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Development of the gas sensing device with metal-organic frameworks
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The gas sensor with metal-organic frameworks (MOF) has been developped. It
is well known that MOFs strongly absorbed gas molecules. There are many kinds of gas sensor based on
MOF. In the present study, the selectivity and sensitivity has been improved by focusing on the
properties of MOF"s chemochromism. In the reported MOF sensor, the detection methods are based on
weight change. However, the detection with photo absorptivity of solid MOF by gas molecules are
strongly effective to improvement of selectivity and sensitivity. The develpped sensor was effective

especially for monitoring of trace water in industrial gases.



B X C—19,. F—19—1. Z—19,.

1. WML OE R

T AGHTIE, RRERECHEH B O 72
O, KRBT 2WE OB REMNT, by i
T BXPR, FRIEREEZ WO T2 D DA
TR EIEISVER T T TV G, KR
BE=F U 2 BWTIE, BUE, HIESS
OPEIZ S\ B2 2 R o B 5
NI HWHBNTWD, &IITIE, Y7 b
FACEESHTEIC LY —FE=F U )
TAHZELAREE RS TET-, L2L, FU
HEEMLE RO OFBIIHETH D
b, HEPEEROLEN, 3 X NORENS H
5 W 5P ClRIRHCE e Hll T~ 5 121%, ~—
RV, HASH T, 2RI
HIFREIEL DI 5T, ZERI)7e B APREE 7y
MOWRENEETH D, £z, RO EE
LW BT & LTI A1, WEHRA
HMEDORE, BEORENLETHY, £5H
HZECAT U CRSICHIE FTREZR AT 7 3 A
AMEEND, ZDXIIT, FFEDH ARGy
PEEEICHRET 2 TS T
X, B ERMREND b =— AN
A

ZHIETIS, EMERmEE L - RS - ok
EMHOBR LT HTAE L TF R R
B LT, GAIE LT, NOsA Ak
VA A /A G - i
(8-aminonaphthylsulfonate, 8-ANS), NO2
FRVIATeZ L TCU N TNICREATS
calix[4]arene #FHEAR, CN & OH N EHLT 5
Tl TEH#I B aERKRLTERAT S
cobinamide % f\>, EFHR I ~DENHR
AR IR MG & S AH DB Ve 1T K D Wk e
WCEWERERE v TTF N R EH
L7=, ¥5lZ, 8-ANS 2OV TiE, K& LI
BWTREHEDEWV NO2 & Os DWW eE HIX
JE L CRRDEOERT L5 RIS HT
ZIEBLL, 5 4 ORERH TH KRR DE=
B2V TS IR R E 2157, L L7
DD, MRAARLKE R EEE RS L7 BOG
REERTHMEND D78, Ji)s ATRE 7R
TERTRCRBINIRE STV,

i, &EA A BTN 3T v b
U— 7 &L, WERIZT 2 A — L OHfL
% FF O I AWM B, ZALMES B SR (Metal
Organic Framework, MOF) 23/EH &4 T
W5, £72, mWH AWERHEEZ > MOF
DEELTIICEI VAR S EHRET 58
P—HREEIN TS, L2, MOF oF
AFHRIEN, ML A XmElic L > T
A S NS T2, HICERE(LE DX D
T, R S S T
72, Fiz, FEERELORIE ~IEH L2
1Z72, MOF #EHZX, &dA 4 LN
DRI R BN T DO 72 £ 001
REFOBHENE, ZOFEEENL, ¥
BRI TREASENREELDFEY
0 AAMEIRREIND L DI TE
77o MOF O#E 7 1 I XALZHONTIE,
VR UBEADOEREDE VAR L TR

CK—19 (d:m)

RAWEEDOERNEEEL DR E, WE~DE
RN AR LY ERIN TV,
MOF | & 28R T 2Ly £/ n I X
LAERREEANCET S ) oL
ATEY, BRWEICRHT 52BN ES
FEIZuIAXLEAECHBETSZ EHE
HWLo2oHb, 2FV, MOF (kv x—4
v MREND 728 O G % & ERHICHEZE T
HZEMAREL R, MENSEWE & KEL
T 5Z EMTE B, AL, BWE
ZEDIALRBIR Iy 70 I AL 5T 4%
L4 ESER (MOF) OEAEA v o
T=TFT VT INETDH L TEEERT AR
(ZXE G AT REZR B AT T 3 A A O HeMg il
T D,

2. WD HBY

AWFTERRE TIE, BIERTZRITIG Uiz 2 L4
SR (MOF) 2y v s~ U7 bd
HZET, HHWWDHH AR ZHIEFRER
MOF #H 2t H—DFF v b7 +—LEi
OFEEBENET D, DIz, MOF #
WEDTERLIE, BRI O W B0 0 i ik
ERHE, TR ATED D ORE Y
AT ¥ FNVOREE WL T D, ARBFETIE
Kb LobnTWS MOF Th AL RV
AL UG D Cu-BTC WKy F %2 W
L CHREM R 7 0 I X8 &Rkt 2 & 2R
Lzt —oBRICLy, By e
DOREEE - R, B GIEOMNL, SEREH
~DEBZX - T <,

3. WD IikE

v THENCH B LA R R (MOF)
BREZDH L TEMER T ALY & I E T HE
TR T INA ADFEREINT BT L, FEREHAE
W2 L BEHE - S B AED T <, MOF JEED
DR, MHHEEEOBR, HERSR%Z EEN
WZHHEERTRE R 7 A AREHZ K 0 @A
I, FEREASLIEAT 5,

(1) ML OWE
INFEFTOEMEmERIGSGETDHHT 7
ANV TIE, HEgrao~ NI T5 7 40—
DYV BTN T L — MIROREEERL
720, 74— EZiE LY LCEER
L, TORAERBHT ZEZREHFH LT
BRI T AR 2 4R - B S w5 L)
FEIZ, OB TH T 7 A NN—ICLVEALT
O O I8 & R O SOl TR T A
B Lo TE T, BUSEE R OKEHE T3
<, B EHRETLZET, VSRS
A A EH/DZ ENTE, EZM ETET,
AT, 612, REY A% LGRS
BHZ LT, HARGOWMEREOm L,
FEER IC 1T 5 R oI % [FRE I X
-7,

(2) MOF [H E(LREDTE A

T ARGy B L CRARE & 3 Al
DOEEL, BV —DOEMZEEO#EERED,
LB EE, A A AR EFE A D HA,



Cu mapping * 5,000

FEEL YA X EHE LT e SR, SRA A0
SRR & B EELIESS, BEOHTMOF 2 &

K15 in—situ BEE Wo - EER T EE
BEt L7z,
(3) BRI DT
FEERA T AR OMEAKRSOBREIZLY, AR
AT AOHFRMEEFHO L7z, 7z, Hl F%
Xy BT 40—V T X NIEI
RS R & el U7,

DS

(D) L OSE

10 G OB L Z2REL TEME L, B
PEREMER M1OvLEER L, 0
TATIE, RETABLOBREEOWNTRY
MOF [EEALEZ B35 2 & TH ARG Dl
HBLAEUEROALZREEICBET A Z &R0
RECThD, £z, 1ERIELY L HEBENEL
720, BERMEL WL,

BIFLXyET 4 —
%&(mw)&$$®mr

X 2 fHEKT DG
NS AT

Photodjode
MOF filter

(3) ﬁszgk?ﬂEOD?Fﬁﬁ

B LIzt —IC X VEEXRT AP ME
K53 ®&m%ahb RN B HBHNHIT
WhHLFETHLIFYET 4= T X
DB L DR & Dk E1To 7, X
4T LI, mMERIV—FHERLTE
D,é%,¥%%F¥%iuwkfé rE il
JEHT AN EH N == AN H DI B VTR
ty%—ﬁﬁﬁﬁékﬁﬁf%é F7z, K
Y — DAL, BUSHITH D MOF %
Bz HZ & THD N AR ORBRHIC S IHA
AEETHY, SBETETORMIHEFEIN

B 1 MOF Z&Hl &I 20 At —

(2) MOF [E ELRED Ak ik
BSHITEH D MOF DEE(LD T8, Tkt & [
EAL ST EZ ST Uiz, 20 FE b OB S A
FGAR—=N—NRWMTHDHZ L RNWEL,
X512, MOF OMEFCH B4R A A4 EBEAL
FEMEBIORTRIGS®E S Z & T, MEOR
TR A S TR T A 2 LT
72, M 2 \ZJERL LIZIED SEM Mg 2 <1,
G OTERIZIE, MR LA LT
7=, K2 T, IR LEKEESTZ &
TEYEWEETMF BNEELENTWD Z

EDVIRENTND
DX, in-situ THVIRLAKT S Z
TR LRI LY ISEARSE
BMHLZEZA, M3 ITRT XIS, &V
JE L RN SERM S D Z E N TE I,
gy TN
100| [l SRR E U

400

100 4.0 %

300

100 4 5 or”ﬂ
200

100MMWLM53%
4 3 PEZEH] T A HP R K 53 D i R EE AR HY

60 min

10)

60

5. LRI

(WFFEEA . WHIEo R e ORI T2 12

(=Y

CMERERm 0] (R 16 14)

1. Matrix isolation with an ion transfer device for

interference-free simultaneous
spectrophotometric determinations of
hexavalent and trivalent chromium in a
flow-based system.

Ohira, S.-I., Nakamura, K., Chiba, M.,
Dasgupta, PK., Toda, K.

Talanta, #7¢4, 164, 445-150 (2017).
DOI: 10.1016/j.talanta.2016.08.07

2. Arsine gas sensor based on gold-modified

reduced graphene oxide.

Ryo Furue, Edwin P. Koveke, Shotaro
Sugimoto, Yuta Shudo, Shinya Hayami,
Shin-Ichi Ohira, Kei Toda

Sensors and Actuators, B: Chemical, &7t
240, 657-663 (2017).
doi.org/10.1016/j.snb.2016.08.131



Monitoring variations of dimethyl sulfide and
dimethylsulfoniopropionate in seawater and
the atmosphere based on sequential vapor
generation and ion molecule reaction mass
spectrometry.

lyadomi, S., Ezoe, K., Ohira, S.-I., Toda, K.
Environmental Science: Processes and
Impacts, ##cf, 18, 464-472 (2016).

DOI: 10.1039/c6em00065g

Automated determinations of selenium in
thermal power plant wastewater by
sequential hydride generation and
chemiluminescence detection.

Ezoe, K., Ohyama, S., Hashem, Md.A.,
Ohira, S.-I., Toda, K.

Talanta, ##if, 148, 609-616 (2016).
DOI: 10.1016/j.talanta.2015.06.085

Formaldehyde vapor produced from
hexamethylenetetramine and pesticide:
Simultaneous monitoring of formaldehyde
and ozone in chamber experiments by
flow-based hybrid micro-gas analyzer.
Yanaga, A., Hozumi, N., Ohira, S.-I.,
Hasegawa, A., Toda, K.

Talanta, #7ifA, 148, 649-654 (2016).
DOI: 10.1016/j.talanta.2015.05.060

Simultaneous analysis of silicon and boron
dissolved in water by combination of
electrodialytic salt removal and ion-exclusion
chromatography with corona charged
aerosol detection.

Mori, M., Sagara, K., Arai, K., Nakatani, N.,
Ohira, S.-l., Toda, K., Itabashi, H., Kozaki, D.,
Sugo, Y., Watanabe, S., Ishioka, N.S.,
Tanaka,

Journal of Chromatography A, & #if, 1431,
131-137 (2016).

DOI: 10.1016/j.chroma.2015.12.064

Simultaneous Electrodialytic
Preconcentration and Speciation of
Chromium(lll) and Chromium(VI).
Ohira, S.-l., Nakamura, K., Shelor, C.P.,
Dasgupta, P.K., Toda, K.

Analytical Chemistry, &#if, 87,
11575-11580 (2015).

DOI: 10.1021/acs.analchem.5b03464

Leaching behavior of arsenite and arsenate
from the contaminated sediment by the effect
of phosphate ion under anaerobic conditions.
Hashem, M.A., Toda, K., Ohira, S.-I.
Environmental Earth Sciences, AT, 74,
737-743 (2015).

DOI: 10.1007/s12665-015-4078-3

Micro lon Extractor for Single Drop Whole

10.

11.

12.

13.

14.

15.

Blood Analysis.

Nakamura, Y., Maeda, S., Nishiyama, H.,
Ohira, S., Dasgupta, P.K., Toda, K.
Analytical Chemistry, Z#iH, 87, 6483-6486
(2015).

DOI: 10.1021/acs.analchem.5b01681

Electrodialytic matrix isolation for metal
cations.

Ohira, S.-I., Hiroyama, Y., Nakamura, K.,
Koda, T., Dasgupta, P.K., Toda, K.
Talanta, #Hif, 132, 228-233 (2015).
DOI: 10.1016/j.talanta.2014.09.013

Direct determination of polycyclic aromatic
hydrocarbons in PM2.5 by thermal
desorption-GC/MS and analysis of their
diurnal/seasonal variations and field burning
in Kumamoto.

Yamasaki, D., Kajiwara, H., Kirii, M., Ohira
S., Toda, K.

Bunseki Kagaku, #5if, 64, 571-579
(2015).

DOI: 10.2116/bunsekikagaku.64.571

A fiber optic sensor with a metal organic
framework as a sensing material for trace
levels of water in industrial gases.

Ohira, S.-1., Miki, Y., Matsuzaki, Nakamura,
N., Sato, Y.-K,, Hirose, Y., Toda, K.
Analytica Chimica Acta, ##iH, 886,
188-193 (2015).

DOI: 10.1016/j.aca.2015.05.045

Gas analyzer for continuous monitoring of
trace level methanethiol by microchannel
collection and fluorescence detection.

Toda, K., Kuwahara, H., Kajiwara, H., Hirota,
K., Ohira, S.-I.

Analytica Chimica Acta, & #iH, 841, 1-9
(2014).

DOI: 10.1016/j.aca.2014.06.019

Sulfurized limonite as material for fast
decomposition of organic compounds by
heterogeneous Fenton reaction.

Toda, K., Tanaka, T., Tsuda, Y., Ban, M.,
Koveke, E.P., Koinuma, M., Ohira, S.-I.
Journal of Hazardous Materials, & #i4, 278,
426-432 (2014).

DOI: 10.1016/j.jnazmat.2014.06.033

Formaldehyde content of atmospheric
aerosol.

Toda, K., Yunoki, S., Yanaga, A., Takeuchi,
M., Ohira, S.-I., Dasgupta, P.K.
Environmental Science and Technology, %
Wif, 48, 6636-6643 (2014).

DOI: 10.1021/es500590e




16. On-line electrodialytic matrix isolation for
chromatographic determination of organic
acids in wine.

Ohira, S.-., Kuhara, K., Shigetomi, A.,
Yamasaki, T., Kodama, Y., Dasgupta, P.K,,
Toda, K.

Journal of Chromatography A, & #tf, 1372,
18-24 (2014).

DOI: 10.1016/j.chroma.2014.10.077

EaRER) GHs 10

1. Ry, ZORHERS, 5, IR L,
KB, BRI, FH A
LA M4 B Cu-BTC 12 X A3EAKSy
T ¢ Tt o — O
% 76 EIMT LRSS, Y1074, IEEK
%, 2016 4-5 H 28 H.

2. Shin-Ichi Ohira
Ultra sensitive fiber optic water sensor by
means of metal organic frameworks sensing
layer
EMN MOF meeting, 14, Grand Regency
Hotel, China, June 13, 2016.

3. HORF AR, SORHERE, SRS, AR L
R —, B L, FH
L FLM 4 B SR 2 VN T2 R R K 4y
FTTT 4 e Y—
HARGHAL S 64 2, UMK,
Y1043, 20154-9 A 9 H.

4, RFEE—
WE OFMBENZFIH L= obr b
%5 9 [8] H AL P2 Bl S AT Bt 7
F—T A, BHTEKRT, 2015412 H 3
H.

5. Shin-Ichi Ohira, Yusuke Miki, Masaaki Endo,
Nao Nakamura, Yasuo Hirose, Kei Toda
Trace water determination by means of fiber
optic gas sensor with metal organic
framework as a sensing material
Pacifichem 2015, Hawaii, ANYL 273, Dec.
16,2015.

(K& Gt 3 1F)
FHG, REEIFZ MR, EHR, 27U
2 F v opfrbst T AR, 2016. 12

FHRaL, KRIEE—1EIER, AEHR, 27V
AT X NTAEE 11 #280Tim,  2017. 1.

K E—IFZEER, EHR, 7V ATF v
Excel THiE< /oMb, 2017.3

(PESERA PEHE)
Ok G2 1)

R KDBRERE =y b ROUKEE
515

TR SORBERE, ERR, =R R,
R, R E—

MR« REGHEE (BR) . REARKE:

T ¢ BREF

&5« FrBA 2016-153732
HEEMEHA B - 2015422 H 20 A
ERsAOR] . EN

i%:ﬁxﬁﬁﬁmlzyh\&wﬁgﬁm
&

TR ORBERE, SRR, =R R,
A, RKOEE—

MRS« REGHEE (BR) . REARKE:
FHYE - AR

&5 ¢ FERE 2016-149304
HEEEH H - 2016 £ 7 H 29 H
EWNSAOR] : [EN

OFfFHRI Gt 1)
Bric7a L
(Z D)

R It
http://www.sci.kumamoto-u.ac.jp/~ohira/

6. WFIERER
(ORI ES

KIJE— (Ohira, Shin-Ichi)

REARREE « REFEPLSeim P 2eE0 - ez
WFgeEdes 1 60547826



