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Synthesis, photophysical properties and OH™ recognition of two cationic iridium complexes

ZHAO Shisheng, LI Wenhao, CHU Xi, WANG Lihua, LI Hongyan®
(School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300401, China)

Abstract: Two novel cationic iridium(IIT) complexes, Irl and Ir2, were synthesized by using 2,2’-bi-
pyridine derivatives as neutral ligands and 2-(3-fluorophenyl)pyridine as cyclometalated ligands. Their
molecular structures were characterized via 'H NMR, MS and X-ray analysis. The maximum emission
peak of complexes Irl and Ir2 was located at 570 and 528 nm, respectively, in CH2Cl, solution, showing
orange-red and yellow luminescence. The quantum yield of Ir1 and Ir2 was measured to be 0.88 and 0.57,
respectively, with a lifespan of 2.40~2.43 ps in oxygen-free solution. The effect of substituents on the
spectral properties of the complexes was discussed in detail by theoretical calculation. When OH~ was
added into the DMSO/H;0 solution of Ir1, it showed a 100-fold enhanced emission and the luminescence
color of the solution shifted from red to bright green, and the detection limit for OH- was 8.47x107° mol/L.
The sensing mechanism of Irl may be that OH~ substitue the bromide groups on the neutral ligand of
complex Irl, forming a new species containing hydroxyl groups. The substitution will change the spectral
properties of the complex and achieve both high selectivity and sensitivity for the detection of OH™.

Key words: iridium complex; synthesis; characterization; luminescent property; OH~ sensing;
phosphorescence enhancement
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FAEAL 2 T EALHE Bruker AM 400 MHz 1% g 3%
P71 ; ESI-MS (Bruker Scientific Instruments LC-MS)
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CHI 760E HLAb 2% TAE S, &b A 45 4 I 5 1
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NMR (400 MHz, DMSO-ds) §: 9.25 (d, J = 4.5 Hz,
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Fig.1 Synthetic routes of complexes Irl and Ir2
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2H), 8.40~8.18(m, 2H), 7.98 (t, J = 7.8 Hz, 1H),
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(m, 1H), 1.40 (s, 18H). MS (ESD): m/z 805.26
[M-PFs]"-

1.3 OH &L L

5 5 F DMSO Ll & 9 5.0x10~* mol/L L
EY) Irl BT SRS R R A 5% 1073
mol/L ff] DMSO/H,0(8:2, VIV, FE)ER. M
S B TR T KA & SR RIS T K, 4
SO4*, Ac, SO;*, PO4*, HCO;, CO;*, Br,
Cl~, ;03> Fll OH~, ikt o4 & 2+ 22 7 = AR 52,

c21
=8

cﬁ;
LA

R i A R A visti e e Sy L] e
¥ el VAR 23 BN 100 mmol/L AN ] B &5
T, R IEFOREUR ISR . SEgPESER N
FIAC S Iel BV 4 SN B OH-#h i H At B
BT, NETE EIREAEHR P A OH, 1830k
FUR G AR A, o 7% 52 K 0~100 mmol/L (1) OH-
R — IR EMEZ DA EY Irl R
O EBUR S e, THEAS HER

2 ZR51HE
2.1 BGREERHT

BCAY Irl A Ir2 B SRS R AN 2 B, A
KRR R RV TR 1,

B2 EEY Il fil In2 KRGEHRER, SETEEER

Fig.2 The crystal structure diagrams of complexes Irl and Ir2. Hydrogen atoms are omitted for clarity
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Tab.1 Crystallographic data for complexes Ir1 and Ir2 P2(D2(D2(D)Z [ EE, A Ir2 BT R R,
TiH Irl Ir2 C2/c AR, HE 270, FE&EY Irl 1 Ir2 731
=3y C32H20Br2FsIrN4P - C1oH10FIro.20N10010P RIS 14 PR B 1, I Ji T8l Kk EH lid A 3F-ppy
75 B 995.51 535.16 A1 dBr-bpy/dtb-bpy |1 C Ji 71 N Ji T, difk
ELE/(K) 1132) 113Q2) O L )\ AR BCAL LA R . X Tel AT
iLES 177 (Orthorhombic) .4 (Monoclinic) Ir2, Ir-C 88K AT 0.2021(4)~0.2027(4) nm; Ir-N
2% P2(1)2(1)2(1) C2/c BEERKALT 0.2042(3)~0.2138(6) nm, HAth K5 £
a/mnm 1.2575(3) 2.7139(5) WA AL T IE VG 2 BT, AR 5 440 ) 00 7 AN g b
b/nm 1.2933(3) 1.3645(3) HE— U T EAY) Irl A1 Ir2 SR ERTE. O
¢/nm 1.9156(4) 2.1525(4) G40 Irl A Ie2 B AR S OO A S dn AR s
a, B, /() 90, 90, 90 90, 99, 90 FE, CCDC 54374 2021274 F1 2021834,
V/(nm?) 3.1154(1) 7.873(3) 2.2 eWEEFRHT
z 4 14 Kl 3(a)dy Irl A Ir2 £ S PRI W(2.0x1075
peatcd/(g/em?) 2.122 1.580 mol/L)H (I Ah-1] WL RO B RS, AR G S B M i
F (000) 1896 3724 B 5 T3 2; iAW Irl A Ir2 75 & F Heis il
GOF on F? 1.037 0.981 ORI LLAE 365 nm UK 6 T R B
Rit e 0.0253, 0.0579 0.0288, 0.0663 FHE 3O
(I>25(1)) ’ ’ TERAM-AT WSO B Tl AT Ie2 (VRIS UEE T
Ri® wR 00265, 0,053 0.0324. 0.0684 FHACL, AR AN [R) 98 9 [ PR ) e iz i A [R] ([
(all data) ’ ’ 3(a)). 7E 230~340 nm i [ P (A58 IR s U+ DA

FEa*: Ry =||Fy| = |FL/SFo). b*: wRy = [Ew(F,2 — FAYSw(F,)]".

===Ir2

Absorbance

250 300 350 400 450 500 550

Wavelength / nm

Fo Ay O ) B e SEVF I n—n* IIERIE . fERER AL

(b) —Irl

-
(=)
1

o
e
1

o
(=)}
1

Normalized emission

450 500 550 600 650 700
Wavelength / nm

B3 EEAY Irl A Ir2 f5E50-TT RIR O 3 () AR BUR 51 6 (b)
Fig.3 UV-Vis (a) and emission spectra (b) of complexes Irl and Ir2
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Tab.2 Photophysical and electrochemical data of complexes Irl and Ir2

”& W?&K(/lubs)/nm &

& K (em)/ BFER (D)% Hf(ps  EULHAL(Eox)V
R W26 & #(e)/(10° L mol! em'™) RATEE (G ea)fom BTTH(@e) Hinhs  RHABLEY
Irl 238 (50.0), 260 (44.2), 376 (6.8) 570 88 2.43 1.08

Ir2 258 (35.1),310(19.0), 371 (4.7) 528 57 2.40 0.92
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FIFH 2% 292 R BES (DET)X Irl A1 D2 #6477 38
Wi, AT T H0E 0 72 B o0 A B S AH B
HUIBRES WLE 5, HOMO FRAKA S0 T HiE
(LUMO)IM A T3 3. NF 3 ATLIAEH, Irl Al
Ir2 f¥] HOMO % £ 2 H &R K1) d $1L1E(42.77%~
47.44%) L LA G R BLAR I m 108 (49.32%~54.11%)
Hik. EAY Irl () HOMO $UEREZ N-6.04 eV,
BL&4) Ir2 1) HOMO $UERe = 2 -5.93 eV Irl
A Ir2 1) LUMO $UiE 3 2255 A 75 H 4 FL 4 (94.60%)
by BRI T R RCAR R, I LUMO %1
ERES . ST TFEAY Irl 1 Ir2, LUMO #IBRESH
39 -3.04 F1-2.60 eV o 24 Fe A ) BRI H it
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Fig.4 Cyclic voltammograms of complexes Irl and Ir2
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Fig.5 The frontier molecular orbital energy level diagrams of

complexes Irl and Ir2

R 3 Irl M 12 BIRTERS T B RS B T3 B0 A

Tab.3 The frontier orbital energy level and electron density

distribution for Ir1 and Ir2

W B el S

[ty WOl eV 4R e waEt
BOfR/%  FeiA/%

HOMO -6.04  42.77 54.11 3.11

i LUMO -3.04 3.35 2.06 94.60
HOMO -5.93  47.44 49.32 3.24

r2 LUMO -2.60 3.26 2.14 94.60

1 FH &5 B 25 B 32 R B 18 (TD-DFT) J7 i3 — 25
W T Irl 1 Ie2 PORAER, B 6 NERITH
REBC A Il A Ir2 (92840 m] IR RO Bt A i
B8 e L
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Fig.6 Comparison of calculated and experimental UV-Vis absorption spectra of complexes Irl (a) and Ir2 (b)
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HH B2, Kk, 30 min A Irl #:01 OH- I F2E
I E], R R sRie 8 I N 30 min JE AT 2P
W55 1 4E DMSO B RAFAEI HO HITR G777
HIrl X OH FIAS I RUR . 45 3 EoRTE DMSO 5
H,O AL Ay 8:2 ) Irl 5 OH IR S B WE &
$5¢ 1o PR R S8 06 8 P55 R i S 35 () RO B E A . TR
Ir1 il OH- I AR AR L 8:2 ) DMSO #i
H0 HRAVE . thoh, TEMFRRIZAMGT, K OH-
IINE A Ir2 1) DMSO/H0 ¥, Ir2 i
BEHEDE,

EHE 9 M W ES FAENE AN R, AT
Irl K OH-Fik##1E, 450K 7 fin. 1E Irl
) DMSO/H,0 #1433 100 mmol/L #HAth
FAE T, 45 SO Acy SOs*. PO, HCO; .
COs*y Br CI'M S;05*, ELAEYIRIKG AR
1R/Ne TAE Irl A0 100 mmol/L #) OH J&, Irl
B R SHIEAT B 579 nm 5 2 506 nm, KIGHIE
ML B R g e, BB dRE g, ma

7 Irl 0N OH J&, AOGHRE R ERFE, KHHE
SR (cps) M 26 BB ZE 2553, $21 1L 100 51K 7).
e okl i 5 G SR AT AT T A7 B B T (S04
Ac™. SO3*. PO4#*~- HCO5~- CO3* . Br~. CI" 11 S,05%)
XT OH-ME sz, S5 8 s, f& Irl 53k
B TRIREEHR P I OH &, 1RAERT
FEEUR SRS BT, X RS RN OH- )
A —5. DL R RERY, A Irl X OH AR
I LA 4 e SR R T AN e s B T4

7E Irl ] DMSO/H,0 & &+, FIFABUR S
TEATR T O, SR WE 9 R, B OHIREE
fIHEIN, Tel PR GTIESREEZHIE G, 4 OH &+
I B IR B 100 mmol/L B, Trd B A G 5 5 1 5 5
JE R 100 1% . #E 0~100 mmol/L ¥ FEVEHE P, OH-
WP FIRC S B RO EsR B AR L, HR S A K 30/k24
THEAFE] T Irl X5 OH- [ Hi FR 4 8.47x107° mol/L,
KA Iel X OH- AL A B & i R % .

NT SR ALEY) Irl S OH- [0 R AL
¥, ¥ OH 5 Irl 7£ DMSO/H,0 5k [ N R &5
WIRHEAT B b e R KL, 1€ miz R 72513 &b
HILETIE, 5B 10 FECEY Irl® FELR AR5
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Vi B ARIC S 45 K Th 2,2 - R HE e 7 2B e Ak )
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Fig.7 Photoluminescence spectra of Irl
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Fig.8 Phosphorescence response of Ir1 to OH~

in the presence of competitive anions
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Fig.9 Changes of the emission spectra of complex Irl

upon the increasing concentration of OH~
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1) BRINE R T AT 2,2 - Bt ne R AE )
A 7R I BC &4 Irl A1 Ir2. R SLR A
TR AR G 2 A S TR BT PR E ARG
) Irl 1 Ir2.

2) JEAEVERERE AR, KT, BEEY
Irl Al Ir2 75 SR BRI ) R 508 23 3 A2 T 570
nm 1 528 nm, KICHE DA ATE, &=
TR AR 88%H 57%.

3) HBIFE R, LUMO HiE X8/ Aifed
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4) BEEW) Irl X OH- AR I H B 61 5
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