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• FGHIJKLC
• 56789�01:
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01��øù

43,932 ú¡ 45,900 ú¡ 11,158 ú¡ 22,176 ú¡• 56789�01:

H172� H182� H192� H202�

, , , ,
•ÛQRPQ,ÜÂ&'()*���
•ãäå&'()*���
•T–VOC&'()*���

�T VOC& (���i â�

5 000ú¡ 8 925ú¡ 8 085ú¡ 3 045ú¡;<=>?

�T–VOC&'(���i/�â�
•~�àá¦D.à��
•ñòEQÂe/¦

5,000 ú¡ 8,925 ú¡ 8,085 ú¡ 3,045 ú¡• ;<=>?

@ABC678&'D

•ãäå&'()*���

5,000 ú¡ 8,400 ú¡ 6,405 ú¡ 2,835 ú¡

FGHIJKLC

• @ABC678&'DE
•T–VOC&'()*���

37 641ú¡ 30 100ú¡ 34 849ú¡• FGHIJKLC
•íîâ�+Pp.
78
•~�àá¦D.à��

û590

37,641 ú¡ 30,100 ú¡ 34,849 ú¡
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��� ab78 �	���c(1) ����ab78
ÛQRPQ,ÜÂ�P&¦PQ,ÜÂ
f�w�����Xw¾"��	

�	���c
MoO3ü×��	���

�&'(
�����

f�w�����Xw¾"��	

â�àá&/��


(2) ���
78
â�àá&/��


i/��)*�Ð�
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PJ��í�78�ª«

KááÛQR

P&¦PQ,ÜÂ

ÛQRPQ,ÜÂ

(PANI) MoO3

���í�78

yD�EQ

�D�EQ

KááÛQR(PANI)xMoO3

������
��¿�

R
es

is
ta

nc
e Rg

Ra

VOC
i/

�dp'

¦Qy'

P&¦'

(50 ppm)

or ��¿� Time
a

1 1.02 1.04 1.06 1.08 1.10
Rg/Ra

PANI = �OPIO'
ª«

• ÛQRPQ,ÜÂ��lX�P&¦PQ,ÜÂf���
• ppbpqQ���o� !����
�"#

PàáE�

• ÛQRPQ,ÜÂv$P&¦PQ,ÜÂf%����w)*�����
Çj�)*�&�Çj�)*�&�

• i/��)*�Ð��' (�)*)Ñ����

7ÅÄÆ$Ä 01��¯*fÊË�

��

+£F¤�ED��Ë ,-

.+£F¤�EDfÊË�/
�O0E�+1�+£F¤�ED�ç2�w�3+£��4>�w5
� VOC�ü×�	�O0E�+£F¤�ED�ç2�w�3

� 6

• �	ü�P&¦PQ,ÜÂ�+£F¤�ED7

VOC�*�ü×896�:�Xw

�O0E�+£F¤�EDðù;

�	ü�P&¦PQ,ÜÂ�+£F¤� D7

PoANISPANI���
j

jFM
��

1/2����

20 21
[(MPa)1/2]Acetaldehyde

19 22

]molcm[(MPa):
:

]cm[g:
][(MPa):

1-31/2

3-

1/2

��

�

���	
���������

�������������

��

����� !"

jF
M

j

�

�

1) Small P A J Appl Chem 1953 3 711) Small, P. A. J. Appl. Chem. 1953, 3, 71.

P&¦PQ,ÜÂ�*�ü×
��	üf96�:Ë

(PoANIS)xMoO3(PANI)xMoO3 ��	üf96�:Ë

�P&¦PQ,ÜÂf�w
��7�%�<=> 5N N

H H
OMe OMe OMe

N N
H H

C
H

O
C

H

O C
H

O
C

H

O

C
H

O
C

H

O

C
H

O
C

H

O

C
O
C
O
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��7�%�<=> 5HH C
H

C
H

= acetaldehyde molecule C
H

O
C

H

O
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(PANI) MoO

��

(PANI)xMoO3

H H

NH2 ÛQRPQ,ÜÂ
V

N N
H H

P&¦PQ,ÜÂ

(PoANIS) MoO(PoANIS)xMoO3

H H
OMe OMe OMe

NH2
OMe

ÛQRPQ,ÜÂ

P&¦PQ,ÜÂN N
H H OMe

P&¦PQ,ÜÂ

9ÅÄÆ$Ä 01��¯*fÊË�
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�?��@A��B*

C�i/f��§o� is
ta

nc
e S1

si
st

an
ce S2

(&'( 1)
(PANI)xMoO3 C�

�w��
�<w

��§o�
C�i/
DE

R
es

Time
(PANI) MoO3

R
es

Time
(PoANIS) MoO3

(&'( 1)

& (
(PoANIS)xMoO3

Û , Â F � 	 � 	bCbCS
ÝGH�

(PANI)xMoO3 (PoANIS)xMoO3(&'( 2)

ÛQRPQ,ÜÂ(CF): F ppb
P&¦PQ,ÜÂ(CA): I ppb
��7�ç2�wJKL

� 	 � 	11111 AAAFFF bCabCaS 


�

� 	 � 	22222 AAAFFF bCabCaS 


�

a,b(ÛQR,P&¦MNi/�����7�ç2�wJKL a,b(ÛQR,P&¦MNi/���
J=O! �nP�Q3,RS

C�i/T� ðùB*
.@AB*/

C�i/T�
�� (ppb)

ðùB*
(ppb)

ÛQRPQ,ÜÂ 300 298
�?��
�®¯
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P&¦PQ,ÜÂ 100 89 �®¯
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.'DEkpE¦�XË
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PANI
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XËJj
pq

R
es

Time

PoANIS
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�	��lm�nr�stu

.'DEkpEdv'+w�
â�tu

MoO3

xyzÎNa±+wf{|

[Na(H2O)2]xMoO3S�0E±+w

xyzÎNa±+wf{|

.'DEkpEdv'+wf{|

(PANI)xMoO3

}��~�

�O ��w �

2~3���

�O0E��w �
s
t

SEMb

�O0 ±+w

2~3���
u

�O0E±+w
1�����~J=
�3�×�Z
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�3�×�Z
�	��lmn�f¯�
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�stuâ��(PANI)xMoO3���

ÛQRPQ,ÜÂf�w��

����stu
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����stu
����tu

�X7���1/2

�sâ�tufv$���)*�����f
�X7���1/2�PQ,ÜÂi/��o
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�X7���1/2�PQ,ÜÂi/��o
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(1)����ab78 �ÌÍ�[�*��U(1) ����ab78 �ÌÍ�[�*��U

(2)���
78
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(2) ���
78
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ÒÓi/�m(.¦
�ÌÍ

O-

O-

O- O-

O-

O-

ÒÓi/�m(.¦

�ÌÍ�[

SnO2, WO3

O- O

SnO2, WO3

��
>w�*

�ÌÍ��[fv$�¾"ÒÓ�i/
�m(.¦�ý���

�w��l

��
>w�*

�m(.¦�ý���

�w��l
�mi/���Wf�m
�w
  ¬�l¡

16

¢¬�l¡

ÅÄÆ$Ä 01��¯*fÊË�



��

¬��ß�� Pt(0.2 wt%)-WO3&'(�

Pt�[n�£i/1 ppm�&'(�� (350¤)

�<=>+?�@(�AB+CD

EFGHIJK"3L

�EFGHIM?�@N�OP Q RSTAB�EFGHIM?�@N�OPUQVRSTAB
W<=>+XY��Z

�[PP\]^_�<=>

`abcde`fghdijQ

�abcd])klmn<=>

<=>"opM
GHqFrBst"uv�]wxyz
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GHqFrBst"uv�]wxyz
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�����Lë×�fí¥��U

Lë×��2 �m 

<=> B*fí¥3
~�àá¦D.à�

MEMSíî�â�

�dp'f�w��
£jãäå¦§¨����X7�©ª«f
�w���«¬�®¯¯¤�

120
2-50-5

{34|t

�w���«¬�®¯¯¤�

fghd j[P }~e}[

�PUP[� 55}� �

�t���

60

80

100 3-50-5
5-50-6

se
 (R

a/
R

g)

789 �d���
2 �m

3 �m

��cd

hbg
�d�d

�[� }~e}[

�PUjP55}�
j�PP }~e}[

�P �� 55}�

��

��20

40

60

or
 r

es
po

ns

5 �m

�d�d
abcd

�PU�� 55}�
jjP }~e}[

�PUPQ� 55}� �
0350 400 450 500 550 600

Temperature /

Se
ns

o

{����"JK
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����"JK

2 �m � 3 �m � 5 �m �X7���1/2�ãäåi/��o
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ãäå)*���7�æmL�°¨�

¦Qy'0, 70ppbT�
I-V�� (50%RH) ��f�c

1 �A~�±²l(
L�7�³ËW�
��f��

�´B*fí¥3�mL�æm��L�7�ïm�w

�2 �A �15 �A

L�7�µ¶Xïm
l��ß���*�
<=> 

19

Ra/Rg=3.92 Ra/Rg=2.41 <=> 

ÅÄÆ$Ä 01��¯*fÊË�

��

CuboidýWO3�*��¯�ãäå)*�

������Ë ·¸�DiskýWO3 CuboidýWO3

(NH4)10W12O41{5H2O aq. 6N HNO3

3

¹ºV�
��

H2O

H2WO4

H WO ���H2WO4���

���!
150¤�10h 

  OM»¼TDi k WO O¡¢£T

200 nm
¤z
500¤�3h 

20

Cuboid WO3OM»¼TDisk WO3O¡¢£T
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CuboidýWO3�*fvwãäå)*�½���

[\Tl���7 �dp'0.05ppmTl���7

• Cuboidý�*��Ë )*(�Diský�*�¾�f¿À�
Áái/T�i/TõfÂOñ¦�����È=>XË5
2Â3× [\T �dp'Tõf�mlÃw

21

• 2Â3×�[\T+�dp'Tõf�mlÃw5

�6�Ã ¥$Ç$Ä$Ç
ÅÄÆ$Ä 01��¯*fÊË�
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&'()*�01��

T–VOC&'()*���
��¬�+���


SnO2�
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50 nm
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T–VOC&'()*���i/�þ�
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(1) ����ab78
�ÌÍ�[�*��UjÄ�i/¯�f��Å�Æ�

����X)*�â�

(2) ��i/�â� t�ÇÈfí¥Ë 
T VOC&'(���i/T–VOC&'(���i/
�â�

(3) ���
78

23ÅÄÆ$Ä 01��¯*fÊË�

��
Î
/É8�£j�ÌÍÊ1��[�*

• ZËj�Ìki/f�wSnO2������B*�Í<
• ��B*�QßJ=�SnO2fvwT–VOC&'(�����(�i/j�Îjf
�Ï�w�����w�Ï�w�����w5

�¦§¨d�©��ª«
�¬®©��ª« ���³ •³����Ï(�£�ÌÍ��[�

w � ���

¦§¨d�©��ª« Pd/SnO2
¬®©��ª« Pt/SnO2

�¯°®©��ª«
�±��©��ª«
�²g³d«

����

w��l���


24

¬®©��ª« Pt/SnO2
¯°®©��ª« Au/SnO2

�ha²g«
�´gµ¶·«

����
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�ÌÍ�[�*

VOC 1VOC:1ppm
Temp:¸��¤
SnO2:�20nm ¹

º
»

ÐÎy�Q
OSz'

¦OKááy�p'
yD�EQ

P&¦PQ,ÜÂ
ÑàD'
¦Qy'

�Pt Pd AuM¼½]GHN�ABW|t"¾ �+¿À

25ÅÄÆ$Ä 01��¯*fÊË�

�Pt, Pd, AuM¼½]GHN�ABW|t"¾Á�+¿ÀÂ

��

T–VOC&'(���i/�,ÒW

�t

[ppm] [�g/m3]

T–VOC&'(���i/�¯����

[ppm] [�g/m ]
P&¦PQ,ÜÂ
àáÓ�'PQ,ÜÂ
ÔÕÁ�QPQ,ÜÂ

0.93 
0.22
0 50

1826 
578

1608
t�ÇÈJ= YZ�Ö×

Ô Á�QPQ,ÜÂ
,k'
q'Á'
¦Qy'
�d

0.50
0.13 
0.20 
0.63 

1608
798 
680 

2587 

• t�ÇÈJ=�YZ�Ö×
WXT–VOCýØ�£Ù
� ÚÛ01:v$þÜ �dp'

1,2,4-¦O��Qq'Á'
y�Qq'Á'
p-ÝKááq'Á'

0.17 
0.17 
0.14 
1 14

789 
901 
668 

7473

� ÚÛ01:v$þÜ

VOC¯��Þ>ß>��� p ÝKááq'Á'
ÐÎy�Q
ÐÎÁ�Q
yD�EQ
2 à F

1.14 
1.09 
0.69 
1.60 

7473 
4295 
3570 
3282 

• VOC¯��Þ>ß>���
¿�àu� T–VOC&'(
���i/�þ� 2-àáF�EQ

4-��Q-2-á'D�'
P&¦'
2-ÁD�'

0.12 
0.20 
1.75 
0.58

326 
870 

4535 
1856

���i/�þ�

26

2 ÁD�' 0.58 1856
�ð 10.29 36642
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T–VOC&'(���i/f�w��

âm�ã7���1/2âm�ã7���1/2

�T-VOC�d�ÃÄÅÆa])klmn��Ç>MÈNÂ

27

�âm�ã7���1/2��o®¯
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��m�+ÝÞ�ß���m�+ÝÞ�ß�

• ÛQRPQ,ÜÂ&'()*
• ãäå&'()*
• T–VOC&'()*
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PàáE�)*

(1) ÛQRPQ,ÜÂ ü×�	��ç]fvw( )
&'()*

ü×�	��ç]fvw
�U

(2) ãäå&'()*
�ä�è²\`yEÝ'T�ä�è²\ T
�*��U

(3) T–VOC&'()* �ÌÍ�[féêä��
åæ�ÇÈ

29

��

ü×��O0Eç]
ÛQRPQ,ÜÂ

• MoO3ü×�	��ë±
�w��l�ä��åæ�³p
�w5

�W

à �PàáE�

Ä�}����Ë�O0E�.'DEkpE¦
+}����Ë�OPIO'(ì+�� !� (PANI)xMoO3â�f�Ëw+wf(
}�� ³ �J¨í�X}���³ËPANI�J¨í�XË5

+�+��O0E+w�.'DEkpEdv'+w����Ëw5

Ç��O0Efë±í�Ð�Ç��O0 fë±í�Ð�

N
H

O
RO

H
N

O
R O

N
H

O
RO

O
RO

N N
H H

H H

NH2

�+��OÓáEQ/MoO3

N
H

(P25DMA)xMoO3 (PITN)xMoO3

P25DMA PITN

30

P25DMA
= poly(2,5-dimethylaniline)

PITN
= �O.H�PGñe'îÐÑ

�6�Ã ¥$Ç$Ä$Ä
ÅÄÆ$Ä 01��¯*fÊË�
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�O0Eç]fvwçï
ÛQRPQ,ÜÂ

500

(P25DMA)xMoO3(PANI)xMoO3

�+��OÓáEQ/MoO3

(PANI)xMoO3 N
H

H

n

400

500

]

}��>f
vwë±


ë±�ð�í�ñ
[fvwë±


n

200

300

O
 C

on
c.

 [p
pb

]

�+��OÓáEQ/MoO3 (P25DMA)xMoO3

100

200

H
C

H
O

0
0 20 40 60 80 100

Humidity [%RH] (PITN)xMoO3

t[×pqQ�ä�è²\
`lPQ,ÜÂi/f�
w���KL

(PITN)xMoO3

31

w���KL

�6�Ã ¥$Ç$Ä$Ä
ÅÄÆ$Ä 01��¯*fÊË�

��

�ä�`yEÝ'Tfvwä��åæ³p
ãäå

ÉÊËÌ

7

8

yEÝ'T©��òó¯¯¢ô¨õ��¯ö¯÷®¢øø

yEÝ'T©��òó¯¯¢ô¨õ��¯ö¯ù¢øø

�ÍÎ´ÆaÏÐzÑ/
)ÒÆaÏfghd
)ÒÆa�tÏ0.035, 0.07 ppm WO3ªÓ

6
yEÝ'T«��òó®¯¢ô¨õ��¯ö¯÷®¢øø

yEÝ'T«��òó®¯¢ô¨õ��¯ö¯ù¢øø

pp
ÉÊst : 400 oC
Ô�ÏWO3

4

5

R
a/R

g

>90%RH, 450 oC,14Õ�hÖ×dØ

2

3

hÖ×dØÙÚÛ½

1

2

0 25 50 75 100

32

RH [%]

�6�Ã ¥$Ç$Ä$Ç
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�ÌÍ�[fvwä��åæ³p
T–VOC

10

¿�[SnO2 3ú�(Pt,Pd,Au)/SnO2
10 Pt 0.5wt%

Pd 0.8wt% �ÍÎ´ÆaÏÐzÑ/
)ÒÆaÏT-VOC�d�ÃÄÅÆa

ÉÊËÌ

6

8

R
a/R

g

600

800

1000

6

8

R
a/R

g

Au 0.5wt%
��[

)ÒÆaÏT-VOC�d�ÃÄÅÆa
)ÒÆa�tÏ200~1000 �g/m3

ªÓstÏ300 ¤

2

4

0 25 50 75 100

200

400

[�g/m3]
2

4

0 25 50 75 100

200
400
600
800
1000

[�g/m3]

ä�fvw��7�
���ûa

0 25 50 75 100
RH [%]
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