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Abstract

A BODIPY-based fluorescent sensor 1 has been developed and their recognition and sensing abili-
ties with various anions have been studied in solution by absorption and emission spectroscopy.
Sensor 1 showed selective response toward fluoride anions through hydrogen bonding interaction
with ON-OFF fluorescent behaviors. Through this experiment, it allows students not only master-
ing how to operate the UV-visible absorption and fluorescence emission spectrophotometers, but
also cultivating the research interest in the field of molecular recognition and photochemical sensing.
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1. 518

BEE D FACERIRE, 4 FIRBIE S AL kb, (5B R DR RRL S ZEAT, ke 25 ik
KEEZEREH . 0 F IR R T BDE S RN B 45 G 1 W R € ThRe R g A2 [1] [2] [3]. N TAE
oy IR B R AL & B S B B B A A, AT IE I T T B o T AR TR R R e AR R
ST PRI R IG5 ok AR 3 . X B 25 A TN G 2 2 AR B Al AR R AR O R
B AR RS TSR L AL R T TR IR, AR R 70T DU I Bt A8 Ak 523 H bR 4
FHORI, XFPVEE R, AHESRENE, & BRI R R ek R TR )
ARSI B AR TR, ZOTRIE PR R RBUE R RIURAC, 5 SO A S A AR I RN 7E 26
S H[4] [5]-

FF 15 7 103 5 45 O U T 4 T S AL AU — A AR R RO SR, S5 AR Al AR R B
TR FRRE RO R T2 KE, SZHRNE SRR &2 0E. Bk, &, k. IR,
IS otk ARy 2 5L 4 BA S E IR B E TS T 45 G o0, O 2 N T& BU e v f g1 B+
PUMBIEFE, 1B SR 1 e 7 P55 1 o 2 T 0 5 )N 752 4k R I ek 2 A% i e (6] [7] [8] [9] -

VERN—RBEERAHIIOCYRE, F7% (BODIPY, 4,4-difluoro-4-borata-3a-azonia-4a-aza-s-indacene) &
WA B IR CRE T T 2 0 . SR D8R 0 B 3 AN AR ER 5 R A L, BODIPY 2K 4
BLEA R BERIEERE. Myt E T, R EKIAH] 500~700 nm. £ 5 1&MM . A 525
EH pH B, Jetb Rt RIFS M. BT, AR A S A R o] & 1)
Theett BODIPY K¥OUHRE O T T &Ee 1. BET Ao M4 7R, DNA rid
FUFF CA B ARk R AR R b, RIS RN R B S 8l 2 G5 A AN ThRE AT 7T [10] [11] [12]. TERTHARI0E
FoIHA L, WA T S AR BODIPY 2562k, E5t& RIS 1, FIF AT WA
ik, FOGRFATE LG TS T 1 S IR RE IR RS, R T IR AR B AR AL .

TEM R T BRGS0 R, R0k — AT WSO 1 v R 2 e e S
e A T B AT, XA A T AR T A S AU LTI R R ARE . BT IR M A SR
B FR ARG RS AEVE S HOAE R, 8RR O T E — M B AT, SRS I E 14
VIR IR BE o BOORNT B 35 5 A 1) SR A0 B A 4 e 2 B3 A B R S A SB35 R, AR P L A7 i 4
TEBEANBUFIA T AL T4 5 ST AL, A SRI0 3 a8 R AR R IEDIREZ IR, Tovk s R 222k p ks
BRI BUETRE MBI . BT Uk, FRATLKRAT U B RIFGIEVERE I SOGERET 1A 7T 51N
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BIABSIR A AR, — 5 T AT LSO A AR RIS 53— D7 T A] AR 2 AR RN 22 ST S B Y i
RS RHE A TAEST T e fifho

2. SECEM

1) T RS TR b 2 A B DL e e AR T I SE R i

2) B 2T L T I 5 T 1R 5 SRR 5 1 4 B R 4 T

3) I SEIOHE SR AT B I B T iR 5 A R AR G Se I I R ML, 3R 4h — AT LIRS 1 A
SRS RE A 1 A i s
3. SCIRIE

I A T R B T ERE 4 T BRI B T R B A, BT DA A B T2 0]
TR, S U 1 51 R A AT RSO 1 R % 9 R B 6 T Ak, T B4 TR B Rk 2 4%
I 1

4, (NBE5HF
41, SIYEE

Lambda 35 7428 4R Al WL 23 Y66 BE i (3 [ PE A7), LS 55 A1 5% %% 11 (35 [ PE /A 7). Inova 400 MHz
BRI HEFEHRAX (3 1H Varian A 7]), Agilent 1100 LC/MSD Trap ZW0Us BE AL (35 [E Agilent A 7)), 81-2 A
E LR )P (R = SR A B PR A A

4.2. SRR

IKWEE, 2,4-HEEMEMG, 35-RYERHEA, & Wk, &5, O, WEE, W, IECkSES
Mrafiks), 0T F4 AL 5 (TBA-F), IU T R &bk (TBA-CI), P T R iRk 5 (TBA-Br), U T 2Efftiki% (TBA-I),
DU T AR R S 8% (TBA-HSO,), DU T JEEE iR 4% (TBA-AcO), DU T HLBERE — S 4% (TBA-H,PO,), U T HAHA
L#(TBA-OH), DU T m A MRE(TBA-CIO,), LEEA CHaCN 51 45 M Al 7l (B 4z 1377 A A) s
CH3CN-d6 (Cambridge Isotope Laboratories, Inc. USA).

5. SEIRAE
5.1. It F 1 WA RS R

e T 1 I g &l 1 pos, A& 2 FERTII TAE b & i [13]

1 (CasHoeBF,N,O) A i /7325 B 2 (0.35 g, 1 mmol)i& T EtOH/CHLCN (5:1, viv, 50 mL), Jn#vfiH 4
TR, IS BEKE(0.37 g, 3 mmol), TN 3 UKEERRIE ML), IEENR 4 h, AEAERER, A
WEOEAY T, I EECR, K SRR =R, TRERAAF N EY 1, 75 70%.

HR MS: Ca3H,9BF,N40,, Anal. Cal. M + H = 563.2424; Found 563.2430; error = 1.1 ppm.

'H NMR (CH3CN-d6, 400 MHz): 12.85 (s, 2H, OH), 9.14 (s, 2H, —CH=N), 7.65~7.70 (m, 3H, ArH),
7.41~7.48 (m, 4H, ArH), 6.97~7.01 (m, 4H), 6.22 (s, 2H, ArH), 2.47~2.50 (m, 6H, —CH3), 1.54 (s, 6H, —CH3).

5.2. FOLERSHRAER RAMAE TR RAECH

YERRPREARE 21 1, W HECHI A 1.5 x 10 mol/L 1] CH,CN ¥, 45 .
YERA PR B TBA-F, TBA-CI, TBA-Br, TBA-1, TBA-HSO,, TBA-AcO, TBA-H,PO,, TBA-OH, TBA-CIO,,
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Figure 1. Synthesis of compound 1

Bl 1 AR DT LA MR

Hic sk ik 9 B 1.5 x 1072 mol/L 11 1.5 x 1072 mol/L ] CH,CN ¥k, .
5.3. £&4b - AT MK E 578 K ST SR E /7%

FEL 1 mL 452> T 1 i CHCN 338 (1.5 x 107 mol/L) T— £ %1 10 mL Hu i dr, 43 51 b o4 o
T 10 f5HIBA B F-(F, CIT, Br, I, AcO™, CIO,, HSO,, H,PO;), R HHR 10 (% EHE 0 FikE
15 x10° mol/L, BEHEEWEIRS, EEE NRIRE 75 AR RS TE Lo - o] Wi
FE RS o

FEMRIREL 1 1 X980 7 (e 1 5 SE o i, R BAUINEES: [ BREH 0 T IOREE N 1.5 x 107°
mol/L, KA S 4 N 0~10 fi5 (3 1, ARG 7E SR N IHRIL S Ah - mT WL SO TS Rl ¢ e R S e«

6. KBERS1Tie
6.1. IRt FSABTFIERBERS - TTRIRGEE

HEHEE T CHCN R EH 707 1 5 & MBI -5(F, CI', Br, I, AcO, CIO,, HSO,, H,PO,)
HTLAE R4 - AT WIS AR A

AR 1 1) CHLCN VA 342 F1 499 nm ALA WA, 4 5 A B AR, RAAHE T LA
SIS - WSO RE AR, 78 435 nm 2 AT BT —ANHT IR i () 2) Hodth 857 1IN IR AR BE B
A - w] WO RE R AR . SR T AEAE R I AR BRSO S R B [ TBAIOH BT 51K I DG AR AL 2 A
I, wiszik 1 SEETIERRERIER, WHREERT. 5B THE T, EERPmASEK
25, ATUWRE BIWIAEIRES, d#E— P U S 5 2R R SRR AR AR5

NI L 5RESTZEER, AEHTT 10 5EE TSR T . © 3 h2H 1 5%
BFERMEINEER, WEF LA, 244 1 7E 342 F1 499 nm Ab WIS I 2 4 A1, 7E 435 nm &b
AN F R . e I R, £ 375 nm AR FR T AR AL B R — R A

6.2. JEtH FSABTFIERRRA LS

w4 e T 1 STE TR SO A6 K, 148 510 nm AbH — Mo u ki, HIRE
THARBE TR, RARE T ULSE AR e B B2, I 10 5 58 e 1508
SR FE R O A%, T HAt BA 28 1 51 RS R AR i AR AN
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Figure 2. Changes in the UV/vis absorption spectrum of 1 (1.5 x
103 mol/L) in CH;CN solution upon addition of 10 equiv. of var-

ious anions (F, CI", Br', I, AcO", CIO,, HSO,, H,PO,)

B 2. 49 F 1 (L.5X10° mol/L)7E CHCN &%+ 5 10 R
EBEEF(F, CI, Br, I', AcO, CIO,, HSO,, H,PO,){ERkY
2O - AT IR E L E
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Figure 3. Changes in the UV/vis absorption spectrum of 1 (1.5 x
10° mol/L) in CH,CN upon addition of F~ anions in TBA salts
form (0 - 20 equiv.)

B 3. 9 F1 (1.5 x 10° mol/L)7E CH.CNB R 5 F (0~20
EVERBESIS - AT ILIRBGEE L E

5 AREN DT 1S T IO e . WEFRRTCUE H, BEE RS TN, 2R A FREE
Ky AR SR 5B W 5% . B T3S T RN, i & 17 524K 1 1) PET (photo-induced electron transfe,
N FHFEB)TFE[14], X REZARTOER KRR FFFRRBIRE T 12— TITF - A%
FetR%E .
6.3. N F L SREFZENESEKERESER

FERARZ Al 45 A% $n] LAl i Benesi-Hildebrand 75 F2[15] K115 .

=

6 FTREF > T L IZR MR A B RET SRS T 2 M 45 ST 1oL, 454 W B K THREE R 1.1 x 10°
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Figure 4. Changes in the emission spectrum of 1 (1.5 x 10> mol/L)
in CH5;CN upon addition 10 equiv. of various anions (F~, CI, Br",

I, AcO", ClO;, HSO,, H,PO;) (2ex =490 nm, slit = 5/5)

B 4. #3449 F 1 (1.5 x 10°mol/L)ZE CH,CN &% 5 10 &R
EBEEF(F, Cl, Br, I, AcO, CIO,, HSO,, H,PO,){ERkY
WA & HI AL L E (Mex = 490 nm, slit = 5/5)
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Figure 5. Changes in the emission spectrum of 1 (1.5 x 10> mol/L)
in CH3CN upon addition of 0 - 5 equiv. of F~

E5. 59 F1(15x10°mol/L)#E CHCNARTSF (0~5
EER R AEE AL
M™, 2R R ECh 0.991.
MRPEHT T FI BT &5 5, D20k 1 5 TER 7 RBLE 7 R AR K. WEH P LA H,
SR 1 5RE TR AR 1-F E68Y, B TRGZRR PET 8, M S EUZ AR5 K.
7. i

B T S HEYRILK BODIPY SAL &) 1, G54k - Al WIRSOEIE A9 A e TRt 1
HEF 7 1 SRTE AR AR . R T 12— 20T - RETE T2O6RE, 1T O S EE
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Figure 6. Benesi-Hildebrand plot assuming 1:2 stoichiometry for asso-
ciation between 1 and F~
6. WD F 1 SABEFEMNEMIEE

Strong fluorescence Weak fluorescence

Figure 7. Proposed interaction mode of sensor 1 with fluoride anion
E 7. R$to2F 1 5REFERNEE

M, e ST A (PET) R IR 0 T KRR . ARLIGLEE T A LS A MRAE . Stk
TR B R AR5 2 T T AR, Rt — PR AN SO0 R BT R & ORI F 2858 T Atk . VE A mike
Ho, AR M BCAERE T, NOZEERACHTHY, RERAR I N A SRS e, TR
RmA RSN RGBAEN , BRI AR SLE, b TUE, &mARE.
B O

S H R A R 22 AR I SRt R T H A H R AR R 7 “ARGEF A7 A A 510 H B8
E&WH

H R A K2 2 A BIFI 25 R 3 H (SRTP20170103&20170104) A -H 7 Al K 24 AR 2 5 45 A A 513
TiH .
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