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Make an excitation … 
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Make an excitation and decay… 
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Some	
  high-­‐resolu@on	
  x-­‐ray	
  emission	
  
spectroscopy	
  (XES)	
  measurements…	
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Valence-­‐to-­‐core	
  XES	
  
weak…	
  but	
  interes@ng	
  



Some	
  high-­‐resolu@on	
  x-­‐ray	
  emission	
  
spectroscopy	
  (XES)	
  measurements…	
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XRD,	
  XRF,	
  NMR,	
  op@cal	
  
spectroscopies,	
  magne@sm,	
  op@cal	
  
and	
  electron	
  microscopies,	
  …	
  

What	
  about	
  
XAFS	
  or	
  XES?	
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SBCA	
   Exactly	
  the	
  ‘standard’	
  high-­‐
resolu@on	
  spectrometer	
  
for	
  inelas@c	
  sca]ering	
  
studies	
  at	
  synchrotrons.	
  

1-­‐m	
  Rowland	
  Circle	
  Spectrometer	
  

•  Point-­‐to-­‐point	
  focusing	
  
•  Energy	
  selec@ve	
  via	
  
Bragg’s	
  law	
  

•  Scan	
  energy	
  by	
  
synchronously	
  moving	
  
source	
  and	
  detector	
  
along	
  circle	
  



(Non-­‐resonant)	
  XES	
  configuraJon	
  

Use	
  the	
  Rowland-­‐
circle	
  spectrometer	
  
to	
  make	
  a	
  scanning	
  
monochromator	
  for	
  
the	
  emission.	
  



The	
  “coffin”	
  



Why	
  do	
  we	
  care	
  about	
  Li-­‐ion	
  ba]eries?	
  
§  There	
  is	
  a	
  need	
  to	
  reduce	
  dependence	
  on	
  fossil	
  
fuels	
  (high	
  costs	
  and	
  environmental	
  impacts)	
  

§  Already	
  in	
  use	
  (~10	
  year	
  ba]ery	
  life)	
  
§ Good	
  candidate	
  for	
  applica@ons	
  in	
  hybrid	
  cars	
  

S@ll	
  need	
  improvements	
  
§  Energy	
  density	
  
§  Power	
  capability	
  
§  Calendar-­‐life	
  performance	
  
§  Safety	
  
§  Cost	
  



Preliminary	
  tests:	
  LixMn2O4	
  

K-­‐β1,3	
  

K-­‐β’	
  



LixMn2O4	
  :	
  K-­‐β1,3	
  



LixMn2O4	
  :	
  valence	
  



Pouch	
  Cell	
  Ba]eries	
  
§  Conduc@ve	
  foil	
  tabs	
  welded	
  to	
  current	
  
collectors	
  

§  Vacuum	
  sealed	
  
§  90-­‐95%	
  packaging	
  efficiency	
  
§ Main	
  limita@on:	
  lifespan	
  shortened	
  by	
  
humidity	
  and	
  high	
  temperatures	
  

	
  Li1-­‐xCo1/3Ni1/3Mn1/3O2	
  

+	
  −	
  



Original	
  Geometry	
  



Pouch	
  Cell	
  Geometry	
  



Pouch	
  Cell	
  Geometry	
  



Pouch	
  Cell	
  Cobalt:	
  K-­‐β1,3	
  and	
  K-­‐β’	
  



Pouch	
  Cell	
  Cobalt:	
  valence	
  



Conclusions	
  

§  Proof	
  of	
  concept	
  
§ We	
  have	
  the	
  resolu@on	
  to	
  do	
  analysis	
  

§  This	
  apparatus	
  is	
  a	
  viable	
  op@on	
  for	
  studying	
  ba]ery	
  
materials	
  



Future	
  and	
  ongoing	
  studies	
  

§  K-­‐β1,3	
  and	
  K-­‐β’	
  for	
  Ni	
  
§  Valence	
  for	
  Ni	
  
§ Quan@ta@ve	
  analysis	
  of	
  Mn	
  samples	
  

§  Pouch	
  cell	
  measurements	
  at	
  different	
  charge	
  states	
  



Acknowledgements	
  

§  Jerry	
  Seidler,	
  Evan,	
  Devon,	
  Alex,	
  and	
  the	
  rest	
  of	
  the	
  Seidler	
  
group	
  

§  Tim	
  Fister	
  and	
  his	
  group	
  at	
  Argonne	
  Na@onal	
  Lab	
  

§ Deep,	
  Alejandro,	
  Gray,	
  Linda,	
  Farha,	
  Shih-­‐Chieh	
  
§  Ron	
  Musgrave	
  

§ NSF	
  


