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1.  SSRL & Synchrotron Radiation 
Ø  What is SSRL? 
Ø  What is Synchrotron Radiation? 

2.  Research Focus  
Ø  How do we use X-rays? 
Ø  Quantum materials (strongly correlated electron systems)  
Ø  Energy materials research 

3.  Opportunities for grad students  
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SSRL Overview 
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SSRL Overview 

Change to 500mA plot 

•  SPEAR3 
–  New ring - 2004 
–  3 GeV, 500 mA  
–  Top-off injection every 5 minutes 
–  Reliability >97%; > 5,100 hrs/yr 
–  6 nm-rad emittance 

•  operates 33 stations 
•  supports ~1,600 user annually 

–  Annual growth >5% 
•  >400 journal pubs/yr, 1/3 hi-impact 
•  ~50 thesis per year 

–  Strong educational focus 

•  Strong programs in quantum 
materials, energy materials 
 SPEAR3	  @	  500	  mA	  	  

opera1ng	  current	  -‐	  	  	  
5-‐min	  frequent	  fill	  
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SSRL Overview 

c/o Aaron Lindenberg 
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SSRL Overview 

c/o Aaron Lindenberg 
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SLAC: Synchrotron Radiation  
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X-ray Beamlines / Techniques  
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• X-ray Scattering/Diffraction   
Ø  Crystallite Properties, Phase, 

Defects  
•  X-ray Microscopy (XM) 

Ø   10s nms morphology & 
topography 

• X-ray Absorption Spectroscopy (XAS) 
Ø   Local Structure & Chemistry  

•  Photoemission Spectroscopy 
Ø   Electronic structure  

a

Fast charge	  transport

Slower	  charge	  transport

Thin	  film	  molecular	  packingbX-‐ray	  diffraction	  data

Vacuum	  deposited	   film

Printed	  film,	  strained



X-Rays - Seeing the Invisible 
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Nanostructures  Positions of Atoms & Molecules 

Electron Distributions &Dynamics  Spin Distributions & Dynamics  
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SSRL Enables & Supports World-class Science 
in Targeted Areas 

Materials by Design 

Complex Bio-processes 

Emergent Behavior 



SSRL	  

Scientific Achievement 
SIMES	  researchers	  have	  discovered	  a	  mode	  coupling	  between	  electrons	  in	  iron	  selenide	  
(FeSe)	  and	  phonons	  in	  stron<um	  <tanate	  (STO)	  which	  enhances	  the	  superconduc<ng	  
transi<on	  temperature	  in	  the	  interfacial	  layer	  of	  FeSe.	  	  

Significance and Impact 
This	  coupling	  points	  to	  ways	  of	  possibly	  engineering	  materials	  with	  higher	  Tc	  and	  also	  gives	  
insight	  into	  the	  general	  mechanism	  behind	  high-‐Tc	  superconduc<vity.	  

Substrate phonons enhance superconductivity at the interface 

Right:	  Image	  represen1ng	  
interfacial	  electron-‐phonon	  
coupling.	  BoCom:	  Band	  structure	  
showing	  the	  shakeoff	  bands.	  

J.J.	  Lee,	  F.T.	  SchmiC,	  R.G.	  Moore	  et.	  al.,	  Nature	  	  515,	  245	  (2014).	  

Research Details 
–  Used	  molecular	  beam	  epitaxy	  (MBE)	  to	  grow	  
single-‐unit-‐cell-‐thick	  films	  of	  FeSe	  on	  STO,	  
which	  were	  studied	  in-‐situ	  with	  angle-‐resolved	  
photoemission	  spectroscopy	  (ARPES).	  

– Observed	  “shakeoff”	  bands	  in	  the	  ARPES	  
spectra,	  indica1ng	  electron-‐phonon	  coupling	  
of	  a	  very	  specific	  nature.	  	  

–  Extracted	  the	  electron	  phonon	  coupling	  
magnitude	  and	  calculated	  the	  enhancement	  
of	  Tc,	  which	  agrees	  with	  other	  experiments.	   Work	  was	  performed	  at	  

Stanford	  University	  and	  SSRL,	  
SLAC	  
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BL5: A state-of-the-art ARPES facility 

§  Excellent	  control	  of	  the	  photon	  polariza1on	  (7-‐200	  eV)	  
•  EPU:	  2.33	  m,	  31	  pole,	  LH,	  LV,	  CL,	  CR	  

§  Two	  complementary	  branch	  lines/end	  sta1ons	  
•  NIM	  branch	  line:	  high	  resolu1on,	  high	  stability,	  low	  photon	  energy	  range	  
•  PGM	  branch	  line:	  high	  flux,	  wider	  photon	  energy,	  small	  spot,	  spin-‐detector	  

§  Sophis1cated	  material	  synthesis	  chamber	  
⇒ 	  	  Enable	  rich	  science	  with	  both	  depth	  and	  diversity	  

•  High	  Tc	  superconductors;	  
•  Materials	  with	  novel	  spin-‐orbit	  physics;	  
•  Novel	  low	  dimensional	  materials;	  
•  Surface	  and	  interface…	  

20-‐200	  eV	  
E/ΔE~40,000	

>	  3×1012	  ph/s	  @	  10,000	  RP	  
0.032(H)×0.005(V)	  mm2	  (FWHM)	  

BL5-‐2	  
7-‐35	  eV	  

E/ΔE~20,000	

>	  2×1011	  ph/s	  @	  10,000	  RP	  
0.2(H)×0.1(V)	  mm2	  (FWHM)	  

BL5-‐4	  
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Sustainable Energy Materials Research 

Sustainable (Renewable) Energy - Materials and Processes – In-Situ 
•  Photovoltaics (PV) 

o  Si contacts, CIGS, CZTS, OPV, RTP, printing, … 
•  energy storage 

o  anodes: Si, Ge, Sn, alloys, Mn hexacyanomanganate, … 
o  cathodes: LiMnNiCoOx, LiFePO4, sulfur, Cu hexacyanoferrate, … 



Resonant	   Electron	   Spectroscopy	   shows	   that	  
donor/acceptor	   electron	   transfer	   is	   faster	   at	  
face-‐on	   vs.	   edge-‐on	   orienta<ons.	   (A)	   Cartoon	  
illustra1ng	  the	  rela1ve	  orienta1ons	  between	  the	  
Cu	  phthalocyanine	  donor	  (blue)	  and	  C60	  acceptor	  
(black).	   (B)	   Resonant	   Auger	   electron	   spectra,	  
which	  were	  used	  to	  measure	  the	  branching	  ra1o	  
of	   Auger	   electron	   decay	   processes.	   This	  
branching	  ra1o	   is	   related	  to	  the	  average	  1me	   it	  
takes	  an	  electron	  to	  hop	  from	  the	  excited	  donor	  
to	  a	  nearby	  acceptor.	  

Scientific Achievement 
Measured	  dependence	  of	  photoexcited	  electron	  
transfer	  rate	  on	  rela<ve	  molecular	  orienta<on	  an	  
organic	  heterojunc<on	  interface.	  
 

Significance and Impact 
Showed	  that	  face-‐on	  interfaces	  (larger	  intermolecular	  
π-‐electron	  overlap)	  have	  significantly	  faster	  electron	  
transfer	  rates	  at	  donor/acceptor	  interfaces	  and	  that	  
control	  of	  rela<ve	  molecular	  orienta<on	  is	  important	  
to	  maximize	  charge genera<on	  in	  organic	  solar	  cells.	  

 

Research Details 
–  The	  core-‐hole	  clock	  implementa1on	  of	  resonant	  Auger	  
electron	  spectroscopy	  was	  used	  to	  measure	  electron	  transfer	  
rates	  on	  ultrafast	  sub-‐50	  fs	  1me	  scales.	  	  

–  Face-‐on	  interfaces	  show	  electron	  transfer	  (ET)	  1mes	  below	  
35	  fs,	  whereas	  edge-‐on	  interfaces	  lead	  to	  ET	  1mes	  of	  >	  50	  fs.	  

Effect of Molecular Orientation on Ultrafast Electron Transfer 

Work	  performed	  at	  Stanford	  University	  and	  
Stanford	  Synchrotron	  Radia1on	  
Lightsource	  

A.L.	  Ayzner,	  D.	  Nordlund,	  D.H.	  Kim,	  Z.	  Bao,	  M.F.	  Toney	  	  	  	  J.	  Phys.	  Chem.	  C	  	  6,	  6-‐12	  (2015)	  	  

SSRL	  
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EDGE-‐ON FACE-‐ON

Slowe-‐ e-‐Fast(A)	  

(B)	  



Transmission X-ray Microscopy  
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X-ray Microscopy 

Three-dimensional mapping of nickel oxidation states using full field x-ray
absorption near edge structure nanotomography

George J. Nelson,1 William M. Harris,1 John R. Izzo, Jr.,1 Kyle N. Grew,1

Wilson K. S. Chiu,1,a! Yong S. Chu,2 Jaemock Yi,3 Joy C. Andrews,4 Yijin Liu,4 and
Piero Pianetta4
1HeteroFoaM Center, a DOE Energy Frontier Research Center, Department of Mechanical Engineering,
University of Connecticut, 191 Auditorium Rd., Storrs, Connecticut 06269-3139, USA
2National Synchrotron Light Source II, Brookhaven National Laboratory, Bldg. 703 Upton,
New York 11973-5000, USA
3Advanced Photon Source, Argonne National Laboratory, 9700 S. Cass Ave., Bldg. 438-B007 Argonne,
Illinois 60439, USA
4Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator Laboratory, 2575 Sand Hill Rd.,
MS 69 Menlo Park, California 94025, USA

!Received 20 January 2011; accepted 23 February 2011; published online 28 April 2011"

The reduction-oxidation cycling of the nickel-based oxides in composite solid oxide fuel cells and
battery electrodes is directly related to cell performance. A greater understanding of nickel redox
mechanisms at the microstructural level can be achieved in part using transmission x-ray
microscopy !TXM" to explore material oxidation states. X-ray nanotomography combined with
x-ray absorption near edge structure !XANES" spectroscopy has been applied to study samples
containing distinct regions of nickel and nickel oxide !NiO" compositions. Digitally processed
images obtained using TXM demonstrate the three-dimensional chemical mapping and
microstructural distribution capabilities of full-field XANES nanotomography. © 2011 American
Institute of Physics. #doi:10.1063/1.3574774$

The reduction-oxidation !redox" cycling of the nickel-
based oxides in composite solid oxide fuel cell !SOFC"
anodes, lithium ion battery cathodes and nickel oxide super-
capacitors is critical to the performance of these electro-
chemical systems.1–8 For SOFCs, reoxidation of the Ni elec-
trocatalyst may occur due to air entrainment in the fuel
stream, imperfect sealing, and ionic current !O2−" supplied to
fuel depleted regions,1–6 leading to an increase in internal
stress and ultimately cell failure.1,2,6 Supercapacitors based
on porous NiO demonstrate complex microstructural mor-
phologies and operation that relies on changes in the elec-
tronic state of the solid matrix.8,9 The electrochemical re-
sponse of such supercapacitors may vary over multiple
charge/discharge cycles depending on film geometry and
microstructure.9 Lithium deintercalation in the LiNiO2 cath-
odes of lithium ion batteries has been studied directly using
transmission-based x-ray absorption near edge structure
!XANES" to discern the electronic structure of the LixNiO2
phase7 and could be further elucidated by applying the full
field nanotomography techniques presented.

Bulk and micro-XANES measurements have been com-
pared with nanotomography measurements to correlate the
spectroscopic data !i.e., speciation and chemistry" in biologi-
cal samples with the microstructures identified by recon-
structed volumetric data.10,11 More direct XANES tomogra-
phy measurements may be conducted using scanning or full-
field TXM techniques. Schroer et al.12 used microbeam
x-rays to perform scanning XANES tomography measure-
ments to map copper and its oxides in CuO/ZnO catalysts
subjected to redox cycling. Rau et al.13 demonstrated full-
field XANES tomography at 2–3 !m resolution by distin-

guishing Mo oxidation states in separate MoO3 and MoSi2
samples. Substantial progress in spatial resolution has been
achieved in transmission x-ray microscopy !TXM",14–16 in
particular for the hard x-ray regimes, presenting new oppor-
tunities for full field XANES nanotomography. Here we
demonstrate the use of this technique to investigate oxidation
states for hard materials such as the SOFC at the nanoscale.

Full-field XANES nanotomography for heterogeneous
nanostructured materials used in energy applications is dem-
onstrated herein using composite Ni/NiO samples. The
samples were composed of 2.54 !m thick Ni foil !Alfa Ae-
sar, 99.95% pure" and NiO powder with a 0.5–1.5 !m par-
ticle size !Fuel Cell Materials, 99.99% pure". Measurements

a"Electronic mail: wchiu@engr.uconn.edu. Tel.: 1-860-486-3647.

FIG. 1. !Color online" Schematic of the TXM setup applied in the full field
XANES nanotomography experiments. Monochromatic x-rays are focused
onto the sample using a capillary condenser. Beamstop and pinhole block
out the unfocused x-rays. The sample is positioned with a stage capable of
rotation and three-axis translation. For tomography measurement, the
sample is rotated in the beam path and a series of absorption images is
taken. Facilitating XANES implementation, a varied focal length of the
zoneplate objective lens is used to obtain the magnified image of the sample
over the investigated energy range. Images are captured using a high reso-
lution charge-coupled device !CCD" system.

APPLIED PHYSICS LETTERS 98, 173109 !2011"

0003-6951/2011/98"17!/173109/3/$30.00 © 2011 American Institute of Physics98, 173109-1

Downloaded 25 Jul 2011 to 134.79.32.254. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions

Capabilities: 
•  Morphology – 30 nm resolution.        

30 µm field of view 
•  2D & 3D imaging (density, porosity) 
•  Elemental/chemical maps 
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Transmission X-ray Microscopy  

Imaging 1895 Imaging now 



Scientific Achievement 
Operando	  imaging	  shows	  size	  dependent	  cycling	  
characteris<cs	  of	  Ge	  par<cles.	  In	  situ	  3D	  imaging	  
demonstrates	  fracturing	  of	  anode	  material	  into	  
completely	  unconnected	  pieces.	  
 

Significance and Impact 
This	  work	  demonstrates	  the	  value	  in	  linking	  
electrochemical	  performance	  with	  morphological	  
evolu<on	  to	  beXer	  understand	  baXery	  failure	  and	  
further	  the	  search	  for	  high	  capacity	  electrode	  materials.	  

 

Research Details 
– Only	  Ge	  par1cles	  with	  diameters	  larger	  than	  a	  few	  
microns	  crack	  during	  cycling.	  	  

– Small	  par1cles	  lose	  electrical	  contact	  by	  the	  second	  
cycle.	  

– The	  density	  changes	  due	  to	  lithia1on	  are	  consistent	  
with	  par1al	  transforma1on	  into	  a	  Li15Ge4-‐like	  phase.	  

2D and 3D in Situ Imaging of Battery Anodes 

Upper:	  Schema1c	  showing	  irreversible	  
deforma1on	  of	  the	  conduc1ve	  carbon	  matrix	  
(blue)	  electronically	  isolates	  the	  small	  par1cles,	  
making	  them	  inac1ve	  in	  the	  second	  cycle.	  
Lower:	  Volume	  renduring	  of	  Ge	  par1cles	  (a)	  before	  
cycling,	  (b)	  amer	  lithia1on,	  and	  (c)	  amer	  delithia1on	  

Work	  was	  performed	  at	  Stanford	  Synchrotron	  Radia1on	  Lightsource	  

c. Delithiated state 

b. Lithiated state a. Before cycling 
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J.	  Nelson	  Weker,	  N.	  Liu,	  S.	  Misra,	  J.	  C.	  Andrews,	  Y.	  Cui,	  
M.	  F.	  Toney,	  	  Energy	  Environ.	  Sci.	  7,	  2771	  (2014).	  
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Time resolved X-ray Science  
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Multiferroic thin films; Ultrafast thermal transport 

M. Kozina et al., Struct. Dyn. (2014) 
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Influence of Amorphous Structure on 
Crystallization of Different Polymorphs 

Outline:	  

Deposi1on	  

Crystalliza1on	  

Amorphous	  films	  

Pulsed	  Laser	  Deposi1on	  (PLD)	  
	  
Electrochemical	  Deposi1on	  

Characteriza1on	  of	  the	  amorphous	  structure:	  
-‐	  Grazing	  Incidence	  Pair	  Distribu1on	  

	  Func1on	  (GIPDF)	  
	  	  -‐	  X-‐ray	  Absorp1on	  Spectroscopy	  (XAS)	  
Modelling	  of	  GIPDF	  data	  (LBNL)	  

Structure	  of	  crystallized	  thin	  films	  (Iden1fica1on	  of	  
polymorphs):	  
	  -‐	  GIXRD,	  Powder	  XRD	  on	  scraped	  films,	  in-‐situ	  XRD	  
	  
	  -‐	  Modeling	  of	  structural	  rela1onships	  (LBNL)	  
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Summary – Opportunities  

•  Research opportunities at SSRL 
•  PV, energy storage, catalysis 
•  Strongly correlated electrons  


