
In Situ Scanning Tunneling Microscopy 
of (Bi)sulfate, Oxygen, and Iodine 

Adlayers Chemisorbed on Well -Defined 
Ru(001) Electrode Prepared in a 

Non-Ultrahigh Vacuum Environment 
 

Pei-Chein Lu1, Chia-Huei Yang1, Shueh-Lin 
Yau1* and Mau-Scheng Zei2 

Phone: 886-3-4227151-5909 FAX: 
886-3-4227664 e-mail: sly@rs250.ncu.edu.tw 

 
1Department of Chemistry, National Central 

University,  
ChungLi, Taiwan, R.O.C. 

 
2Friz-Haber-Institut der 

Max-Planck-Gesellschaft,  
Faradayweg 4-6, 14195 Berlin, Germany  

 
 This work shows that it is possible to 
prepare a well -defined Ru(001) surface by 
annealing in an airtight quartz cell purged 
continuously with hydrogen gas. Running cyclic 
voltammetry on the as-prepared Ru(001) 
electrode in 0.1 M hydrofluoric and perchloric 
acid solutions resulted in well -defined redox 
characteristics. Figure 1 shows the cyclic 
voltammograms at 50 mV/s in 0.1 M HClO4 of 
Ru(001) electrodes prepared by annealing in a 
hydrogen environment (solid line) and 
mechanically polishing (dotted line). Evidently, 
different pretreatment of the Ru(001) electrodes 
results in unlike morphology of the CV profiles. 
In particular, the solid trace contains the 
well -defined hydrogen characteristics at the 
neighborhood of –0.1 V and the adsorption of 
oxygen near 0.3 V. These two features appear to 
be weak or totally missing in the dotted trace. 
The strong resemblance of the solid curve to 
those obtained in ultrahigh vacuum (UHV) 
suggests that the Ru(001) electrode is 
electrochemically well -defined.1,2 
 The cyclic voltammograms of Ru(001) 
obtained in 0.1 M H2SO4 contrast markedly with 
that obtained in 0.1 M HClO4. It appears that the 
well -resolved hydrogen features near –0.1 V are 
eliminated, replaced by irreversible broad wave 
centered at 0 V. on the other hand, the CV 
features associated with the adsorption of 
oxygen persist. We will present high-quali ty 
STM results to show that the presence of an 
ordered structure of (√3 × √7)oblique, 
attributable to the adsorption of (bi)sulfate 
anions. The formation of an oxygen adlayer 
however prevailed at potentials higher than 0.3 
V.   
Irreversible adsorption of the (bi)sulfate 
anions from 0.1 M sulfuric acid at –0.1 V (vs. 
Ag/AgCl) renders a highly ordered structure, 
identified as (√3 × √7)oblique by in situ STM 
(Figure 3). This arrangement of (bi)sulfate 
anions is the same as those found at the (111) 
surfaces of Au, Pt, Rh, Pd, Ir, and Cu 
electrodes.3-9 Potential excursion to 0.4 V results 
in a well -ordered (2 × 2) – oxygen adlayer at the 
expense of the (√3 × √7)oblique – (bi)sulfate 
structure. Iodine atoms are adsorbed stronger 
than the (bi)sulfate and oxygen adlayer species, 
irrespective of the potential.  
References: 
1. Lin, W. F.; Christensen, P. A.; Hamnett, A.; Zei, M. 

S.; Ertl, G. J. Phys. Chem. B. 2000, 104, 6642. 
2. Marinkovic, N. S.; Wang, J. X..; Zajonz, H.; Adzic, 

R.. R.. J. Electroanal. Chem. 2001, 500, 388. 
3. Funtikov, A. M.; Stimming, U.; Vogel, R. J. 

Electroanal. Chem. 1997, 428, 147. 
4. Wan, L.J.; Yau, S.L.; Itaya, K. J. Phys. Chem. 1995, 

99, 9507. 
5. Wu, Z.-L.; Zang, Z.-H.; Yau, S.-L. Langmuir 2000, 7, 

3522. 
6. Magnussen, O.M.; Hagebock, J.; Hotlos, J.; Behm, 

R.J. Faraday Discuss. Chem. Soc. 1992, 94, 329. 
7. Wan, L.-J.; Hara, M.; Inukai, J.; Itaya, K. J. Phys. 

Chem. B 1999, 103(33), 6978. 
8. Wan, L.-J.; Suzuki, T,; Sashikata, J.; Inukai, J.; Itaya, 

K. J. Electroanal. Chem. 2000, 484, 189. 
9. Kim, Y.G.; Soriaga, J.; Vigh, G.; Soriaga, M. P. J. 

Colloid and Interface Sci. 2000, 227, 505. 
 

0
P o te n t ia l , V  ( v s . A g /A g /C l )

0 . 2- 0 .2 0 . 4

4 0  A /c mµ 2

0 . 6

F i g u r e  1 . C y c l i c  v o l t am m o gr am s o f R u ( 0 0 1 ) at 5 0  
m V / s  i n  . T h e  so l i d   an d  d ot t ed  l i n es  w er e  
o bt ai n ed  f o r R u ( 0 0 1) p r ep ar ed  b y  an ne al i n g  i n  
h y dr o g en  an d  m ech an i cal l y  p ol i sh i n g, r esp ec t i v el y .  
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F ig u r e 3 . I n  si t u  ST M  ato m i c  r eso l u t i o n  o f  
R u ( 0 01 ) - ( 3      7 ) o b l i q ue  - ( b i ) su l f at e  
st r u c t u re.
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