
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Luminiscent Metal Complexes for Diagnostic Applications

Staffilani, M.

Publication date
2002

Link to publication

Citation for published version (APA):
Staffilani, M. (2002). Luminiscent Metal Complexes for Diagnostic Applications. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/luminiscent-metal-complexes-for-diagnostic-applications(91059779-7ce5-48e7-82ce-19f9e3fb0a3f).html


ChapterChapter 3 

Electrochemistry,, Spectroscopy and 

Electrochemiluminescencee of 4,4'- and 5,5'-

Substituted-Bipyridinee Ruthenium Complexes 

TheThe electrochemical, spectroscopic and ECL properties of a series of 4,4'- and 5,5'-substituted bipyridine 

rutheniumruthenium complexes are reported. Due to our ongoing interest in the factors influencing the ECL reactions, 

suchsuch as hydrophobicity of the metal complex, the series of complexes [Ru(4,4'-di-CH;-bpy)i] \ [Ru(4-CHr4'-

CHCH22C(C0C(C022Et)Et)rrbpy)Jbpy)J2+2+ and [Ru(4,4'-di-CH2C(C02Et)rbpy)3]
2+ (bpy = 2,2'-bipyridine), with hydrophobicity 

increasedincreased with respect to the reference compound [Ru(bpy)J2+, is discussed and compared with the analogous 

5,55,5  complexes [Ru(5,5'-di-CHrbpy)J2*  and [Ru(5,5'-di-CH2C(C02Et)i-bpy)}]
2\ The 

electrochemicalelectrochemical and spectroscopic results show only small changes of their electronic properties, while the large 

CHCH22C(C0C(C022Et)Et)33 groups have a shielding effect towards the metal core, resulting in slower oxygen quenching rate. 

AA more limited hindrance effect by the substituents at 5,5 '-positions is observed, resulting in faster oxygen 

quenchingquenching rate and higher ECL efficiency. ECL intensity enhanced by 10% as compared to the reference 

[Ru(bpy)[Ru(bpy)33]]
22**  was found for [Ru(5,5'-di-CH3-bpy)i]2*. No influence of the increased hydrophobicity on the ECL 

reactionreaction could be observed. 
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3.11 Introduction . 

Sincee the discovery1 of the electrochemiluminescence (ECL) of [Ru(bpy)j]2+ (bpy = 2,2'-

bipyridine)) in 1972, this metal complex has played an important role in Ihe development of 

ECLL and its diverse applications.2-6 The ECL reaction between [Ru(bpy>3]2+ and tri-n-

propylaminee (TPrA)7 in aqueous solution has become an important detection method in fields 

suchh as diagnostics, e.g. for immunoassays and DNA-probe assays (see also Section 1.8 and 

Chapterr 4).2>3'8*9 Among the most important advantages of this method is the electrochemical 

triggeringg of the reaction, that is easily controlled and, avoiding excitation with light sources, 

itt reduces the signal background and increases the sensitivity (the detection limit being as low 

ass 2 x 10~13 mol dm 3).9 The possibility to avoid radioactive products, employed in isotope 

assays,, and the large dynamic range (six orders of magnitude) are some further important 

advantages.9 9 

Duee to the increasing demands for accuracy in diagnostics, higher sensitivity (signal-to-

noisee ratio) of ECL assays is required. The enhancement of the ECL intensity therefore 

becomess a crucial point. Several studies have focused on the investigations of complexes with 

differentt metal ions, generally resulting in ECL intensities lower than that of [Ru(bpy>]2+.10~ 
133 Only recently, an osmium complex has been reported to show increased efficiency for the 

ECLL reaction with TPrA.14 Ruthenium complexes with modified ligands were also 

investigated.15"188 Among them, [Ru(dp-phen)3]
2+ (dp-phen = 4,7-diphenyl-l,10-

phenanthroline)) with high emission quantum yield (> four-times that of [Ru(bpy)3]2+) shows 

ECLL efficiency (#&]  = ca. five -times the efficiency of [Ru(bpy)3]2+) for the reaction 

performedd via ion annihilation mechanism in acetonitrile (see Section 1.8). However, the ECL 

reactionn in aqueous solution with TPrA was less efficient than for [Ru(bpy]b]2+. 

Ass recently reported, addition of surfactant to an aqueous solution of [Ru(bpy)b]2+ and 

TPrAA has a dramatic effect on the ECL performance, enhancing the anodic current £ two 

times)) and the ^ i (> five times).19,20 The role played by the detergent is not yet clear. It is 

believedd that the presence of a surfactant layer on the electrode surface increases the 

hydrophobicityy of the electrode, facilitating the approach of the active hydrophobic molecules 

(TPrAA and [Ru(bpy)3]
2+) to the electrode and finally increasing the heterogeneous electron-

transferr rates.19 On the grounds of these results one would expect higher ECL efficiency for 

rutheniumm complexes more hydrophobic than [Ru(bpy)3]
2+ in the presence of a surfactant. 

Inn this Chapter the electrochemical, spectroscopic and ECL properties of a series of 

modifiedd ruthenium bipyridine complexes 2-11 (see Scheme 3.1) are reported. Complex 

[Ru(bpy)3]
2++ (1) is used as reference. 

Sincee we are interested in studying the influence of hydrophobic ruthenium complexes on 

thee ECL reaction, the discussion will focus on the series of complexes [Ru(4,4-di-CH3-

bpy)3]
2++ (2),21-24 [Ru(4-CH3-4'-CH2C(C02Et)3-bpy)3]

2+ (3) and [Ru(4,4'-di-CH2C(C02Et)3-
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bpy)3]2++ (4)25 with increasing hydrophobicity of the ligands in the same order. The analogous 

5,5'-substitutedd complexes [Ru(5,5'-di-CH3-bpy)3]
2+ (5)21"24 and [Ru(5,5'-di-CH2C(C02Et)3-

bpy)3]]  + (6) are also discussed, and the hindrance effect of the substituents in positions 5,5' on 

thee ECL reaction is compared to that of the 4,4'-bound substituents. 

V^ \ \ 

^Sr r 
,Ru(PF6)2 2 

11 R, = R, = H 

22 R,=R, = Me 

33 R, = Me, R2 = 

C02Et t 
EtOjC,,, , 

C02Et t 
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Et02C/ / /7/ / 
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44 R, = R, 

55 R=Me C02Et t 
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88 R = 

99 R-
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Schemee 3.1 Schematic representation of the investigated complexes 
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Tablee 3.1. Electrochemical data of the investigated ruthenium complexes and reference 
compoundd 1." 

Complex x 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

10 0 

[Ru(L)3]
1/ü ü 

-2.18 8 

-2.27 7 

-2.25 5 

-2.11 1 

-2.34 4 

-2.32 2 

-2.21 1 

-2.20 0 

[Ru(L)3]
+1/0 0 

-1.91 1 

-2.01 1 

-1.97 7 

-1.87 7 

-2.05 5 

-1.96 6 

-1.88 8 

-1.94 4 

[Ru(L) 3r
/+1 1 

-1.80 0 

-1.83 3 

-1.78 8 

-1.70 0 

-1.87 7 

-1.77 7 

-1.67 7 

-1.71 1 

[Ru(L)3] +^ ^ 

+0.94 4 

+0.76 6 

+0.86 6 

+0.96 6 

+0.84 4 

+0.96 6 

+0.95 5 

ca.ca. +0.88 

"Redoxx potentials {Em) in Volt vs Fc/Fc+; L reduction in dimethylformamide at 293 K, Ru(II) 
oxidationn in dichloromethane at 293 K. 6Data in eV. 

3.22 Results and Discussion. 

3.2.13.2.1 Electrochemistry. 

Thee electrochemical data for the complexes 1-6 are summarized in Table 3.1. The reduction 

potentialss were determined in dimethylformamide and the oxidation potentials in 

dichloromethane,, to avoid adsorption on the anode observed in dimethylformamide solutions. 

Thee cyclic voltammograms (CVs) of the complexes show one-electron oxidation occurring 

att the Ru(II) centre, and three reversible one electron reductions occurring at the bipyridine 

ligands. . 

Inn the cathodic region, the dimethyl-substituted bipyridine complexes 2 and 5 are reduced 

moree negatively (Ev2 = -1.83, -2.01 and -2.27 V for 2 and -1.87, -2.05 and -2.34 V for 5) 

thann the unsubstituted reference compound 1 (£1/2 = -1.80, -1.91 and -2.18 V). This 

behaviourr is in agreement with that reported in the literature,21'23 and is consistent with the 

resonancee electron donor effect of the methyl substituents on the bipyridines. Upon stepwise 

replacementt of the methyl groups in complex 2 with CH2C(C02Et)3, the reduction potentials 

becomee less negative (Em = -1.78, -1.97 and -2.25 V for 3, and -1.70, -1.87 and -2.11V for 

4).. Analogous trend is observed for the 5,5'-disubstituted complex 6 (£1/2 = -1.77, -1.96 and 

-2.322 V) compared with the 5,5'-dimethyl substituted 5, consistent with the electron 
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withdrawingg effect of the ester groups that reduce the donor character of the substituents. Less 
negativee reduction potentials can be noticed for complex 4 compared to reference 1, in 
agreementt with an electron withdrawing character of the CH2C(C02Et)3 groups. MNDO 
molecularr orbital calculations show that the lowest unoccupied molecular orbital (LUMO) of 
thee bipyridine ligand is mainly localized at positions 1,1' and 5,5', with positions 4 and 4' 
contributingg only to a small extent.26 Thus, a stronger stabilizing effect of the CH2C(C02Et)3 
groupss would be expected for the 5,5'-disubstituted complex, 6. Surprisingly, this complex 
showss reduction potentials of the first and second steps similar to the reference 1. 

Inn the anodic region, the complexes 2-6 exhibit one reversible one-electron step. 
Complexess 3, 4 and 6 showed adsorption on the electrode surface. In the series of 4,4'-
disubstitutedd complexes, the oxidation potential becomes more positive as the CH3 groups are 
replacedd by the CH2C(C02Et)3 groups (Em = + 0.76, + 0.86 and + 0.96 V for 2, 3 and 4, 
respectively),, as expected for the decreased electron donating character of the substituents on 
goingg from 2 to 4. Analogous behaviour is observed for complexes 5 and 6, oxidized at Em = 

++  0.84 and + 0.96 V, respectively. The oxidation potential for 4 and 6 are very similar to that 
forr the unsubstituted complex 1, proving that the -CH2C(C02Et)3 groups impose only weak 
electronicc effect on the oxidized Ru(III) centre. 

1.5--

1.0 0 

0.5 5 

3000 400 500 600 

\\ /nm 

Figuree 3.1. UV/Vis and emission (inset) spectra of complex 6 in acetonitrile solution. 

3.2.2.3.2.2. UV-Vis Absorption and Emission. 
Thee spectroscopic properties of complexes 3 and 6 in acetonitrile solutions are reported in 

Tablee 3.2. Data for the compounds 2,22 4,25 522 and reference l25 are also included for 
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comparisonn purposes. The absorption and emission spectra of complex 6 are depicted in 

Figuree 3.1. 

Tablee 3.2. UV/Vi s absorption, luminescence and ECL data of the investigated ruthenium 

complexess and reference 1 in an air-equilibrated acetonitrile solution, unless stated otherwise. 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

Abs s 

x x 

(nm) ) 

450 0 

4 5/ / 

285,459 9 

290,, 459d 

444/ / 

290,, 459 

293,451 1 

292,, 458 

291,452 2 

295,452 2 

291,458 8 

x x 

(nm) ) 

611rf f 

63D7 7 

618 8 

611rf f 

6 0/ / 

603 3 

613 3 

616 6 

620* * 

602 2 

630 0 

T T 

(ns) ) 

172* * 
99Q99Qd.e d.e 

99 9 

915e e 

166 6 

1100e e 

287d d 

960960d.e d.e 

83 3 

490e e 

315 5 

1940e e 

208 8 

305 5 

400* * 

184 4 

270 0 

Luminescence e 

2988 K 

& m m 

0.016̂  ^ 

0.062** * 

0.079̂  ^ 

0.016 6 

0.11e e 

0.035d d 

0.10rfe e 

0.036̂  ^ 

0.027 7 

0.16e e 

0.014 4 

0.016 6 

0.025* * 

0.015 5 

0.016 6 

fcqfcq X 

(NT11 s~ 

4.7 7 

2.7 7 

1.3rf f 

5.3 3 

1.9 9 

lO-9 9 

y y 

777 K* 

Anax x 

(nm) ) 

5822 d 

590 0 

583rf f 

576 6 

587 7 

581 1 

580' ' 

580 0 

606 6 

X X 

(us) ) 

4.88 d 

5.3 3 

5A5Ad d 

6.90 0 

5.40 0 

5.44 4 

5.05' ' 

6.15 5 

4.10 0 

ECLa a 

4:1 1 

1.0 0 

0.74 4 

0.27 7 

1.12 2 

0.94 4 

0.83 3 

0.12 2 

0.96 6 

0.06 6 

"Inn phosphate buffer solution (300 mM PO4 , pH 6.8) containing TPrA (180 mM) and a 

non-ionicc surfactant. 6In rigid butyronitrile matrix. cDioxygen quenching rate constant (in 

acetonitrile).. rfRef.25. *Deaerated solution, 'Ref.22 ^Complex as CI" salt. *In air-equilibrated 

H20.. 'In EtOH. 
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Thee UV-Vis absorption spectra of all the complexes exhibit bands characteristic for the 
generall  class of polypyridyl ruthenium(II) compounds.27,28 

Thee UV region is dominated by an intense absorption band, at 285 nm for 3 and at 290 nm 
forr 6 (Figure 3.1), assigned to singlet intraligand ('iL) transitions within the bipyridine 
ligandss (Table 3.2). In the visible region, a broad absorption band is assigned to singlet metal-
to-ligandd charge transfer (lMLCT) transitions from the d^Ru) orbitals to the 7t*  orbitals of the 
bipyridines.. The absorption maximum (459 nm for 3 and 6) of this band is red-shifted 
comparedd to reference 1 (450 nm), in agreement with the electrochemical data and the 
electronn withdrawing character of CH2C(C02Et)3. 

Uponn excitation at 450 nm at 293 K, a structureless emission is observed for complex 3 
(6188 nm) and 6 (603 nm, inset of Figure 3.1) in acetonitrile solution. All the complexes 2 -6 
showw only minor changes in the emission spectra compared to the reference, proving that the 
substituentss in the studied series of complexes do not strongly influence their electronic 
properties. . 

Interestingly,, the excited-state lifetime in air-equilibrated acetonitrile solutions largely 
increasess in the series of the 4,4'-substituted complexes 2, 3 and 4 (99, 166 and 287 ns, 
respectively),, differently from the deaerated conditions where the changes are more limited 
(915,, 1100 and 960 ns, respectively), see Table 3.1. This result suggests that the 
CH2C(C02Et)33 groups in 3 and 4 protect the metal core from dioxygen quenching, as 
confirmedd by the quenching rate constants, kq, calculated in acetonitrile from the Stern-
Volmerr equation (Eq. 3.1),27 

ii pp/T=l+k/T=l+k qqi?[0i?[0 22]]  (3.1) 

wheree r and t are the excited-state lifetimes in deaerated and air-equilibrated solutions, 

respectively,, and [O2] is the concentration of dioxygen in the air-equilibrated solution.25 The 

kkqq values are indeed 4.7 x 109 M" V for complex 2,2.7 x 109 M" ls_1 for complex 3 and 1.3 x 

100 M s " for complex 4,25 Table 3.2. A decrease of kq, but far more pronounced, was already 

observedd for dendritic complexes with extended branches on the bipyridines (frq decreased of 

onee order of magnitude for a Ru(II) bipyridyl complex with 54 peripherical units, compared 

too [Ru(bpy)3]
2+), and this was attributed to the shielding effect of the dendrimers towards the 

metall  core, resulting in reduced oxygen quenching constant rate.25 The 5,5'-disubstituted 

complexess 5 and 6 show similar trend, with lifetimes of 83 and 315 ns, respectively, in air-

equilibratedd solutions and quenching rate constants of 5.3 x 109 M~V and 1.9 x 109 M" ls_! 

(Tablee 3.2), respectively. However, some caution should be taken in directly comparing these 

kkqq values, as the excited state lifetime found for 6 in deaerated solution is much longer than 

forr complex 5 (1.94 and 0.49 us, respectively). The longer r found for 6 may indeed be due to 

aa partial delocalisation of the excited electron on the substituents. A comparison of complexes 
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substitutedd in positions 4,4' (2 and 4) with the analogous 5,5'-disubstituted complexes (5 and 

6,, respectively), shows higher &q for the latter species, suggesting a smaller shielding effect of 

thee substituents. 

Att 77 K in rigid butyronitrile matrix, the emission of the complexes becomes structured and 

shiftss to higher energy, consistent with the lack of solvent reorganization. The emission 

maximaa are 576 nm for complex 6 and 590 nra for complex 3, with lifetimes of 6.9 and 5.3 

lis,, respectively. 

3.2.3.3.2.3. Electrochemiluminescence. 

Thee electrochemical and spectroscopic studies have shown so far that within the series of 

complexess 1-6 only small changes in the electronic properties can be observed. Notably, a 

shieldingg effect of the bulky CH2C(C02Et)3 groups results in less efficient dioxygen 

quenchingg and longer excited-state lifetime of the complex in air-equilibrated solution. 

Wee have then performed ECL measurements for the complexes 1-2 and 4-6 in phosphate 

bufferr in the presence of tri-H-propylamine (TPrA, see Section 1.8), using equimolar solutions 

off  the ruthenium complexes and TPrA in a large excess (> 106 fold the concentration of the 

complex).. A non-ionic surfactant was also added, above its critical micellar concentration. 

Thee ECL reaction was triggered by the application of a positive voltage (~ 1.4 V), just above 

thee oxidation potential of the ruthenium complexes, and the signal was recorded over a range 

off  700 ms. As an example, the ECL signals of complex 5 and reference 1 are depicted in 

Figuree 3.2. The ECL results are given as intensity integrals and are reported as relative values 

consideringg [Ru(bpy)3]2+ as reference complex with unitary ECL intensity (4Ci,rei = 1). The 

dataa are an average of six trials and are summarized in Table 3.2. 

Ass shown in Figure 3.2, after application of a voltage the ECL signal sharply increases, 

withinn few milliseconds after the voltage application, slowly falling afterwards. The decrease 

off  the signal is due to slow diffusion of the ruthenium complexes from the bulk solution and 

too passivation of the electrode surface. 

Thee relative ECL intensities for the 4,4'-disubstituted complexes 2 and 4 are 0.74 and 0.27, 

respectively,, while for the 5,5'-disubstituted complexes 5 and 6 they increase to 1.12 and 

0.94,, respectively. Thus, an increase by 10% of the ECL intensity compared to reference 1 

couldd be observed only for the 5,5'-dimethyl complex 5. 

Notably,, the ECL intensity is higher for the dimethyl-substituted complex 2 than for 

complexx 4 bearing the larger CH2C(C02Et)3 groups. Analogous trend is observed for the 

complexess 5 and 6. This result indicates that in 4 and 6 the steric hindrance due to the bulky 

CH2C(C02Et)33 groups hampers the efficient reaction of the oxidized metal complex with the 

activee TPrA species (see Section 1.7 for a description of the reaction mechanism), with regard 

too that of the dimethyl-substituted complexes. 
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l /a.u. . 

600 0 700 0 

timee (ms) 

Figuree 3.2. ECL plotted against time for complex 2 ( ) and reference 1( ) (10 8 M) in (3 x 10 ' 

M)) phosphate buffer solution with (1.8 x 10~' M) TPrA and non-ionic surfactant. 

Interestingly,, the 5,5'-disubstituted complexes 5 and 6 show higher ECL efficiency than the 

4,4'-disubstitutedd derivatives 2 and 4, suggesting larger hindrance of the bipyridine ligands in 

thee latter case. These trends are in agreement with that already observed for the dioxygen 

quenchingg rate constants (see above). 

Thee increased hydrophobicity of the studied ruthenium complexes as compared to 

[Ru(bpy)3]
2++ (1) has not lead to the expected enhancement of ECL intensity, probably due to 

thee increased hindrance for the substituted complexes that inhibits the reaction with the large 

activee TPrA species and the efficient population of the MLCT excited state. Therefore, the 

designn of new complexes with higher ECL efficiency should take into account the shielding 

effectt of the luminescent core and the kinetics on the excited state formation. 

3.33 Conclusions 

Wee have studied the electrochemical, spectroscopic and electrochemiluminescent behaviour 

off  a series of ruthenium complexes with modified bipyridines, bearing CH3 or CH2C(C02Et)3 

groupss as substituents in the 4,4'- or 5,5'-positions. Our aim was to investigate the influence 
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off  hydrophobic groups on the ECL reaction and the steric influence of the substituents at 

differentt positions of the bipyridines. 

Thee CH3 and CH2C(C02Et)3 groups induce only limited changes of the electronic properties 

comparedd to reference [Ru(bpy)3]2+ (1), as the redox and spectroscopic data remain similar. 

Enhancementt of the hydrophobicity of the ruthenium complexes does not lead to the expected 

strongg increase of ECL intensity, the only positive increment by 10% being observed for 

[Ru(5,5'-di-CH3-bpy)3]2++ (5). The dramatic increase (five times) of ECL efficiency reported 

inn the literature for the ECL reaction between [Ru(bpy)j]2+ and TPrA upon addition of 

surfactantt to the ECL buffer solution,19'20 is hence most likely due to factors other than the 

hydrophobicc interactions between ruthenium complexes and surfactant. 

Substitutionn of the bipyridine ligands with the bulky CH2C(C02Et)3 groups resulted in 

stericc hindrance of the metal complex towards reaction with TPrA. However, upon 

substitutionn of the bipyridine ligands at the 5,5'-positions the metal complex becomes less 

stericallyy hindered, and reacts more easily with TPrA. 

3.4.. Experimental Section. 

Materials.. The ruthenium complexes were prepared by the group of Prof. Fritz Vogtle (University 

off  Bonn, Germany). The syntheses were performed following procedures reported elsewhere.21'25'29'30 

Forr electrochemistry, dichloromethane (Acros, analytical grade) was dried over CaFfc and freshly 

distilledd under nitrogen. Dimethylformamide (Acros, analytical grade) was distilled and stored under 

argon.. Tetrabutylammonium hexafluorophosphate (BiijNPFe, Aldrich) was recrystallized twice from 

ethanoll  and dried overnight under reduced pressure at 60 °C. Ferrocene (Aldrich) was used as 

supplied.. For electrochemiluminescence, buffer solutions were purchased from Roche Diagnostics 

GmbHH and consisted of millipore deionised water, 3 x 10"1 mol dm-3 phosphate salt, non-ionic 

surfactantt and 1.8 x KT1 mol dm 3 tri-n-propylamine (TPrA), pH 6.8. For spectroscopy, acetonitrile, 

ethanoll  and butyronitrile (Fluka, spectroscopic grade) were used as received. 

Generall  Techniques. Cyclic voltammetric scans were performed with a gastight single-

compartmentt cell under an atmosphere of dry nitrogen or argon. The cell was equipped with a Pt disk 

workingg (apparent surface area of 0.42 mm2), Pt wire auxiliary, and Ag wire pseudoreference 

electrodes.. The working electrode was carefully polished with a 0.25 urn-grain diamond paste between 

scans.. The potential control was achieved with a PAR Model 283 potentiostat. All redox potentials are 

reportedd against the ferrocene-ferrocenium (Fc/Fc+) redox couple used as an internal standard (£°i/2 = 

++ 0.63 V vs NHE32).31 Bii4NPF6 was used as supporting electrolyte. Scan rate was 100 mV/s. All 

electrochemicall  samples were 5x10 *̂  mol dm-3 in the studied complex and contained 3 x 10 ' mol 

dm-33 Bu4NPF6. 

ECLL studies were performed using an Elecsys® instrument (Roche Diagnostics GmbH).33 It 

consistss of an automatized system for the handling of the solutions, a flow-through chamber cell, a 

potentiostatt and a red-sensitive photomultiplier tube, placed above an optically transparent window of 
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thee cell. The cell was provided of platinum working electrode (4.8 mm x 5.0 mm) and a platinum 

counterr electrode made of two wires symmetrically placed above the working electrode. As reference, 

aa Ag/AgCl (KC1 saturated) electrode was employed. All the ECL samples were 10"8 mol dm-3 in the 

investigatedd complex and solutions were made in phosphate buffer containing TPA. Estimated 

experimentall  error for the reported ECL intensities is 5 %. 

Absorptionn spectra were measured with a Perkin-Elmer Lambda 6 spectrophotometer. Corrected 

luminescencee experiments were performed in air-equilibrated acetonitrile or water solutions at room 

temperaturee and in freshly distilled butyronitrile at 77 K. Luminescence spectra were obtained with a 

Perkin-Elmerr LS 50 spectrofluorimeter. Luminescence decay measurements were performed with an 

Edinburghh single photon counting machine. Analysis of the curve decays was performed with 

commerciall  programs. When necessary, deaerated solutions were prepared by repeated freeze-pump-

thaww cycles. Luminescence quantum yields were measured following the method described in the 

literature,344 using [Ru(bpy)3]
2+ as a standard {tjkm = 2.8 x 10~2 in air-equilibrated water solution).35 For 

thee £, calculations the value of 1.9 x 10~3 mol dm3 for dioxygen concentration in acetonitrile was 

considered.366 Experimental errors are: X,  2 nra; e,  10 %; t,  8 %; 0,  20 %. 
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