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Enhanced Electrogenerated Chemiluminescence of Tris (2,27-bipyridyl) 
Ruthenium (II)-S2O82- System by Sodium Dodecyl Sulfate
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The electrochemical reduction and electrogenerated chemiluminescence (ECL) of Ru(bpy)32+-S2O82- in CH3CN-H2O solu

tion were studied in the presence of sodium dodecyl sulfate (SDS) as an anionic surfactant. SDS enh제iced the ECL and the 

fluorescence intensities and lengthened the duration of ECL due to the solubilization of reactants and possibly to the stabiliza

tion of ECL intermediates in the SDS micellar environment.

Introduction

Interests in the electrogenerated chemikiminescence 

(ECL) of tris(2,2,-bipyridyl) rutheniiim(ll)(Ru(bpy)32 + ) in 

aq니eous or acetonitrile-water solutions have been increasing 

rapidly since Ru(bpy)32+ as an ECL label can be 니sed to 

determine low concentrations of biologic지ly important com

pounds.1,2 In particular, the ECL mechanism of Ru(bpy)/* 

-S2O82- system in acetonitrile-water sokition estabilished 

recently by White and Bard are based on the following reac- 

tion sequence.

Ru(byp)3 ++e~ Ru(bby)： ⑴

Ru(bby)J+S2Or -* Ru(bpy)，+SO：+SO厂 ⑵

Ru(bpy)：+SO； - Ru(bpy)；+*+SO「 ⑶

Because Ru(bpy)3+ is unstable in aqueous sol니tions and

S2O82- has a low solubility in CH3CN solutions3, 버e 

CH3CN-H2O mixed solutions are 니sed to produce intense 

ECL emission.

Electrogenerated reactive intermediates are often stabi* 

lized in micellar media on the reductive electrochemical 

system. For example, Saveant et 시.* have reported a remar

kable stabilization of the electrogenerated anion radical of 

phthalonitrile in the presence of cationic mic이les and sug

gested that the observed 250 fold decrease in the rate of pro

tonation of the anion radical was d니e to its association with 

the positively charged micelles. On the other hand, Blount et 

a I.-1 found that anionic micelles in the presence of LiCl elec

trolyte were capable of stabilizing the nitrobenzen anion 

radical to the point where it become detectable by cyclic 

voltammetry at 5() mV/sec.

Recently, Ouyang and Bard6 examined the oxidative 

electrochemistry and ECL of C)s(bpy)32 + , and s나gg은sted that 

Os(bpy)： + interacted most stron이y with anionic mickles, 

and both the electrochemical response and ECL in the pre

sence of oxalate were suppressed. Bard and coworkers7 had 

previously shown that the anionic mic이les associated more 

stron이y with methylviologen cationic radical(MV-+) than the 

dication (MV2+) form and Ru(bpy)32+ is b。니nd into Nafion 

more strongly than Ru(bpy)33+. Their results were explained 

by the hydrophobic interactions between the given substrate 

and the micellar hydrocarbon core or the nonpolar regions of 

Nafion.

However, micellar systems have not been utilized for the 

ECL of Ru(bpy)/+-S2O82- system, although there are some 

reports concerning the CL improvements of lucigenin in 

mic이le solutions.8,9 Therefore, in this paper we attempt to 

describe the effect of sodium dodecyl sulfate (SDS) as an 

anionic surfactant for the purpose of enhancing the ECL effi

ciency of Rii(bpy)32+-S2O82~ system. Possible crises of the 

enhancement are dismissed.
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Figure 1. Cyclicvoltammograms at Pt electrode in CH3CN-H2O 

solutions confining (a) 7 mM (NH4)2S2O8. (b) 1 mM Ru(bpy)3a2, 

(c) 1 mM Ru(bpy)3Cl2 +7 mM (NH4)2S2():1, (d) 1 mM Rn(bpy)3 

Cl? + 7 mM (NH4)2S2O8+ 1() mM SDS, The supporting electrolyte 

was ().1 M TMAP. The scan rate was 5() mV/sec.

Experimental

Ru(bpy)3Cl2 was prepared by following the method of 

Bard dal. ,band identified with UV and fluorescence spectra. 

(NH4)2S2(.)8 (Junsei), tetramethylammoni니m perchlorate 

(TMAP) obtained from Fluka. acetonitrile (J니nsei), sodium 

dodecyl s니Ifate (New Japan), cetyltrimethylammonium 

bromide (CTAB) (BDH), 1'riton X-100 (Shinyo) were 니sed as 

received. All solution were deoxygenated with a stream of 

nitrogen gas within an electrochemical cell before mea- 

s 니 rements.

The electrochemical experiments were carried out in a 

three electrode cell with a working electrode, a Pt gauge 

counter electrode separated by a Vycor frit, and a SCE 

(Fisher Scientific) reference electrode connected to the 

analyzing compartment through a Vycor frit. The working 

electrode was either a Pt wire sealed into glass or a glassy

car bon (GC) polished with raybrite A. All the potentialts given 

here are referred to the SCE. ECL and 이ectro나lemical mea

surements were performed with a Princeton Applied 

Research model 273 potentiostat/galvanostat and a RE0091 

X-Y recorder ECL and fluorescence spectra were recorded 

on a Hitachi 650-60 spectrofluorimeter. Absorption spectra 

were obtained with a Cary 171) spectrophotometer.

Results and Discussion

Cyclic Voltammetry. Cy이ic voltammetry was studied 
on the Ru(bpy)32+-S2O82_ system in CH3CX-H2() (1:1 by 

volume) containing ().1 M TMAP to observe the electro

chemical changes 나pon the addition of surfactants. Mixed 

solvent was used here because the ECL was not observed in 

aqueous solutions.3 Fig니re la and 2a present the cyclic 

voltammograms of 7 mM (NH^WR at Pt and GC electrode.

Figure 2. Cyclicvoltammograms at (；C electrode in CII3C\-H2O 

solutions containing (a) 7 mM (NH4)2S2O8, (b) 1 mM Ru(bpy)3Cl2, 

(c) 1 mM RiKbpyk% +7 mM (d) 1 mM Ru(bpy)3

Cl? + 7 mM + 1()mM SDS. The supporting electrolyte

was 0.1 M TMAP. The scan rate was 50 mV/sec.

respectively. Scan rate was 50 mV/sec. Both figures show a 

broad cathodic wave corresponding to the irreversible 

one-electron red니ction of 禹0芝 at around -0.9V. The peak 

potential at Pt electrode is in disagreement with that of 

White and Bard2 and the cause of 나虻 discrepancy is not 

clear.

Cyclic voltammograms of 1 mM Ru(bpy)：i2+ in the mixed 

sohitions at Pt and (；C electrodes are shown in Figure lb and 

2b, respectively. At GC electrode a cathodic wave of a d迁fu- 

sional shape starts at about -1.4 V. At about -1.5 V, a 

relatively sharp current peak occurs, which may be attri

buted to strong adsorption of a uncharged complex.2 At Pt 

electrode, however, neither the reduction of Ru(bpy)32+ nor 

the sharp peak could be observed due to the overwhelming 

proton red니ction and s니bseq니ent hydrogen evol니tion. When 

both 7 mM S2O82+ and 1 mM Ru(bpy)32 + were present, the 

c니rrents at potentials aro니nd —1.4 V were slightly increased 

and that at -1.5 V was decreased (F'igure 2c).

I he effect of micelle on the 이ectr。사lemical behavior of 

Ru(bpy)32+-S2O82- system were investigated. In the ore- 

sence of SDS above critical micelle concentration (cmc) the 

reduction potentials remained almost the same as can be 

seen in Figure Id and 2d. The cmc of SDS in the system was 

estimated to be 3.0 x IO-3 M by florescence emission of 

Ru(bpy)32+. However, the reduction currents were nearly 

double over the range of potential investigated in comparison 

with those obtained without SDS. The increase in the re

duction currents may be attributed to the enrichment of the 

reagents on the SDS micelles. Similar cyclic voltammetry 

with CTAB or Triton X-10() were performed and contrary to 

that with SDS, the resuls 아｝owed decrease in the reduction 

currents at all potentials.

Enhancing of ECL by SDS. ECL from Pt or GC elec

trode surface was studied in CH3CN-H2O solutions contain-
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Table 1. Relative Integrated ECL Intensities (IECL) of 1-Ox IO"3 M 

Ru(bpy)32+-2C mM S2O82- in the Presence of Surfactants. Suppor

ting Electr시yte was 1.() M TMAP

Surfactant Concentration, M IECL. arb. units

non — 1.()

SDS 8.0xl(*3 6.2

CTAB 8.5 X 10-4 ().3

Triton X-100 1.8x IO"4 0.4

WAVELENGTH."m

Figure 3. Comparison of ECL spectrum (1) with fluorescence emis

sion spectrum (2) at Pt electrode in CH3CN-H2O solutions contain

ing Ru(bpy)3+ and S?어〔

Table 2. Effect of SDS Concentration on the Relative Integrated 

ECL in Tensities (IECL) and Duration Time (7,rf) of ECL of 1.0 x 1()-5 

M Ru(byp)32+ and 20 mM S2O82- in CH3CN-H2O. S나)porting Elec

trolyte was 1.0 M TAMP

[SDS], 1(广3 M 1Ecd arb. units min
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Figure 4. Effect of applied potential on the ECL intesities of solu

tions containing (a) Ru(bpy)g + + S2O82-. (b) Ru(bpy)3 + + S?여 + S。， 

at Pt electrode. The scan rate was 5() mV/sec.

ing both Ru(bpy)32+ and S2O82~. In the absence of eith은r 

Ru(bpy)32+ or S2O82- ECL was not observed. Fig니re 3 shows 

a typical intensity-potential curve of 化아가邛)：户-$2。8> at

Pt electrode in CH3CN-solutions. I he noise in the 

figure is due to H? evolution. 1 he figure demonstrates that 

the direct electrogeneration of Ru(bpy)； is necess저ry to pro

duce Ru(bpy)32 + *. In Figure 4, typical enhancement of ECL 

intensity by SDS is indicated. The observed ECL spectrum is 

similar to the fluorescence emission spectrum of Ru(bpy)32 +

ISDS) i(T3M

Figure 5. Effect of SDS contration of the ECL intensities. 1ECL. 

relative fluorescence quantum yield, and duration time. I小 

Ru(bpy)3+-S2O8- in CH3CN-H2O. Supporting electrolyte was 0.1 M 

TMAP.

obtained in the CH3CN-H2O solution with the same max

imum wavelength at 611 nm, indicating that the excited 

singlet state of Ru(bpy)；+ is responsible for both ECL and 

fluorescence emission. Similar ECL in the presence of CI AB 

and Triton X-100 were studied and the relative integrated 

ECL intensities, IECL, are compared in Table 1. The result 

shows decrase in IECL for both Cl AB and I riton X-100. 

Thus their micellar effects were not pursued further. Table 2 

lists IECL vs. the concentration of SDS and the part of the 

data are plotted in Figure 5. The ECL intensity increases 

monotonically as the [SDS] increases. An attempt has been 

made to interpret the enhancement in I ecl vs- [SDS] as fol

(4)

k is a propotionality constant. Since the observed shape 

of the fluorescence emission of Ru(bpy)3 + 기& time in the 

presence of SDS micelles was not varied and the concen

tration of Rii(bpy)32+ was kept constant, th은 maximum 

fluorescence emission intensity, 1)、corrected for 가)sorb전nee 

at the excitation wavelength, A, should be proportional to

匕/Aoc如 (5)

lows.
The ECL efficiency,知 may be expressed as the product 

of the overall excited state yield of RiKbpy)；*：；代「and that 

of the fluorescence quantum yield of Rii(bpy)3 L 如 where

The calculated values of I(/A by Eq. (5) are presented in 

Figure 5. As can be estimated from Figure 5, SDS micelles 

apparently lead 幻 to increase by approximately 2(}%.
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Since the reduction currents were increased nearly by a 

factor of two in the presence of SDS (Figure Id), the yield of 

Ru(bpy)3 may be assumed to be doubled, followed by doubl

ing the yield of SOj. I'herefore 4>ex from Eq. (3) may be as

sumed to gain four fold increase at most in the SDS micellar 

environment.

Now, taking into acco니nt the 20% increase in 电, one may 

expect 牝 to be increased at most by a factor of l.S from Eq. 

(4). However, as shown in Figure 5 experimental data sug

gest that the relative ECL intensity exceeds the expected in

crease above 5.() x IO-3 M SDS. That is, the increases in S.. 

and cannot account for the large increase in ECL intensity 

vs. [SDS] beyond 5.() x IO-3 M SDS. The cause of the addi

tional increase in、is speculated due to the stabilization of 

the reduction intermediate Ru(bpy)3+ and/or SOJ. The ex

planation may be supported by a recent report, where the 

electrochemically produced anion radical of nitrobenzen was 

greatly stabilized for a relatively strong interaction between 

the radical and the SDS micellar environment.'1 In addition 

Ru(bpy)：广 can associate more strongly with SDS micellar 

core than Ru(bpy)32+ by hydrophobic interaction? Further

more, the duration time, defined as the time required for 

ECL intensity to decay to zero, was lengthened in the pre

sence of SDS micelles as can be seen from Figure 5 and 

Table 2, which possibly support the stabilization of the reac

tion intermediate.

Lastly, it was considered to be worth mentioning the pos

sibility of adsorption of SDS on Pt electrode. Bard et cil.lb 

have reported that the oxidation potential of Ru(bpy)；+ in 

the presence of liver tiss니e shifts to a higher potential due to 

possible adsorption of the biological compound, thus chang

ing the surface properties of the electrode. The shift of oxida

tion potential occurs also Os(bpy)32+ interacts with SDS 

micelles by a strong hydrophobic interaction.6

In the present study, however, no such potential shift was 

observed for the redaction of Ru(bpy)32+ in the presence of 

SDS at Pt electrode (Figure Id). Th니s it appears imlik이y to 

assume that SDS micelles were adsorbed on Pt electrode. 

For negatively charged SDS micelles were presmably re

pelled from the cathode. Furthermore, since hydrogen was 

being evolved 거t Pt electrode over the pontential region 

negative of -1.4 V, SDS was apparently prevented from ad

sorbing to the electrode surface.

Therefore the ECL enhancement in 난]is study appears not 

to be attributable to the adsorption of SDS on Pt electrode. 

Rather, it could be due to the solubilization of reactants and 

possible stabilization of ECL intermediates in the SDS micel

lar environment.
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The simple binary mixtures of pure phospholipids such as DPPC:DSPC and DPPC:DPPA were investigated with differential 

scanning calorimeter. The thermotropic properties of DPPC and DSPC mixtures did not deviate much from the ideal curves 

that was obtained on varying either the temperature or the relative proportions of phospholipids. This means that the two 

phospholipids are com미et이y miscible in the liquid and solid phase. But 나k 나icrmotropic properties of DPPC and DPPA mix

ture deviated much from the ideal phase diagram. It resulted from the repulsion between the head groups of acidic pho

spholipids. Heat capacity suggested by Harden McConell was calculated. The larger Cp was, the sharper the endothermic 

peak became.


