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The Applications of Confoca Raman Micro- Spectroscopy
for study of practica eectrode materiads
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Abstract : Some recent research work about gpplications of confoca Raman micro-
ectrosoopy for study of practica electrode materias carried out in our lab has been
briefly introduced. The examplesindude study of electrochemical Li *-intercaation pro-
cess, characterization of surface oxide film on ABs-type eectrodes and passve film and
pitting corrodon of Rebar electrodes.
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1 Introduction

To understand relationship between structure and properties of electrode material or surface
filmson the electrodes is a very important subject in electrochemicd field. Raman gectroscopic
techniqueis a very useful tool to investigate the vibrational properties of electrode materials such
as meta-oxide system egecidly at low frequency region where strong absorption of water occurs
infar-infrared region. Inthelast few years, we have explored to use confoca Raman micro- oec-
troscopy for study of some important practical electrode materias or surface oxide films on the
dectrodes® ! which they are widely used as batteries eectrodes or construction materiasi. e.
Rebar in cement. Some usful information has been obtained for understanding of compostion of
the surface gpeciesformed during the electrode reactionsin these electrochemical systems. In this
paper , ome results about our studies will be briefly reviewed mainly based on our lab’ s research
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work. The detailed results and discussed can be found in the published or the following to be pub-
lished papers.

2 Experimental

Detailed description of electrode materias, chemical reagent , pretreatment conditions can be
found in the literature!® ®'. Most of eectrochemica measurements were performed by PARC
263/ 273 A potentiostat/ gavalnostat (PARC, USA) or IM6 impedance Spectrum analyzer (ZA H-
N ER-elektrik , Germany) . Raman experiments were carried out with a Confocal Microprobe Rar
man system (L abrum | from Dilor , France) . The excitation light was from an air-cooled He-Ne
laser (623.8 nm). According to different experiments, the laser power is different. e. g. in
LixMnO4 experiments, the laser power is better lessthan 1mW , however , in meta-hydride elec
trode system, the laser power can be higher at about 13 mW. The diameter of the laser ot was
ocontrolledat 1 10U m.

3 Resultsand Discussion
3.1 Raman spectroscopic study of L i-deintercalation process

in spinel LixMn,0O, materials® 2
In the firgt system, structura changes of the gine eectrode materials LixMn,O4 doping
with different amount of Li* ions and during the

eectrochemical intercalation/ de-intercalation cy- o  nsitu Raman spectra for Li,Mn, 0, cathode
] . 2 in 1 M LiCIO,/PC + DME
cles have been investigated. It has been shown L = 590

that ex-9tu confocal Raman gectroscopy can sen-
stively distinguish the different phases between 0
<x<0.5and 0.5< x<1in ind LixMn,O4 at

» _ 498 3% PC
peak around 620 cm™ ~. In eectrochemicdly mod- - 4.30V

: 4.20V
ulated Raman ectroscopy (see Fig. 1), the } /\ 3.%%

changes of the peak around 590 cm™* shows that . : \ : : ; 4.12V,
there are two stepsin Li™ intercaation/ deinter- 400 500 %}gnan-’i?wciqq %00 1000
calation reactions of LixMnmO4 (see Fig. 2).

Based on the theoretical analyss® and literature  Fig-1 In stu Raman pectracf LixMn,O; at dif-

Intensity/a. u.

resultd”! | The peaks at 620 cm™ * and 590 cm™* ferent potentialsin 1 mol/L LidIO,/ PC+
are attributed to the Togand A4 vibration mode of DME. The dectrode potentiad and possble
Mn *. O bond inA\-MnO;,. In addition, as de origin of Raman peaks for PC lvent are

creasng of the dectrode potentid , i.e. asinterca d |abelled in the figure

lation of Li " intoA -MnO; lattice , the Raman peak

shifts to lower frequency , this result indicate that the intercalation of Li* into LixMn,O4 not only
weakensthe Mn-O bond but a9 causes the expanson of the crystal lattice. Thusit can be ob-
served that the Raman shift moves to lower frequency and increase of lattice parameterswhich cal-
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culated from XRD data regectively.

3.2 Raman spectroscopic study of

surface oxide film on

ABs-type metal hydride electroded®

In the seoond system, the structura changesof surface oxide film on metal- hydride e ectrodes

have been characterized by usng in-Stu
and ex-d9tu Raman micro- ectroscopy.

On the bassof Raman and e ectrochemi- 7

ca experimenta results, it is concluded
that nickel played a primary role in the
compodte surface oxide layer formed on
the surface layer of MH electrode. On
the other hand, based on in-dtu and mi-
crosoopic  Raman  results, it is d9
demonstrated that La, Co, Mn and other
aloy components segregated and enriched
progressvely to aloy surface layer due to
their dfinity with water, and subse
guently produced oxides during charge

Fig. 3 shows

two Raman ectra of “ activated”

-discharge processes.

electrodes, one is the gectra of sur-
face oxide film on crack dte, another
isthe gectra of surface oxide film on
smooth dte on the eectrode surface,
based on the literature resultd® 2!
and our own results besdes ome of
Raman peaks at 474. 6 and 555. 6
cm’ ! are assigned to the formation of
higher vaence nickel oxides from its
divalent oxide, four weaker and less
well-defined Raman peaks ( i. e.
430.2, 494. 1, 597. 8 and 635. 8
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Fg. 2 Potentid-dependence of the Raman peak for MO
bond at around 590 cm™ *

A §]

ey

—
%
RS
%
IS
¥

400 500 600 700 00500

Wavenumberfem ™!
Fig.3 Indtu Raman ectrafor activated MH dectrode at dif-
ferent sampling ots, A : sampling ot with crack , B:
sampling spot without visble crack, 1) : - 0.2V, 2) :
0.2V,3:0.35V



cm ) are do primarily ascribed.

) 1 A & = = B 2
i.e the peaks at 430 cm™~ and o H[§w & & = Lcj
@ : : e 7
597.8 cm™ *to C0(OH),and O, & & & / &g Z
H 4 “ ™~
)

and the peaks at 494. 1 cm * and
635. 8 cm ! to Mn (OH), and
MnO. It A indicates that the dif-

ference in ocompogtion between

crack and smooth stes on the eec .
[
trode surface. b
LR . |

In addition, confoca Raman . C /a1 T
300 400 5004 600 700 R00 399 400 500 60G. 700 800

‘Wavenumber/cm

microsoopy has a been explored
for study of powder MH dectrodes.

It is shown that norruniform distri- Fg.4 A: Raman Pectrafor the powder MH dectrode ater 500

bution of oxides on different aloy charge-discharge cycles at openrcircuit potentia at different
particles. Fig. 4 shows sme Ra sampling goots; B : Raman gectrafor mixture binder
man gpectra of practical powder eectrodes & ter 500 charge discharge cycles. It showsthat differ-
ent compostion of surface oxide on each aloy particles and can even look at mixture binders by us
ing confoca Raman microsoopy .
3.3 Raman spectroscopic study of passive films on carbon steel ( Rebar) electrodes
in simulated cement sol utiond®

In the third system, microprobe Raman pectroscopy and photoelectrochemical microscopy (
PEM ) were combined and applied in studying the composition and loca electronic properties of
the pasdve film on the REBAR éectrode surface formed in Smulated cement pore olution. Al-
though some norma Raman spectroscopy have been used'™ ®!in the study of passve films on
iron electrodesin acid or dkaine lutions, however , confocal Raman microscopy have not been
usedin the study of passve films on Rebar electrodes before this work. Two growth-modes of
passve films such as potentia-scanning- and s ngle-potential-step growth modes have been investi-
gated and compared. Fig. 5 showsa st of Raman ectra of surface oxides which formed in two
growth modes and at pristine state. It indicates that two-type of passve films with different
structure and compostions are formed by these two growth modes. For example, it has been
demonstrated that a amorphousfilm mainly containing ferrousoxides which wasformed by sngle-
potential step polarization, however , a multi-layer structure oxide film which was formed by po-
tentia-scanning (or oxidationrreduction cycles, ORC) method. The formation and trandormation
of the films under different electrochemica conditions are discussed based on our results. In addi-
tion, we have ad 9 explored the advantages of the confocad Raman microscopy in the study of gar
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Raman spectra of the electrodes obtained at
different potentials. a: — 1.2 7 after the
electrody, wis reduend at — 1.7V for 20
mirues; b: afrer odidation reduction cycles
and measured at 0.7 V ; ¢: when the elec-
trode was oxidized at 0.7 V directly stepping
from open circuit potential to +0.7 V for 30

min.
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Fig.6 QU7 imag: of pitting conosion of passive film
on Rehar elzotrode in simulated cement pore so-
lution(pH= 12. 5) containing 10% NaCl. The
hlack region represents corrosive pit.
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a) Raman spectra of passive films on the corrosive pit(a’) and smooth site on Rebar elec-

trodes. b) Profile of “line-scan” of the spectral peak at 407 cm ™! along the line (1 - >2)
labeled in Fig. 6. ¢) Profile of the peak at 718.8 cm ™' similar to b)-

tia distribution of passve film formed during localized corroson such as pitting corroson process
es. Fig.6 showsa CCD image of pitting corroson of Rebar electrode in smulated cement pore <o-
lution(pH =12.5) containing 10 % NaCl. The black region represents corrosve pit. Fig. 7a shows

,’
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a comparion of Raman ectra of oxide film between pit dte and without pit dte. In addition,
the profiles of“ line scanning” by oollecting of gectral line at 407.5 and 718.8 cm” * dong the
point 1 to point 2in Fig.6 areas shownin Fig. 7b and 7c. It isclearly seen that different distri-
bution of surface oxide geciesin the passve filmson corrosve dectrodes.
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