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Fig. 1 CV curves and STM images. (a) The as-prepared Pt
(111) surface after the first and 25th sweeps in 0.1
mol - L' KOH at room temperature (RT), and 10th
sweeps in 0.1 mol -L"' KOH at 60 °C, as well as
15th sweeps in 1 mol-L" KOH at RT. (b) The Pt(111)
electrode after the first sweep in 0.1 mol -L! KOH
containing 25 ppm of Co*" and after the 25th sweeps
in 0.1 mol-L"' KOH solutions containing Ni*, Co*,

and Cr%, respectively, at RT

S B T X AR A 7 ) 65 v AR R, AR
HL A A R0 179 2% T 245 04 BB A% B 2 1Y) 5% i HL AR fE ORR
TP PRI %R A ) 6 T S5 S AR TE R
T 11 O 28 HL AT H B 0 7 3L Li ZP0 % B, kT B i
#19 Pt(111) 1 (& 2a) L K2 Pt(100) 1 (&l 2b), Pt
(111) T /Y 4 £k ORR I 4 ZL A4 &5 T Pt(100) i . 4
CV IR A 425 2 1.3 V I Pe(111) 1 (& 2d)
PL K P(111) 1 (& 2e) P 35 4 23 Bl & 2+ DA
FAAAL DRI R AL TR (8] 2¢, 2f) , 32 37 ) 30
e Bk 22 1 B B I 2RI M I AR AR Ok R
LT 3 P 3R 145 A 1 AR AR TR LY B B 0 2 T
PEAL AT, B 2l PH(100) 18 5 Pe(111) T A4 48 £k 76
[EREE S

BT P AR, AT A e 5 ik, il 5t
&)@ Pt 5HALAE S & JRIE G 4, DA
A X F ik Js P KL G A A0 R AE i Ak A AR 1 R
S A 5 E PR AL, FAE SR AT YOG, Wan 55
B 5 38 2o A7 1 FEL A 2% STML, BE9E T Pt-Fe & 42
TR AE S IO 2R DI 30 DL B oy AR A, an sl 3



%7 6 ] BRBTEE AT OB L T v A B T e b A SRS N Y STM BF 5 0k Jié +563
E [V vs. RHE]
As prepared -l As prepared ~ X
s
Z
-
a
£
£
3
E [V vs. RHE]
Cycledto 1.3V sl Cycled to 1.3V [ " ' f
= | N -
i |PSX N\~
EllL ===
E [;/ 1 /// ‘\ __,/"'
| )
g | ¥
3

& 2 Py(111)Ti(a, d)5 Pt(100)ifi (b, e)7F HLALE G A 5 1.3 V 15 19 STM EMZ LA K Pr(111) i (%48 ) , Pr(110) 1 (JK£k) 5

Pt(100)[f (£L4k) FIIRFR R 22 € 5 ORR AL i 2k (c, f).

Fig. 2 STM images of Pt(111) surface (a, d) and Pt(100) surface (b, ) monitored before and after cycled to 1.3 V(c, f). Cyclic
voltammograms and the corresponding ORR polarization curves of as-prepared Pt(100) (red line), Pt(110) (grey line) and

Pt(111) (blue line)
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Fig. 3 Surface morphologies of (a) fresh Pt-Fe film in nitrogen-saturated ambient conditions and (b) Pt-Fe film immersed for 5 min.

in 0.1 mol-L"HCIO, at 0.5 V before the potential cycle. Images showing the surface changes (c,d,e) on Pt-Fe films during 10

cycles at 0.5 V. Atomic image acquired at the terrace area of (¢). Scan area: (a - d) 300 x 300 nm?; (¢) 68 x 68 nm? (f) 3 x 3

nm?
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Fig. 4 Cyclic voltammograms of CoOEP-modified (dashed line) and FeOEP-modified (solid line) Au (111) electrodes in 0.1
mol- L' HCIO, at an O, atmosphere (a); Composite STM images of the FeOEP adlayer on a Au(111) surface in 0.1 mol-L"!
HCIO, acquired at 0.2 V, after stepping the potential from 0.5 V (b) to 0.7 V (¢)
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Fig. 5 (a) Cyclic voltammograms of ORR recorded in the STM cell for Au(111) and Au(111) modified with monolayers of MPA,

CYS, and pATP with immobilized CueO in O,-saturated phosphate buffer. The STM images of CueO molecules recorded

before (b) and after (¢) ORR process
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Fig. 6 STM image of (a) oxygen-dosed and (b) hydrogen ion-bombarded FePc/Ag(110); (c) DFT results of the FePc and FePc-
(n*-0%-Ag intermediates; (d) High-resolution STM image of FePc molecules. Scan area: (a) 28 x 28 nm? (b) 28 x 28 nm?
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Fig. 7 STM topographic image (a) and cross-section analysis (b) of Mn1Cl at the HOPG/1-octanoic acid interface under ambient

conditions; (c) Possible pathways and states of the manganese centre of Mn-porphyrins during their reaction with O,
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Fig. 8 (a) STM image with bright spots in Mn(III)PP mono-
layer, resulting from a single pulse; (b) Formation of

a Mn-porphyrin u-oxo dimer via a multistep reaction.
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STM Investigation of Oxygen Reduction Reaction on
Solid Interface in Fuel Cell

CAI Zhen-feng'?, SUN Bing'?, JIANG Wen-jie'?, CHEN Ting',
WANG Dong", WAN Li-jun"
(1. CAS Key Laboratory of Molecular Nanostructure and Nanotechnology, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: An electrocatalyst for oxygen reduction reaction (ORR) is an important component for fuel cells. An investigation
at interfacial electrochemical reactions toward ORR at a molecular scale benefits mechanistic understanding as well as rational
design of catalysts. Scanning tunneling microscopy (STM) has been proven to be a powerful tool to monitor chemical reactions
and to provide in-situ information about the interfacial electrochemical reactions at a molecular level. This review summarizes
the recent STM studies in monitoring the interface processes such as morphological changes, molecular changes, reaction inter-

mediates, and oxidation products. The prospects of future development in this field are outlined.
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