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Abstract 

This report details the procurement and integration of a multichannel potentiostat (BioLogic VMP 16 
Channel Potentiostat) into our electrochemistry program.  In short, the instrument has been of great 
service to characterize ionic liquid-based (IL-based) electrolyte systems via simultaneous 
electrochemical and spectroscopic studies.  These data are pertinent to understanding the microscopic 
(molecular and ionic) dynamics of electrolyte/electrode interfaces.  This information that is a 
prerequisite to engineered progress of many important energy conversion processes and devices (e.g., 
supercapacitors).  The potentiostat has been synchronized with an infrared spectrometer to perform 
surface enhanced infrared absorption (SEIRA) spectroscopy with electrochemical control.  The 
multichannel instrument has also been utilized to study mass transport in mesoporous films.  Sample 
data from these ongoing efforts are demonstrated later in this report. 

Statement of the Problem Studied 

Our group is interested in understanding the interface between the electrode and electrolytes.  
Knowledge in this area is important because chemical interactions at the electrode/electrolyte interface 
determine the type, rate, and efficiency of electron transfer processes that control device efficiencies.1,2  
We have chosen to pursue studies that involve simultaneous infrared (IR) spectroscopy with 
electrochemical perturbation.  We have modeled our work after other researchers that have utilized 
these techniques with ‘traditional’ electrolytes (e.g., aqueous systems) at metal electrodes.3  However, 
we have turned our focus to ionic liquid electrolytes which, to date, have been largely unexplored.  In 
the past decade, ionic liquids (ILs) have been targeted as electrolytes for a wide variety of 
electrochemical applications however, there is presently a knowledge gap with respect to 
characterizations of the interfaces between electrodes and IL-based systems.3  This report shows our 
progress towards building capabilities that will allow us to perform systematic studies that provide 
important dynamic structural information of the interface between ILs and electrode surfaces. 

Summary of Important Results 

• We have performed simultaneous electrochemical and spectroscopic (SEIRA) experiments that 
probe the interactions of 1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide (EMIm 
TFSI) at nanostructured gold electrodes.  Research assistants have been trained and are now 
performing spectroelectrochemical experiments with mixed systems (e.g., EMIm TFSI + 
acetonitrile). 

• Our group has begun to synthesize mesoporous films.  We have and will continue to utilize the 
multichannel potentiostat to characterize transport within these films.  (The multiplexing abilities 
of the potentiostat allow us to perform these characterizations during SEIRA experimentation.) 

Simultaneous Electrochemical + SEIRA Experiments 

When a potential is applied to an electrode, physics still dictates that charge be compensated between 
the electrode and solution as: 
 

-σmetal electrode = σsolultion                Equation 1 
 

 

In the case of pure ionic liquid (IL) solvents, the fact that the solution is composed solely of ions puts 
unique constraints on the way in which ions can (re)organize to form a potential gradient, Figure 1.  
To date, there remains debate on the exact nature of the (double layer) structure of ILs at charged 



surfaces.  Additionally, there is evidence that the time scales over which the solution can reorganize to 
changes in potential are lengthened significantly primarily due to ion-ion interactions, hydrogen 
bonding, et cetera that increase the viscosity.  This raises the possibility of manipulating the structure 
of ILs by appropriate (fast) waveforms that play kinetic and thermodynamic solution structures off of 
one another. 
 

 

Figure 1: Cartoons illustrating the double layer in for an IL.  (Not to scale, nor should shapes of ions 
be taken literally.)  The inset in the upper right corner is from4: M. Z. Bazant, B. D. Storey, A. A. 
Kornyshev, Phys. Rev. Lett., 2011, 106, 046102 1-4.  Our group is working on experiments that probe 
the true structure and nature of ILs at metal surfaces. 
 

Figure 2 shows a spectroelectrochemical cell in the standard Kretschmann geometry for performing 
SEIRA measurements.5  Infrared (IR) light is directed through an attenuated total reflectance (ATR) 
crystal onto which a thin (several nm thick) nanostructured film metal electrode has been deposited.  
Light penetrates the electrode from the back and excites surface plasmons at the electrode/electrolyte 
interface.  Penetration of the evanescent wave into solution is shallow (<100 nm) compared to 
traditional ATR (~1-5 µm with no metal film) and is strongly dependent on the types of materials 
(refractive indices), angle of incidence, the wavelength of light, and the thickness (of the film 
electrode).  In the case of SEIRA, thin ‘island-like’ films (but still conductive) promote surface 
plasmon resonance that amplifies the absorbance of adsorbed species in addition to providing a larger 
interfacial surface area (than a smooth metal film).  As IR light excites surface plasmons, the dipole 
moments (μ) of adsorbed species at the metal surface (at right) interact constructively or destructively 
depending on the geometry of interaction.  Infrared absorptions are thus indicative of the type of 
adsorbed species as well as the average orientation.  With a sufficiently fast and sensitive 
spectrometer/detector, SEIRA spectroscopy provides insight as to the real-time structural dynamics of 



ILs when performed with simultaneous manipulation of the electrode potential (e.g., during cyclic 
voltammetry). 

      

Figure 2: Cartoons illustrating the surface enhanced infrared absorption (SEIRA) spectroscopy via an 
attenuated total reflectance (ATR) crystal modified with a nanostructured metal film working 
electrode.  The so called, ‘Kretschmann’ ATR geometry (at left) has a thin (<~100 nm) metal film 
which enables simultaneous spectroscopic and electrochemical experiments.5 

 
For spectroelectrochemical measurements, we have employed the Kretschmann cell geometry with a 
standard three electrode system controlled and measured by (one channel of) the BioLogic VMP 
potentiostat.  This instrument has allowed us to collect data such as shown in Figures 3 and 4.  (Spectral 
data are offset for clarity.)  These data are the difference spectra for cyclic voltammetric experiments.  
Data detail an evolving, dynamic system as EMIm TFSI moves in response to the voltammetric 
perturbation.  In this experiment, 10 CV experiments were performed in succession.  The scan rate was 
fixed at 70 mV/s.  In Figure 3, spectral data for the first CV of the series was recorded at +1.2 V and 
was utilized as the background (subtractive) scan.  (This is denoted by the red box in the waveform 
shown at the upper left of the figure.)  Spectral differences for the 5th, 6th, 7th, 8th, 9th, and 10th CVs 
(at +1.2 V) in the series are produced by subtracting the spectral data collected during the 1st CV.  (The 
relative timing is denoted by the color coordinated boxes in the upper left-hand waveform inset.)  The 
shaded regions denote the approximate position of absorption bands for symmetric (νs) and asymmetric 
(νas) vibrational modes for the TFSI anion: 1055 cm−1 – νas(SNS), 1134 cm−1 – νs(SO2), 1221 cm−1 – 
νas(CF3), 1238 cm−1 – νs(CF3), 1327 cm−1 – νas(SO2), and 1357 cm−1 – νas(SO2).10  The data show an 
increase in the concentration of anion at the surface as the system evolves. 

Data demonstrated in Figure 3 are reasonable since the electrode is poised positive while data was 
collected (at these particular points) and therefore attracts anions.  However, it is interesting to note 
(counterintuitive) that Figure 4, which is recorded while the working electrode is poised at -2.0 V also 
shows a system that evolves to move more anions near the electrode surface.  Relative to the first CV, 



cycles 2 and 3 show less overall anion concentration in the difference spectra.  The 4th cycle is 
relatively flat and implies the amount of anion is roughly similar to the first cycle.  From the 5th cycle 
onward, the difference spectra indicate more anion is building up at an electrode surface (relative to 
the starting concentration) while poised to a strongly negative potential.  This somewhat pyridoxal 
result is mostly likely explained by the combination of the scan rate (time scale of the experiment) with 
the viscosity of the IL system interrogated.  In other words, structural hysteresis that involves a system 
of associated cations and anions that cannot move in time with the imposed waveform.  We believe 
this to be an interesting result, however, because it suggests that the right combination of waveform 
(shape and timescale) with electrolyte system may allow the creation of ‘kinetic’ structures not 
otherwise observed under ‘thermodynamic’ (e.g., slow experimental) conditions. 

 

 

Figure 3: Data are the SEIRA absorbance difference spectra for EMIm TFSI at a 4.9 nm thick gold 
film electrode on a Ge ATR crystal during cyclic voltammetry (CV, scan rate = 70 mV/sec).  Spectra 
are stacked on a relative scale for viewing purposes.  Spectra for potential = +1.2 V during the 5th to 
10th cycle, respectively, have been background subtracted utilizing the spectra taken during the first 
cycle (■).  Data indicate hysteresis in that the anion concentration at the electrode appears to increase 
as cycles are repeated.  This is consistent with literature data but also suggests that ‘kinetic’ structure 
might be controllably ‘built’ into the double layer by an appropriate waveform (time scale).   
 



 

Figure 4: Data are the SEIRA absorbance difference spectra for EMIm TFSI at a 4.9 nm thick gold 
film electrode on a Ge ATR crystal during cyclic voltammetry (scan rate = 70 mV/sec).  Spectra are 
stacked on a relative scale for viewing purposes.  Spectra for potential = -2.0 V during the 2nd to 7th 
cycle, respectively, have been background subtracted utilizing the spectra taken during the first cycle 
(■).  Data again indicate hysteresis in that the anion concentration at the electrode appears to increase 
as cycles are repeated.  It is interesting to note that while cycles 2 and 3 show less anion near the 
electrode, cycles 4 to 7 display more anion character.  Going forward, we are working to more directly 
comparing results for CV experiments with potential step-type experiments to determine what absolute 
structural differences (‘kinetic’ versus ‘thermodynamic’) may in fact exist. 

As we move forward, we are trying to quantitatively assess the dynamics of IL-based systems.  In 
particular, we hope to relate the observed dynamic behavior to the viscosity of the electrolyte solution.  
To this end and to make analyses more clean and simple, we will move from CV to potential step 
experiments in attempt to capture double layer rearrangement as a function of time.   

Characterizations of Mesoporous Film Electrodes 

Simultaneous to SEIRA experimentation, we are working on new electrode materials for study by 
utilizing as working electrode coatings on ATR crystals (as alternatives to Au).  In addition, the 
development of novel thin film mesoporous electrodes may have use in applications ranging from 
sensors to solar cells.  We are utilizing the Biologic Instrument to characterize these materials.  For 
example, we have also fabricated TiO2 and ZnO semiconducting mesopourous thin film electrodes 
with and without graphene dopants.6  To date, all films have been produced using the sol-gel method. 
The general procedure has been to add Ti/Zn nanoparticles to ethanol and Triton X-100 with sonication 



and stirring for about 30 min.  Next, ~0.5g of α-terpineol was added with sonication and stirring for an 
additional 30 min.  Separately, ~0.10 g of ethyl cellulose was added to ~0.9 g ethanol with stirring.  
Both mixtures were combined with sonication and stirring for one hour.  At this point in the procedure, 
graphene (produced utilizing the procedure previously mentioned) was often added.  Films were cast 
via the doctor blade technique and then sintered in an oven at 450 °C for 45 min.  The overall process 
is shown pictorially in Figure 5. 

 

Figure 5: Pictures of the production of thin mesoporous films.  We are utilizing these systems as model 
systems to study transport of electrolyte and electroactive species. 

Table 1 below presents preliminary transport data for TiO2 and HTNT mesoporous films.  The 
diffusion coefficients for methylene blue chloride (1 mM in 5% wt. Na2CO3, pH=10.4) within films 
cast onto indium tin oxide (ITO) coated glass slides are measured by cyclic voltammetry (reference 
electrode: 4M Ag/AgCl, counter electrode: Pt wire) and calculated according to1: 

             Equation 2 

Table 1: Diffusion coefficients calculated by CV experiments for a bare ITO working electrode as 
well as TiO2 and HTNT mesoporous films.  Data collected with the new Biologic VMP instrument. 
 

Working Electrode/Film 

A(Do)1/2  

(cm3/s1/2) x10-4 

Do 

(cm2/s) x10-7 

Std Dev 

(cm2/s) x10-7 

ITO 4.56 5.764 0.002 

ITO/TiO2 3.78 3.9650 0.0003 

ITO/HTNT 3.42 3.2326 0.0008 

 

 



Summary and Ongoing/Future Work 

A Biologic VMP 16 Channel Potentiostat has been procured and is greatly enhancing our 
electrochemistry program at Bradley University. 

Going forward, we will continue to utilize work to maximize utilization of the Biologic VMP 
instrument.  In particular, the use of sixteen independent channels will help to forward multiple projects 
simultaneously, for example: 

1)  We continue to collect SEIRA data for pure ILs and IL-based systems. 

2)  We will continue to characterize new electroactive materials and new electrode designs. 
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