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Development of fluorescence sensing methods for detection and quantification

of water in samples has received considerable attention from the viewpoint of fundamental studies,
and is eagerly anticipated in industry because of their potential applications to environmental and
quality control monitoring systems. IT we can develop organic fluorescent sensors for water, the
fluorescence spectroscopic technique utilizing the fluorescent sensors allows the visualization as
well as detection and quantification of water content in samples using a highly sensitive and quick
flow analysis based on the changes in wavelength, intensity and lifetime of photoluminescence
depending on the water content. In this work, we have developed fluorescent sensors for detection,
guantification and visualization of water content in solvents, and polymer films doped with

luorescent sensors for water as one of the most promising and convenient functional materials for
visualizing moisture and water droplets.



B X C—19, F—19—1, Z—19 ({38@)

1. BFERRA SO = ]

WA, iR L ORKISE EN LK EME « ERTE D0WEDHENLIT, MG OHE )
O, TERECRGMOMEFH, REE=2 U o770 8o NEAETESCEREER O H THEE
ICHETHD Z Lidima Rz, ARNIKGHETEE LT, KEBERI)OERIMISIGET 5
A=+ T 4 v —(KF)idz W 2B R0 T DKFEE( £V DK F126F LT 181D
3 V3559 DKFSUSICEE LB R K A S - K Img=1071 7 —v )3 5, KFIkE
13, mESE K E P ppm~100%) TH 275, ¥ T NO—H Izl ML THES 53y FJ5
XTHY, T4 TOY T NH A LJESCEEFCREIEE I O K O FIEURIIARATRETH 0 |
Z DYBE(EHGA) AN TE eV, — 07 KO Fai8ikd 2 2 & THOGROURMED B 5V T L
DEOMEARORE ) EBIR T 5 2 L TE UL, REHRORIE DK 2GR, ERE )AL
FGALTOY T NE A LTHETE 2720 T3< | BHRIC K 2 AIBUBEDEIRIEIT K 2 i) & ATig
TR« FERACHOEOTIEDHES I 2N D O LHIFFTE 5, L LA h, doetike
— Do iXaHEE « PAIEF LOWFIETFIE » FHMIEA & 010N L Tl HJ°, S0/ tiBIz £ Y K
Syl - B - AL T DIFSEREIE A BIRT 5 2 & DNBERDIFREE TH 5, T 78 HAMFFR
BADBLLZ 22 RO, Ky 2R < B R - BT Dotk o —2 A1 L, K5
HD AT =X DO L FFEFTE - FHIRBATCBE 2 A HRmR 2G5 2 & T, REEOKRDHR -
TEE - A LA TR AR ORI EZ X D & ZAI2h D,

2. WFROBBY

ABFFETIE, B DT & 1-# B (Photo-induced Electron Transfer: PET)FFME, oAb 1
/L% — B &) (Fluorescence Resonance Energy  Transfer: FRET) 35 X UMy - PN o faf % 8 (Intramolecular
Charge Transfer: ICT) 54 2 %1 L?L:if’ilﬁ‘f%k‘{? YT AT S, bbb ARED BB & Y
MEPE L ALEET, MRS OPET, FRETE K OICTRAEIZ L 2K A 1= X L% L, &
PEREZRHOEIME KT Y — D TR EHESHI BT 2 A M7 R 2155 Z & T, SO eRE2 R L
T BRI DN D Ky B a AUE T B TR v 7 A A F 2 J s W ATiE (S & RIS SEER T A
BlISIS07s & DEZEBEHMEA) T 5 L ZAILh D, S HIT, REHIEKE I —BEOER L
M, AR, U A | i JOVLERE P oAl & L CoREofh, #etke o —
ZR Y~ —{bd 5\ I ENL) S 727 4 L AT AR L, Society 5.0 °SDGsIZ 5 9~ 2%
REME MBI C T (AR R R R R B e L THARFEH S E L L 2AITH D,

3. WD ik

ARWFE 22T D702, 1) 1 HRIEE(1EX) 1 #&FEE(1Em)OPETRLES L U'PET-FRETA 40
K P —BHIE S D (EK R HITEORENT), 2) 2 BRI (2EX)2 IR E(2Em)I L UL A5 L%
BEREFARFMEDICT AR A A 2 oV — % BT T 2 (IR 530> & i 7K o S D K i HHE D RfET)
ggﬁ%btﬁﬁﬁmﬁyﬁ—%ﬁvv—m\%ﬁé&t74wA®¢@\%i@%ﬁmmﬂﬁm@i

oK Y — OBREMER ML) & 2T 5. GZ% /%M
4. WFFeRS L el
(1) PET Rtk o v— [N o [h o
PETRUOMAE L — & LT, “T o b ok <
RMFHR—AF LU =T I )= T ) 722K o
0 VR AT VEE DOF-2 %0 1RG5t « ARk Uiz Nepluorescece (PET o)

(X 1a), AABEL LT ABBIED 144 2T
R L FB 75 ATHF). BL OGN T+ h= U £ ; 3
WBIO=Z ) — & T, OF-2 B oKy S, wﬂaw S 2L,
AT L % 72 5 HES L ORIEA Y MV )5 oo hd T 2k
L7z, R L7 CToOREI IRt LT, AKRyEOEENm PR o = 40 o

(2 & BARVIERILANY DUTIFEE A EZEE LR, MH-1EN) MH.1(1;0) w1
BOLREEIIER LTz, 22T K LOW%LA TR I E “Fitae™ NPT nacivey - e
& :;(‘—f L T%kﬁ%gﬁg(imm :;(f‘/\j 41 5 nm) 2&‘ 7° =35y ].\ L/ In non-polar solvent In polar solvent

7~ DEARROME X (ms =330—390) & 7T > 7 DFEHER 1. PETE &Kt > —(@)OF-2 & (c)MH-1
%éﬂﬁﬁmfg @@ﬁ@mgﬁéiﬁi@%ﬁﬁ DS FATMBTOPETE (MR KRR & k5
FUDL=330/ m) % Bt L7k, 14-UA oo FRMEOPETREE(H M) IKE

0.01wt%, THF Tl 0.008wt%, 7% h=k U/LTiE0.009wt%, =& /—LTiL0.009wt% TH Y, i

LTc TR TOEBI ISR % BAFRDLIEA R L7, LLEORERIZE ST, <7 F Ty —
AF L FE—=T X T = =R a VT AT OVRIREE IS\ PETAE MK L — DK Gy
WD A T = ZIZDONWTER AT -T2, K 1alR LIz & 91T, EEOEEDOPETIRMEZ)OF-2 DORSET
\KZRINT D & OF2 ~OKGFOMNMMPEZ 52 L CRaRX— "N = T = AT H
I COBERHEIEATERM S, fERE U CHEEDPETRNEMR) A A L HEEOF-2a ) 2 E L 41T
WD EBEZ HILD, & BT, IR JOEOER A A 2PETAR etk o —0
BiFsA HIE L C, d0OERHAL L CBODIPY A& % AV VeMH-1 255 1a%5t - Gk L, AKoxd 28t
VYT AT = A LT LT 1b), BRZRNZ 210, 14- DA 0 R TIIOK EORINT & 670
FOCIREIIHD T 203, 78 b= F U AT, dOREDE L HER LTz, SOt FIE(Pn) & K&
DTy Mpb, 1ATAFY B IOT & F= UL & HIORGIREDHINNT S & dy=20—30%IZIX
RL7z, T7abb, AR T3y FAOB-NAHALER R < B < Z & TPETAMIIH] S CHRY VDl
FLEZR TS (MH-1(BN)) | e BB T & ) B-NAH ELVER S S 7ok, PETYETE
LY ARSI, KOGREN ERT D L EH 5 G K SIVMH-1(H0)Z TP 57
O, WIS, FREOOIIIR LI bDEEZ HIND, AFEND, BT AT AICES
UWEPETRYHOMK T o —13, Ik oy At « (B - WIHUE & DHOHEDHS AT T 227
MK E Y —Th D L ATHELT,

(2) PET-FRET AUtk o ¥—

PET-FRETAUHO MK E L H—& LT, =R LF— R —EDyHNFRHAE LToT v oo
FNX—T 727 2 —~(EAIEIFI AL L COBODIPY 2 Y I —IC L W f5H L72DI-1 £DI-2 555 1
FEt - AR LT=(M 2ab), 7 b= KU AFIZEBNTDIAL 1, 300—400nmf s 7 > k7 o ERRICH
g™ D I OBIIRTL : © A =367 nm, E/WEIEAREL © e =14200 M em!) | 33 L TN420—520



nm (43I BODIPY H#HIR T 2 WIS =498, e @
=72200M"' em™) &R L7z, RPT DEEANT MUZIBWNT,  wifod

DJ-1 1L, 7 b7 EHOS=367Tnm)d 5\ NIBODIPY B & (e o we. & el
(=472 nm) CHIEHE L7256, 480—600 nmDRENGIZ HOEA (10 e o OO S
KPR (ma™=508 nm) %43 2BODIPY BHIZHKT 54 poa = DJ-1a 2
%%%;&‘ﬂ——\‘ L/f:o gji\ T‘E }\ = }\ U /Vtmzﬁb \TDJ-Z Lj:\ Ngn ﬂuorescenc_e _ Fluorescence

300 7400 nm,f#i&&: 7 y ]\ 3 ,_E Vﬁ’%@: EH ;'%? 5 %ww% ((;ET active and FRET inactive) (PET inactive and FRET active)
(™ =3671mM, e =14800 M cr) 55 TR430—540nmf )% 9 o
JLICBOD IPY i el CHIK S 5 HM i o™ =511 1M, = 4 - X 3

61300 M em)&7R L7z, SfIET DHEANT [ UTIBUNT, %;,)1\13 O‘ . L
DJ2 [E, 7 F TR RSO =36T0m) THINE L7=5er, 7 s L0 et

v T BRI I D I A ™ =407) £ BODIPY o2 5 piza
%*ﬁ’ é: EB ;EVJ* 5 ,E_é’%%l%% %(ﬂmaxem - 520 nm) %f 71N [_/ f: Z)‘) N Non fluorescence Fluorescence

BODIPY'E‘%(/{SX:486 nm) _,C‘%J)—jbj@ L/f:j:]%/ﬁ[\\ BODIPY'E’*%L: (PET active and FRET active) I ;l:ET |lr|a'<:!|ve and FRE'I;acuve) _
S D HOH ™ =520 ) DA 2775 L7, S 512, DJ- B 2 PETE RDETZ%DEEkj’IE\ '§ ﬁ;ﬂc;@ g

1 LD12 OEISSIT (7 |5 i ™ BODIPY 1 (Gl i O T e O PeT
F& D DT e\ D7E) 1E, ZHZH 7563 e & 8017 ~==£Sr'$"‘§ 5‘.’:12{)4 o A BEREoon
om’! HOERNTKZMEE R LTS, Z2C, ARl Ly TARERDRES =ik
Y b= U ZRWT, DI-LIERF OKEINC & 672 9 SIS KO A7 MVEL A B L
T IKTEOHEINT E B 720N AT MUZIEE A EBIIR BN T-, — ., T 2806
AT FIVTIEL, TV b TR B OGS =367 nm) L7254, KOBEOEINT & 720 480—600
nm O FE ZESFEIPE R (™ =508 nm) %479~ 5 BODIPY B Z KT DR OIREEAER LTz,
KA EDHNINT & & 72 5 BRI IRE DML, 5.0wt% CRIFNZE L=, —77. BODIOY'BE#H& Tihtd
(1=472nm) L7355, KON & B 72 5 BODIPY BH&IZ KT 2 B RAR OFREL ALY R L
BT R B gnoTe, 37205 2L ORAIE, DI-1EREOKG RO & $ 72 5 BODIPY
BRHEROFNAORRL, 7o b TR BHEEOT I ) AFIVT = =R e VEEELZ IS8T HPETD
RE7230H EEDO T > b T B BEADBODIOY kS ~OFRETDIEE LA L TN = & 298
TELTWD, —J7, DI IZBL T, DI-1 EFRERIZ, /KTEDOHNINT & b7 HIART M UZIE
E A EEUTRLN R T, MIGTDHIEANRT MVTIE, 72 78 B T =367nm) L
TG, IKGTROENN~40 wt%)Z & & 72V \BODIPY B HK 32 SO FOEHH(520 nm)dD 15 nmiE &0
FEREY 7 b EEESREDKZ /R LA, 72 b7 BRI D3 (410 nmfHIT) 0O5f
JERAY NV TR G- Tz, S HIZ, BODIOY B Tt =486 nm) L 7= 5557, 7K
SO & 6 72 9 BODIPY BRI KT 2 HOEFEHH520 nm) DR L7 b & dEsE O3
B ST, O ORFIL, DI2 RO EORINC & § 72 5 BODIPY BA& FRSROFEARFOHEIRIT,
BODIPY' B4 EDT X ) AF /N7 = =)L v EEAIZEBT APETOHIH EEDOT o 7 o E G
EADBODIOY BH&~DFRETDOFEUTER L TVD Z & R LTV D, £ 2T, Ko E & a0t OR
A BAHEC T 572012, K EITH L TIRREIFREDIL : A =508 1m, DJ-2 : Apu™=520—535nm)
27y b U7, KRTEOEINC L 672 5 DI-1 OESEFIEREOHERIL, 5.0wt% TRAINZES D Z &2
DT, K 1LOWYLL T ORI EZ T 2 e KA TR (™ =508 nm) TOFGIRED 7 1 &, 13
JFURZ B HERYR?=0.96) TdH V) | DI-1 UKo « EBPEZ A9 D KR Zedtt ke o — LTH
LTHD Z DD oT, TIUTH LT, 9 1.0 wi%LL FOKIEOHENNC & © 72 5 DJ-2 OHEFEH
FEIEE A EEE R BT 40 W% LA T DK GBI 236\ T KR T T D HORED 7 ey M,
B AEAERE=0.96) %2R LT, EMOEZ (m=13)L 777 De3e>, DI-1 OT7 % b= kU /LfizE
VB KT EDDL(=330/ my) & FitH LIS R, 025wt% Th-o7-, —J, [ERROEE (m=024)7>05, DI-2
D7 b=~ UVRIZET SR EODLIE 10wt% b & 725 Z L3 o7z, PET-FRETRMOE K
=K Y TRERE AT 572012, DI-1 EDJ-2 OFRETZIER (EFRET=1—(mpa/D) : oA &
wld, TNENDI-1 HDHWNIDI2 & N —IOERMADEOET ) 25 7o, DJ-1 OEFRETIZHT 100%
TdH 50N, DI2 DEFRETIZ49% T V) . DI-2 IZHATDI-1 DFRETRIHRITE LL @V 2 &3 boTz,
Z OFEFI L. EDBOEFYERHA L PETRIEA SR ERHA TIERL S LTV ADJ-2 12T, PETRIEDEDL
FENCRHA L EASOETEOERHA T ST ADI- 13, BN 7-PET-FRETAMO MK L — & L CHERE
THZ L AR TV D, ATE D, BI%E LIZPET-FRETAM Ak o —1d, KRERA h—7 A
7 MEALTEY, Kozt s 2 & TPETOMFIC & & 7V FRET2METR(EOEED BN T 5 2 & &

5T LT, (@) (b) © .
(3) PET-AIE AUHOMK L — 7%‘3 < [ %f‘%o (J %f%o

EE 4R 7 2 % Ot (Aggregation-Induced ° (Mg DR s S DI OE 1
Emission : AIE: AIE) & 1, #ivdlaik b Cldie J RC(E@ Q “H0 g

N ] - N -H,0 om
%tll\ﬁz@@ié)@%ﬁﬁg%ﬁgﬁkﬁ—é — & VG%E RN-1 ’ RN-1(H190";1 RN-1(H,0)-A Aeme
Bl X N R ) L:{—cﬁ ) ﬁ%fa%éo*% Z T\ Non fluorescence Fluorescence Strong fluorescence
ZIKE{' %1’&12%% % Li{%&%}(ﬁj\'ﬁﬁfﬂy <E ,%7k§7\'ﬁﬁ (Dynamic rotation (Dynamic rotation (RIR (AIE active) and
fﬂﬁ@ﬂ( %*ﬁﬂj < % %) PET—AIE};@%%‘I‘$7K'E and PET active) and PET inactive) PET inactive)
=& LT, “Tv rotBy—AF [/\/% Interaction with water molecule Aggregate formation

— 7 ) ¥,—F 57 == =F (TPE) B 3. PETAIERES KL 24 —RN-1 D(a)K3FTNATD
R LT AT VEREEDRN-1 %412 PET/ENM & BERESPRRE(RE L), (b)/KD FAMERDOPETRE
2 AR 3), ATHEIAIE: & LC, (Ao PEEEH) & EEREEMRRE S & U (C)BRIRRRICE 1T HAIERT]
14- A% LTHF, BLOEMMEO 72 b= kY L2 HNT, RN-1 RTORGESICE $72 9
FERILES KO AT MV E B LTz, Blé LT, 7% b= kU LE RS ORIER R X
9a,bl T, JHRINARY MBI LT, KOG ED 65wi% £ TIIZAEA RS20, 7T0wt%Ll b
TR ORRE Y 7 b &7 a— MepBigE sz, —F, sIET28EEART MLV THE, 50wt%
LUF DRI IS TR EDENNC & 7207 2 b T8 CHBROFOCFENAH400—450 nm)3HBLL |
BOERENER LTz, 51T, 75 wt% b EDEKAFEIEIZI5V T 500 nm STl ZAIBIC R 2 3078
WSHHEL L7z, % 2 CLKGy i & aORE OBIR A BIREIC T2 72601 K3 Bl Tt L Clie KA ETREE (Aa™
=) 420 nm &£ 500 nm)Z 72 [ L, ZORER, #9 1.0 wt%Ll T OBIK I HEIECHI 420 nmODeoEsf
BEFRBTIR L, KIS wt% DK TEIE CHOEIREE FAAFNIC = LT, S HIZHRENZ L2, 75 wi%L
D ERAEIEIZ ISV VTR 500 nmDHFOCTRE O R MEE SH 2, #9 1.0 wi%lA F ORIk LT
REEITRE (™™ =5 420 nm) & 7" 2 b LIZKIDEARROBE X (me)i X, THF(74)<14-2A X (89)<T



T h=hUAGODIAICKE < 7Ro7oem& 7T 7 Daipbh. (@)
RN-1 DA R F50) DA B ODL(=3 30m) 2 Bt L A8
ToRER, THECIX 044 wt%, 14-2A %3 TlE 037 wi%,  ° N
7 b=RULTHE 011 wt% CThH-o7, LLEOFERICHS
W, PETAIERYIDEM K 29 —RN-1 OKGRID A 7
ZANZONWTEREEToT, M3ITRLCL DI, Bl
PEDPETIHIER)RN-1 OFFEHIKZTINT % &, RN-1 ~
7k§7\%0){#j][”: c]: é?é’%‘l‘i@ PETZ:¥£II\$7L£)/( j—\\/ﬁjﬂ&:RN' x RS-1(H,0) RS-1(H,0)-A
l(HZO)Z)S‘EEE L/Tl/ \%) %) 0) k ?_ %héo é % &Z-\ %7}(67\6/5\ Non fluorescence Fluorescence Strong fluorescence
I 72 % & RN-1(H0) DBEEAARN-IH0)-A D IR S AV Qragecisr Qremeraly (R 0Gig ™
7%‘?3:%\ TPE%K’{EZ@IE[i‘i@@J?ID%M: cl: Z)Amﬁr$b§%§fﬁ4 L/f: %) Interaction with water molecule Aggregate formation
DEZEZ NS, FHHC, FEEARN-1(H0)-ADZKIT, 80
wt% DKy & ZTeTHFR KO & b= b U VBRI RIS ; %
% A AN T W BESEM)ITE & B YERCLAKE 704 o
(DLS)HIER L OTyndallFRZUZ LV i LT, LA ED3E oD o
BRRERN G PET-AIERVE MoK E o —RN-1 DK
AT = RN, BRI CIIPETOMINIC L 57 > Tt
LRSI B DFEURHEA™ =5 420 nm).  =/KS I CI3%E
HRARTERUZ & % 70 5 TPEEBALOIEERHNHNC X 2 AIBFEME(A2
:;’f‘!‘j 500 Ilm) O)%\éfﬁ‘& :E ]"/VC‘/ \é : CE 7‘7)3\% % ﬁ)k f‘io TCO Non fluorescence Fluorescence Strong fluorescence
é [5 &:\ PET?&'EE’%‘r%J(t :/_]j-“—OF-Z . 0)77 :/ ]\ ‘?‘{Z :/'%’*% (D)én;ngic rott_ation (D(yjngg_li_c_rotat?ion :DREI"? i(r}l\lEﬁsctive) and
J%:aéTPE? é b \&jj::/“7 - :/l/%/‘;‘(g ?/ﬁ%‘q? 111;&{ VK‘Z(\P%%BF) " I:t:rlzi()ioﬂ with Wateranjolecu\emac I\AI:)gregate formalioanC ?
BALTZRS-1 RS2 23, AREBEH OME/RIEN(.0 m 4 PET-AIEREH147K£ >H—(@)RS-1
wt% L ) & /R S3 B(60 — 70 wt% LL L)Y D K& L Li :(b)RS-Z wyl%ﬁ?ﬁﬁujfﬁﬁwpgﬁé’r)it &
PETHIHC & & 72 5 HOEFIE L AIRFEIUC ISV TRINT S smmpikne matsett), K9 FATMEOPET
HPETAIEA s —L U THET D = 3: RN TEM (M) & EEERRAE S & Ve
LTCVv \%)( 4), AHFZED G . BEFS LfCPEI:AIEEQ?EA%‘r%k‘IZ REEIZ B+ BAIERE
T, REIRTEI(1.0 wt% LA T) & /K REIE (60 wt%o
L EYDKE ZIVENPETHIHNC & ©72 5 8RO & AIRBUIE DWW TR CE 5 2 IR
7J\<_IZ :/"j_»— k bT%ﬁEj—é : k %Eﬂ %75\@: L/f:o OHC CHO
(4) SFC-AIE Alatitpokt o th—
LB E A AT HDPET-AIER! o
YK — PR A ED S
RRIZISUNT, BTk L 7= TPE-(An- ‘ - o
CHO)4 73, {B/K IR~ Sy il (L " ) et
TIEYANRTIAFR 03 L )0
(SFONTIEAN =T TR DHIN
s, &5 G:qj7k§7\€ﬁfﬁ’v[%7k§7\ﬁﬁ TrEtAneRoL SFC e
D R Y5 (X
5)s T;IE-(AIT-CHOM @ifﬁﬁﬁ@tﬁ:ﬁ&{j\ 5. SFC-AIER! & ¥ MKt > —TPE-(An-CHO)a M (a)7k 7> F 1
TPEZEVRHA L UHSDT > kT 7 LT ﬂﬂﬁﬁ@TPElﬁlﬁﬁE@]’lﬁ%g?ﬁ?ﬁﬁ'ﬁ'|ﬁ), (b)IK 7 F 1+ DSFC(EH
t RAn-CHOVRYERHAZ A LT 5 1) EEERERPIRES L U () REREISH T HAIERE
ZLTHhD, T T, THREERTORDEINZ & H72 9 TPE-(An-CHO) DRI & A AT BV
TEHAT o720 HRILART FIUTBI LT, KR EA B 30 WitV E TIFZ AR IRV 3, £ 40 wt%
TR ORI R > 7 b7 m— MepBlgEsivie, —J7, fihT 2HEAT MU LT, K
SEAEAE) 30 W% ETIE, 72 M7 TT B FERD 500 nmfHTOHOERCHORIR >~ | L
SFREORRDBII S TS, S BIS, K 40 wtYolh EOE/RFEINCIE 540 nfHIOEOERIEA AL
72 TPE{(An-CHO)s D/KA B\ ThI Bttt o o v 7R 2 3l d™ 2 726012, THRIZA R O & K5y EoK
Syl ek U TR REOETRE IS K OV R (™ =497 —541 nm) %2 711 |k L7=, K EA 8D 30
wt% E TIESFCIZEEAN ORI ORI & SOERROREHR V7 2R L, RTEAEDKI 40 wt% L
ECIFAIBRAE IS ORI OEARNRIERZ 3 2 EAvbipo7z, £ 2T, TPE{An-CHO)s D
SESEREKRETHRERIC L—F =R A 2 —Z S LTo & 25, KOEATED 33 wi%ll BIZIsu
TFUENBIG AR LT, S HIZ, TPE{(An-CHO) D7k 53 A THFERIR D H 15 H - B OSEMER 0D
FENTZAT o T2, AROTEA TN 46 Wt%35 L TN 84 wi%o 238\ YT 2—5 um A AR5 PEEEEA DA E A i
B BHZ LN TE T, —J5. TPE{(An-CHO)s OTHF FIZE1F 5 /K EODLAEFH L7=kE R, 1.0wt%2L
Th Tz, AZENG . SFC-AIBRYEOMIK Y o —13, AR/ s~ 7K /3 Bl CIISFCIZHE Sz
BOEFRIRE D AR L, KRR~ S /K 3 TR CIRAIERRE C DU o dO R R O R &7~

RS-2 RS-2(H,0) RS-2(H,0)-A

T EEIFELT, e

(6) ICT RlEietkt 4 — H . ﬂ
ICTEE?E%II\@RVE T/V‘jﬂ_‘_ & L/T\ aﬁb Y - *// N L N// N = H'~N// N Rl H:() ,HN*// N

BT GAED T U i b I T I T

gD ) 2 -BFs #i & A9 5 D- f j f g f

A ELJ‘ T‘% iﬂE: 0) ﬁ_ ﬁ /I/ ﬂ—;‘ U \/ (pyrido[3,4_ ET-1-BF; ET1 ET-1-H,0 ET-1-H+

b]mdole) - ZT‘ ’7 %@%M&‘ET-I-BFJ, %ﬁj\% Low water content region  Moderate water content region  High water content region

b A LA 6), T F= kU B6ICTRE M KE V4 —ET-1-BF; LEKS, FKIELY
3;3@;»/55' \ECEET-I(-]EFs !)i\436nm£1“¥4i§ BRI RIS E [T B KDY F & DRIG

BYED Y 2 m VAN B ETFWE D B 2 L -BFs S ~OICTRFE 19 5 YR UIRR K &
(Emax=25900 M et @/na™®™) &7 L CU N2, JERT D HIEART MUTENT, ET-1-BF3 Ddn™iE 507
i HELL, & 130.65 ThoT-, 2T, ET1-BFs D7 & b=+ ULIEIETOKS BN & ©729
SIS L ORI AT MAVEALZ B LT, 7 = b U LI OB RE(11 wi% Ll PIICEL
T 430 nmfFEOIICHEDORANT & 720, 360 nmHIEOIRILHNHBL L7z, T 280 A~s
R UZEBUT, 510 iSO EOEFEE O & 420 B O IO BB -, =0t
WRES J O AT VKL ET-1-BFs OSS{AAFRHEBEF; ORI L DET-1 DIERISER LT\ 5,
X512, FUKMHER(11~40 Wt9%)IZH5V T, 360 nmdITONIINHAN R E S 7 ~ L., 420 nmfHTFos;



&

MVERIZ ET-1 LK1 & OKERERSERET- =
1-HODERRICHER LTV D Z EAVRIB S A,

T

HFHEORD BB SNTZ, ZIHHDANY () g u

1N

ERATNAO WL NI VT, 420mmISITO ) 0L e o T e 0
JWL & 510 o PEOEEFCHOHBIAEL ¢ v T e T e
HENTz, ZHHEDART |k /Vﬂg{mj\ A= N4 9-MP-BF, 9-MP 9-MP-H,0 H  9-MP-H+

BESSAET-1-H OIZRIZ B LT D, K5y conentregon eonentregion. conien regon
EWRERETS JSOVHOETRIE DEILR 2 HE Z 95 7

DI, KGRI L TR A Efokaoe @ |1 0 S s
SEFYE 72y b LT, L1~42wt%0OKa88  § " "
BT, A RHCR L C A =40 360 B M wo B CHOHE wo 8 CHOR
n@ti@."ﬁ%ﬁ@@:i—%k L/\ A430(/1maxabS:%'f\‘/\j 430 I]Il’l)&:t s s N $/ o  As s
BRI 5 2 E b oTo, T D [ QO () 0) (
kﬁ%9@§@7om v I KE?J LC, tho(ﬂ.maxem:;ﬁ/‘j FJT:F J‘g:F " YNI-2 w He : WH H
420 nm)| XERREIIZEE R L, Flslo(hmxem:?'ﬁ/‘j 510 ’ YNI-2-BF; C YN2Ho
)ALz, —J7 42T W%k Yoo Gootemans cootessare
%ﬁﬁfﬁ&lj‘éb \T\ 7k§7\%&:ﬂﬁ—éA360 <EA430 %c]: In low water content region In high water content region

Flygg EFlsig DZAUITNENZ &3 boho7=, 11 BT, ICTRE K+t 2 —(a)9-MP-BF3 & (b)YNI-2-BFs &
~60 Wt % DRI TEIICISNN T, Az & Agzo 1, T 1BKS, KD E L UBKNMEEIZE T HKDFLEDRIE
NENE LD EEERZR LTz, S 51T, 11~40wt% DKy BEK
(ZFBUNT, Flyg IXERMIITID L, Flsio IXEROITIER L7223, 40
wt% DRI CRIRINCIE L 7o, DL EOFEGERN G, 50 v
GOV 2v Y OB AR LTZp- VR ) o — R RESARET-
1-BF; |3, ARRBE R O K (~4 wi%0)7) SRR fEE 4~
11 wt%)3 K ORI REI(11~40 wt %) 233\ VT, SEIAAREEBE; Ok
HNC K DET-1, K1 & OKEREAFEARET-1-H03 L0712 ko
BEGHAET-1-H" 2 B IRT 5 2 & T, SIS L OB A
—7 Z 355 Zo Z. ﬁ— VIR U —7 S2EEIAS 9-MP- ST-3-BF3 L . ST-3
BF: 7%, ARSI OB BI(~2 wi%), ks ~40 B 8. ICTRIBEAEK 224 —ST-3-
wt%%)35 L OB T 40~80 wi%) |- F3W T, EVZHaHIAfiREE - BFs EXAF EORIG
£ % 9-MP, /K531 & DKFEAEGEA 9-MP-H045 L OV 1 b U BEIGHA 9-MPH 2 TR T % = & C,
WIS X OO ALY MV RB L ORIRRE Y 7 Mg & 292 L 2B BN LT(X Ta), — 77,
ICTAEIE’ Y 20 — 7R U #SEAYNI2-BF3 [ZBI LTI 7b), 7 h= [ U VIR OGO & $ 75
V) YNI2-BFs DICTHHZ RIS % 450 nm a0 a3 L, YNI2 OARISEER % 360 nmfsf
EDFERIHF DR LTz, 360 ne OIS, 3.0 wtY% LA B/ B CRIFINCE L7223, 0.0139~
40 wt% DRI UNTHMIL AN DAL USAHE L TR0 72, SFRILEOAER, 1k
FAHRNT 3 FlD DU NIZIA EDIWFFENMAHES D Z L 2m LTS, —J7, ST DHEA
7 FIZEUNT, 3.0 wt%LL FO7KSHEIR Tl 485 nmfHT OHOEFOICHTAER L, 4.0 wt%LL DK 3H
I T3 485 ninfHEDEOEFIEHAT 10 mlE EORPR S 7 Mo & bRV Lz, PLEORERIZE SV
T\ YNI2-BFs D/KRHD A B = X ZOWNTELRZAT o7, T35, HEIKE(~3 wt%)lZs
U, EROEPEDYNI-2-BFs 23K 1 L B2l % Z & CBF; 2 L. YNI-2 OJFRIC & & 725 CTICTHE
PEE(ET D 2 & CHOBRIEA SIITIERT 5, S BIT, 3~40 wt%DH/K M EIRIZ 51 T, YNI2 O
U VAL LIRS FCORFERES OIEAYNI2-H0)2 K D ICTRAIED A 95 2 L T, 3O EOR
Wy 7 b EHOIRE ORI DB S NI b DL B X HID, £ T, KorEEdREOR
FREMAHE S D721, KRBT L TlROREDEIRE 2 71y | LTz, ZORER, 9 3.0wt%LL FOEK
SYFEICCIE 485 nf T OBOETRIEAME R L, IKGr B TKRIT 2 e KA IR (™ = 485 nm)D~7' 12
RMEL BUOERMEZ R LRP=0.99), EAROB X (m)iL 56 THo72, m& 77 27 Dahb, YNI-2-BF3 D
7 b=k ULHIZEIT AR EDODL(=330/m) = Fit LizfER, DLIZ 0.06 wt% Céh-o7o, ZDZ &M
5. YNI2-BF3 3, ZHUE TICHE S7-PETALE JOICT O K 2P — & [ 7K i HRE
ALTND Z Evbipole, —75, 3~40 wt% DK T, 485—495 nm LD dOERE ) R
BRI Uiz, FEBRIT, 3~40 wt% D 7K G B9 2 B K IR (™ =1 485—495 nm) D 7' 12
Y MIPB miE R, ENEN—40 L 098 Th-o7z, S 52, BODIPYD 3,58 {irZ- Bt L 7ZICTAIE" )
DU — IR SESHAST3-BEs 73, AL ORI BEIH0.2 wiYo LL P)IZISW N TEEAAFEBE: D)
LDST3 AT 5 Z & T, MR LB AT MDY T MR X T2 Lo 7oK 8), AR
T O CTRHEA AT 5 B 0 — A8 7 SRPR IR AR DMK S 87 5 H1/K A3 S & ONs /Ky BEI S
DIZ DI OS2 R PTREZRICTRU Lt « Atk L h— & UTHRRE S 2 Z L 2N LT,
(6) PET Akt H—% R—=7 LIz ~—7 (/LA
PETHE YK o —0F-2 &fix DR Y < — @ 0 e (o)

1 wet F N % .
(7j_\9 U X% Lo PS‘ 71'\9 U (4_ =L 7 « Y ‘—‘/1/) :PVR\ (moisture) | (water droplet) :‘.:?‘
AR E=ATNa—L PVABLORY =F= 7Y el o | e

J e TSk e * 4 :
SR aEG) R T T e AL B o, (apka £ Gk IR <3517 BOF-2.PS
BIRD T 0IC, KRS NEER () & a4 (. 7 1 JVA(OF-2: 50 wi%) DUV 5 VIS T CTNEE
TR DOF-2-7R U ~—7 ¢ )L ADFERIES L OO AT MVIEZRAT -T2, SR 4 g~
TOOF-2-R Y ~—7 ¢ )L AL, 300~400nmlZ T > b & LB B OIRBEIE 2453 2 R & 400
~600 nm|IPETIEMEIRIE T TOT o F T8 B O o ~—FLIZHkT 5 7 v — R OMEs a0t
AR LTz, OF-2-IR Y = —7 4 L b Z KZKU TR R S D ERINASY MUTIEE A EZE L7
D3, RPIST DHIFEICANT MU TUR, PETNEWE FOT > b7 A BIEOE ) ==K
DIREME 2479 D HOEIEHY 400~500nmiZHHIL L 72, S IS, IB{EROOF2-N ) ~—7 ()L L%
ZELH TR S 5 & | JO(FERRH ORI & AT MR D, 2O X DI, OF2-RY~—7 ¢
JVLTREEE IR I\ T, =R v Rl L~ — RN O R L D Z &
binote, FBIZ, UVT 7 254nm)HE FOOF2-R U = —7 4 )L AN, FEREOREE T~ —3
LR OF AT ) ~—Fa A5 Z LT 72(1X 9ab), AWIZEN G, PETREDLM K P —
7 4V AR, RARAKER L AU LT 2R RE e U MBI TR D L RIS H T ENTE T,



18 18 0 10

Jinbo Daisuke Ohira Kazuki Imato Keiichi Ooyama Yousuke

Development of fluorescent sensors based on a combination of PET (photo-induced electron 2020

transfer) and FRET (Forster resonance energy transfer) for detection of water

Materials Advances 354 362
DOl

10.1039/d0ma00139b

Tsumura Shuhei Ohira Kazuki Hashimoto Kosuke Imato Keiichi Ooyama Yousuke 4

Synthesis, optical and electrochemical properties of propeller-type 3,5,8-trithienyl-BODIPY 2020

dyes

Materials Chemistry Frontiers 2762 2771
DOl

10.1039/d0gm00494d

Tsumura Shuhei Ohira Kazuki Imato Keiichi Ooyama Yousuke 10

Development of optical sensor for water in acetonitrile based on propeller-structured BODIPY- 2020

type pyridine-boron trifluoride complex

RSC Advances

33836 33843

DOl
10.1039/d0ra06569b

Mise Yuta Imato Keiichi Ogi Takashi Tsunoji Nao Ooyama Yousuke 45
Fluorescence sensors for detection of water based on tetraphenylethene-anthracene possessing 2021

both solvatofluorochromic properties and aggregation-induced emission (AIE) characteristics

New Journal of Chemistry 4164 4173

DOl
10.1039/d1nj00186h




D. Jinbo, K. Imato and Y. ooyama

Fluorescent sensor for water based on photo-induced electron transfer and Forster resonance
energy transfer: anthracene-(aminomethyl)phenylboronic acid ester-BODIPY structure

2019

RSC Adv.

15335-15340

DOl
10.1039/c9ra02686

K. Imato, T. Enoki, K. Uenaka and Y. Ooyama 15

Synthesis and Photophysical and Electrochemical Properties of Pyridine-, Pyrazine- and 2019

Triazine-based (D-1t -)2A Fluorescent Dyes

Beilstein J. Org. Chem. 1712-1721
DOl

10.3762/bjoc.15.167

K. Imato, T. Enoki and Y. Ooyama 9

Development of an intramolecular charge transfer-type colorimetric and fluorescence sensor for 2019

water by fusion with juloidine structure and complexation with boron trifluoride

RSC Adv.

31466-31473

DOl
10.1039/c9ra07136a

K. Imato, K. Ohira, M. yamaguchi, T. Enoki and Y. Ooyama 4
Phenazine-Based Photosensitizers for Singlet Oxygen Generation 2020
Mater. Chem. Front. 589-596

DOl
10.1039/¢c9qm00685k




Takuma Fumoto, Saori Miho, Yuta Mise, Keiichi Imato and Yousuke Ooyama

11

Polymer films doped with fluorescent sensor for moisture and water droplet based on
photoinduced electron transfer

2021

RSC Advances

17046-17050

DOl
10.1039/D1RA02673A

Kotaro Obayashi, Keiichi Imato, Satoshi Aoyama, Toshiaki Enoki, Seiji Akiyama, Mio Ishida, 11
Seiji Suga, Koichi Mitsudo and Yousuke Ooyama
Synthesis, optical and electrochemical properties of 4,4"-bibenzo[c]thiophene derivatives 2021

RSC Advances

18870-18880

DOl
10.1039/D1RA01189H

Kazuki Ohira, Keiichi Imato and Yousuke Ooyama 5

Development of phenazine-2,3-diol-based photosensitizers: effect of formyl groups on singlet 2021

oxygen generation

Materials Chemistry Frontiers 5298-5304
DOl

10.1039/D1QM00649E

Taiki Higashino and Yousuke Ooyama 50

Organohalogenochromism (OHC) of Dyes: D-1t -A Pyrazinium Dye 2021

Chemistry Letters 1530-1533

DOl
10.1246/cl.210272




Kotaro Obayashi, Taiki Higashino, Keiichi Imato and Yousuke Ooyama

45

Synthesis, photophysical and electrochemical properties of 1,1' ,3,3' -tetrasubstituted-4,4
bibenzo[c]thiophene derivative with different substituents on the thiophene rings

2021

New Journal of Chemistry

13258-13261

DOl
10.1039/D1NJ02498A

Kotaro Obayashi, Saori Miho, Masataka Yasui, Keiichi Imato, Seiji Akiyama, Mio Ishida, and 45
Yousuke Ooyama
Development of 4,4"-bibenzo[c]thiophene fluorophores with substituents on the thiophene rings 2021

New Journal of Chemistry

17085-17094

DOl
10.1039/D1NJ03153H

Yousuke Ooyama, Kazuki Ohira, Yusuke Kagawa, and Keiichi Imato 89

Synthesis, Optical and Electrochemical Properties of Benzofuro[2,3-c]carbazoloquinol 2021

Fluorescent Dyes

Electrochemistry 562-566
DOl

10.5796/electrochemistry.21-00082

Saori Miho, Takuma Fumoto, Yuta Mise, Keiichi Imaousukeo, Seiji Akiyama, Mio Ishida and Y. 2

Ooyama

Development of highly sensitive fluorescent sensor and fluorescent sensor-doped polymer films 2021

for trace amounts of water based on photo-induced electron transfer

Materials Advances 7662-7670

DOl
10.1039/D1MA00881A




95
2022
53-66
DOl
10.4011/shikizai.95.53
50
2021
32-38
DOl

10 4 9

Yousuke Ooyama

Synthesis of phenazine-based photosensitizers for singlet oxygen generation

The 14th International Symposium on Organic Reactions (I1SOR-14)

2020

Saori Miho, Kelichi Imato and Yousuke Ooyama

A Novel PET (Photo-induced Electron Transfer)-Based Sensor for Water and Polymerization

The 14th International Symposium on Organic Reactions (I1SOR-14)

2020




Chih-Hsin Yu, Keiichi Imato, Cheng-Liang Liu and Yousuke Ooyama

Synthesis, Optical and Electrochemical Properties of Phenazine-2,3-diol Dyes

The 14th International Symposium on Organic Reactions (I1SOR-14)

2020

Kotaro Obayashi, Keiichi Imato, Seiji Akiyama, Yousuke Ooyama

Synthesis, Optical and Electrochemical Properties of Bibenzo[c]thiophene Derivative

The 14th International Symposium on Organic Reactions (I1SOR-14)

2020

Kazuki Ohira, Keiichi Imato, and Yousuke Ooyama

Synthesis of new photosensitizing dyes based on phenazine skeleton and their singlet oxygen generation properties

The 14th International Symposium on Organic Reactions (I1SOR-14)

2020

Yuta Mise, Keiichi Imato and Yousuke Ooyama

Luminescence Properties of Tetraphenylethylene Bearing Four Anthraldehyde Units

The 14th International Symposium on Organic Reactions (I1SOR-14)

2020




Y. Ooyama

Optical and Electrochemical Properties of Phenanthrodithiophene (Fused-Bibenzo[c]thiophene) Chromophore

14th International symposium on Functional 1t -Electron Systems, in Berlin, Germany

2019

43 , ,

2019

Y. Ooyama

Synthesis, Optical and Electrochemical Properties of Fused-Bibenzo[c]thiophene (Phenanthrodithiophene) Derivatives as a New
Functional Dye

The 9th East Asia Symposium on Functional Dyes and Advanced Materials (EAS9); National Taipei University of Technology,
Taipei, Taiwan

2019

Y. Ooyama

Photovoltaic performances of type-I1 dye-sensitized solar cells based on catechol dyes

Asian International Symposium -Electrochemistry in 100th Annual Meeting of The Chemical Society of Japan; Tokyo University
of Science, Chiba, Japan

2019




2021
7
CSJ 40 ( ) 9
Keiichi Imato and Yousuke Ooyama 2021
Springer 23
Progress in the Science of Functional Dyes; Chapter 13 Photodynamic therapy
Yousuke Ooyama 2021
Springer 72
Progress in the Science of Functional Dyes; Chapter 14 Photoenergy Conversion (Dye-Sensitized
Solar Cells)
Yousuke Ooyama and Shigeyuki Yagi (co-editor) 2021

Springer

609

Progress in the Science of Functional Dyes




2021

25

Yousuke Ooyama

2022

The Royal Society of Chemistry (RSC)

31

Sustainable and Functional Redox Chemistry; Chapterl3 Fluorescent Sensors for Water

2020-133989

2020

2021-147571

2021

https://ooyama-lab.hiroshima-u.ac.jp/







