
This section is speci�cally devoted to present the current research in the �eld of material physics at 
NSRRC.  It is not representative of all activities and groups concerned with material physics at NSRRC. 
Only �ve articles have been invited, of which their contributors are prominent scientists currently 
leading in material physics.  

This section shows much TLS strength, distributed as follows: EXAFS studies of nanocrystal catalysts 
(Y.-L. Soo), ARPES studies of metal-semiconductor epitaxial growth (S.-J. Tang), PEEM studies of 
ferromagnetic/antiferromagnetic bilayers (M.-T. Lin), high-pressure XES and XAS studies of Fe-based 
superconductors (J.-M. Chen), and XMCD studies of modi�ed electronic and magnetic properties of 
LSMO surface (J. C. A. Huang). 

One important application of cerium oxide is to convert toxic carbon monoxide into environmental 
acceptable carbon dioxide.  Soo et al report an e�ective manufacturing process to enhance the 
catalytic activity of cerium-oxide nanocrystals by defect engineering.  EXAFS was employed to investi-
gate the local atomic structure and to provide crucial information for an understanding of the mecha-
nism of activity enhancement based on a defect model. 

Tang et al discovered the mechanism for the growth of a smooth metal-semiconductor epitaxial f ilm. 
Lattice matching is pivotal for the growth of epitaxial f ilm.  By investigating the Pb f ilms on Ge (111), 
their ARPES results show that the electronic match dominates at a small thickness of a f ilm for 
metal-semiconductor systems.  This f inding is important for applications in thin-f ilm electronics.

In the f ield of recording technology, ferromagnetic/antiferromagnetic bilayers with controllable 
perpendicular magnetization are of great importance.  Lin et al who conducted PEEM experiments 
proposed a new concept to establish perpendicular magnetization utilizing an exchange-coupling 
e�ect between the antiferromagnetic and ferromagnetic thin f ilms.  

Chen et al discuss the dependence of electronic structures on pressure and the spin states of emerging 
Fe-based superconductors using high-pressure XAS and XES; they demonstrated that superconductiv-
ity in Fe1.01Se results from the interplay between the structural, magnetic and electronic properties. 

Huang et al present a systematic and combinative investigation of PES, XAS and XMCD revealing the 
electronic and magnetic properties in LSMO thin f ilms.  The in�uence of surface treatment on the 
modif ied surface is described and provides crucial information for spintronic applications. 

The work reported here represents only part of the research conducted in NSRRC in the f ield of mate-
rial physics, because the full expanse of this area cannot be covered through space limitations. The 
authors who contributed to this section are greatly appreciated.
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2011 has been an exciting year for research activity in biology.  Several papers from our users are 
published in high-impact journals, including N.-L. Chan’s paper in Nature about structures of type II 
topoisomerase with etoposide, a drug commonly used in chemotherapy for decades.  Instead of 
solving new structures, the trend in structural biology has now shifted to explain the detailed 
molecular mechanism of specif ic enzyme activities, especially those involved in human diseases.  
This direction requires scientists to design carefully the approach and strategy so as to crystallize 
specif ic conformations of proteins interacting with their substrate, ligands or inhibitors.  Their hard 
work deserves recognition and four summaries of their work are selected in this year’s activity 
report. 

Chan’s group crystallizes and solves the structures of the entire complex of type II topoisomerase, 
DNA and etoposide.  Their structures represent a freezing instant in which type II topoisomerase 
is breaking a double-strand DNA but is inhibited by etoposide, thus explaining how the drug 
works and enabling scientists to design better antagonists against cancers. T.-L. Li’s group discov-
ered a new synthesis of novel antibiotics during the course of their structural investigation of 
�avin-containing oxidase, Dbv29.  Several of their newly synthesized compounds are much more 
e�ective than vancomycin and teicoplanin in combating drug-resistant bacteria.  This work is an 
excellent demonstration how structural studies can lead to drug discovery. J. Sivaraman’s group 
discovered how methyltransferase NpmA, an enzyme that can be transferred from one bacteria to 
another, can cause drug resistance in bacteria; NpmA methylates a single position A1408 on 16S 
rRNA and makes it resistant to common antibiotics.  A detailed map of important residues of 
NpmA discovered by Sivaraman’s group gives scientists an upper hand in diminishing drug resis-
tance.  The work of H. S. Yuan’s group elegantly illustrates how the exonuclease RNaseT recognizes 
and trims many important RNAs in cells so as to produce the matured RNA.  This work paves the 
ground to understand the mechanism of other disease-causing exonucleases in the same family. 

All this continuing progress of our users shows that NSRRC provides an excellent environment for 
scientists to make signif icant contributions to science and society.  We expect to have increasing 
and increasingly important discoveries and publications in the near future in the biological f ield, 
especially after TPS is f inished and more beamtime becomes available to our users.
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