSiO4/Y2W3O12 sintered body 

I. Yanase, M. Miyagi, H. Kobayashi, J. Eur. Ceram. Soc. 29, 3129 (2009). 

 
A novel color former organogel for radiation detection systems 

H. Itoi, Y. Sekine, M. Sekiguchi, T. Tachikawa, Chem. Lett. 38, 1002 (2009). 

 
Synthesis of optically active spiro compounds with a 3,3'-(4H,4'H)-spirobi(2H-naphtho[1,2-b]pyran) 

skeleton and their applications as chiral dopants for nematic liquid crystals 

K. Tojo, T. Arisawa, Y. Aoki, D. Terunuma, Bull. Chem. Soc. Jpn. 82, 519 (2009). 
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Wavelength conversion film with glass coated Eu chelate for enhanced silicon-photovoltaic cell 

performance 

T. Fukuda, S. Kato, E. Kin, K. Okaniwa, H. Morikawa, Z. Honda, N. Kamata, Opt. Mater. (Amsterdam, 

Neth.) 32, 22 (2009). 
�
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Specific heat-coefficient of YbAl3 studied by combined nearly free electron conduction band hybridized 

with localized f electrons with correlation effect 

¸´ÛÜÝ3Þßàáâã�äå�bæç, 67/1 (2009). 

 
Local area deposition of SiOC films by using a very-high-frequency atmospheric pressure microplasma 

jet from tetraethoxysilane 

Y. Ding, T. Kobayashi, H. Jia, H. Shirai, ECS Trans. 25, 1115 (2009). 
 

White light emission from silicon oxycarbide films prepared by using atmospheric pressure microplasma 

jet 

Y. Ding, H. Shirai, J. Appl. Phys. 105, 043515/1 (2009). 
 

Crystallization process of amorphous silicon utilizing a radio-frequency thermal plasma torch 

N. Ohta, K. Haruta, H. Shimizu, T. Kobayashi, H. Shirai, ECS Trans. 25, 533 (2009). 
 

Crystallization of amorphous Si utilizing a RF thermal plasma torch at atmospheric pressure 

N. Ohta, K. Haruta, K. Shimizu, T. Kobayashi, H. Shirai, Purazuma Oyo Kagaku 17, 39 (2009). 
 

Crystallization of amorphous silicon utilizing the Rf plasma torch 

H. Shirai, Kagaku Kogyo 60, 128 (2009). 
 

Fluorescence quenching detection of peanut agglutinin based on photoluminescent silole-core carbosilane 

dendrimer peripherally functionalized with lactose 

K. Hatano, H. Saeki, H. Yokota, H. Aizawa, T. Koyama, K. Matsuoka, D. Terunuma, Tetrahedron Lett. 50, 
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