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Beryllium Ion-Selective Phosphorescence Probes Based
on 9-Crown-3 Ether Iridium Complexes
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Abstract: lonic iridium complex [Ir(BTZ9C3),(bpy)|PFs (1) and neutral iridium complex [Ir(BTZ9C3),(fppz)] (2)
were synthesized with 4'-(2-benzothiazolyl)benzo-9-crown-3 ether (BTZ9C3) primary ligand and different ancillary
ligands: 2,2 -bipyridine (bpy) and 3-trifluoromethyl-5-(2" -pyridyl)-1,2-diazole (Hfppz). The structures of the
complexes were characterized by NMR, high resolution mass spectrometry, and the single crystal structure of 1
was determined by X-ray structural analysis. All these complexes showed a strong Kelly phosphorescent emission.
The photoluminescence spectra of complexes 1 and 2 in PMMA (1%(w/w)) showed emission maximum at 535 and
541 nm, respectively. Their quantum efficiencies were 10.8% and 45.0% and the luminescence lifetimes were
3.01 and 2.58 ps. By means of the cyclic voltammogram, the HOMO levels of complexes 1 and 2 were calculated
to be =5.60 and -5.35 eV. Both complexes displayed a high selectivity for Be’* among relevant metal ions, and
exhibited luminescence enhancement effect in the presence of Be®. The stoichiometric ratio of iridium complexes
responding to Be** was determined to be 1:2, and the detection limit is down to 6.0 wmol+L™. The ionic iridium

complex 1 has good anti-disturbance, however the neutral iridium complex 2 is greatly interfered by Al*. CCDC:

1844315, 1.

Keywords: 9-crown-3 derivatives; cyclometalated iridium(ll) complex; Be*; phosphorescence probe

Wk F391:2018-09-19,, & ki F 1 :2018-12-03
XK H AR I 4 (No.21572001,21372007 ,61475106) % #8048 K2 A= BE B I 25 55T H (No.201710360152,20171036015)% D),
“HEIK R A, E-mail ; tongbihai@163.com, 1665604075@qq.com



294 Jd Hl fk

#o% 4R %35 %

0 35l

B v BE S B R AL S AR 2R i B A AR
SRR 4 B B b A 52 ML (TARC) 1Y WF
TR W B BUR RN B BAE — g XA B 5
THE KHET A LS T AT LR A Tl
SERTTE B B Tz PRt A R
PEFN RGO 7 A AR R AT
s AR R N TR E W NN 27 N A N4
B B ROR RS Ak SR YOG
% RO R R | R A A S A
VA BRI A A B R R OGS L A Ak
A H R 2805 R B A Ak B e A
RE AR A S I R B A e L R BR R
AN, TR 5N BBV RO IR %3
H AV, T HO O Sy e T e ok T B - A
F DO HRE th T Rk B A m R U 5 TR
S5O S N TR T R 1 Gn B R 1T
SEILT Bet Y LE T B SR AT AT LYY R
FIRUZGK RSB T Be 1 nl 13 98 YRR AR 12
S T R T AR R B AR R B B X
AHRT 55 1 | 35 A B B A6 0 19 28 S HR B RN I AR R
AR, B, FHREAA B e e ARSI fiE
1487 AL B B8 Ak 2 O R AT AT AR = — PR

AR ABEOGEE & 8 A ) o b 2 AR B
BT AR K2R X 2R #CE SR A
A DUF R B O AR e 1 R ST IR R B
P AL A ) A8 Ak A2 Ak, 54 LA R | B
KM stokes 7 B T 1 K 58 75 A, 100K 19 & 5
73 i A R Tl TSR] 0 B R O E S 5 %
1998 6155 AR X 4303

9-5tf-3 A& e/ Y e Bk A3 5, el ik S e S AR TE
0.16 nm ZEA M, 1 A B E TR ERAER N, R
0.031 nm!", H 2 /N T 084 8 & 7 1242, I 9-
-3 25 MR T R VS EL R oy T, R, 3R
138 3 20 42 R AR IE A 0 1 38 & R AR AR 51 A
9-5if-3 BB TR, B LT 2 R B A ROt
M) 7 P B 4 Ja K A5 4, ORI 5 T Ly Ak 2 1 ot
AP B A PR e

1 SRBEHES

1.1 RXF IR
7R g TR A P T A v T 1

][/

AEFRT M REREUE S BRUKER Avance NI 400 7
A SRR AL, 5 2 BRSBTS 1 AB Triple
TOF 5600 %! Jit % A3k, 540615 B Shimadzu
UV-3150 BUERAM AT WA BT 90t 544
R A Edinburgh(FLS-920 %15 i) 41 56 #Lol
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W 47 LRI -9-5E-3110.500 g(2.4 mmol)iE T
10.0 mL N, N-— 1 EE e v F3 A 0.600 mL(5.6
mmol) 2-28 HE AR Wy W, A JCOK B ER Bk 0.552 ¢
(4.6 mmol), TEATARY T N 24 h, RN SE S e ¥
HE =, KR R B FE B K A5 5 1 A Bl
AR, B AN R TR IR R 2T 13
B 47 (2- A I BEME ) R T -9 -3(BTZ9C3) Y FL 1 £,
A, 7% 40.8% .,

'H NMR (400 MHz,CDCIl,):8 8.03(d,J=8.7 Hz,
1H,PhH),7.87(d,J=9.2 Hz,1H,PhH),7.77(s, 1H,PhH),
7.68(d,J=11.0 Hz,1H,PhH),7.41(d,J=46.9 Hz,2H,
PhH),7.06(d,J=8.4 Hz,1H,PhH),4.52(d,J=6.7 Hz,
2H,CH,),4.38 (s,2H,CH,),3.99 ~3.86 (m,4H,CH,),
MS-ESI : m/z=313.08(#%[C,H;sNOS] #1454 . 313.08).,
1.3 SREEUHEKR
1.3.1 BET 1AL

# 0.182 g (0.51 mmol) IrCl;-3H,0.,0.316 g(1.14
mmol) BTZ9C3 .9 ml. L% LA 3 mL KL A 35
mL B ¥ 6 a AR O 76
T 90 Chn#k 24 h, B HE U8 UIE T 95% g
VR 3, BT AR RIRA B SRS
¥ 0.360 g,/ %K 81.3%,

1 70.0 mg (0.03 mmol) & S HF L &9 .26.8
mg(0.06 mmol) 2,2’ -bipyridine(bpy) % T 5 mL, 7£ %=
TR 6 hfR IS A 10 f5 9 J5E 1 & (LUK — 50
64 10 £ R BE ) Y NHLPF, 1 T B3 W, 7F 25
CTHBFE 6 h, WL T ZEBRIE 0k, Ui —
AW/ O CTRIR G R (17, VIVTERERE EAE 2
Br s R B L1 53, Z8 BRI ) | 19 18 41 4 [ 14 6.40
mg, EI[Ix(BTZ9C3),(bpy)|PFs (1), 413 22% ., 'H NMR
(400 MHz,CDCly):5 8.93 (s,2H,PyH),8.29 (s,3H,
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PyH),8.15(d,/=1.8 Hz,1H,PyH),7.82(d,/=7.8 Hz,
2H,PyH),7.72 (s, 1H,PhH),7.58 (s,3H,PhH),7.56 (d,
J=8.4 Hz,4H,PhH),7.34(d,J=7.7 Hz,2H,PhH),7.15
~6.97(m,2H,PhH),4.55(dd,/=8.0,4.9 Hz,1H,CH,),
4.44(dd,J=7.8,53 Hz,3H,CH,),4.29(d,J=16.8 Hz,
2H,CH,),4.26~4.12(m,2H,CH,),4.07~3.83(m,8H, CH,),
F NMR (377 MHz,CDCly):6 -72.23(s), HRMS-ESI:
mlz=973.170 6(1Z[CHalrN,0,S,| T 1 . 973.170 6),,
1.32 EEY 2 5

0.541 g(0.82 mmol) 4k — &L &4 0218 ¢
(1.02 mmol) 3-= 8 H 3-5-2 -Nlk g %6 )-1,2-— mk
(Hfppz)?H T 25 mL AW ke 72 25 C T dt 6
h, R T ZEBRIE R 08 UUE H AR b/ R &
BRIR AR 2.1, VIV)ERERE LR N R 2
B AR BRI A5 M AR S W [Te(BTZ9C3)(fppz)]
(2) I 1 2L, [ 4K 0.160 g, W% 19% ., 'H NMR (400
MHz,CDCl;):6 9.27(t,J=9.0 Hz,1H,PyrazoleH),9.04
(d,J=4.9 Hz,1H,PhH),8.38(d, J=8.9 Hz,4H ,PhH),8.09
(s,1H,PyH),8.01(d,J=6.6 Hz,1H,PhH),7.78(dd, =
18.4,6.8 Hz,3H,PyH),7.71 ~7.45 (m,5H,PhH),7.11
(d,J=30.8 Hz, 1H,PyH),4.58(s, 1H,CH,),4.49~4.27(m,
1H,CH,),4.27~4.10(m ,2H,CH,), 3.89(s,, IH, CH,),2.09
(s,2H,CH,),1.70(s,4H,CH,), 1.30(t, J=4.9 Hz,5H,CH,),
0.92(s, 1H,CH,), “F NMR(377 MHz,CDCl;):6 —62.39

(s)o HRMS-ESI:m/z=1 029.145 4(#%[C sHyF5IrNsO S,
THHAE .1 029.145 4),
14 BFHRUXE

BB AW H G FK (121, VIV E wBE 6B 10
wmol - L AUV, A6 I 25 7 B ) 52 0.01 mol - L~ Y
IKEWAEATINE , Be?, Zn>, Mn* Ag", K+, Fe*  Fe* il
Na*3k H T B2 28  Cu?*,Cd> ,Mg>*,Ca®*,Cr’*, Co?*,
APFI N2 H TR R ER | T LivAl NH,2k B T34
Yk KD E T OKIE RO A B A PR HE2) 2
min i AT G
1.5 WEY1KHNERERNE
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Table 1 Crystal data, data collection and structure refinement parameters for complex 1

Formula CyaH3eFeN4OPS,1r 0 range for data collection / (°) 2.358~27.492
Formula weight 1 118.06 F(000) 4432

Crystal system Orthorhombic Limiting indices -12<h<21,27T<k<28,-32<[<35
Space group Pbca Reflection measured 58 475

a/nm 1.653 08(17) Unique reflection 11238

b/ nm 2.183 6(2) R, 0.053

¢/ nm 2.714 2(3) Parameter 577

VI nm? 9.797 3(17) Ri, wR; (all) 0.081 3, 0.113 3
A 8 GOF 1.026

D./ (g-em™) 1.516 Largest diff. peak and hole / (e*nm™) 1 000 and -504
(Mo Kee) / mm™ 2914
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Probability level of ellipsoids: 5%; H-atoms and anions are omitted

for clarity; Selected bond lengths (nm) and angles (°):
Ir(1)-C(9) 0.200 0(8), Ir(1)-C(36) 0.202 0(7),
Ir(1)-N(4) 0.205 3(6), Ir(1)-N(1) 0.207 2(6),
Ir(1)-N(2) 0.213 3(6), Ir(1)-N(3) 0.213 8(6);
C(9)-Ir(1)-C(36) 85.8(3), C(9)-Ir(1)-N(4) 93.8(3),
C(36)-Ir(1)-N(4) 79.3(3), C(9)-Ir(1)-N(1) 80.1(3),
C(36)-Ir(1)-N(1) 94.9(3), N(4)-Ir(1)-N(1) 171.9(2),

)

2) 100.3(2), N(1)-Ir(1)-N(2) 85.9(2).
3) 174.2(3), C(36)-Ir(1)-N(3) 99.6(2),
3) 85.1(2), N(1)-Ir(1)-N(3) 101.6(2).
3) 76.2(2)
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Fig.1  Structure of complex 1

Synthetic route of iridium(ll) complexes
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Fig.2 UV-Vis absorption and photoluminescence

spectra of iridium(ll) complexes 1 and 2 in

CH,CL,
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BeAY 1M 2 7 AW e sck e M2 B BEEHEB LR THR, 25H
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535 nm, B HEOCKS MACAE Y 2 WERKEFEK  ®BIK,
541 nm, SR EGOCK S, KOG TRAW 14 23 REYRBELFEERE
6 nm, X EEREH TR A Y 2 A4 B AR /)P T ST BC A ) BE ROK - |l A6 SR 2 vk
TRV R RS YRR, B, T E TENMMEEFEEA, BAY 1R 2 ALk
BEOCHMBHY Ot 2 2 b A IR LG WX ] g S Fol A8 I AR AR T
Ph1% (who) () e FE 18 24 B) SR WL N M6 R W R SRSk 2 2 30k 1.48 V AT 1.21 V#0531
(PMMA)H il v B DL RIS 40 R AT AT iE HOMO REZL 73 il 4 -5.60 eV F1-5.35 eV,
HE e FRORME T4, FifSBdsmE 1 ir RWPE AR AY 11 HOMO REZCEAL,
AN, EAW 1R 2 B KOG S 3.01 Fl 2,58

F2 EAWHITE IR SR L R BUR

Table 2 Photoluminescence physical and electrochemical data of complexes 1 and 2

Complex A / NM 7./ s b % Evons” / eV Euwo’ / eV E.. 1 eV
1 535 3.01 10.8 -5.60 -3.29 2.31
2 541 2.58 45.0 -5.35 -3.06 2.29

* Photoluminescence spectra, lifetime and quantum yields were recorded in PMMA at a concentration of 1%(w/w); * Euono=—%4.8—E .,
Oxidation potentials E\p, (mV) refers to (E+E,)/2 where E,, and E, are the anodic and cathodic peak potentials referenced to the Fe*/Fe

couple in CH,CL; © Ejpyo levels were calculated from Eyoyo and E,,; E,,, was estimated from the absorption edge.

24 BAEVMHKEFERERE Ph? ,NH,Hl Cd>) 51 i B AL/ AT Be* 24k
N TR A YRR G R RE e e ANEE ) [FIRE BCE ) 2 7E 546 nm 19K SHIETE Be
A1 7 2 Ah P DGR S5, R BUMACKRIEI BB AFAE T RO B 38 i 3 J5 R 1 128% (& 3b), i H
FIRE AW WG A I R, Kot EEFILRENIOHREZ/NMIZ ) XEHZ R
JC1E e — M WOBOETE X T AL A L SR M T FEE WX BeX A BRI LRI A K Be Y fiE
Z 18] ) AH H AR FH O BURR S DR b Ak 2 R AT RO G BCA WIS BeX A R RO N, i 5%
ARSI S5 ) FF 2 AR BT s (X TRCA )2 WA, BT TR S BeX 0 ARG
FEHES FINA B A Va5 R (B 3a), Bea W is, K 4 oT LA RIS BeX B T 2 Fh
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R B 0 126% , T H & B 7 (Li*,Na*, K*, Ca®, 1) Be?Jo 45 1R 3G 5, R B 5 40 v g T Ik i A1 R
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Fig.3 Luminescence emission spectra of complexes 1 (a) and 2 (b) in the presence of 2 equiv. of different metal ions
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Fig4 Changes in the emission spectra of complexes 1 (a) and 2 (b) with various amounts of Be?**
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Fig.5 Luminescence responses of complexes 1 and 2 to various metal ions
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