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Advantages of in situ measurements in 
electrochemical Studies



Disadvantages of in situ electrochemical Studies



Helmholtz compact double layer model (1879)

(a)

(b) 



Gouy- Chapmann diffuse double layer model (1910-1913)



Stern compact diffuse layer model (1924)

Grahame triple layer model (1947)

















• A thick metal on a transparent substrate. 
Thickness must not exceed 100 nm for the film 
to remain transparent, and this can result in 
high electrical resistance

• A glass place with a thin film of optically 
transparent, conducting material,eg indium 
doped tin oxide (ITO)

• A gold minigrid between transparent substrates
• A thicker free standing metal mesh

Optically Transparent Electrodes





Measurement Modes



IR Spectro Electro Chemistry
From SEC one can derive the combined benefits of the techniques of 

electrochemistry and spectroscopy

The oxidation and reduction processes in a redox active compound can
be studied electrochemical cell specially designed for SEC technique.

The products of the redox transformation or subsequent chemical reactions are 
monitored in situ by spectroscopic techniques. 

Recently Infra-Red (IR) SEC is used to study transition metal complexes and 
clusters containing IR-active ligands such as CO, CN-, RNC, or NO. 

A variety of transition metal clusters and complexes with ligands such as CO, CN-, 
RNC or NO coordinated to metal centres can be studied by IR SEC 
(spectro electro chemistry)
.

Recent studies include analysis of synthetic analogues of the all-iron 
Hydrogenase active site, the iron molybdenum cofactor of the nitrogenase enzyme, 
iron-sulphur and iron-molybdenum-sulfur clusters and nickel carbonyl clusters



IR Spectro Electro Chemistry (SEC)

The fabrication of the Cell for IR SEC measurements



The spectroelectrochemical cell comprises of a three-electrode system into a 
central 'multi-electrode'

Working electorde : A vitreous carbon, gold or platinum embedded at the centre 
of the KelF pin

Reference electrode:  A small silver is embedded beside the working electrode and
Acts as a reference electrode

Counter electrode:  A platinum counter  electrode is wrapped around the exterior 
of the KelF pin

The multi-electrode is housed within a teflon insert in a stainless-steel body. 

A CaF2 window forms the base of the cell and allows the IR beam to pass through 
a small volume of solution trapped between the electrode and the window. 

The beam is reflected off from the highly-polished surface of the central working 
electrode and back to the detector via a system of mirrors. 

Thus as the sample in the thin film between the electrode and the window is 
oxidised or reduced, IR spectra of the sample are recorded simultaneously. 

Fabrication of Cell for IR as well as UV-Vis Spectro Electro Chemical 
Experiments



What is Kel-F® and why is it used in the cell fabrication?

Kel-F

Kel-F® is a homopolymer of poly chloro trifluoro ethylene

Kel-F® has the lowest vapour transmission rate compared to any plastic

Kel-F® is inert to chemicals and functions over a wide range of  temperatures 
from – 400 to + 400 F

Kel-F® has excellent electrical properties and can be machined to precise dimensions



IR Spectro Electro Chemistry

The Spectro Electro Chemical cell 
can be pressurised with a variety of gases 
up to pressures of 7 atm. 



UV-Vis Spectro Electro Chemistry

UV-vis SEC monitors changes in the UV or visible spectra as potentials
are applied to the working electrode in the cell

The UV-visible spectrophotometer shown below  enables the use the same cell  
(as in the  case of IR SEC to study changes in the UV or visible regions of the spectrum 
following oxidation or reduction of a sample



Spectra of of oxidation (red) and subsequent reduction (blue) of 
[NiII(mnt)2] complex

UV-Vis Spectro Electro Chemistry

Differential absorbance spectra showing  the changes in the UV-vis region 
for the oxidation (red) and subsequent reduction (blue) of [NiII(mnt)2] 
(mnt – maleonitrile ditholate) complex are  indicated above

The complete set of spectra for each redox reaction were recorded in 
5 seconds  (oxidation) and 8 seconds (reduction) 



Working Cell types



Investigations on thick films









NIR Spectro-electrochemistry



Multiple species



Summary of spectro-electrochemical studies on nanocarbon





What is the out come in nanocarbons research

• It is a useful tool in detailed description of 
doped states in nano carbons

• It differentiates different ways of doping
• It pushes the theoretical analysis of 

spectroscopic behaviour forward



Spectro-electrochemical Studies on Nano carbons



Spectro-electrochemistry of Self Assembled 
Monolayers of Biphenyl Ethynyl Thiols on Gold 
Electrodes
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3 37 % 



SAM studies by Spectro- electrochemistry
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Au 330 10.0 - 

(1)/Au 2712 1.99 1.503 

(2)/Au 2434 3.02 1.252 
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UV-Vis spectra of 10-5 mM of 1 in THF (a), 
10-5 mM of 2 in THF (b) and 10-5 mM of 3 in 
THF (c), 5.0 mm cell, resolution 0.1 nm
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SAM studies by Spectro- electrochemistry
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Assignment of vibrational modes of 1 in solid form and the SER-spectra of a gold 

electrode coated with a monolayer of 1 in a solution of 1.0 M HClO4 at various 
electrode potentials. 

SERS in 1.0 M HClO4 
Assignment Wilson 

mode # IR NRAS ERHE= 
100 mV 

ERHE= 
300 mV 

ERHE= 
500 mV 

ERHE= 
700 mV 

ERHE=
800 mV

n.a. - - - - - - - - 
n.a. - - - - - - 184 187 
νAu?S  - - - 249 238 244 244 252 
δCH

 15 - 246 - - - - - 
γCH 10b - 325 - - - - - 
γring 16a - 420 407 413 412 410 412 
δCH 9b 450 - 465 468 473 474 476 
n.a. - 503 - - - - - - 
γring 16b 538 - - - - - - 
n.a.  565 - - - - - - 
δring 6b 613 - - - - - - 
νCS - 632 633 622vw 622 621 621 628 
n.a. - 661 - 662 663 661 662 661 
n.a. - 699 - - - - - - 
δring 12 - 745 - - - - - 
βas, methyl - 759 762 - - - - - 

10a 815 - 830 825 822 820 - γCH 17b 846 836 - - - - - 
- 856 - - - - - - βas, methyl - - 874 - - - - - 

γCH 17a 952 - 940 940 940 840 940 
n.a. - 1002 - - - - - - 

18a - 1026 1019 1020 1020 1019 1019 
18b 1091 1106 1087 1086 1086 1084 1082 δCH 
9a 1190 1187 - - - - - 

n.a. - - 1200 1195 1199 1199 1198 1198 
7a 1250 1240 - - - - - νCH 13 - 1291 1289 1289 1290 1291 1290 

δCH 3 1307 - - - - - - 
- 1352 - - - - - - methyl def. - 1388  - 1377 1377 1377 - 

19b 1410 - - 1399 1402 1401 - 
19a 1479 - - 1484 1484 1483 1482 
8b - 1604 1591 1592 1591 1591 1590 νring 

8a - 1612 1608 1608 1608 1608 1608 
νCO - 1707 - - - - - - 
ν: stretch mode; def.: deformation mode; δ: in-plane deformation mode; γ: out-of-plane deformation 

mode; βas: rocking mode. 

SAMs are formed
different compactness/thickness
Some are tilted with respect to surface 
normal
Various strengths of Au-S-interaction

















Spectro-electrochemistry on carbon nanomaterials
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