
Inelastic neutron scattering from porous anode
 materials at the  Spallation Neutron Source - 

ORNL 

Roberto Senesi 
Univ. Roma Tor Vergata, Dip. Fisica and Centro NAST; CNR-IPCF NAST 2013 

 



2 

Overview 

•  Inelastic neutron scattering programme within META 
• Step 1- probing Vibrational spectra on H-containing systems
+proton zero point spectroscopy on H-containing systems 
• Step 2- Vibrational spectra,  self-diffusion spectra on ionic 
conducting materials.- preliminary results 
 

Team:C. Andreani, F. Basoli, N. Jalarvo, A. I. Kolesnikov, S. Licoccia,  
E. Mamontov,  E. Perelli Cippo, R. Senesi  
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Structure determines vibrational energies 
But minimized energy determines structure! 

• Vibration and structure in materials 
 

 From: “Elementary Scattering Theory For X-ray and Neutron Users” D.S. Sivia  OUP (2011) 

 
Collective and single-particle excitations-vibrations 
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Ok! does this help in understanding and improving 
Ionic conducting materials? 

• Discriminate between effective (conductivity) 
diffusion and microscopic (chemical) diffusion 
• B. Groß et al.Solid State Ionics 145 (2001) 
325–331  

 

Tunneling mechanism on proton conduction in 
perovskite oxides, 
E. Matsushita Solid State Ionics 145 (2001) 445–450 

Proton  
Incorporation 
Through  
Vibrational spectra 
Li, Kolesnikov et 
al,  MRS 2004 
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Ok! does this help in understanding and improving 
Ionic conducting materials? 

• Water is of course involved…. 
 



Training+collaboration 

 
1 Scheme for proposals at large scale facilities 
  a) proposals submitted in 2012 accpted and scheduled 
      in Feb 2013 
 
2 Contact with instrument scientists/sample environment 
(thanks F. Basoli…) 
 
3 Secondments in Aug-Sept. 2012 and Feb 2013 
   Basoli, Perelli Cippo 
 



Training+collaboration 

 
Very good interaction with SNS instrument scientists/ sample  
Environment 
 
N. Jalarvo, A. I. Kolesnikov, E. Mamontov 
 Example: sample container  design+ 

Machining at ORNL;  coating in Italy 
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Deliverables: INS+DINS measurements  
Simultaneous measurements possible? YES at  SNS- SEQUOIA 

beamline 
 

NAST 2013 
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INS DINS=free recoil of protons 

Figure:M. Chaplin, http://www.lsbu.ac.uk/water/index.html 
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Deliverables: INS+DINS measurements  
Simultaneous measurements possible at  SNS- SEQUOIA 

beamline 
 

NAST 2013 
 

9 



Sensitivity of the technique: First exp on water/ice   
Assess the correlations between O…O shortening and red/blue 
shifts in the vibrational spectrum.  

Senesi, Flammini, Murray, Galli, 
Kolesnikov, Andreani, Submitted (2013)  
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State   T  Estretch  O...O        (O...O)-(O...O @RT) 
GAS   296  460   *      *        
S   271  415   2.76            -0.04 
L   296  435   2.80             0.0 
Supercool  271  425      2.70             -0.1 
VHDA    80     424.5            2.70             -0.1 

Zhang et al. RSC Adv 2013- Ice Ic 
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Inelastic Neutron scattering: a probe for H vibrations 
and Zero Point Kinetic Energy components… 

For the 
Stretching 
range 

Harmonic+decoupling  
assumption 
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high energy transfers 

High wave vector+ 
high energy transfers= Deep Inelastic  
Neutron Scattering 

librKbendKOHstrKK EEEE ++≈



SAMPLES (F. Basoli)  
Task 2.1 (Deliverable D2.1) 

Yttria Stibilized Zirconia – porous to create a ceramic foam 
 
+ impregnation with Ni(NO3)2·6H2O  
 
+ treatments to ensure a content of 10% wt of NiO 
 
 
______________________________________________________________ 
 
+hydration in water vapor at 900 C overnight 
 +then cooled down to 150° C, flowing dry gas to remove bulk water from the pores 
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