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Comparison Study of Oxygen Quenching of Ru(ll) Phenanthroline
Complexes with Different Functional Groups

Tang, Lanlan Qi, Zhengjian* Hong, Manxin Li, Nan Shen, Wei
Yang, Fan Ji, Xin Hu, Aijiang
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189)

Abstract Ruthenium(II) phenanthroline complexes with different functional groups: [Ru(bpy).(phen-
NO,)](PFs)> (1), [Ru(bpy)a(phen-Br)](PFe), (2), [Ru(bpy)a(phen-NH,)](PFe), (3), [Ru(bpy).(bphen)](PFe).
(4) (where bpy=2,2'-bipyridyl, phen-NO, = 5-nitro-phenanthroline, phen-Br = 5-bromo-phenanthroline,
phen-NH;=5-amino-phenanthroline, bphen=bathophenanthroline) were synthesized. They were character-
ized and analyzed by NMR, FTIR, elemental analysis and UV-Vis absorption and photoluminesence spec-
troscopy measurements, respectively. The investigations indicate that complexes 2~4 emit bright or-
ange-red fluorescence and have intensely visible absorption in blue-purple region. Complexes 2~4 show the
photophysics properties of high quantum efficiencies (@), long excited-state luminescence lifetime (7), large
Stocks shift (147~205 nm) and good oxygen-induced luminescence quenching properties (Kg, =3.5,
(Io/Dmax=4.0). Among them, complex 3 grafted by an amino functional group has a @ of 10%, a 7 of 381.8
ns, a Ky, of 3.49 and the maximum /y/I factor of 4.33. However, complex 2 grafted by a bromine group
shows higher @ of 18%, longer luminescence 7 of 635 ns, larger K, of 4.59 and the maximum /y// factor up
to 5.29. These properties make it a promising fluorescence indicator applied in grafting and high perform-
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4% FluoroMax®-4, Horiba A 7 ; JC % 4> M1 4 Vario
MICRO, ## [ Elementar 2 .

N,N-—H L H L[z (DMF), 8, W, =554,
LR, HEE, ABAERSI, 2,2-ICHEmE, N-YRAR TR,
AR —f, SRR, DYSUCRERIS K 4 pral, A
AR IR ). Horh, DMF 7EA8 0 5 20T
T, HAKFIH T RSB, =& ET KT &
i 38.0%); ANIBERRE(T L 95%)W HFTh T Sk
(2,2"- BB e )57 (1) Ru(bpy),Cly HI AU FBZH 2 2% - e itk
SCHRP VG B, S-IHHE-A8AES Ik (phen-NO,), 5-283E-46
FENZIk(phen-NH,), 5-¥R-4FJE Mk (phen-Br)fll 4,7- 2K
5540 4E % Wbk (bphen) S A< U8 41 43 il 2 2% I o0k SCk
[39]. 3CHR[40]. SCHR[411R1SCHR[42]F L.

1.2 BSYIRISHK

225 Rl SCRR 381 LT 155, AE VA 5 L I
1, Ru(bpy),Cly FHUCAS EHE (phen-X) & A4 B A7 K,
F NH,PF, 15 R yiieE 7, A2 B 75 ) [Ru(bpy)a(phen-
X)I(PFq),, &Lkl Scheme 1 fow, HAAL L
[ (2,2 RN BE )-5- 0 HE— 4B FEMD IR ] /N B RR BT (1D IR &
J k.

[(2,2"- BRI E )-5-AiFg S — 4R JE NS IR ] /S TRl R 1 (1)
[Ru(bpy),(phen-NO,)(PF),, 1, Scheme 2]: #§ 0.1 g (0.2
mmol) Ru(bpy),Cl, 1 0.046 g (0.2 mmol) Phen-NO, % T
40 mL &g, ZURYTT, InAEIEREE 12 he 5 R
N A =G, ERAEY, BOEWR, BEAK



No. 9 J 2205 AR RE 67 (I RBSEMS IR C 75 1 L K RE ) ELASEAE 9 1083

_ .
7 N_(
\
\ \N RuCl, 7N\ /N /
“ Ru C|2
LiCl, DMF / \
) N
\ L \— N\ _/
X
4 N\
=N =

CH3CH,OH, NH,PFg
X= NOz, BI', NH2

BR 1 Al SW[Ru(bpy).(phen-X)](PFe), M4 i 45
Scheme 1 The synthesis procedure of the [Ru(bpy),(phen-
X)](PF¢), complexes

#i% 3~5 mL, M 10 mL ZE1R7K, JEI07AT NH,PF,
W, AELL e, Ik, BUEDE AT 50% 4
TR 50% P4l .45 i, 73 B 20 (B [ 442(0.13 g, IR
68.4%). "H NMR (acetone-ds, 500 MHz) 6: 9.36 (s, 1H),
9.20 (d, J=8.65 Hz, 1H), 9.08 (d, /=7.55 Hz, 2H), 8.87
(d, J=8.35 Hz, 2H), 8.83 (d, J/=8.15 Hz, 2H), 8.70 (d, J=
5.25 Hz, 1H), 8.64 (d, /=4.65 Hz, 1H), 8.28 (t, J=7.87
Hz, 2H), 8.16~8.18 (m, 3H), 8.07~8.11 (m, 2H), 7.95~
7.98 (m, 2H), 7.62~7.66 (m, 2H), 7.39 (t, J=6.58 Hz,
2H); FT-IR (KBr) v: 2909, 2844, 1605, 1534, 1443, 1414,
1336, 848, 756, 560 cm !, Anal. caled for RuCs,Hys-

2+

NH,

Ru(bpy)(phen-NHy)(PFg)2 3

N;O0,P,F,: C 41.38, H 2.48, N 10.56; found C 41.52, H
2.26,N 10.88.

[ (2,2'- TR MEk I )-5- Y53 — 15 JE B bk 1 7 960 195 1R 1 (1)
[Ru(bpy),(phen-Br)(PFe),, 2, Scheme 2](F)& kL
H 1 Mz, BL S-IR-2BFEM Ik (phen-Br) 4 Phen-NO,
WIS, WAk, W% 63.2%. 'H NMR (acetone-dj,
500 MHz) d: 9.02 (d, J=1.85 Hz, 1H), 8.93 (d, J=8.50
Hz, 1H), 8.81~8.87 (m, 4H), 8.78 (s, 2H), 8.54 (t, J=5.10
Hz, 2H), 8.26~8.27 (m, 2H), 8.15~8.20 (m, 3H), 8.11 (d,
J=5.15 Hz, 1H), 8.00~8.05 (m, 2H), 7.91 (d, J=5.15 Hz,
1H), 7.64~7.65 (m, 2H), 7.39~7.41 (m, 2H); FT-IR
(KBr) v: 2914, 2844, 1605, 1470, 1428, 1379, 1124, 827,
760, 554 cm'. Anal. calcd for RuCs,HasNgP,Fo: C 39.89,
H 2.56, N 8.56; found C 39.74, H 2.49, N 8.64.

[(2,2'-HR N BE )-5- 28 HE— 2B FE MO IR ] /S S IR 1 (10)
[Ru(bpy)(phen-NH,)(PFy),, 3, Scheme 2]/& 7% 5
Ru(bpy)a(phen-NOy) #H 1T, & LU 5- % & — 45 3 % nk
(phen-NH,) £ 48 phen-NO, il #3, A 35 to i 4k, e
76.3%. '"H NMR (acetone-ds, 500 MHz) J: 8.95 (d, J=
8.45 Hz, 1H), 8.81~8.86 (m, 4H), 8.35~8.41 (m, 2H),
8.23~8.27 (m, 2H), 8.15~8.19 (m, 4H), 7.97 (d, J=4.40
Hz, 1H), 7.87~7.93 (m, 3H), 7.61~7.67 (m, 3H), 7.42~
7.46 (m, 2H), 7.32 (s, 1H), 6.41 (s, 2H); FT-IR (KBr) v:
3460, 3389, 1637, 1598, 1520, 1464, 1428, 1315, 1251,
1166, 848, 763, 727, 663, 554 cm '. Anal. calcd for
RuCs,H,sN,PFpp: C 42.56, H 2.91, N 10.87; found C
42.67,H 2.87,N 10.79.

Ru(bpy)a(bphen)(PFg), 4
B2 LAY 1~4 Ms5HE

Scheme 2 The structures of complexes 1~4



1084 % %

Eibd Vol. 70, 2012

[ (2,2 HAMERE)-4,7- IR FE-SE DR\ R IR 7
(I1) [Ru(bpy),(bphen)(PF),, 4, Scheme 2] & kL
BeEH 1 AHIT, A2LL 4,7- K FE-LRSEM Ik (bphen) X
Phen-NO, #l73, #4014k, W% 25.7%. 'H NMR
(acetone-dg, 500 MHz) J: 8.85~8.90 (m, 2H), 8.54 (d, J=
5.45 Hz, 1H), 8.39 (s, 1H), 8.33 (t, J=7.45 Hz, 1H), 8.28
(t, J=7.25 Hz, 1H), 8.17~8.22 (m, 2H), 8.03 (d, J=5.65
Hz, 1H), 7.89 (d, J=5.50 Hz, 1H), 7.81 (d, J=5.55 Hz,
1H), 7.65~7.66 (m, 7TH), 7.43 (t, J=6.62 Hz, 1H); FT-IR
(KBr) v: 2929, 2851, 1767, 1719, 1647, 1605, 1456, 1414,
1384, 1166, 848, 763, 702, 551 c¢cm '. Anal. caled for
RuCy44H3,NgP,F,: C 51.04, H 3.07, N 8.13; found C 50.89,
H3.11, N 8.07.

2 H#HR5HE

2.1 F-RI LRGSR

BRC A 1~4 23 HIBCK 1.0 X 10> molsL ™' ] 5
HGER, AT UV-Vis 2347, UV-Vis OGS 1 T+
1 7t RSO R R L B TR R B S 4 A T3k 1.

Absorbance

250 I 3(|)0 ‘ 3§O ' 4(|)O I 4;0 ' 5(|)0 550
Wavelength/nm
Bl1 BCAED) 1~4 75 S e b SN BO i &]
Figure 1 The absorption spectra of complexes 1~4 in di-
chloromethane solution

BT 0T, DURPEC AP AE 28 SR ] G S5 5o
(R H e i A B AR, Horpr, 7E 260~300 nm [
FAN WA JE T AR ) nen* (W ERIE LC (ligand-
centered), 7E RJ WLYGIX Ik (W IS0 537 Ky 447, 447, 458
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(metal-to-ligand charge-transfer)! ™ **gr s, K 1 Wf LA
A [ TG A 45 1) R T & 0 R IR A s AR 200, TR U,
ARSIk I RIEE R ILAC & 0 MLCT 171
BT B R .
2.2 RAXIENH

BHCEW 1~4 BERE 1.0X107° moleL " (i 50 i e
R, AT 966G (PLY AT, 43 e I ds R
KAbik, SRR AW 1~4 I PLIER, WE2 PR, B
G 1~ 4 R KRBT WA T 652, 627, 605 F1610
nm Ak, BRGSO L . Hoh, HaRig d
ARIEN S-Mr -0 RS IR 1) T2 420 1 o K A S 1 A I
AR TIHAL 3 FECEY. RIIECE YR AR,
Pt FIARIE ) Lo AR, SR A AR e R
PR TEOmA, SRRV A BRIT e 2 PRAR, R
2L, 4 FIICA W11 Stocks MRS A A T3 1, H3 1 AT,
SIS IR AT 540 1 4 Stocks 7 B BB K, T LA

Normalized intensity/a.u.

0.0

T T T T T T T T T T
550 600 650 700 750 800
Wavelength/nm

B2 WEY 1~4 10 S TR I 96 R i
Figure 2 The fluorescence emission spectra of complexes 1~4
in dichloromethane solution

K1Y 14 1R
Table 1 The photophysical properties of complexes 1~4

Amax/TM Amax/TIM

Amax/TIM

Complex LC (&) MLCT emission Stocks shift/nm D 7/ns
1 285°(6.94 X 10%) 447 (1.67 X 10% 652 205 0.023 11.6
2 280(9.42 X 10%) 447 (1.63 X 10% 627 180 0.180 6347
3 286 (5.71 X10% 458 (1.16 X 10% 605 147 0.100  381.8
4 285 (8.77 X 10% 456 (1.89X10% 610 154 0.077 114.7

“ The unit is Lmol 'scm " '; * In dichloromethane.
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1E+04

Complex 1

1E+03 §|
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1E+04

Complex 2

1E+03
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Channels

B3 EEY 1B 2 K986 b ]
Figure 3 The fluorescence lifetime of complex 1 and complex
2

BOCHERYNY. LAECEY) 2 A, A AR EE TR
B CRSHEHE T & 4 75 .

8.0x10° 0%0,
6.0x10’ -|
3 100% O,
z 4.0x10°
z  40x10
e
2.0x10° o
0.0

T T T T T T T T T T
550 600 650 700 750 800
Wavelength/nm
B4 BCED) 2 EAFRREL NP6 R
Figure 4 The fluorescence emission spectra of complex 2 in
different oxygen concentration
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Volmer H1Z T 5 7, Ko fH0 700 0.41, 4.59, 3.49,
3.65.

64 —=—1
—e—2
—A3
1 w4
4 |
S
=
3
2
0 20 40 60 80 100
(0,19 %

B5 WAV 1~4 £ AL Y Stern-Volmer 12k
Figure 5 The Stern-Volmer curves of complexes 1~4 in di-
chloromethane solution
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