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Abstract

Abstract

Electrochemical in situ infrared reflection spectroscopy, on the basis of its
fingerprint and surface selection rules, can identify the nature of adsorbates and
their surface bonding and orientation in electrode/electrolyte interfaces. The
time-resolved and space-resolved spectroscopy have become currently two main
directions of the development of electrochemical in situ IR spectroscopy. The
former is unique in probing short lifetime intermediates, tracking reaction
processes and providing dynamic information at molecule level in
electrochemistry.

In this thesis, we have established an electrochemical in situ step-scan
time-resolved microscope FTIR external reflection spectroscopy (in sSitu
SSTR-MFTIRS). The setup consists of an infrared microscope working with
microelectrodes, and a home-designed and fabricated signal synchronizer. The
time resolution of in situ spectra can reach up to 10us. Abnormal infrared effects
(AIREs) of the nanostructured Pt microelectrode was used to improve
significantly the IR determination sensitivity. The fast time-resolved FTIRS
carried out in a thin-layer IR cell extended the possibility of using in situ
SSTR-MFTIRS to study a wide variety of electrochemical reactions. It has been
demonstrated that the SSTR-MFTIRS is a promising tool to be used in studies of
Kinetics and surface processes of fast reactions.

The studies include: (1) the dynamic processes of site conversion between
bridge bonded CO (COg) and linear bonded CO (CO.) on a nanostructured Pt
microelectrode. Based on the determination of intermediate CO species in the
site conversion processes and the acquisition of quantitative data of concerning
the kinetics, a model of site conversion of adsorbed CO was suggested; (2) A

novel spectroelectrochemical flow cell and a microelectrode possessing fast
I



Abstract

mass transfer were specialy designed and fabricated, which alow irreversible
electrochemical reactions to be studied by SSTR-MFTIRS. It has illustrated that
the irreversible oxidation of CO adsorbed on nanostructured Pt microelectrode
occurred according a nucleation and growth mechanism; (3) The potential
induced orientation conversion of SCN™ adsorbed on nanostructured Pt
microelectrode was also investigated by using the SSTR-MFTIRS. It was found
that the conversion rate from S-bonded SCN™ to N-bonded SCN' is considerably
slower than that of the reverse reaction.

Through a home-developed software to realize the synchronization
between 263A potentiostat (EG& G) and FTIR spectrometer, we have devel oped
an electrochemical in situ rapid-scan time-resolved microscope FTIR reflection
spectroscopy (RSTR-FTIRS), by which the collection of infrared spectrawith an
interval 2.6mV and the acquisition of cyclic voltammograms at a scan rate as
large as 200mVs* can be done simultaneously. By using the RSTR-FTIRS, new
information on the kinetics of methanol electrocatalytic oxidation in akaline
media was obtained.

The establishment of the two types of electrochemical in situ fast
time-resolved microscope FTIR reflection spectroscopy have progressed
substantially the technique of electrochemical in situ external reflection infrared
spectroscopy. The results concerning surface dynamic processes and kinetics
obtaining in the present study have thrown a light in understanding at the
molecular level the principle of electrode kinetics, and to develop the theory of

electrocatalysis and relevant disciplines.

Key Words: in situ FTIRS; time-resolved; reaction kinetics
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Fig.3-11 SSTR-FTIR spectra of CO adsorbed nm-Pt/GC electrode in
0.1mol 1™ H,S0,4, 8cm™, 9scans, potential stepping from 0.02 to 0.27V, time
variesfrom 10 to 144ms by logarithmic interval, time resolution is 1ms.

A: Er=0.02; B: Er=0.97.
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Fig.3-12 Variation of vco against t after the potential stepping from 0.02
to 0.27V. Data obtained from Fig.3-11B. Inset was cyclic voltammogram
of nm-Pt/GC adsorbed CO in 0.1M H2SO4
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Fig.3-13 Ohmic drop compensation.

A: Equivalent circuit of nm-Pt/GC electrode with saturated absorbed CO;

B: Potential wave applying in ohmic drop compensation.
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Fig.3-14 SSTR-FTIR spectra of CO adsorbed nm-Pt/GC electrode in 0.1
mol-I™* H,S0, by applying a potential compensation as shown in Fig.3-13B,
Er=0.97V, time varies from 0.5 to 149ms by logarithmic interval, time
resolution is 1ms.
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Fig.3-15 Variation of Vco against t after applying Ohmic drop
compensation. Data obtained from Fig.3-14.
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Fig.3-16 Equivalent Circuit and simulation of electrodein thin-layer solution.
A: illustration of division electrode surface;
B: simulative circuit for ohmic drop compensation.
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Fig.3-17 Simulation of ohmic drop compensation.
A: Vco varieswith t by applying different compensation;
B: Relationship between 1 and thelevel of ohmic drop compensation.
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Fig.3-18 Dependence of reflective intensity on the position of
GC(@=8mm) electrodein the thin-layer configuration.
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Fig.3-20 The illustration of IR flow-cell (A), microelectrode (B) and
solution flow system (C).
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Fig.3-21 AC impedance of nm-MEPt(CV) adsorbed CO in thin-layer
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Fig. 3-22 Comparison of diffusion mass transport between MEPt (¢=200mm)
and nm-Pt/GC(@g=6mm).

A: RSTR-FTIRS of HCOOH oxidation on MEPt in 1.OMHCOOH+0.5M H,SO,
8cm™, 20scans, time resolution is 21ms, potential is stepped from 0.20V to
0.90V for 2.5s, and then back to 0.20V for 7.5s.

B: Variation of | coz against t for MEPt.

C: Time-dependent of infrared spectra of CO, originated from CO oxidation
on nm-Pt/GC in 0.IMH,S0,. 8cm™, 100scans, timeinterval is 42s.

D: Variation of 1oz against t for nm-Pt/GC.
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Fig.3-24 Seady cyclic voltammograms of nm-M EPt(CV) in 0.1mol ™
H,S04 solution. Scan rate was 100mV s, dot line: N, solid line: CO
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Fig.3-25 In situ FTIR spectrafor CO adsorbed nm-MEPt(CV) electrodein
0.5mol 1"t H,S0,., 100scans, 8cm™, Esisvaried from 0to 0.70V, Eg = 1.0V.
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Fig.3-27 The effect of flow rate of solution on j~t transient response.

(A) j~t response and (B) infrared of nm-MEPt(CV) electrode with CO adsor ption

before and after SSTR-MFTIR measurement in 0.10mol-I"H,S0,, potential
stepping from 0.0 to 0.40V, no solution flow;

(C) j~t response of nm-MEPt(CV) electrode in thin-layer solution saturated N»

with different potential stepping: (a) 0.0V step to 0.40V, (b) 0.30V step to 0.60V

(D) j~t response of nm-MEPt(CV) electrode with CO adsor ption before and after
SSTR-MFTIR measurement in 0.50mol-I""H,S04, potential stepping from 0.0 to

0.25V, flow rateis 0.2ml-min™.
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Table 3.2 Experimental parameters

Spectral Resolution / cm’’ 8 Trigger interval / s 0.17
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Fig.3-28 SSTR-MFTIR spectra for CO adsorbed nm-MEPt(CV) electrode
in 0.5mol 1™ H,S0,. 80scans, 8cm™, Potential stepping from —0.05 to 0.20V,
time vary from 10ps to 10.57ms by logarithmic interval, time resolution is
10ps. A: Er=-0.05V; B: Er=1.0V,
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Table 3-3 Comparison of the time constants of vco and current

Time constant

Electrods Tco / ms T;/ ms T,/ ms
A 41 1.8 43.5
B 21 0.86 17
C 1.62 0.077 1.58
D 0.250 0.020 0.216
E 0.106 0.0126 0.118
F 0.037 0.011 0.072
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Fig.3-31 Relationship of transient response between vco (block) and current (asterisk) after potential stepping.

: nm-Pt/GC, 0.1M H,S0,, 0.02~0.27V, same as Fig. 3-12;

- nm-MEPt(CV), 0.1M H,S0O4, 0.0~0.25V;
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Fig.4-2. Cyclic voltammograms of nm-MEPt(sw) in 0.1IM NaClO,
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107



co SSTR-MFTIRS

(i,ii) 0.48 0.60V
0.60V
0.70V Pt b nm-MEPt(sw) CO
CO
-0.60V nm-MEPt(sw) COL
COg
CO CO
1.0V
CO CO
CO
§ 4-1-4

4-3 0.1 mol'L" NaClO; pH 10 nm-MEPt(sw)

CO 100k 0.3Hz 10mV
0.0V 3-21
EQUIVCRT

1.5M -

0.0 . . . . .
0.0 500.0k 1.0M 1.5M 2.0M

Z'lQ
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Fig.4-4 MSFTIR spectra of CO absorbed on nm-PtME(sw) in 0.1

molI™ NaClO, solutions (pH=10.0). Es varied from —0.55 to 0.725 as
indicated in figure, Egr was 0.75V.
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Fig.4-11 SSTR-MFTIR spectra of CO adsorbed on nm-MEPt(sw) in

0.1M NaClO, solution (pH=10.0), 120scans, 8cm™, E;=-0.50V, E»=0.10V,
Er=-0.50V, time resolution is50us. A: 3D plot; B: sometypical spectra.
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Fig.4-13 j~t response of nm-M EPt(sw) in thin-layer configuration, potential
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Fig.6-10 Transient current response of MEPt (a) and nm-MEPt(sw) in
bulk 0.1M NaCIO, 5mM NaSCN solution after the potential was stepped
from —0.50 to 0.50V.
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Fig.7-4 (A) Representative successive ten-cycle CVs of methanol oxidation on the
nm-MEPt(sw) in 0.1IM CH3sOH + 0.1M NaOH, Scan rate: 200mV-s™.
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Tablel 7-1 Deviation statistic of the characteristic parametersin CVs

towards MeOH oxidation 2

Mean Max. Min. SD. R.S.D.

Eo/V -0.172 -0.163 -0.184 0.006 /
lp/ pA 1.52 1.73 1.36 0.091 6.0%
Qox / UC 2.64 2.90 2.42 0.11 4.2%

a All data were based on the positive-going potential scan.
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RSTR-FTIR spectra collection. 8cm™, 100scans, Es=-0.25V, Eg=-1.0V
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Fig.7-7 Cyclic voltammograms aver aged 3000 times of methanol oxidation on
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Fig.7-12. Potential dependence of Iycoo obtained from Fig.7-7A.
CV (b) obtained simultaneousdly is also shown for comparison.
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Fig.7-13. Relationship between veor (8), Veos (b) and potential.
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7-13 E>0.20V COs

CO Pt

7-11 1580cm™ 1569cm’™
(-0.43V) 1583cm™(0.02V)
nm-M EPt(sw)

SO~
H,O
§ 7-3-6
7-2 nm-M EPt(sw)
RSTR-FTIRS
nm-M EPt(sw)

Table7-2 Characteristics of productsfrom MeOH oxidation

Directionof =~ Wavenumbers  Onset potential  di/dE

Species A
IR peak / cm IV [ ey
CO. upward ~2030 -0.24 52, 56
COg upward ~1850 -0.53 57
HCOO downward 1580, 1380,1350 -0.54 /
CO5> downward ~1400 -0.52 /
HCOs5 downward ~1360, 1670 -0.26 /
CO, downward 2338 -0.22 /

All data were obtained from the positive-going potential scan in Fig.7-7A.
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