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Electrochemical in situ/operando measurement 
~diffraction, spectroscopy, microscopy~

Infrared Spectroscopy

Masaki MATSUI

Department of Chemistry, Hokkaido University

matsui@sci.hokudai.ac.jp
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FTIR
Optical System & Cell 

PEM Controller P.Stat & FRA

Diamond ATR

https://www.piketech.com/product/sr-veemax/ https://www.czitek.com/pages/micromatr-1

in situ/operando FTIR setup 

IRRAS setup ATR setup
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Optical setup

External reflection Internal reflection

Incident beam reflects at the electrode
surface.
The electrode needs to have high infrared
reflectivity. Carbon is not applicable.
The window has a close refractive index to
electrolyte solution.

a. External reflection geometry

b. Internal reflection geometry

Incident beam reflects at the
window/electrolyte interface.
Composite electrode containing carbon-
based material is applicable.
The window needs to have a high refractive
index for the total reflection.
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external reflection cell measurement tips

IR Beam

C.E. Li foil on Ni

Micrometer

Ball Joint

Window

R.E. Lithium foil

W.E. Pt disc

MCT Detector

Incident angle 65

The working electrode is pressed on
the CaF2 (or BaF2) window.

Since the very tiny amount of the
electrolyte solution remains at the
electrode surface, a fast reaction is
difficult.

Mercury Cadmium Telluride (MCT)
detector is better to obtain high
intensity.

Ideal external
reflection (blue)

Non-uniform gap
between electrode
and window (red)
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SNIFTIR spectrum calculation

Before: REn

After: REn+1

Positive Peaks: Decreased molecular vibration

Negative Peaks: Increased molecular vibration
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Surface enhancement by p-polarized beam
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in situ FTIR spectra for the oxidation process of 1 mol L-1 LiPF6 in EC:DEC (1:1) solution 
on Pt electrode taken with s-polarized beam (c) and p-polarized beam (d)
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p-polarized beam enhances the molecular
vibration perpendicular to the substrate at
the surface of the electrode

All the negative peaks ≤ 5.0 V are
assigned to the solvent molecules
adsorbed on the Pt substrate

Decomposed products dissolved in the
bulk electrolyte solution can be detected
using s-polarized beam.

Negligible changes for the spectra using
s-polarized beam

≤ 5.0 V

> 5.0 V
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Internal reflection geometry

Ge window

C=O

CH3
CH2 C-O-C POFx

An internal reflection cell with Ge
window, which has refractive index of
4.0 is applicable for the composite
electrode. However, the Ge window is
easily oxidized during the 1st charging
process.

Since composite electrode has rough
surface, measurement with polarized
beam shows no surface selection rule.
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Application: Surface analysis of Mg metal anode

AEC electrolyte shows reversible spectrum change
suggesting no passivation layer formation, while the
Mg(TFSA)2-based electrolyte shows passivation during
the 1st cathodic scan

AEC electrolyte Mg(TFSA)2-based electrolyte

Fabricate thin film electrode
on the diamond window.
Need to maintain electrical
connection between the
electrode and ATR disc.
Avoid electrical connection
between the ATR disc and
ATR accessary
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Application: Graphite composite electrode

Working Electrode

Separator

Spring

Counter & Reference Electrode

(Li foil on stainless steel substrate)

Applicable for composite electrode
containing carbon.

Since, the cell configuration is like
a coin cell, the spectroscopic
measurement can be performed
under a standard charge-discharge
protocol such as 1C constant
current.
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Operando FTIR spectra for
graphite anode during the 1st cycle
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All the peaks observed in the operando FTIR
spectra correspond to concentration change of
the electrolyte solution

Application: LiMn2O4 composite electrode
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