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• Outline brief history of spectroelectrochemistry (SEC)

• Describe basic principles and uses of SEC

• Demonstrate versatility of SEC

• Relate instrumental design to SEC function

• Discuss recent advances in SEC applications

Learning Objectives
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• 1960’s – Developed by Dr. Theodore Kuwana1

• Steady growth/interest until 2010’s

• Recent decline?

• SEC used to understand changes in molecular, 
thermodynamic and kinetic properties of 
electrochemical processes with spectroscopy

History of Spectroelectrochemistry

Figure 1. Publications on SEC since introduction in 1964.
Reproduced from ref 2.
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What is Spectroelectrochemistry?

A technique using a spectroscopic method to study redox species generated in situ
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A technique using a spectroscopic method to study redox species generated in situ
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A technique using a spectroscopic method to study redox species generated in situ

What is Spectroelectrochemistry?
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SEC is especially useful for species that are:
1. Hard to synthesize
2. Hard to isolate
3. Unstable

What is Spectroelectrochemistry?
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Uses of SEC
Investigating Transient States3
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Uses of SEC
Investigating Transient States3

Probing Redox Induced Structural Change4
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Uses of SEC
Investigating Transient States3

Probing Redox Induced Structural Change4

Single Molecule Visualization5

13

Potentiostat

𝐼1𝐼0



Elucidating 
Reaction 

Mechanisms6

Uses of SEC
Investigating Transient States3

Probing Redox Induced Structural Change4

Single Molecule Visualization5

14

Potentiostat

𝐼1𝐼0



Versatility of SEC 
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Figure 2. Common SEC spectroscopies. Adapted from ref 7.



Anatomy of a Typical UV-vis SEC cell

16

                  Side View                                    Front View

                  

𝑰𝟏

                                    
                  

Figure 3. Components of a 

UV-vis SEC cell. Figure 4. Side (left) and front (right) views of an 

assembled UV-vis SEC cell. Adapted from ref 8.
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Versatility of SEC 
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Since SEC is a combined technique, nature of each phenomenon influences outcome

Instrumentation of SEC

Luminescence OTTLE Cell                      UV-vis OTTLE Cell                     UV-vis, IR, and NIR OTTLE Cell                      

Optical Windows 

(KBr, CaF2, SiO2)

Counter 

Electrode

Reference 

Electrode

Spacer

Working

Electrode

23
Figure 6. Examples of different SEC cell designs: UV-vis (left), UV-vis, NIR, IR 

(middle), Luminescence (right). Reproduced from refs 8,11, and 12, respectively.



Electrochemical Requirements

• 𝑅−/𝑂+ “easily” formed

• Analyte 𝐸1/2
±(𝑛±1)/𝑛

≳ 100 mV 

from other redox couples

Requirements of SEC
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Spectral Requirements

• 𝑅−/𝑂+analyte yields detectable 
signal via spectroscopic method

General Requirements

• Compatible solvent system for 
spectral and echem methods

• Appropriate kinetics for 
instrument response time (IRF)



• OTE = Optically Transparent Electrode

• All electrochemistry happens at electrode surface!

• Time-dependent, diffusion limited

o Mass transport of species to surface

OTEs for Transmission SEC
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Figure 7. Fundamental considerations at the 

electrode surface – electrolyte interface. Reproduced 

from ref 13.



• Wire mesh electrode, thin solution layer (few mm), and potential step

• Allows light transmission to detector

• Linear diffusion ∴ fast equilibration times in diffusion layer

How the OTE cell helps
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Barriers  exist, such as:
• Non-standard cell design – echem and spectroscopic considerations necessary
• Instrument integration time critical for qualitative and quantitative outcomes

Barriers of SEC
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Figure 9. Examples of different SEC cell designs: UV-vis (left), UV-vis, 

NIR, IR (middle), Luminescence (right). Reproduced from refs 8,11, and 12, respectively.



Typical UV-vis SEC Data 
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Donor moiety is oxidized before loss in MLCT absorbance

Suggests that the donor is oxidized, while Cu(I) remains reduced

Verifying Transient States
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Figure 10. Example of donor-chromophore-acceptor where UV-vis SEC used to verify photoinduced e- transfer 

mechanism (left), UV-vis data acquired at 5 min intervals (middle), absorption of characteristic UV-vis peaks for 

competing oxidizable entities during controlled potential coulometry (right). 



Instrumentation Barriers

Older Systems Difficult to:

• Synchronize measurements

• Achieve optimal integration times

• Achieve precise measurements

• Complex data handling

Figure 11. Barriers in home-built SEC instrumentation, e.g., the impact 

of synchronization on integration times and instrumentation response.
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Commercial SEC Options

• Plug-n-play operation

• Variety of SEC cells applications

• Batch and flow operations

• Selectable integration time

• Tailor made precision 

• Facile data handling

Figure 12. Commercial SEC instrumentation greatly reduces 

barriers present in older/home-built systems. Reproduced from Ref 15.
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Take Home Messages

• SEC combines a spectroscopic technique with an electrochemical process
• In situ electrochemical generation of species that are hard to synthesize, isolate, or unstable

• Verify transient species

• Probe electrochemically induced isomerism

• Elucidate reaction mechanisms with redox active, transient intermediates

• Visualize single molecule behavior

• The instrumentation of SEC is not standard 
• Depends on spectroscopic technique, electrochemical phenomena, and sample specifications

• Instrument response/ integration time is critical kinetics

• The OTE necessary in transmission techniques
• Allows light to detector

• Combined with potential step → linear diffusion and fast equilibration at electrode surface 
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SEC Workshop

Illuminating the Potential of 
Spectroelectrochemistry

July 9th and 10th, 2026

Join us at MSU Denver for a technical workshop featuring:
Instructional lectures on the fundamental science of SEC

Hands-on demonstrations    |    Research lectures    |    Networking opportunities

Registration opens soon! 

Follow QR code below for notification!

Registration Fee: $50 

(waived for students)
Please reach out for more information!  

 Dr. Megan Lazorski          Dr. Nilakshi Devi                Dr. Ritesh Vyas 

   mlazorsk@msudenver.edu   nidevi@msudenver.edu   ritesh.vyas@basinc.com

mailto:mlazorsk@msudenver.edu
mailto:nidevi@msudenver.edu
mailto:ritesh.vyas@basinc.com
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Outline – Spectro-EC Applications

• UV-Vis Spectro-EC
• Organic Dyes in Solar Cells
• Bio-sensor development – Dopamine Detection
• Thin film Spectro-EC – Optical Sensors R & D
• Thin film Deposition Monitoring – Spectro-EC

• VIS-NIR Spectro-EC
• Synthesis of novel organic materials for Dyes and EC applications

• UV-Vis, ATIR-IR, Raman Spectro-EC
• Electrocatalysis – Ammonia Oxidation Reaction

• UV-VIS – Fluorescence Spectro-EC
• Electrochemical Fluorescence



DSSC Solar cells Research
Organic Dye Characterization



Solar Cell Applications: 
Analysis of Novel Organic Dyes

• Spectroelectrochemical analysis of 
Methyl 5-methyl-3-phenyl-1-p-tolyl-4,5- 
dihydro-1H-pyrazole-5-carboxylate



Solar Cell Applications: 
Analysis of Novel Organic Dyes

• Oxidation of the compound leads to significant 
change in λMAX (bathochromic shift: yellow to 
green)

Reduced form Oxidized form



Solar Cell Applications: 
Analysis of Novel Organic Dyes

• Spectra recorded at various voltages along the 
CV curve
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Solar Cell Applications: 
Analysis of Novel Organic Dyes

• Spectra recorded along the way



Chrono Based Spectro-Electrochemistry
UV-Vis Absorption Spectrum at Different Voltages
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385
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Upgradable UV-Vis Spectro-EC Package Solution

• Plug-n-play operation
• UV-Vis Range: Absorbance 

& Transmittance
• Customizations available
• All accessories included
• Application Note Available
• Spectro-EC Software
• Auto-trigger capability
• Real-time Plot Display
• Baseline Subtraction

EmStat4X Potentiostat/Galvanostat Included at No Charge



PalmSens – Complete SEC Set-up with Accessories



Spectro-EC Cell Complete Kit 

Pt or Au Grid WE
Optical Path Length 1 or 0.5 mm



Published Article for Guidance with PalmSens



Bio Sensor Research & Development
Dopamine Detection



Bio-Sensor Applications
Publication – Dopamine Determination at SPE

Advantage Using SPE

• Fresh new surface each time
• Sample volume as little as one 

drop
• Fast, easy and accurate

Anal. Chem. 2012, 84, 21, 9146–9153



Cognition, emotion, endocrine regulation,
motivation, locomotion, etc.

High Concentrations

Schizophrenia

Low Concentrations

Parkinsonism

Dopamine

Requirement: A fast and accurate method for studying dopamine oxidation reaction with intermediates formed at high and lower concentrations

Dopamine – A Chemical Messenger



A Typical Dopamine Oxidation Process



Dopamine Oxidation @ Conc. < 0.001M



Dopamine Oxidation @ Conc. > 0.001M



Upgradable UV-Vis Spectro-EC Kit FOR SPE

Upgradable to SPE BASED Spectro-EC Studies

+

AVALight - HPLED



Published Reference Article with PalmSens - Biosensor



Optical Sensors & Electrochromic Windows
Conducting Polymer Characterization
Optical Nanoparticle Deposition



Electrochromic / Optical Sensor Development
THIN FILM SPECTRO-EC



Spectro-EC for Thin Film Analysis on ITO / FTO Slides



Monitoring Ag Nanoparticle Deposition via SEC



Published Reference Article with PalmSens 



Highly Conductive + Long Wavelength 
Electronic Materials Synthesis
UV-Vis-NIR Spectro-Electrochemistry



UV-Vis NIR Spectro-EC Analysis – Organic Synthesis

(a) In situ UV−Vis−NIR spectra measured in dichloromethane solution (0.1 
M n-Bu4NPF6) during the oxidation of 3b (a) and 41 (b). Each UV−Vis−NIR 
spectrum was collected relative to that of the neutral (uncharged)



Plug-n-Play UV-Vis-NIR Spectro-electrochemistry Kit

• Plug-n-play operation
• Range: 200-2500 nm
• Resolution: 0.2 to 7 nm
• Customizations available
• Dual Light Source Synchronized
• Spectro-EC Software
• Auto-trigger capability
• Real-time Plot Display
• Baseline Subtraction

Potentiostat Included at No Charge



Electrocatalysis Applications
Ammonia Oxidation Reaction  
UV-Vis, Raman, ATR-IR Spectro-EC Analysis



Electro-catalysis Studies – BASi – MF- SPEC-EC KIT



Electro-catalysis Studies with UV-Vis Spectro-EC



Upgradable UV-Vis Spectro-EC Package Solution

• Plug-n-play operation
• UV-Vis Range: Absorbance 

& Transmittance
• Customizations available
• All accessories included
• Application Note Available
• Spectro-EC Software
• Auto-trigger capability
• Real-time Plot Display
• Baseline Subtraction

EmStat4X Potentiostat/Galvanostat Included at No Charge



Electro-catalysis Studies - Raman Spectro-EC



Plug-n-Play Raman Spectro-EC Kit

• Plug-n-play operation
• Range: 100 cm-1 – 3000 cm-1

• AvaLaser 785 nm Diode
• Customizations available
• Spectro-EC Software
• Auto-trigger capability
• Real-time Plot Display
• Baseline Subtraction

Potentiostat included at No Charge



In-situ Raman Based Spectro-EC Cell Kit



Electro-catalysis Studies – ATR-IR Spectro-EC



Spectro-Electrosynthesis H-Cells for UV-Vis, NIR, IR (CaF2) 
& Ultra Fast Laser Spectroscopy 



Spectro-EC Fluorescence Applications
Dissecting Biological Matrix



Spectro-EC with Fluorescence Modulation



Plug-n-Play Fluorescence Spectro-electrochemistry Kit

• Plug-n-play operation
• Range: 200-1100 nm
• Resolution: 0.2 to 7 nm
• Customizations available
• 90 Degree Excitation
• Wavelength specific operation
• Spectro-EC Software
• Auto-trigger capability
• Real-time Plot Display
• Baseline Subtraction



Spectro-EC Application Note - PalmSens



App Note: UV-Vis Spectro-EC of Methyl Viologen

https://www.palmsens.com/knowledgebase-article/spectroelectrochemistry/?compare=15668%2C20598%2C30121%2C34966


Installation, Training and Warranties

• 3 Year Manufacturer Warranty available
• Life time remote support – no charge
• 1 full day on-site training for Avantes and EC < $7500.00

• $2500.00 – Avantes Expert – Ryan Flaherty -Set-up and 
Training for Spectro-EC Part

• $5000.00 – EC Expert – Ritesh Vyas – Set up and Training



Compatibility in Glove-box

• USB-3 and Ethernet connectivity
• Compatible inside glove-box
• Will need one feed-through for connection with 

computer
• Software and future upgrades are included at no 

charge
• Videos, remote support available: 

https://www.youtube.com/@avantesbv

https://www.youtube.com/%40avantesbv
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