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Abstract

This thesis describes the development of sensing systems using luminescent radical
((3,5-dichloro-4-pyridyl)bis(2,4,6-trichlorophenyl)methyl radical, PyBTM) and its gold(I) com-
plex with their physical and chemical stimuli-responsive characteristics.

Chapter 1: I described the necessity of the visible sensors that have responsiveness to
various external stimuli, and the unique optical properties of emissive radicals. The stimu-
li-responsive materials with light absorption and emission, which enable to detect phenomena
and materials visibly, have been attracting much attention for a long time. Monoradicals as
open-shell molecules display unique emission properties, because the emission originates from
their doublet excited states and does not suffer from intersystem crossing, different form
closed-shell molecules. Luminescent radicals and their metal complexes possessing the en-
hanced photostabilities and absolute photoluminescence quantum yields have been reported re-
cently. However, as far as [ know, tuning the optical properties using external stimuli has been
scarcely investigated. The aim of studies in my Ph.D. course is to modulate the photofunctions
of luminescent radicals using external stimuli, thereby achieving sensing systems with emissive
open-shell molecules.

Chapter 2: The study to modulate the optical properties of a luminescent-radical-ligated
complex with solvents, is described in the present chapter. I synthesized the first luminescent
organometallic complex with an emissive radical, and succeeded in adjusting its emission char-
acteristics and electronic states using the polarities of solvents. The highest emission quantum
yield and a longer emission lifetime originated from the ligand-to-ligand charge transfer (LLCT;
or interligand charge transfer, ILCT) state have been achieved in the low polar solvent, CCls.
The first dual emission in luminescent radical system attributed to the ligand-centered (LC) ex-
cited state has also been achieved in the polar solvent, CH,Cl, and CICH,CHCl. Furthermore,
the emission in the solid state has been attained by dispersing the complex into the
non-luminous matrix crystals.

Chapter 3: The second theme, the study to modulate the optical properties of a lumines-
cent radical using reversible Lewis acid and base reactions, is described in the current chapter. I
have succeeded in changing the UV/vis absorption and emission spectral shapes and colors re-
versibly with Lewis acid (B(CeFs)3) and base (NEt3). The stability against the repeating was also
demonstrated. This is the first example for tuning the absorption and emission colors of lumi-
nescent radicals with external stimuli reversibly.

Chapter 4: Concluding remarks of the work are stated.
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Substance Dopant Color change Features
by exposure to light

TiO, Fe, Cr, Cu, Na, Mn | Colorless «» Dark gray Rapid fading

BaTiO; Fe, Zn, Sh, V Colorless « Purple Rapid fading

CaTiO; Fe, Zn, Sh, V Colorless < Dark purple Rapid fading

SITiO; Fe/Mo, Ni/Mo Colorless « Purple Relatively slow fading

Cawo0, Bi Colorless « Purple Rapid fading
by increasing Bi amount

Nb,Os Fe Pale cream «<» Dark gray Slow fading

Sno; Cu White « Brownish-red Quitely slow fading

Sodalite — Colorless « Dark red Non-fading by more than
6% of S

Silicate glass Eu, Ce, Zr Colorless « Purplish-blue | No photochromism by
containing Ti, V, Fe, etc.

Silicate glass AgBr, AgClI Colorless < Blackish-red

CaF, Ce, Gd, Tb Blue < Pink

CaF, Eu/Sm Colorless « Green Fading by heating at
400-600 °C

BaF, Eu/Sm Colorless « Purplish-blue | Fading by heating at
400-600 °C

Metal carbonyl

Colorless < Yellow

Reversible only in weakly

donating solvents

Metal dithizonate

Agl-Hgl,

Red < Black
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MEEEHEEROYIFITH 2, Z DiEkIZ D—>Dy BRI X %5 PyBTM FLLDH N ER L,
Z D o 13 0.08 & PyBTM X 0 b @RI E R LTz, 72, KLEWD PyBTM & 1
BLTHELZ I ERIRICEEL -, 0o DfRIZ. PyBTM O NJETFZ2&EA 4 v
RIS 22 2 L IC ko T MOFRNERTUICE LRLEER GO NS TR & R L 72,

% Dk, PyBTM QIR TH 3 (35-F~u-4-2YIL) B2 (246-FY27um 7
TZNA) AFATIHNXPYBTM (X =F, Br) H&EHEnsz (K 14-3), ' 203
b, F,PyBTM 132 v a2 (CHCL) H1C0.06 & & g &4 18.10s & RV FOLH Ay

() Z/R L7z, ClIJETF2> 5 van der Waals R/ NS W FRFICE &z 22 LT, 7
FREEICL 20 TORCNBEE S, FORBICE T 20 TEHEA LY sp? P

{7xo7T b, ZDfEHR, 1)) ZendbiZ 2348 U T, B X 297+ D H H#EE) 2330 = 41,
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IR RIE Koy DABOR S N2 2 & T, Mg ZHIZRILZEFEZLONT WS, F,
Br,PyBTM (37 mu X % v (CH,Cl,) H Tl (t,) 23 PyBTM D 2 fi5 & ok
BEWZR L7z, Taid, ClJET 25 van der Waals 23K & W BrJi FICiE L x 72
cecEmEm ., POREBRTE Y OVAREIERI L LICRRL TWw5
Wi, RPYBTM %2 i & LA FF S (1) ikt d 3
[AU'(F,PyBTM)PPhs](BF) S A & i X 0 AR E L7z (1K 1-4-4), T8 Z A%, CH,CI,
HC 020 & FE\Vgen &0 357 ns & RWFNFHM (o) 2R L7z, HiE X, ClETF% FIR
TICRH L 72 2 & T PyBTM D 2 fi5. PyBTM 725 Au' 4 A ICHIfZ L 72 2 & T PyBTM
DK AEDIRD DY, 2o DFEINE (2x4=1] 8 f5) D7z®iC PyBTM D 10 f5d
Ev, FIRFEAICLY, T2 X —HEMDRELK S, Franck-Condon [Kl1-23/)h &
Kb, WiEllnfa 2 BIE X ¥ 2720 k, 2H S N 5 2 & 28, mFLE TICED —RAT
H%, Fio. 3 EEEFREZ FFO BN 20 FIc BT 5, WINARS P L ORKT 4
ANEF—BEDZ Y VR, AU A A Y OBTRANEE 2 DIEBMOBELBNLIC X >
TXJ 52 LT, BAY VICEHIT 5 HER G GHIE (near highest occupied molecular orbital .
NHOMO) & Hi%E 1-#% 51 (singly occupied molecular orbital, SOMO) @ & 1% & /34
DSIERFRIC 72 0 | ZEHDSHEAN S 40, R ke 2SIET 2 2 & b JHRRTH B, HIC
B-SOMO 73 F,PyBTM ‘B#& EIC A L T2 DIk L, B-NHOMO 12 2D R v ¥ VB
FienpfmLTwa 2 bC, WEHRIRICHKT 5 Dy & Do MIOIREM AL T4, ky
DHESTZ LI hERLTWwS, Lol KLEEIMEFTLTLE->TW S, HIC,
FEHNE T ¥ A i B O TY AR ALERRIE R O ORERE 2 RT3 2 2 LB

BITEIITE A EME I N TV d o T,
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K 1-4-1 PyBTM 7 ¥ /1L D=,

B 1+

N—Au'—PPh; | BF,

X 1-4-2  [Au'(PyBTM)PPhs](BF,) D& K,

Kl 1-4-3  X,PyBTM (X=F, Br) 7 h LD,
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BF,

1-4-4  [Au'(F,PyBTM)PPhs](BF,) Dtz
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1-5 FMRICHITZBIR

AifFZECld, (LHWREZR V3 2 itk b, BuREhEEs BT 2870
TH 5 PyBTM Ottkpe 2 ififfis 2 2 L # HEE L L 7=,

SRERE A FIfI 4 2 < & O, Wik & FOR o WT oW % el 2 72, iAo ETERE
B - ALERRIBOSE S T OB PRIE. Zh oo TeBiidre L, Wit 5
KO F ORI Z4T 5 HFD, FEE~OICHICHKT 5 2 L3k 2, LaL,
ZORERRIFIZE AL R INT RN,

Z T, AT, UTD 2 o0R %G, SMEERIEE Vv CE R &
$ % Z LT, PyBTM % PyBTM AECH7 L -8k Rtk 2 i+ 2 c L 2 HM & L
7z BTIREIR. T ORNANEEDERITL 7o T3 720, YEOEIREL T
T2 LBARIC AN, ZONMREE F 2 —= v TR T LMK D,

BRYIOFRIE, FHM T YA PyBTM AELAL L 72 HTH o vt B 4 I8 #5 ik
AU'(CeFs)(PyBTM)TH % (X 1-5-1), {L2FMfilE e L CRIEZ VW2 2 itk b, 20
ARDORNFFELREI T 2 2 L 2ilA, Z LT v a7 v ERRER2ZL &
% L ChilieiREEZ T 5 LIk L. BihrFRIERZE) (ligand-to-ligand charge
transfer, interligand charge transfer ; LLCT, ILCT) EfIC X - T, BE#RD 42 PyBTM #%5E
RO P TRED g & [AU'(F,PYBTM)PPh:](BF ) ICUT W\ 7%, 72 B NI PyBTM HLL D
Bz 7P (intraligand, IL) 3B X - T, ZEREHEER L2 (2 HICEHED,

KD% I, PyBTM &, B(CeFs)s % Lewis i, NEt; % Lewis il & L THW/A2%TH
% (X 1-5-2), ZoFRicHnT, ALWtkEo Lewis i - HMEKICEZH W22 LicX b,
PyBTM DRtk 5+ 2 C L ik mrz, Z OFER. WIN - Feth % g 2> 0 &

HRIcZ LI ¢ 5 2 L ickBh L, BT, Z OWRIN - FEEEZABITHE Y & L icxt L it
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BhHHZEEHELICLE (3EICEHE),

IhopRBICE T 2HMIE, XEUREICEKLS 5,

Electron-donor

Electron-acceptor

M 151 FEFFF—ELeEBTT 7+ 7% =A% H 2 Au'(CoFs)(PyBTM) D RS =,

+ B(CgFs)3

/,, NEt,

(FsCe)3B-NEt;
PyBTM [(CeF5);B-PyBTM]

M 1-5-2 A[LED Lewis B (B(CoFs)s) * ¥tk (NEty) SIGZEINTHIEL & L 72 PyBTM DK
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PyBTM ZEfiiF & o5& (1) #HEDEKE
FHEEEICRIZTT BEIE



REIZOWTIE, 5 ELNICHERES CTIF PiED 20, AR,
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Lewis B « I8E Kt % AL 7= PyBTM O YH&HE o SAED



3-1 HAROER - BHN

SR, Fric, BXREEZRAESI T2 HEo 128 LT, vy HELEWERIC
WAL FELEH 2, 2D 1OTH2HEEFHEL L THA R BODIPY (44-¥ 74w
4-FR 7 3a4a-¥ T ¥-s-4 v X'+ /| borondipyrromethane ; [X] 3-1-1) 1, A b—27 2> 7
b 23R IC/NE L BRI E DA . Z D 1T 1 ITIEVEWMEZ & 5
ZEBAEET, AMNERICEFEIND Z LD (K3-1-2), 4 £/, FvRLEY
i3, BERIEAZ AT B 2 IcX Y, BB ICHEDD HERIMER X CIRIEEE O 3
WRAZZ L ZLPETH L (X3-1-3, X3-1-4), B3 FiZ, Lewis lED b U 2

(v ETIAFABR T 2=0N) KTV, B(CeFs); ZALEHIE E LT Lewis HEIC/EH & ¢
5 LT, RO WIEHIIN AR 7 P ARTEEA R RS LA Bk
A E N (X 3-1-5), BT 2 id, K7 VI Lewis Dl § 2 2 L ick v, BT
REEAFIH X 1, PUBEMDO AL F - L VBB ZAALF LT LAzz0IC, &

N7 PADBROEET 570 TH D,

N\B/N
F/ \F

K 3-1-1 BODIPY DAL2-H#dE,

94



X 3-1-2 &6 BODIPY offl, 23

|
L. [ .

TM-BDF KFL-1 KFL-1 KFL-12 KFL-3

X 3-1-3 KE4 WY - et %73 BODIPY, (BE - 227 b FEIZSIRIL, T
¥, ) Bl
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v
IX

B(CeFs)s F F

H
(o] élQF ortho, |; para, Il

CF, ortho, lll; para, IV

F F
:—@ ortho, V; para, VI
/—O ortho, VII; para, VI

OMe ortho, IX; para, X

B 3-1-4 B(CeFs)s ~DEMIIC X b, B4 hFHtar T 5 Lewis HEMS T, U
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+ B(CgFs)3

K 3-1-5 bPAzvHICE T, Lewis BETH 5 B(CeFs)s DIEIC X b, BRI L FHic 1T
5 AT P ADEAL L B EE T Lewis EETH B v ) Y v LEP DR, 6]

AEFFE Tl bR IC X > TELREMD Lewis B B(CeFs); & . Lewis HiHk NEt; % v
72 Al 7 Lewis i - MRS 2 4B E LCRHW2 2 2ic X b, PyBTM D 2k
ZFFTE L ZHNE L (M3-1-6)s T DFHICHEWT, B(CeFs)s D B JFiF~ PyBTM
DONFEFHBRMT 22 LIk b, HuBEEOEHZ AL F 2P L, ZA=7 P LD
ERBENC X 2N - FNEDOEAFRFE NS, & HIC NEL ZIRIIT % & & T.B(CeFs)s

DIEEEL . PyBTM 2SEBEA 42 2 L IC X 2 2= 27 P AN - Fe o aliZE (L A3

IR R 5,
N\'\
| % + B(C6Fs)3
clIvycl = =
Cl | CI /; NEt;
=~ @ ‘.Q:\
A cicl--

(C4F5)3B-NEt;
PyBTM [(CeF5);B-PyBTM]

Xl 3-1-6 B(CcFs); % Lewis 8, NEt; % Lewis #iJk & L CTH\W /2, PyBTM IC¥B1F 5, WAl
Lewis % « 3R IED %,
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AREETIE, CHCL AW HIC 35T B(CeFs); & NEt; Z i L 72Kf D, PyBTM D71
LR ICOWTERGm S %, Alfi7e Lewis Mz - S SG 2 AR e LT3 Z &1

D, EEHL - AR AR S L EFH AT P L DTRP. TRIN - Fokt k| Al

CELE e LI LTz, 2, 2N O omHME i, VIR LIk L CEwittEz

Fio Z L AEEH S e, ARRSEIL. SRR E VTR 7 Y A L oI - St %
iz, AHNICTF 2 —= v 7 L 2RYIOFITH B,

B, [Me-PyBTM](BF,)#E{A & [(CeFs);sB-PyBTM]D &K & [HE (JLHE 1T, FAB-MS
(H). Hifd X BRETICE T 2 205 ofEfENT (B 3-1-7, 3-1-8). ESR A< 2 |
JE (g I, FEIC g=2.004) EEAL - WU A = 7 b v & FE A<= 27+ AVHDE (1K 3-1-9),
VA2V 7RV 2 Yy XY —icEs T 20E (K3-1-10, 3-1-11). DFT - TD-DFT &5

(X4 3-1-12 3-1-13), XFFEME DOHMIC X 555 - AIEIIN A < 7 P LD IO W

\ N I—Jﬁﬂ:ﬂ%h— <:]: D ;é%ﬁﬁ§;‘@b 6“7%.0
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K 3-1-7 [Me-PyBTM|(BF9)® (a) 7 Fiidi & (b) b BlICIH - THk 72RO i i, ()
cHlTiho T, /2. (d) a BT > THk®D 725D BFs 4 4 v & N-Me i 0 fcs, 7 =4
vid, AF VR F-H, F-C, F-N#E&ZHEL, N-Mefbd v ) ¥ vEOTHICHIE L
TWwd, 7, 7=4vid, fFESNEMHEERICK Y, 4 DD N-Me FALICHL Y Bl T
W3 EHEHIE B,
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[ 3-1-8 [(CsFs):B-PyBTM]® (a) s FHii& e (b) bHiliciny > TR 2O ff G, &%
DD FHER TG BPHER I N d DD, FHHEREF LD T Hr-ndE ke ) IZEHN X nix s
o7, MTMEDES I L THKORE T OFEICL b LT,
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25000 - abs.
" 20000
L]

T =L.

=1 20T,

= 15000

=

~ 10000
5000

Ausuap|

T

bl
o e

400 S00 GO0 700 800
Wavelength / nm

M3-1-9 CHCLIFHHICH1F %, PyBTM (96 uM. fl#R) & [Me-PyBTM](BFs) (9.6 mM,
W 3 16 uM, FEE 5 FEfR) DAL - AR A~ 27 v () LRHRA<Z bV (H) .
Adexe =380 nm, 580nm (*) OFHv— 271k, AEHCER L Tw 23V EOPYyBTMICIRE X 11
%o WPARA 13386, 470, 590 nm™C., 660 nmE THEHL D > Tz, 470 nm D FHE 75 J§ K
I & W IE, PyBTME R L TRIEE Y 7 F L, AR (o) AL T, &
DEIE X, [(CsFs):B-PyBTM]*°[H-PyBTM](OTS) & FEH{EL L T T, NJFE F~D LA & & [E5E
fOBAICLY, vYINEOBFEELKT S, PyBIMEKOE AL .
BYEZRTHHETH LP-SOMOD T ANLF =L T T 5720, LEZ LN, FIHHA
1Z712nmTH H, PyBTME L TRESRERE Y 7 P LTWw3, 2, RIEZ A LF
—RIGER N v F (Ae) ICHRL T %, [H-PyBTM](OTS) & [Me-PyBTM](BF4)id. JE{LL
TeWINA 7 b VZR L0, FENREIRRZ Y, A IdIERNTH L DIcH L, BEI
FHaRT, OMHEE, HiH ON-HOFEE A5 . HEIREBIC B W CH D TeRES 5 <
XY, EEHERERSIIH S 2o, LIS,
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15
10

Current / pA

=20 PR " b 1 P L L

03 02 01 0 01 02 03 04
Potential / V vs F¢ /Fc

B13-1-10 0.1 M nBwN-ClOsD CHCLIEEH IC B51F 5. [Me-PyBTM](BFs) (0.5 mM) D+
A7)y R NE2ETTL (ERD, f5EE 0.1 Vs!y E”=0.12 VIC Al 2 STk 2381
HE 7z BREIZTX) . PyBTME UL T, +0.86 V IEEM Iy 7 P LT3 Z e
b, BTFZAMERKRIBITHEML 72 2 L AL 2078 5 72,
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B(CeFs)a
4 b 0 (initial)
—==-05

-1.3 11 -09 -{]._? -0.5 -0._3 -(].,1 0.1 0.3
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B3-1-11 0.1 M nBwN-ClO4D CHCLIEHH IC 35> T, B(CeFs); EDBU (1,8-¥ 7T H v~
a[54.01V ¥ T H-7-T V) HERED, PyBTM (0.5 mM) OHF A 7V v 7KL xE7 T L (1
M), #H5EE 0.1 Vs, (a) PyBTMIAWRICB(CeFs)s % BFtHICi T L 7=, 7R/fE (0 (i
THI) ) IZPYBTMD %4 2 U v 2 KA XEZ T L, (b) B(CeFs):%2.048E&H T 2 PyBTM
PRI, DBUZ EHLICH T L7z R, ARfR (0 GETHD ) 1ZPyBTMO ¥4 7 1 v 7 Fu
2T T Lo TIUX[(CeFs)sB-PyBTM]DEE(L. - #RITI G % 7R 36 B(CoFs)s D B FEI) 72 i T I
XV E”=2011VDO/NE v =2 %ffEo72 E”=20.14 VD v — 7 ([(CéFs);B-PyBTM]H &)
I L. PyBTM®DEICH (E” =-0.74V) 25980 L. MK L7z, LewistElTH 3DBUD
HFER 72 FIC X 0 PyBTMHEROREAL - 3=ITIKAEIE L, KGO AL AEEH & vz,
fHL. DBUZ6.04ENMZ TH ., AR\ ED[(CeFs);B-PyBTM] AR L T 72D i,
YRR E R 52 2720 IS LD,
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a~NLUMO (134a) B-NLUMO (134p) a-NLUMO {25411} B-NLUMO (254p)

Mf )}QVKY

.&.A,

0-SOMO (1330) B-SOMO (133p) 0-SOMO (2530) B-SOMO (253p)

Voo g S s q

oy

o~NHOMO (1320 B-NHOMO (132) 2460 246

¥ 3-1-12 DFT (uB3LYP/6-31G(d)) ZMHWCatE N7z (a) [Me-PyBTM]' & (b)
[(CFs);B-PyBTM]IC 5 1F 2 EIN X L7270 FHE, [Me-PyBTM]"TliE. a-. B-SOMO & a-.
B-NLUMO 2%, PyBTM & [AlfkIC, PyBTM g LICIERIEL L T 223, a-. B-NHOMO (%
PyBTM & (35720, FIC 2 2D CH.CLERICIER/AE(L L, vV & vERICIZIFRE(LL Tw»
7m0, AU, [Me-PyBTM['ICH 1T 5, v U ¥ Y H.LORilE & CeHoCls 1.0 D iflil DK
PP LCwdew, EEZ LS, [HPYBIM]' T, AR R ST,
[(C6Fs);B-PyBTM] T i3, a-, B-SOMO & a-, B-NLUMO 73, PyBTM *°[Me-PyBTM]" & [Alkk i
PyBTM E1& FICIERTEL L T3 25, SOMO & 0 & FIchiE 3 2 458l (2470-252 a.
247B-252 B) 1x. FEIT B(CeFs); LICIERTEL L T 3, PyBTM HL D BfE 1T 2460, (B)LA T 1T
FETE L. 2440 (B). 2450 (B). 2460 (B)D#LES i 1Z. [Me-PyBTM] @ 130a (B). 131t (B)-
1320 (B)DWLE A & Bl L TV 72, Bronsted FE<° Lewis BESE DAL EIHIIEL L X F- {23,
FEkDOFET, NJEF RICBWTRE R#UBILRZ1T S T & 7% (. PyBTM B1§ LOETH
FE RIS 2 Z LA L o T2,
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X 3-1-13 DFTEtEIckvsko o, IV ANOIEFIRSFIEICE T2 A LF— K
AT 7T L, B CET, I a-SOMO DEF, Bt & KR : B-SOMO & B-NLUMO HEfif
DIRHEII 774 F 74 v ([(CeFs):B-PyBTM]D 246B), [Me-PyBTM]*& [H-PyBTM]*IC F5\»
T, VYUY VBREOBTHEEMEYTEZLICEY, BETOIALF—2REL T, K
TEEE, hFAVHEIVHINOIEERMICLY, HICETELENSRZIEEZHLDIC
L 7z. PyBTM %> & [Me-PyBTM]" DJIHIC X % T 4 L ¥ —HEA DK T I1X, B-SOMO D 528
B-NLUMO £V b K& 2572, PyBTM O Y ) ¥ VE LICHEDR M L T b 7201, L
EHfi L VRN TH L Z LKL, | ETFZAHEL L TH B-SOMO O = 4 L F —H#E
MO T IE, EXZIEBAMFMICY 7 P X5 Ll 3,
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3-2 Experimental Section

3-2-1 Materials

PyBTM was prepared in accordance with the literature.®! Tris(pentafluorophenyl)borane
was purchased from Tokyo Chemical Industry Co., Ltd, and triethylamine was from Wako Pure
Chemical Industries, Ltd. Dichloromethane (CH,Cl,) was purified through organic solvent puri-

fier (Nikko Hansen Co., Ltd.).

3-2-2 Instruments

UV-vis-NIR absorption spectra were recorded with a JASCO V-570 spectrophotometer.
Steady-state emission spectra were measured with a HITACHI F-4500 spectrometer. Sample
solutions were bubbled with argon before measurement. Absolute photoluminescence quantum
yields were measured with a Hamamatsu Photonics C9920-02G. Fluorescence lifetime meas-
urements were performed using a Hamamatsu Photonics Quantaurus-Tau C11367-02. Melting

point measurement was conducted using a Yanaco Group Micro Melting Point Meter MP-J3.

3-2-3 Melting point measurement of [(CsF5);B-PyBTM]

The melting point of [(CsFs);B-PyBTM] crystals was measured and it was 248-255.5 °C.
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3-2-4 Spectroscopic studies upon titration using B(CsFs)3 and NEt3

CeF
CoFs. Sk,
|

N

BN

g, +BCoFs)
Cl

Cll 4 g
c + NEt;

-~

(C4F5);B-NEt;
PyBTM [(CeF5):B-PyBTM]

B(CsFs); in CHCl, (1.5 mM, 30 pL, corresponds to 0.3 eq.) was added to PyBTM in
CH:ClL: (59 uM, 2.5 mL) stepwise. Absorption and emission spectra were recorded at every ad-
dition. After the addition of total 180 puL of B(C¢Fs)3 solution, NEt; in CH2Cl, (3.9 pM, 30 uL
corresponds to 0.8 eq.) was added stepwise. Both the spectra were obtained at every addition,
same as before. The details of the added amount of the reagent are described to the caption of
Figures 3-3-1 and 3-3-4. PyBTM in CH>Cl: (96 uM, 2.5 mL) was added 10 eq. of B(C¢Fs)3, 22
eq. of NEts, 30 eq. of B(CsFs)3, and 150 eq. of NEts, successively, where absorbance at 442 nm
was monitored at every addition. Molar extinction coefficient (&) was calculated at every addi-

tion, and the result is shown in Figures 3-3-3.
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3-3 BREEE
Lewis B B(CoFs)3 & Lewis IEE NEt; ZFUW /= PyBTM ~DREEICH T
28N - AIRBRIRART PIVERKZRRT v
PyBTM @ CH,CL &#E (59.0 uM) T Lewis 8 C& % B(CsFs); ® CH,Cl, IA#R
(1.5 mM) ZIRZICH T L Cu o 72K D A - AP R ~ 7 v (K 3-3-1(a))
ZHEIE L7z, IR =27 bV TlE, B(CeFs)s DIRIIC X D\ Aups =442 nm IZ I\
TH7Z B 2HIR L. mINCHEVIE R L T o3 il e iz, 7z,
PyBTM iC B F % 540 nm DRI 575 mm iICRFEES 7 F L, 2 DEAERR
B (o) 1ZHER L 72, BHIT, 370 nm OWIN & — 27 1Z W DI L7 h3 5 |
380 nm ICRFER T 7 b L7z, 318 nm & 381 nm IC WIS A M & 7z, WRIY
A7 PO IE. CHCL ERFICE T 2, p-t v v 2Lk Vg (TsOH)
Z 72 PyBTM @ H fMINIGTHEERE B ©oZ28{b L L TIH Y | £ 72 ik hyic
FonzAx~x27 b (K 33-1). ¥£#H) &, HfFmMic X v 4ELT 7%~
[H-PyBTM](OTH) 1 2. HWfFeE CTHM I N7z [Me-PyBTM|(BF4) P! O x~ 7 }
NEFABLL T 7z, T D D 5| Lewis BRI AE IC X D . B(CeFs)s D B Ji T IC PyBTM
D N JETF2HNZ LTy [(CeFs):B-PyBTM|23 K L7z 2 b 3 (FiiE 3-2-3
DIGARSH) . PyBTM iFiEkeE (D kL FRRIC, wRIET 4 v F —IRIGE
o8v F (Ag) TH 2 557 nm DINIZ, PyBTM HLMIT B % De—D) ~ DB
ICIRBE NG, B2 228 PyBTM X 0 & RIEMNCHFEEST 2 DlF, EHZIC X -
T PyBTM @ py BR L OB FHEEEDEA 35 Z LT, RO = 3 v F — 2534

INL. BRERICHE BRI ANF MR L2720 EZ LN,
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(a)

0 eq.
0.3 eq.
0.6 eq.
0.9 eq.
1.2 eq.
1.5 eq.

1.8 eq.

300 400 500 600 700
Wavelength/ nm

(b) 0 eq.

0.8 eq.
1.6 eq.
24 eq.
3.1eq.
5.2 eq.

0 | L —

300 400 500 600 700
Wavelength/ nm

K 3-3-1 PyBTM @ CH.CL & HIC 1T % 4&41 - AN A ~ 7 F v, (a) B(CeFs)s

(1.50 uM CH,CL i&#) % . PyBTM (59 uM CH,CL #&#) ~ 0.3 B EF D 0-1.8 &
HEMICHE T LT oz 2227 F v DZfl, (b) (a) DEEEHBRDOEWIC, i
I NEt; (3.9 uM CH.CL AR % 0-5.2 &, PyBTM (59 uM CH,Cl, i&#R) ~HAEHY
I F LT oz 2227 b v ZA4l,
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442 nm I BT B TEWIN D EFH OWSNEDZAL %2 . IR DOIEEICH LT 7' m

ybF Bz, ZOROEIERER (K) Zko7-, /N _FihkxH vz

T4 v T4 v IZHBRICI D, CORFDOPEIERIL K=2.85)x10° M & HLiED b

7= (¥ 3-3-2) ,

0.8
0.6
0.4 .
0.2

Abs.

Oc? | 1

0O 20 40 60 80 100

Concentration of B(C4F;),
+ [(C¢F5);B-PyBTM]/ uM

K 3-3-2 CH.CLIZWH T, B(CeFs); (1.50 mM CHCLiA#) %. PyBTM (59 uM CH.CLiA
) ~0.3 L8 D0-1.8 Y BEEAIICH T LTV o ZEFOIRINA =2 b itk 5, 442 nm

DWSEEE DAL,
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Lewis MEZ NN, R IC NEt; % Lewis Hifk & L CHl Efpx FERiCAIML, <
DRFDEH - AR Z <27 b A= 2 —L 7= (¥ 3-3-1(b)) ., FHEZ~<Z |k
NDIIRZEAL DI R 6 41, B(CeFs)s tNIIRTICHEIE L 72Kf D, FEELHZD PyBTM D R
_7 PVICHEBIL 7 R =7 P DRI b Tz, T DGO EFEIIN A IZ 307 nm
£ 379nm TH o7z, TOEHH D, PyBTM O HIHER: B L[EKTH 5, Z DfE
X, B(CoFs); 23fAHEST 2 2 L 1T X - T, PyBTM 2SR L 72 2 & sk 3 %
bDOTH 5,

T D Lewis 8 - M HL 2 JHBE0IC N X 72 IRFD | 442 nm D Aaps D I D ZEAL.
Z7ay bFAZEick b, WNARZ b rics T 3 IRELOHEIRME & 0K
LiIcB T 3i0ttEicowTdIE LR (X 3-3-3) . fERE LTHO NS
EOCERME AR L7722 & 226, B(CeFs)s @ PyBTM ~DHefz 23 A3 TR 0

R LACHT L CMPEDH 5 2 &3, BHL 2L 72 o7z,

" 15¢

r.E> ~ @ N4

- 10f ‘L} Y X

= ® XI&\

2 5o 5 \
- 0 , O

o

K 3-3-3 CHCL&EWH ICIH T, HFHYIC B(CeFs)s & NEt Zi#fICiH T LTy o
72D PyBTM DWRIN A<= 27 F AT 5, 442 nm D E VIERB D ZAL,
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PyBTM O CH,Cl, iAW D FEFEHRFIE S F 72, B(CeFs)s Z FH\ W CrlIC i35 2 &
DBHHETH o 7eo WINART P ERIEDFIRET, AT PADBEEL 72 (M
3-3-2), FHx~=Z b (M 3-3-4(a)) ICBWT, B(CeFs)s DFRMITEE S TL Aem= 586
nm 1B 3 FNBE AT L. 650 nm 1< BT B HBOCBEABIK L 72, 646 nm 1T F
HRPBI I NT, Aem = 666 nm DFENN Y FOHRIE 850 nm F TILRL TH Y,
[(C6Fs);B-PyBTM] D FEHFFE AT AR IHIC E TRATHWEZ L ZRBL TS, &
. Au(CeFs)(PyBTM) TIREIHI S N7e > 2722 & Ty Aem d LELT % & bathochromic
Y7 FLTWw3 (¥ 3-3-5, Al X 2-3-8, 2-3-12), PyBTM & LUl L CHRNBHEOE
BLCTWBDIk, BONEEERORIKT L F—IRINS v R PyBTM X Y b %
LT EIHIELTWE720TH S, PyBTM IC B(CeFs); ZNBEIETH 5 2.0
YEBML 72 CH.CLIER D FENFFd (0) 1E 5505 (Awe=464nm) TH Y, T DI
DI FHENETHBI L EZONE (X 3-3-6), ZDBEMRDFNETIE (d) 1T
0.03 (Aexe =380nm) TH Y, LD 729 ITHIE L 72[Me-PyBTM](BF,) & D b &> - 7=,

([Me-PyBTM](BF4) D ¢ 13, AR CHIHATIRER IZ EWETTH o 720 ¢ D HEIE %
BTz, FRRICARIEETH o 72,) Me FEITHER, B(CeFs)s HmrdimmnT it k-
T, XY EREZDFEREHBEL T T, 2T OEEAHGEI S N0, g B

ol tHEHIT NG,
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. 0 eq.
= 0.3 eq.
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~ 0.9 eq.
>\ q
= 1.2 eq.
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c 1L 1.5 eq.
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Wavelength/ nm
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K 3-3-4 CH,CLE#H T CTD PyBTM ICF 1 B3 FH R <=2 + v, (a) B(CFs)s (1.50 pM
CH.CLAR) %. PyBTM (59 uM CHoCL &) ~ 0.3 M 83 D 0-1.8 L EHEHMIC
HFLCwoklfoR~<_7 b roZfl, (b) (a) DEFEHOERIC. 7% 1T NEt

(3.9 uM CHoCL ¥A#E) % 0-5.2 248, PyBTM (59 uM CH,Cl i&#8) ~E##EH I T
LTV 2D AT P LDZEAl, Aexc=380 nm o
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u.

Log(counts)/ a.

PyBTM [(C6F5);B-PyBTM] PyBTM [(CsFs5):B—PyBTM]

PyBTM  Au'(C¢Fs)(PyBTM) PyBTM  Au!(CsFs)(PyBTM)
X 3-3-5 (EX) CHCL W IcE 17 3, PyBTM & . PyBTM IC B(CeFs)s % 7 itd
FIBETH2204BFIMT 2 2 Lic XY AL 72 [(CeFs);B-PyBTM] D WX (ZE A YE)
EFHN (Aexe = 365 nm) . (F) KD 7Z® ., CHCL & D PyBTM &
AU(C6Fs)(PyBTM)IC 513 2 WX (ENHE) L FEH (Aexe =365n1m) DRI,

10000 S 10000
; b
1000 | S 1000 (b)
@
100 ¢ c 100
3
o}
10 S 10t
(@]
1 I 1 1 1 3 1 1 1
0 10 20 30 40 50 0 10 20 30
Time/ ns Time/ ns

K 3-3-6 PyBTM I B(CeFs); Z Z #1124 (a) 0.0eq. (b) 2.0 eq #IN L 7z KD HIE

ST
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NEGZEREITIZ 2 2 & T, WINZA~=2Z P Lok & LFEEEIC, PyBTM & 1%
IF—BL72FHART P AnfGoinsz (K 3-3-4(b) o & DRFOZEFRN M 13646 nm
ThHholze TOFERD . B(CeFs); DFHEIC X Y. HikD PyBTM AR L 72
e, BEffirons, UEofkic, HY ZHIE 3 % Bronsted « RIS Z F v
T2 BT T b d o HOLE O RLYEET 2. Lewisfg « HE SRS ICH D W CGERK S

5 LR T
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3-4 ¥

Lewis i - A FH\W2 2 LI X b, CHCL R ICEH 1T 5 PyBTM DIk
REZ TR L IR & SIS 2 C L iC I L7z, S hUE, Lewis BB TH
% B(CeFs); 28 PyBTM ~lefiz 32 Z LI X 0, FEIREE & iR RED = A v ¥ —F
vy THANE LY PR ERHPMEZ AL F (L2 Z & %D NC Lewis HEFET
B % NEt ICHINC X Y B(CeFs)s 25 PyBTM 2 & 42 & L i L T %, PyBTM
FAT BT, SRR 2 G CTROEEE T AL DRI - Fktak WHERICF 2 —= v 7
L72BliE5 E CleiiE ST ia L R D CTTh 5, —fkic, Fk & itk (ESR
CTFARE) REEREL Y L v I L T B8, AWFIEIRFE T P A BFERE

Y R DT 2 IR T 2 7 e v o v SRR E B D5 2 & AL i L7,
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/) TV ANDOFNIE, ZEHIEKED S 0HE T, HEREIC X3 T AL F -0
KAl REREEBCORNEEZRT, LA L, Buinte, BmEROFEIC X
b JEHBEICBE L TIIBIREHI DS D 722> o T2 D 2 IR T 2 1 A TH 5 TTM % PTM
. dem DMK HLREWMED 272, L2L, P 7 2=V AF T2V DFEEK
T KV oy DRI % 8035 L 729025, JEFEHRE ST 5, I, PyBTM HUL D HDKY
ZRS XoPyBTM % O /1 F 4 PO FEENEEHEA [Au(XoPyBTM)PPhs](BF4) D A% i &
Do FHMET VAN B T Eidm & RNREEET 2 EBHELI N, — /T, &
Vv B G ATRE 2R, ATUE RIS - LA RIS B o 1 L LT,
Tl 2 D SLEERI - B L0 EZ R L, BN - Fetio it B9 2 07537
T30, MBS EEZE TR T VAN Ay > v 75T L A ST X
NTELT, HEFLWLWREZZIT 2ICE > Tk,

AWFZEcld, LR EZ V3 2 ik v, BEMLFEOmE» b FNET A
PyBTM D& IRFEEZ T 5 2 & C, ke L 2FEL L, 2 DOHW
BEE L7zo PO BEIIE, SMFRR E L CRIEE V3 2 sk b, FiElo hEaHE
BIEFER Aul(CeFs)(PyBTM)D TR EA AT 526 2 L TH o720 TR T, FEHNET
CANDENL L R O HEIEISATH O . EEED AUCoFs)Ehi A2 A L. BRI
CHETH 2, CofRic LTS Twr, B OmIEICH L OsE R o
HIAIEIRE D O DFNICE R 2 Y T TR 2T o7, D5 1 DOHMIE, BT VA
)L PyBTM. Lewis [# B(C¢Fs)s. Lewis Hikk NEt; DR IC BT, ALED Lewis [ - M5k
G W2 Z Lick b, PyBTM DR Z A 35 2 & TH o7z, B(CeFs); D
PyBTM ~DHENZIC X 2B = A ¥ — DA, WL - SR OFEEOBE), 2 L <,
ZORRE LTHEL S, HIfF TN TWBIN - B0 icEH L Tz ED 7,
T BT NE 2T 5 Z &1 X 0 B(CeFs); DfifffE PyBTM DA % 4 U X 4,
ZofERE LTiffE Tz, A7 PRI - Bt o a2 {ticonwT diEH
L% 1T 5 72,

52 BETlX. Aul(CeFs)(PyBTM)DFEAFFEIC 3510 2 I RICBE 3 2 iff98ic D \W»C

FClh U 7eo FEEME 7 & A1 v S ECHL U 72 i ] D FEETER B B A Au'(CeFs)(PyBTM)
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RORL, Bzt GEER) oBELZHG2 LT, ZoREERFAM L, Fok
PRI LI LTz, Thb b, CClHFTIE, CFs 2»5H PyBTM ~® LLCT Hi
KD FHMET AN E LTI E dem(0.23) & (32 ns) 2345 5 21, CH,Cl, ° CICH,CH,CI
hCld, BT IHLRTRENO, BEIC X vFRINE ERENEZER L2, 7Y
ANMCET B demE. PyBTM RICEB W TimEZER L. HLEMED TIM & HEKL T
FFHEICRE W EBHLPICR o7z, — T, BBFEES T LT 2 &0 Z DR
RLREWICOVTRYEDORMA D Y, 7 VAN OERKIGHS, B E#EETo
ANF—BRENGEIT 2 LT, SHRERZFHER LSBT TR 2, o, \RE
~ b U v 7 REEROEESIC Aul(CeFs)(PyBTM) % F—7"3 2 Z & ©, BERIRETOFRNL
REB L7, AFRICE T, BT VAT REET 3 TFEE LT, RS
RICHBIAL Z L IC Ko THEL B0 TFHCT 2V 5 & W5 T LW ITEEE L 72,

53 E Tk, SO Lewis B - MG % AV 72 PyBTM D43t ny e o i fi
RS 2RI oW CREIB L 72, W¥i7e Lewis B - $EELASIC X 0 R4k - AIRRIRIN =
N7 PNVEFHART P ADTBIRP, WIN - Fea e EICEL X 5 2 IR
L7z, £/, 2N oREE, VB LICH L TEWitEE2BE$ 5 2 2RI N7,
KRR, SRR G CTROEEE S A L DI - e T HRICF 2 —= v 7§
5 LTI LRI OFITH B,

fame LT, AW s T, SHRIEE w7 v o B IRE % SR
T22LC, ZONRBELTHMG T I LICKI L, BEOMMEIC L > T
AU'(CFs)(PyBTM) DY F i, Lewis B8 - HFEEKIGIC X - T PyBTM D6 HEE %
PEIL 72, AIE T, ERIEASE IS 3 T LLCT H2E D e + 52 10D RN A FE 48
B o, EREREFIC BT PyBTM HLA b O ZHEHFEAH{ LN, BE Tk, 7]
W - A Z G S 2 2227 P AV DIPIRZALSLWIR - FOLBZAL ZER L 72,

SEHERE & R 5 © & O WM & DB OWE B R 2 72 Fi o EEE
Atk v — OB, EAEE~OICHICEHNT 2 2 LAk 5, RiFZEIR. 5
HEDBRS Ty I — Lzt vy vy 23O IcE L. BRS7 & R,
i o> FIC 31 2 MM L L C oA 217 L 72,
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