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13
C NMR spectrum of 6,6"-Bis(bromomethyl)-2,2':6',2"-terpyridine (12) recorded in CDCl3 

(50 MHz). 
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13
C NMR spectrum of 3,6-Bis(chloromethyl)-10,11,12,13-tetrahydrodipyrido-[3,2-a:2',3'-c]-

phenazine (13) recorded in CDCl3 (100 MHz). 
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13
C NMR spectrum of N,N"-Dibenzyl protected triamine (20) recorded in CDCl3 (75 MHz). 
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13
C NMR spectrum of fully-protected terpyridine (tpy) ligand (14) recorded in CDCl3 (75 

MHz). 
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13
C NMR spectrum of fully-protected dipyrido-6,7,8,9-tetrahydrophenazine (dpqc) ligand (16) 

recorded in CDCl3 (75 MHz). 
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RP-HPLC elution profile (system A) of Terpyridine ligand 15 
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RP-HPLC elution profile (system B) of dipyrido-6,7,8,9-tetrahydrophenazine (dpqc) ligand 

17 
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RP-HPLC elution profile (System A) and ESI-MS spectrum of europium complex 5 
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RP-HPLC elution profile (System A) and ESI-MS spectrum of terbium complex 6 
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RP-HPLC elution profile (System C) and ESI-MS spectrum of europium complex 7 
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RP-HPLC elution profile (System C) ESI-MS spectrum of terbium complex 8 
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RP-HPLC elution profile (System D) of Eu(III) chelate 9 
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High-resolution mass spectrum of Eu(III) chelate 9 
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RP-HPLC elution profile (System E) of Eu(III) chelate 10 
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High-resolution mass spectrum of Eu(III) chelate 10 
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Corrected emission spectrum of terbium complex 6 (1 × 10
-6

 M in Tris buffer 50 mM, pH 7.4) 

at 298 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corrected emission spectrum of terbium complex 8 (1 × 10
-6

 M in Tris buffer 50 mM, pH 7.4) 

at 298K. 
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Quantum yields and lifetimes of Eu(III) complexes 5 and 7 in various media at 298K 

 

 

 

Eu(III) complex 5 

 

 Tris buffer 

(0.05 M,  

pH 7.3) 

Tris buffer 

+ KF (0.4 M) 

HEPES buffer 

 (0.05M, 

pH 7.3) 

Phosphate  

buffer (0.05 M,  

pH 7.3) 

Borate buffer 

(0.05M,  

pH 8.6) 

Φ (%) 13 14 13 14 13 

τ (ms) 1.10 1.10 1.08 1.11 1.10 

 

 

 

 

 

 

Eu(III) complex 7 

 

 Tris buffer 

(0.05 M,  

pH 7.3) 

Tris buffer 

+ KF (0.4 M) 

HEPES buffer 

 (0.05M, 

pH 7.3) 

Phosphate  

buffer (0.05 M, 

 pH 7.3) 

Borate buffer 

(0.05M,  

pH 8.6) 

Φ (%) 3 4 2.5 3 3 

τ (ms) 0.46 0.82 0.45 0.58 0.51 
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Calculated values of ηsens for Eu(III) complexes 

 

 

The overall luminescence quantum yield of the complex (Φobs) can be broken into two 

contributions: Φobs = ηsens × ΦEu , where ηsens is the efficiency of the sensitization of the Eu
3+

 

ion through the ligand and ΦEu is the intrinsic quantum yield of the Eu
3+

 ion when it is excited 

in its own levels. The latter can be calculated from the observed luminescence lifetime which 

is influenced by non-radiative processes (τobs = (kr + Σknr)
-1

) and the radiative lifetime τR 

which is not affected by these processes (τR = kr
-1

). In the particular case of Eu(III), τR can be 

evaluated from the spectral intensity and by using eq (2) 

ΦEu = τobs / τR                   (1) 

1 / τR = kr = 14.65 × n
3
 × (IΣFj / IF1)                (2) 

n is the refractive index of the solution, IΣFj is the total area of the corrected Eu(III) emission 

spectrum from the 
5
D0 → 

7
Fj (J = 0-4) and IF1 the area of the magnetic dipole transition 

5
D0 → 

7
F1. 

 

 

Calculated values of τR, kr, Σknr, ΦEu and ηsens for Eu(III) complexes complexes using 

experimentally determined quantities τobs, Φ and [IF1/IΣF0-4] in Tris-buffer (pH 7.4) at 298K. 

Chelate [IF1/IΣF0-4] τR  

[ms] 

kr  

[s
-1

] 
Σknr  

[s
-1

] 

ΦEu 

[×10
2
)] 

ηsens 

[×10
2
] 

[4-3H].Eu 0.15 4.35 230 679 25 68 

5 0.14 4.07 246 663 27 48 

7 0.13 3.77 265 1909 12 25 

9 0.14 4.07 246 587 29 52 

10 0.13 3.77 265 1553 15 40 
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 (a) Excitation (Iem = 617 nm) and (b) corrected emission (lexc = 334 nm) spectra of 9-

GSS11 conjugate in phosphate buffered saline (100 mM with 0.1% BSA; pH 7) at 298 K. 

Excitation and emission band passes 20-2.5 nm respectively; delay time 0.1 ms, gate time 0.4 

ms. 
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(a) excitation (lem = 617 nm) and (b) corrected emission (lexc = 350 nm) spectra of 10-

GSS11 conjugate in phosphate buffered saline (100 mM with 0.1% BSA; pH 7) at 298 K. 

Excitation and emission band passes 20-2.5 nm respectively; delay time 0.1 ms, gate time 0.4 

ms. 
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