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Essential role of electrode materials in electrochemiluminescence 
applications 
Giovanni Valenti,[a] Andrea Fiorani,[a] Haidong Li,[b] Neso Sojic[b] and Francesco Paolucci[a]* 

Dedication This paper is part of the ChemElectroChem Focus Issue Honoring Christian Amatore 

Abstract: The phenomenon of electrochemiluminescence (ECL) is luminescence triggered by electrochemical 
reactions at electrodes. Heterogeneous electron transfers are deeply dependent on electrode materials, 
therefore, besides the usual parameters, the right choice of the electrode is a crucial point to address properly in 
order to maximize the emission efficiency. Many different electrodes have been studied, from metallic -platinum 
or gold- through transparent indium-doped tin oxide to carbon based electrodes, and others, such as paper based 
and boron doped diamond. This review summarizes results of ECL at different electrode surfaces, disclosing the 
relative advantages and disadvantages, with a particular attention to the reference Ru(bpy)32+/TPrA coreactant 
system. In other words, we offer an insight to recognize and select the optimal electrode material for the ECL 
systems of interest with particular emphasis on the biosensing applications 

Introduction 

Electrochemically-generated chemiluminescence or simply electrochemiluminescence (ECL) is a luminescent 
phenomenon induced by electrochemical stimulus in which species generated at electrodes undergo high-energy 
electron transfer reaction to form light-emitting excited states.[1,2] Traditionally, ECL was generated via annihilation, 
which involved homogeneous electron-transfer reactions between electrochemically generated anion and cation, 
both produced for example at an electrode by alternate pulsing of the potential or at microelectrode arrays.[3] This 
approach is typically called “annihilation”, and the general mechanism is schematized below:  

 
P   →  A +  e   (1) 

P + e  →  D     (2) 

A + D →  P* + P     (3) 

P*  → P  + hn   (4) 

Scheme 1. Reaction pathway of ECL annihilation route: P = luminophore, A = oxidized luminophore, D = reduced 
luminophore and P* = luminophore excited state. 

This reaction pathway involves high reactive intermediates and generally requires pure aprotic solvents with 
large potential windows where the solvent reduction or oxidation does not affect the stability of A and D. 

In the 80’s Bard[4] and co-workers presented for the first time a new approach for generating ECL, the so-called 
coreactant approach. It was a crucial point for the implementation of this transduction in the analytical fields. In fact 
this strategy opened the application of ECL to the water environments, as all the bio-related samples or analytes 
requires. Unlike the typical annihilation procedure, in this kind of ECL, the excited state is generated through the 
reaction between two different precursors, an emitter (i.e. the luminophore) and a coreactant. The coreactant can 
be chosen among different classes of chemicals, and its fundamental feature is to present a highly unstable 
oxidised (or reduced) form that undergoes a fast chemical degradation, thus forming a high-energy radical. Two 
different mechanisms are then possible, depending on the nature of the coreactant, i.e., the “oxidative-reduction” 
or the “reductive-oxidation” one.[5] 

As an analytical technique, the coreactant-based ECL represents an ideal marriage between electrochemical 
and spectroscopic methods combining good spatial resolution with high sensitivity.[6,7] In the last 20 years the 
research activity on ECL exponentially increases, reaching more than 1000 publications per year in 2013,[8] in 
particular thanks to the clinical and bio-analytical applications. In fact the electrochemical way to initiate the 
emission, i.e. the output analytical signal, allows to obtain sensors where the transduction time and position is 
controlled, with very low background and high sensitivity even in a complex matrix, such as urine, blood or lysate.[9] 



Although in the last few years many ECL systems were proposed, the oxidative-reduction strategy based on the 
tris(2,2′-bipyridine) ruthenium (II) [Ru(bpy)32+] as emitter and tripropylamine (TPrA) as sacrificial coreactant is the 
only one that have a real commercial application. In this case the general mechanism involves the oxidation of both 
emitter and coreactant as schematize in figure 1a.  

The first ECL commercial instrumentation was produced in the 1994 by IGEN International. Nowadays, a 
development of this instrument by Roche, called Elecsys, is based on the combination between magnetic 
microbeads technology, fluidic system and ECL output signal. It results in the most used ECL instrumentation for 
the clinical analysis.[10] Another important ECL analyser which is focused on the multiplexing analysis, is 
commercialized by Meso Scale Discovery.[11] Recently, Dropsens start the commercialization of promising 
analytical tools based on ECL for the screen-printed electrode application.[12] 

All these systems based on Ru(bpy)32+/TPrA couple need the oxidation of both chemical species, while in the 
common immunoassay the Ru(bpy)32+ is not directly oxidized because it is used as an ECL label attached to the 
bead and therefore not free to diffuse toward the electrode. Bard and co-workers[13] demonstrated how ECL 
emission could be obtained only from the oxidation of TPrA, in a mechanism involving both TPrA• and TPrA•+ 
(Figure 1b). Given the complexity of the coreactant mechanism involved in the generation of excited state, 
numerical digital simulation has proven to be a powerful tool to investigate and optimize the ECL process.[14] 
Amatore and co-workers deciphered the complex mechanistic processes using digital simulation to investigate the 
kinetic and thermodynamic parameters associated with the ECL generation.[15] They also examined the effect of 
diffusion coefficient, of both coreactant and ECL active luminophore, on the ECL mechanism.[15a] Herein, they 
observed that the relative contribution of the ECL mechanisms changes (from Figure 1a to 1b) by decreasing the 
diffusion coefficient of the luminophore.  

A crucial point in the efficiency of the ECL generation is the chemical and physical state and behaviour of the 
electrode surface where the ECL process is initiated. In fact, one of the key steps for the optimization of the signal 
to noise ratio is the coreactant heterogeneous electron-transfer reaction. In particular, TPrA-based ECL is driven 
by this reaction and thus strictly depends on the kinetics of the heterogeneous electron-transfer that largely differs 
for different electrode materials. It is well known that the electrode surface may change its interfacial behaviour 
during the potential ramp used in the ECL generation and this might dramatically affect the efficiency of the emission 
intensity. In fact the electrode surface propriety might also affect the lifetime of TPrA•+ and its deprotonation reaction 
kinetics, thus generating free radicals, TPrA•, closer to the electrode surface and increasing the contribution of the 
oxidative consumption (as shown by the dashed line in Figure 1b). Moreover, surface modification by intermediates 
adsorption, such as radical cation or coreactant by-products, are known to poison the electrode surface. [16] This 
effect might decrease the ECL intensity and modify the stability of the electrode after repeated emission cycles.  

Here, we reported a practical guide on the ECL and the effects of the different electrode materials on the ECL 
generation with particular attention for the biosensing applications, focussing on the model Ru(bpy)32+/TPrA 
coreactant system.  

 

 

 

 



 

Figure 1. ECL mechanisms for the couple Ru(bpy)32+/TPrA: a) both, luminophore and coreactant, are oxidized in 
the “oxidative-reduction” mechanism; b) ECL generation obtained only by TPrA oxidation and involving the 
homogeneous reaction of the radical cation (TPrA•+), as proposed by Bard.[13] The luminophore in the excited 
state Ru2+* relaxes to the ground state and emits photon. Reproduced from ref. [14], copyright 2015, with 
permission of American Chemical Society. 

2. Noble electrode materials: platinum and gold 

Platinum and gold electrodes are widely used electrode materials in electrochemistry. In particular, in molecular 
electrochemistry thanks to the typical fast kinetics of electrons transfer reactions and electrochemical induced 
reactions. For this reason, platinum and gold are largely used for the ECL investigation of new luminophores in 
organic solvents. In fact, ECL emission generated by annihilation method typically required strictly aprotic solvent, 
such as acetonitrile or dichloromethane, and large working potential windows.[17] In this context, those noble metals 
are the most employed electrode materials for annihilation ECL and are mainly exploited to characterize new ECL 
luminophores such as Iridium[18] or Ruthenium[19] coordination complexes, bodipy[20] and polycyclic aromatic 
hydrocarbons.[21] 

For practical applications, i.e. in water, platinum is not largely used because the high potential necessary to 
generate the ECL emission, typically in the range of 0.8-1.2 V, might involve electrode modification (Table 1). It is 
known that in neutral condition platinum might be oxidized generating an oxide layer that affects the efficiency of 
ECL emission[22] (Figure 2a). In addition platinum is highly reactive towards the water oxidation and proton reduction 
generating bubbles at the electrode. As a matter of fact Pt electrode shows 100 times lower ECL compared with 
the glassy carbon electrode for the TPrA/Ru(bpy)32+ system in the biosensor operando condition.[23] The strategy 
proposed to overcome these disadvantages was the coating of Pt electrode surface with surfactants, both ionic[24] 
or non-ionic[25]. The overall effect is to protect the surface by decreasing the oxide formation; hence a higher amount 
of TPrA can be readily oxidized, leading to an enhanced ECL emission. 

The other noble metal frequently used, gold, showed typically a wide range of electrochemical applications also 
in aqueous solutions.[23, 26, 27]  Similar to platinum, one of the main drawbacks is the surface oxide formation in 
aqueous media.[28, 29] However, the ECL intensity with gold electrode, for the Ru(bpy)32+/TPrA, is ~10 times higher 
than that at Pt electrode in the same experimental conditions.[22, 23] This differences in the ECL efficiency reflects 
the different reactivity of the materials, i.e. the growth of surface gold oxide, that starts near 0.65 V (vs SCE),[30] 
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approximately 0.4 V more positive than platinum (Figure 2b).[22] This difference in the ECL intensity can be attributed 
to the decrease of TPrA oxidation rate due to the passivation of the electrode surface by oxide generation in this 
potential region, rather than diffusion control. [22]  This behavior was also observed with different amines.[23]  

In order to circumvent the oxide generation phenomenon, the main strategy developed is the modification of 
gold surface with surfactants or with alkanethiols. The latter case that involves self-assembled monolayers was 
proved to be very effective. Both these surface modifications inhibit the oxide growth and it makes the electrode 
surface more hydrophobic.[30, 31] A similar effect can be obtained adding a small amount of halide that competes 
with the surface oxides growth, lowering the passivation of the electrode surface, and activating the electrode 
surface by anodic dissolution of gold.[22] Another possible drawback of noble metal electrodes concerns the 
poisoning of the surface due to the adsorption of coreactant side products. This might modify the stability of the 
electrode after repeated emission cycles. [16] 

 

Figure 2. Cyclic voltammogram and ECL curve at (a) platinum and (b) gold electrodes in 0.15 M phosphate buffer 
solutions (pH 7.5) containing 100 mM TPrA and 1 µM Ru(bpy)32+. The dotted line represents data in the absence 
of both Ru(bpy)32+ and TPrA. Potential scan rate, 0.1 V/s. Reproduced from ref. [22], copyright 2000, with 
permission of American Chemical Society. 

Gold materials were applied for the ECL of luminol in neutral or basic aqueous solution,[32] also in the form of 
gold nanorods/nanoparticles modified electrodes.[33] In addition to flat electrode surfaces, porous gold electrodes[34] 
were used to enhance the ECL signal compared to flat gold electrode of CdTe quantun dots[35] or as scaffold for 
loading Ru(bpy)32+ in a solid state ECL device.[36] 

As a historical note, gold electrodes were used in the first commercial flow cell produced by Igen[37] for its ECL 
analyser Origen. 

3. Carbon-based materials 

Carbon-based materials and nanomaterials are widely exploited for ECL applications in biosensing, thanks to the 
fast kinetics for the amine oxidation. Glassy carbon electrodes (GCEs) are the most used electrode material to 
generate ECL in water with the standard Ru(bpy)32+/TPrA. On one hand, this electrodic material combines fast 
electron transfer for the coreactant oxidation, in particular amine, and high overpotentials for the water oxidation 
that minimizes the generation of bubble 



at the potential required for the ECL emission (Table 1). On the other hand, GCEs might change the surface 
properties during the oxidation potential step. It has been reported that the oxidation of TPrA at the anodically 
pretreated GCEs became easier, while the ECL intensity could be greatly suppressed and this is attributed to the 
rapid deprotonation of TPrA•+ cation radicals by the aid of oxygen-containing surface species formed on the GCE 
during the pretreatment. Because the reactivity of TPrA•+ was increased, the radical intermediates product, TPrA• 
free radicals, would be more subject to oxidative consumption at the electrode subsequently (as shown by the 
dashed line in Figure 1b), leading to weaker ECL signals (Figure 3). When the ECL was produced mainly following 
a catalytic route, however, the electrode surface effect was much less significant.[38] As a matter of fact, GCE shows 
10 times and 100 times higher ECL intensity compared to gold and platinum, respectively.[22] Furthermore, GCE 
are used also in organic solvents, such as acetonitrile, for the characterization of inorganic complexes such as Ru 
or Ir,[39] and with tertiary amines as coreactant.[40] 

Figure 3. CV-ECL curves of 1 µM Ru(bpy)32+ and 10 mM TPrA in 0.15 M PBS (pH 7.5) at a freshly polished GCE 
(solid line) and the GCE pretreated in the potential range of -0.2 to +1.8 V for 10 cycles (dashed line). Scan rate 
100 mV/s. Reproduced from ref. [38], copyright 2008, with permission of American Chemical Society. 

Modified GCE was recently reported as an efficient electrode material for the direct detection of medically 
relevant biomarker, such as dopamine, in whole blood without the need for sample pretreatment or extraction 
procedures to be undertaken.[41] The main drawbacks of GCEs and carbon-based nanomaterial are the defects 
intrinsic to the carbon structures, such as sp3 carbon or edges. Indeed, the quality of the materials plays a crucial 
role. Defect in carbon-based materials might generate a strong unspecific signal, increasing the analytical 
background. Nowadays, carbon electrodes find commercial application in the Meso Scale analyser.[11]    

Over the last decade, there has been a steady increase in the development of new electrodes that synergistically 
combine carbon nanostructured material with ECL.[6, 42] As one of novel carbon materials, ordered mesoporous 
carbons have attracted increasing attention in many fields including ECL and was recently used for the 
determination of dopamine.[43] Another, carbon material very popular in the biosensor field are the carbon 
nanotubes. Rusling and Forster recently demonstrate the high superior sensitivity of CNTs forest for the prostate 
cancer detection with a limit of detection down to 1 pg mL-1 in patient serum.[44] In addition they also reported the 
vertically aligned CNT forest array platforms using ink-jet printer to create versatile ‘lab-on-a-chip’ devices. This 
array emits ECL upon application of suitable positive voltage and the CCD placed above the array captures the 
emitted light from the spot simultaneously. In this context, in the recent years, graphene-based electrodes were 
largely used as new innovative material for ECL.[45] Graphene was also recently described, by Wang and co-
workers, in a new concept of ECL immunoassay based on the ECL generation out of the Helmholtz plane (OHP) 
that led to about 1000-fold improvement on sensitivity.[46] 

4. Transparent electrodes 

The transparency of electrodes is a property of fundamental importance, especially when combined with 
luminescence techniques, such as ECL and microscopy. Light collected through the electrode reduces error due 
to scattering processes of the solution and inner filter effects (reabsorption and self-absorption), that usually result 
in shifts up to 10-20 nm in peak wavelength. Transparent electrodes for ECL application might be divided in two 



main categories: glass/metal oxide and carbon based electrodes. Beside different degrees of transparency, they 
have typical electrochemical and surface properties that influence the heterogeneous electron transfer kinetic.[47, 

48] 

Transparent metal oxide electrodes,[49] such as indium-doped tin oxide (ITO) and fluorine-doped tin oxide (FTO), 
are currently the standard materials for transparent electrodes. The stability of oxides limits the potential window, 
where anodic polarization favor dissolution, while at negative polarization indium or/and tin metals appear on the 
electrode surface.[50] Although the ITO offers the advantage of surface functionalization,[51] the poor electrochemical 
behavior of Ru(bpy)32+ displays a peak separation of 105 mV, while on gold it is 58 mV. This is an expected 
separation for semiconductor electrodes, such as ITO. Despite this, ITO electrodes were efficiently used for the 
system Ru(bpy)32+/TPrA.[52] Furthermore, when used for luminol ECL, the low efficiency of oxidation compared with 
other materials favors the formation of chemiluminescent products rather than more oxidized products that do not 
generate light.[52] 

 

Amatore and co-workers combined, for the first time, spatial visualization with ECL in order to observe, with high 
resolution, concentration profiles of species generated at the 

microelectrodes or electrode array.[3] Recently, transparent electrodes paved the way for new imaging 
techniques based on ECL, for example microbeads,[53] fingerprints[54] or cells.[55] The imaging of processes limited 
near the electrode surface can be easily visualized, avoiding refraction from a thick layer of solution that decreases 
image resolution. The electrochemically-induced visualization is a powerful imaging tool in particular to analyze 
biological samples where the autofluorescence might significantly contribute to the signal to noise ratio. ECL of 
luminol was presented for imaging of active membrane cholesterol at single living cells.[55] Imaging was also 
performed with FTO assembled in a transparent electrochemical cell coupled with a microscope and a CCD 
camera. Microbeads conjugated with Ru(bpy)32+, like in immunoassay, were imaged by ECL and Ru(bpy)32+ 

quantified at a concentration as low as 1×10-19 mol µm-2.[53] Example of several devices using ITO electrodes have 
been reported, from analytics to light emitters. A portable and thermal-powered ECL sensor composed of an 
electrode array, where results were acquired by smart cell phone.[56] An ECL immunosensor was fabricated for the 
detection of carcinoma embryonic antigen. The ITO device was fabricated using a simple, low-cost, fast acid etch 
technique, which integrated counter, reference and working electrode in a single ITO slide.[57] A solid-state ECL 
device has been assembled with ITO anode and a porous Au cathode. The ECL quantum yields, from a complex 
of ruthenium(II), matched the efficiency of organic polymer based light-emitting devices.[58] ITO nanotip array, 
fabricated by chemical etching, of optoelectrochemical submicrometer sensors was proposed for remote ECL 
imaging. This sensor array was studied with ECL model system Ru(bpy)32+/TPrA, is able to perform remote ECL 
imaging with the advantages of ultramicroelectrode properties, and it also allows the parallel acquisition of large 
amounts of data.[59] 

ITO electrodes modified with nanoparticles can lead to an increase of the ECL signal compared to bare 
electrodes, facilitating the electrochemical oxidation of coreactants.[60] ITO/Au nanoparticles[61] and ITO/ITO 
nanoparticles[62] were found to be effective in increasing the ECL signal in Ru(bpy)32+/TPrA and QDs/DBAE and 
TPrA systems, respectively. Very interestingly, ITO electrodes were useful applied to imaging of nanomaterial that 
have different redox constants of electron transfer (ket) compared to ITO. Basically, as show in figure 4, 
nanoparticles deposited on ITO which exhibit higher ket for TPrA than ITO can be visualized by a CCD camera, 
because the emission of ECL signal is diffusion limited around the nanoparticle[63] or by the nanoparticle itself 
(Figure 4).[64]  



 

Figure 4. (A) Current density and ECL responses to electrode potential at bare ITO and Au disc electrodes in an 
ECL solution containing 0.1 M TPrA, 5 mM Ru(bpy)3Cl2 in 0.1 M PBS buffer at a pH of 7.4. Potential scan rate: 100 
mV/s. ECL was detected with a photomultiplier tube (PMT); (B) Au NP coated ITO for generating ECL selectively 
at Au NPs while minimizing background ECL from the ITO substrate by holding the electrode potential at ≤1.65 V 
vs SHE. Reproduced from ref. [63a], copyright 2015, with permission of American Chemical Society. 

 
However, this sluggish kinetic on ITO, for example the oxidation of the most common TPrA coreactant, typically 

decreases the efficiency of the ECL generation For this reason, research on transparent electrodes moved to higher 
efficient materials, which retain high degree of transparency. 

Carbon based materials (graphene or nanotubes) are ideal candidates for the fabrication of transparent 
electrodes for ECL applications, in fact they combine good conductivity, fast electron transfer and high optical 
transmission. However, these materials need an inert support because they are not freestanding. Commonly, 
graphene is transferred on glass after CVD growth on copper, or carbon nanotubes solutions were filtered onto 
alumina and transferred directly onto polyethylene terephthalate (PET). 

Different examples of graphene modified with thin polymer films were proposed as an electrochemical platform 
for surface ECL using polymer derivate of Ru(bpy)32+.[65] Transparent single-layer graphene (SLG) generates ECL 
by annihilation mode of classical ECL luminophores, rubrene and 9,10-diphenylanthracene, in acetonitrile and 
acetonitrile/benzene and light emission measured through it.[47] SLG displayed excellent stability, at least from ca. 
-2.4 to +1.8 V versus SCE. Although the peak splitting between forward and reverse sweeps in voltammetry was 
larger in comparison to metal electrodes due to in-plane resistance, this may be decreased with samples that are 
defect-free or have larger grain size. The use of SLG electrodes with detection through the graphene window 
reduced apparent peak shifts by up to 10 nm in peak wavelength, due to inner filter effects. 

Carbon nanotube-based electrodes are excellent materials for ECL applications thanks to the low overpotential 
of oxidation for amine derivatives, which are the most commonly used coreactants. This reflects in 10-fold 
increasing of ECL emission compared to ITO (Figure 5), for the system Ru(bpy)32+/TPrA, as the ket of TPrA oxidation 



varies from 3×10-5 cm s-1 to 0.3 cm s-1, from ITO to CNT, respectively.[48] By using CNTs, it was possible to achieve 
transparency, higher than 90%, with good conductivity, furthermore PET substrate offers the advantage of flexibility. 
CNT electrode was applied, for the first time, to the ECL imaging of microbeads, which were used to mimic a real 
biological sample such as visualization of single-cell. 

The treatment of CNT film with a capacitive coupled plasma technique permits to obtain a patterned surface of 
CNTs on a non-conductive, transparent and flexible surface of PET.[66]  

Figure 5. a) cyclic voltammogram and b) ECL versus potential for 10 mM [Ru(bpy)3]2+, 80 mm TPrA, in phosphate 
buffer 0.1 M. Solid curves correspond to the CNT-based electrode, whereas dashed curves are for the ITO 
electrode. Scan rate = 0.1 Vs-1, PMT = 750 V. All potentials are reported vs. Ag/AgCl (3 M).  Reproduced from ref. 
[48], copyright 2015, with permission of Wiley.  

5. Paper based materials and disposable 

Paper, as a common material used widely in our daily life, has a lot of advantages, such as low cost and 
availability, thickness, light weight, flexibility to treatment with the desired shapes and functionalities, easy disposal 
after use, i.e. not polishing procedure required. All these intrinsic properties allow the successful developments of 
the microfluidic paper-based analytical devices (µ-PADs).[67, 68] In particularly, these devices have been applied to 
design diverse ECL sensing systems.[67] Hogan and co-workers developed nicely paper-based microfluidic sensors 
based on ECL detection.[69] The paper microfluidic elements were prepared using Adobe illustrator by inkjet printing 
the fluidic channels in filter paper, filling the detection zone with an ECL active luminophore, and fixed onto the 
surface of the screen-printed electrode (SPE) for ECL measurement. By analyzing the red pixel intensity in digital 
images of the ECL emission recorded by a cell phone, coreactant DBAE could be detected to levels of 250 µM; 
lower detection limits were reached with conventional photodetector.  

Figure 6. Fabrication and operation of a paper-based microfluidic ECL sensor. The paper microfluidics are 
produced in bulk using a conventional inkjet printer. ECL emission is recorded with a cell phone. Reprinted from 
ref. [69], copyright 2011, with permission of American Chemical Society. 

Wang and co-workers demonstrated also the development of ECL microfluidic sensing platforms on filter paper 
by photolithography.[70, 71] In their case, the paper impregnated with photo-resist was exposed to the UV lamp 
through a printed photo-mask, which then triggers the polymerization in only the projected area on the paper.  

The unexposed resist can be washed away by aqueous or organic solvent. Finally, further treatments are used to 
form a self-powered printed circuit board on the paper by assembling primary battery. ECL from the luminol/H2O2 
and Ru(bpy)32+/TPrA systems were demonstrated respectively. Glucose sensing from 10 nM to 10 µM was reported 
in this platforms. Such microfluidic paper could also be prepared by other methods, including wax patterning,[72-76] 
laser printing with toner.[77] For example, porous Au-paper working electrodes were developed by the growth of an 
interconnected Au NP layer on the surfaces of cellulose fibers to enhance the conductivity of the paper sample 
zone.[77] In this way, Yu and co-workers presented a 3D microfluidic origami ECL aptamer-device for ATP for point-

a b

x10



of-care diagnosis. In brief, paper-based materials are simple, affordable, rapid, and robust for ECL analysis and 
they can easily be combined with microfluidics. Therefore, such materials can expand the applications fields of 
ECL for medical applications in developing countries and remote communities. 

6. Others 

Among the extremely large diversity of electrode materials, boron-doped diamond (BDD) is considered as one 
of the most efficient for electrochemical studies.[78, 79] Diamond is a large band gap semiconductor and, therefore, 
possesses optical transparency in the visible and IR regions of the spectrum. However, a key issue is to balance 
the boron-doping level to impart sufficient electrical conductivity while maintaining optical transparency.[80] Although 
this electrode material is widely applied in electrochemistry and results very promising in the ECL fields only few 
examples are reported in literature.   

Thanks to the pioneering works of the Fujishima group,[81, 82] ECL emission was demonstrated on BDD thin 
films. In comparison to GCE and polycrystalline Pt, BDD exhibits superior properties, such as the fast reaction rate 
for the charge-transfer reaction, wide potential window, low background current, high sensitivity, and high chemical 
stability.[83] Therefore, complex ECL mechanisms could be verified separately at the diamond surface. Due to its 
electrochemical stability, BDD is more suitable for ECL study at high oxidation potential. Meanwhile, BDD 
microelectrode arrays have been prepared by various methods, which have extended its application in ECL 
measurements.[84, 85] 

 

   
Table 1. Decision table for electrode materials in ECL.  

Electrode 
material 

Annihilation 
ECLa 

Coreactant ECLb Advantages Disadvantages  

  “oxidative-
reduction” 

“reductive-
oxidation” 

   

Platinum J L L Fast electron transfer 

in aprotic condition 

 

Small potential windows in 
water 

Generation of metal oxides 

Expensive 

 

Gold J K L Fast electron transfer 

in aprotic condition 

Easy to functionalize  

 

Small potential windows in 
water 

Generation of metal oxides 

Expensive 

 

Carbon-based J J J Low cost 

Fast electron transfer 

for TPrA oxidation 

High unspecific ECL signal 

Possibility to functionalize 

 

Transparent  K K K Low cost 

Acquisition of ECL 
through electrode 

Microscopy 

Slow electron transfer and 
small potential windows 
(ITO) 

 

Paper based  L J J Low cost 

Disposable 

Portable device 

High unspecific ECL signal 

Difficult to functionalize 

Not stable in aprotic solvent 

 



This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/) 

When citing, please refer to the published version. 

 

BDD  J K K Wide potential 
window in aqueous 
solutions 

Slow electron transfer for 
inner sphere reactions (i. e. 
coreactant) 

 

[a] Aprotic solvent, typically acetonitrile or dichloromethane. [b] Water based solvent. J: suitable, K: semi-suitable and L: unsuitable. 

 

7. Conclusions and Outlook 

Electrochemiluminescence is a very powerful analytical technique with a spread commercialization of 
immunoassays and many applications in biosensing. The main drawbacks of this transduction methodology 
are related to the kinetic of electrochemical heterogeneous reactions and the electrode modifications that occur 
during the application of the electrochemical stimulus. For these reasons, the proper choice of the electrode 
material depends on many experimental parameters, such as the coreactant or the solvent. In many cases, it 
might be the limiting factor for an optimal analytical signal. Here we discussed the properties of the most 
common electrode materials used in ECL applications and some strategies to minimize their modification, such 
as surfactants, alkanthiols or halides. Although the right selection of the electrode material might increase the 
ECL intensity of few orders of magnitude, all the material reported here show some advantages and 
disadvantages also depending on the strategy selected for the excited state generation. We resume all the 
materials reported herein in a practical decision table (Table 1) that summarizes the best matching between 
electrode material and experimental conditions. However, we strongly recommend a deep understanding of 
the whole ECL system and the target application to select the most suitable electrode material.  
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