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"Shedding light on the  
unknown"

Shedding light, in the literal sense of the phrase, on electro-
chemical knowledge and procedures. Spectroelectrochemistry 
offers analysts more information by being able to record both 
an optical and an electrochemical signal at the same time to 
obtain new data. 

The launch of the SPELEC systems represented an important  
breakthrough simplifying set-ups, facilitating data treatment and     
making the technique within everyone’s reach.
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Spectroelectrochemistry  

Spectroelectrochemistry (SEC) is a hybrid  
technique that joins the advantages of electro-
chemistry and spectroscopy¹.

This multi-response technique studies electroche- 
mical reactions with the simultaneous optical  
monitorization of these processes. The acquisition 
of electrochemical and optical data gives an over-
view about the changes that take place on the  
electrode surface.

In a single experiment, spectroelectrochemistry 
provides two signals of different nature, being a 
very powerful feature to obtain valuable informa-
tion about the studied system. However, the  
combination of electrochemical equipment (poten-
tiostat/galvanostat) and spectroscopic instrumen-
tation (light source and spectrometer) must  
ensure the perfect synchronization between  
electrochemical and optical signals.

Since the first work of spectroelectrochemistry was 
reported by Kuwana in 1964², the number of works 
based on this technique have continuously grown, 
demonstrating the interest and its usefulness in  
different fields.

According to the spectral region, different informa-
tion can be gathered from the spectroelectroche- 
mical data. Each region of the electromagnetic 
spectrum is characterized by a range of frequencies 
or wavelengths and in that way, the characteristic 
energy related to each region provide specific  
information of the analyzed system.

Spectroelectrochemical features allow the  
development of new applications in different fields. 
In the following sections, the most relevant SEC  
applications are summarized. However, new ones 
are developed every day and they are not limited to 
those included in this document. 



2

UV-Vis spectroelectrochemistry  

Evolution of UV-Vis spectra (200-800 nm)  
simultaneously recorded with the electrochemi-
cal reaction displays molecular information  
related to the electronic levels of the molecules 
involved in the process. 

According to the final application, UV-Vis spectro-
electrochemistry can be performed in different  
setup configurations:

	− �Normal: the light beam samples the system  
perpendicularly to the electrode surface. It can 
be performed in two arrangements, reflection 
and transmission.

	− �Parallel: the light beam travels in parallel direc-
tion respect to the working electrode surface.

	− �Bidimensional: a perpendicular light beam and 
another one in parallel configuration are  
employed. Bidimensional can be defined as the 
simultaneous performance of normal and  
parallel spectroelectrochemistry.

Gathered information from UV-Vis spectroelectro-
chemistry is useful in the study of reaction  
mechanisms and in the assessing of electrochemi-
cal and optical parameters, but also kinetic and 
thermodynamic information of the analyzed  
process is obtained.

In that way, this multi-response technique is very 
useful in fundamental chemistry³,,⁴ as is demons- 
trated by the determination of absorptivity coeffi-
cients, standard potentials, diffusion coefficients, 
etc., but it is also an outstanding tool in biomedical 
and life science⁵-¹² for the characterization of  
process involving DNA, neurotransmitters, antitu-
mor agents, etc., as well as in the monitorization of 
different electrocatalytic processes¹³--¹⁵.

However, the development of new spectroelectro-
chemical setups, cells and devices leads to the  
increase of applications in material science¹⁶--²²,  
for instance, for the evaluation of shape, size,  
composition and distribution of nanostructures, or 
the complete characterization of organic and  
inorganic compounds²³--²⁶. Furthermore, different 
energy devices²⁷,,²⁸, such as solar cells and rechar- 
geable batteries as well as environmental²⁹--³¹ pro-
tocols are currently evaluated by UV-Vis spectro-
electrochemistry.

According to the optical properties of UV-Vis spec-
troelectrochemistry, the use of this technique has 
been established in multiple and diverse applica-
tions. Among many others, Table 1 summarizes the 
most relevant application fields from top to  
bottom. 
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Field Application System/Process

Fundamental chemistry 	− Elucidation of reaction mechanisms
	− Identification of intermediates
	− Quantification of generated products
	− Calculation of electrochemical and optical  

parameters

	− Reversible and irreversible  
redox systems

Biomedicine and life science 	− Monitoring of denaturation, renaturation,  
hybridization and interaction processes

	− Detection of biological compounds
	− Resolution of biological mixtures

	− DNA
	− Neurotransmitters
	− Antioxidants
	− Antitumor agents
	− Proteins
	− Enzymes

Electrocatalysis 	− Analysis of surface intermediates
	− Study of mechanism of electrodeposition of precursors
	− Monitoring of the stability and conversion of  

complexes

	− Water oxidation reaction
	− Oxygen evolution
	− Hydrogen evolution
	− Transfer hydrogenation

Material science 	− Characterization of morphological properties
	− Monitoring of doping processes
	− Determination of band-edge energies and the  

energy level offset
	− Ensuring electrogeneration processes

	− Nanoparticles
	− Polymers
	− Perovskites
	− Quantum dots
	− Alloys
	− Composites

Organic and inorganic  
chemistry

	− Study of the stability, degradation and redox- 
induced color changes

	− Understanding electronic coupling, charge  
delocalization,  intraligand transitions and oxidation 
ligand-to-ligand charge transfer transitions.

	− Organometallics
	− Coordination complexes
	− Phthalocyanines
	− Porphyrins

Energy 	− Elucidation of the structure–property relationships
	− Analysis of the properties of oxidized and  

reduced forms
	− Study of the degree of charge delocalization

	− Solar cells
	− Semiconductors
	− Rechargeable batteries

Environmental 	− Monitoring of contaminants
	− Quantification of pollutants
	− Direct observation of amalgamations

	− Filtration processes
	− Wastewaters
	− Mercury amalgamation

Table 1
Summary of the main applications of UV-Vis spectroelectrochemistry
Spectral region: 200 - 800 nm

Just one software designed for spectroelectrochemistry

DropView SPELEC is a software thought and         
designed for (and by) those that want to treat 
spectroelectrochemical data in just one click. 

DropView SPELEC is the only software in the 
market dedicated to spectroelectrochemistry.

For more info visit www.metrohm-dropsens.com
SPELEC instrument (UV-Vis range)
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NIR spectroelectrochemistry  

Spectroelectrochemistry in near-infrared region 
is associated with the vibrational energy of 
overtones and their combination of molecules 
that contain CH, NH and OH groups. It is con-
cerned with absorption, emission, reflection, 
and diffuse-reflection of light in the region of 
800-2500 nm.

As spectroelectrochemistry in UV-Vis region, NIR 
spectroelectrochemical experiments can be per-
formed in normal (reflection and transmission),  
parallel and bidimensional setup configuration.

Traditionally, the well-known high absorbance of 
water in this spectral range has limited the deve- 
lopment of new applications of NIR spectroscopy. 

However, this restriction is currently overcome  
using organic solvents and ionic liquids, but also

working in alternative configurations as thin-layer 
arrangement.

Particularly, the evaluation of the electrochromic 
properties is one of the most important applica-
tions of NIR spectroelectrochemistry in material 
science³²-⁴¹. Furthermore, it is also an interesting 
tool for the elucidation of the electronic transitions 
of organic and inorganic compounds⁴²,,⁴³ and for 
the development of new protocols for industrial 
applications⁴⁴. 

Table 2 displays the main applications of NIR  
spectroelectrochemistry which have been  
developed according to the optical properties  
associated with this spectral range. 

Field Application System/Process

Material science 	− Evaluation of electrochromic capabilities
	− Modulation of optical properties
	− Study of quantum confinements
	− Monitoring of electrogeneration processes
	− Analysis of switching of the doping state
	− Study of the susceptibility to photoinduced  

electron transfer processes

	− Electrochromic materials
	− Semiconductors
	− Nanocrystals
	− Quantum dots
	− Conducting polymers
	− Carbon nanotubes

Organic and inorganic 
chemistry

	− Unrevealing of electronic transitions
	− Resolution of mixtures

	− Coordination complexes
	− Phthalocyanines
	− Dyes

Table 2 
Summary of the main applications of NIR spectroelectrochemistry
Spectral region: 800 - 2500 nm
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Raman spectroelectrochemistry  

This spectroelectrochemical technique, based on 
the scattering of the incident light, has become 
an important tool in the study of electrochemi-
cal processes and in the characterization of 
many molecules. Its usefulness is clear since it 
provides specific information related to the 
structural changes, composition and orientation 
of the molecules involved in the electrochemical 
reaction.

Raman spectroscopy is one of the most promising 
techniques for analysis due to its inherent finger-
print properties. In that way, it allows the identifica-
tion and differentiation of species present in the 
system under study. 

Although the traditional low sensitivity displayed 
by this technique has limited its use as detection 
method, surface-enhanced Raman scattering (SERS) 
effect has improved its analytical features. Thanks 
to the enhancement of the Raman signal, many 
sensing applications have been developed.

Raman spectroelectrochemical setup employs a  
laser as a monochromatic light source, being possi-
ble to work with different wavelengths depending 
on the final application.

532 nm laser

This wavelength is more energetic than 638 and 
785 nm, so the risk of damage of the sample and 
the generation of fluorescence must be considered. 
532 nm laser is traditionally focused on the charac-
terization of carbon materials⁴⁵-⁵⁰ due to their  
resonance Raman conditions. 

This laser has been also used in the identification of 
corrosion products⁵¹, monitoring of electrochemi-
cal processes involved in energy devices⁵², and for 
the elucidation of electrocatalytic reactions⁵³,,⁵⁴.
The main applications of Raman spectroelectro-
chemistry using a 532 nm laser are included in 
Table 3.

Field Application System/Process

Material science 	− Understanding redox behaviors
	− Analysis of doping processes
	− Evaluation of electron transfer capabilities and  

conductive properties
	− Quantification of degradation processes
	− Study of kinetics of degradation and oxidation states

	− Carbon materials (single,  
double or multi-walled carbon 
nanotubes, graphene,  
fullerenes, etc.)

	− Conducting polymers
	− Composites and alloys

Corrosion 	− Identification and monitoring of the transformation  
of products generated during corrosion processes

	− Iron corrosion products

Energy 	− Analysis of the intercalation of ions
	− Evaluation of the disorder degree

	− Graphite anodes

Electrocatalysis 	− Elucidation of the structure and function of  
different catalysts

	− Oxygen evolution reaction
	− Hydrogen evolution reaction

Table 3 
Summary of the main applications of Raman spectroelectrochemistry 
Laser waveleght: 532 nm

The most used wavelengths are 532, 638 and 785 
nm, being different the energy associated with 
each laser wavelength. At short wavelengths (more 
energy), the probability of damaging the sample as 
well as the generation of fluorescence during the 
measurement is increased. These two factors are 
usually taken into account for the selection of the 
adequate wavelength for each application.
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638 nm laser

The energy provided by this wavelength ensures 
the balance between the risk of damaging the sam-
ple and the generation of fluorescence, making this 
laser often used for most biological applitions⁵⁵,⁵⁶.

Moreover, this wavelength is useful for sensing⁵⁷-⁵⁹ 
applications based on SERS effect and due to the 
resonance condition between the laser wavelength 
and the plasmon band of particular substrates. 
Many valuable information is also obtained in  
electrocatalysis⁶⁰-⁶², achieving the understanding 
of essential processes. 

Although the use of this wavelength is not as usual 
in material science⁶³,⁶⁴, it enables the elucidation 
of  certain processes involved during electrochemi-
cal reactions. In a similar way, corrosion studies⁶⁵ 
on metallic electrodes have been carried out with 
638 nm laser.

Field Application System/Process

Biology and life science 	− Determination of the copy number and relative  
distribution of mutations

	− Elucidation of oxidation mechanism of biological 
molecules

	− Reversible and irreversible redox 
systems

Sensing 	− Development of new detection methods based  
on SERS effect

	− SERS detection and quantification of chemical  
compounds

	− DNA
	− Neurotransmitters
	− Antioxidants
	− Antitumor agents
	− Proteins
	− Enzymes

Electrocatalysis 	− Analysis of the effect of certain molecules on  
oxidation/reduction processes

	− Monitoring of the electrocatalysis processes on  
specific surface sites of the catalyst

	− Acquisition of unambiguous evidences of the  
participation of different molecules on the  
reaction paths

	− Oxidation of formic acid
	− Reduction of acetaldehyde 

oxime
	− Ammonia oxidation

Material science 	− Ensuring the modification of the electrode surface
	− Monitoring of the doping and dedoping  

conversion

	− Carbon nanotube  
composites

	− Conducting polymers

Corrosion 	− Study of the inhibition of corrosion processes  
on metallic surfaces

	− Iron electrodes

Table 4
Summary of the main applications of Raman spectroelectrochemistry
Laser waveleght: 638 nm

Table 4 summarizes the main applications of  
Raman spectroelectrochemistry using a 638 nm  
laser.

SPELEC is the only instrumentation 
dedicated to spectroelectrochemistry 
where you will find in one system all 
components integrated and totally 
synchronized. Available in UV-Vis, NIR 
and Raman ranges

SPELECRAMAN instrument
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785 nm laser

The energy associated with this wavelength reduc-
es the fluorescence interference for most chemicals 
and provides excellent quality spectra. This laser is 
the most popular one for general applications of 
Raman spectroelectrochemistry and SERS studies 
due to its exceptional versatility. 

For instance, the excellent properties shown by 
this technique facilitate the understanding of 
fundamental processes⁶⁶,,⁶⁷.

The development of new sensing platforms⁶⁸--⁸⁰ 
and protocols is highly related to SERS effect. 
The enhancement of Raman intensity allows the 
detection of very low concentration of different 
analytes. 

At present, combination of Raman spectroscopy 
and electrochemistry is one of the most interesting           
techniques in the characterization of materials⁸¹--⁸³ 
due to the vibrational information gathered. 

Field Application System/Process

Fundamental chemistry 	− Monitoring of redox transformations
	− Identification of intermediates and products
	− Elucidation of reaction mechanisms

	− Reversible and irreversible redox 
systems

Sensing 	− Development of new detection methods  
based on SERS effect

	− SERS detection and quantification of a huge variety  
of chemical compounds

	− Drugs in pharma 
	− Xenobiotics in biological fluids 
	− Biomarkers in biological fluids 
	− Environmental and food  

contaminants 

Material science 	− Study of Fermi level and electronic states
	− Monitoring of doping level changes

	− Carbon materials
	− Conducting polymers

Electrocatalysis 	− Detection of metastable reaction intermediates
	− Definition of complex reaction pathways
	− Elucidation of reaction mechanisms

	− Reduction of CO2
	− Oxygen reduction reaction

Energy 	− Monitoring of switching processes between  
metastable states with different conductivity

	− Identification of discharge products
	− Understanding the evolution during discharge  

and charge cycling

	− Solid-state polythiophene/ 
viologen memory devices

	− New materials for electrical 
energy storage

	− Li-O2 batteries

Corrosion 	− Elucidation of the interactions and the reactions  
of different ions with metallic surfaces

	− Corrosion inhibitor on       
copper surfaces

Organic and inorganic  
chemistry

	− Investigation of vibrational characteristics
	− Evaluation of charge-transfer mechanisms

	− Organometallics
	− Coordination compounds

Table 5
Summary of the main applications of Raman spectroelectrochemistry
Laser waveleght: 785 nm

In addition, fingerprint properties are crucial in the 
monitorization of electrocatalytic reactions⁸⁴--⁸⁶, 
energy devices⁸⁷--⁸⁹ and corrosion processes⁹⁰. 
Furthermore, position and intensity of Raman 
bands but also their changes with potential is key 
point in the characterization of organic and  
inorganic compounds⁹¹.

Table 5 shows the most relevant applications based 
on Raman spectroelectrochemistry and SERS effect 
with 785 nm laser.
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