—bOBEREEMOEV VT L
EFIAR—RIC K BFHETH

Sensing of Nitoroaromatic Compounds and Prediction of Sensing Properties by Model-based Approach
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Abstract

Detection of nitroaromatic compounds is of high impor-
tance because of their toxicity and explosive properties and
many papers concerning the development of new materi-
als with high sensing ability have been published to date.
Recently, we prepared polysilsesquioxane (PSQ) films con-
taining dithienogermole units as fluorophores by sol-gel
reactions of bridged triethoxysilanes and demonstrated that
the films showed quick fluorescence quenching on exposure
to nitroaromatic compound vapors, being applicable to the
detection of nitroaromatic compounds. The sensing proper-
ties were found to be strongly dependent on the bridged
triethoxysilanes used as monomers. To understand the cor-
relation between the nature of bridged triethoxysilanes and
resultant films, and sensing properties, we conducted a
model-based study to generate the prediction model.
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Scheme 1 Preparation of DTG-containing fluorescent PSQ with a photo-
graph of its film under UV irradiation at 365 nm (Reproduced
from Ref. 2 with permission from The Royal Society of Chemistry).
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Fig. 1 PL quenching mechanism of DTG-containing PSQ on exposure to
nitrobenzene vapor.
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Scheme 2 Preparation of DTG-BTESE.

BTESE # 0.1mol% O DTGCl & & b, 7V EZT %
il Tk 2¥ ) —Lth TGS ¥ 3 E, T ¥
SHDOMKGBIC LB 5 ) — VDR ES T ) — L
T oBiAiESIMEST L, DTGZ &4 L 72 22EPSQa v L
PRONDS, BonlY L ELEREICFRY 7% v 2
F LT, RIEEA AR 150°CTEERT % &, ¥kl 7=
T4 aEon, Hon7 4L BLA bR
HEBEEY O ALK L 72 A% LI A,
365nm DN T L 22285, HOGA XY b LORRRGE
BERBE L7 L 25, Ml R s, #Hle LT,
7ANLEp—= O LIy ORNZERIICES L E
FDWNHARY PV DEALE Fig. 2 ISR T2, 1 5K,
1/AFREEIC F CHOBBEEDME T L CE D, 305%I1i3IE

KONICA MINOLTA TECHNOLOGY REPORT VOL.17 (2020) 103



ERRICHELEL T 2 EW00 5, HtoEERE, =
e EFREYORREICKE CMKFEL, = haxy
Yrv>p—Zuu=_tuxry¥rr>p—=—tnrhilrv
>m—Y=baXRYEYS>TNTO X H KT L7, TNT
DX ICHCAMERIZE 6 IR0, ERITHEEL 2V
BELH o720, HRRVEENS SN, L bhEST
PMMEVBp—ropntaRyErydRp—=ta by
ORI THo7Z LR, p—Zun_ vy
DHIE WETFZAEIC X 2b 0 LEETE S, 28,
CDTNT 4 WA HBH DA THREZR I I
LlE, MERTETED, WD 74 VL2 TR VT
T 2L, JCOHNART P VERDL ZEBTEK,

1.2

Normalized intensity
o
(o)}

v

380 430 480 530
Wavelength / nm

Fig. 2 Fluorescence spectral changes of DTG-BTESE film on exposure to
m-nitrotoluene vapor for 0, 1, 3, 5, 10, and 30 min.
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Fig. 3 Structures of bridged triethoxysilanes.
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Fig. 4 Plots of relative fluorescence intensities versus exposure times to
m-dinitrobenzene vapor for DTG-containing PSQ films and simu-
lated curves based on adsorption model (equation 4).
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Fig. 5 Fitting model of fluorescence quenching plots of DTG-containing
PSQ films.
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Table 1 Porosity of bridged triethoxysilane-derived gels determined by
nitrogen absorption/desorption isotherms and parameters A
and N of equation 4 for fluorescence quenching of DTG-containing
PSQ films.

BTESE2 BTESX BTESP BTESE BTESM

Area [m2/g] 341 287 0 53 183

Type Macroporous Microporous Non porous Mesoporous Mesoporous

A 0.8616 0.2117 0.0305 0.1696 0.3801

N 0.0909 0.2646 1 0.5516 0.6977
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Fig. 6 Relationship between parameters A (top) and N (bottom), and BET
surface areas of bridged triethoxysilane-derived gels.
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Fig. 7 Light microscope surface image (top), and SEM surface image
(bottom) of DTG-BTESE.
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Fig. 8 Light microscope surface image (top), and SEM surface image
(bottom) of DTG-BTESM.
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Fig. 9 Light microscope surface image (top), and SEM surface image
(bottom) of DTG-BTESX.
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