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Summary of Project 

 
This project used high pressure to alter the electron-electron and electron-lattice interactions in rare earth 

and actinide compounds. Knowledge of these properties is the starting points for a first-principles understanding 
of electronic and electronically related macroscopic properties. The research focused on a systematic study of x-
ray absorption measurements on rare earth and actinide compounds. 
 
Research Objectives 
 

The project revolved around collaboration between the PI, Andrew Cornelius at University of Nevada, 
Las Vegas (UNLV) and National Laboratory Partner Corwin Booth at Lawrence Berkeley National Laboratory. 
This project intended to combine the collaborators of expertise to perform high-pressure X-ray absorption 
measurements. In addition, numerous other physical property measurements were performed as required for a 
thorough understanding of the effect of pressure on correlated-electron systems. 
 
Results 
 
High Pressure Studies 

High-pressure studies took place in a diamond-anvil cell (DAC) at both the Advanced Photon Source 
and the Stanford Synchrotron Research Laboratory. Successful calibration measurements on Zr and other 
materials were performed to prove the viability of performing x-ray absorption measurements on actinide 
intermetallics that are done in the same energy range.  

 
Equipment Set Up 

A major aspect of the research required the use of a glove box to handle air sensitive organometallic 
materials. The glove was used to handle the samples 

 
High Pressure Studies 

The valence of a material can be determined by x-ray absorption measurements. As valence is directly 
related to the electron-electron correlations, it is necessary for a thorough physical investigation. We have 
performed high pressure (0-15.3 GPa) x-ray absorption measurements in partial fluorescence yield mode (PFY-
XAS) on an organometallic molecular system Cp*2Yb(4,4'-Me2-bipy) [Cp*=C5Me5, bipy = (NC5H4)2 and Me = 
CH3]. The results are shown in Fig. 1. In the organometallic system, similar to the mixed valency in  
intermetallic Yb Kondo systems, the CASSCF calculations indicate that the intermediate valence in the ground 



state is due to a configuration interaction between the open-shell  [4f↑13π↓*1] and the closed-shell [4f↑↓14π*0] spin-
singlet states. Our analysis for Cp*2Yb(4,4'-Me2-bipy) shows that with increase in pressure the overall valency 
increases from 2.77 at 2.7 GPa to 2.97at 15.3 GPa. A considerable change in the slope of valency as function of 
pressure is observed at ~ 3.26 GPa suggesting a valance transition. The Kondo effect in such molecular 
compounds is intrinsic and provides a well defined nanoscale system to test the effect of size on the strongly 
correlated behavior.  
 

 
Fig 1. Room temperature pressure dependence of valence of Yb atom in Cp*2Yb(4,4'-Me2-bipy) determined 
from PFY-XAS  spectra.   
 
 
Collaborate Booth has shown a correlation between the measured electronic specific heat coefficient and x-ray 
absorption white line position. Uranium L3-edge XANES is measured for UCd11 and U2Zn17 compounds as a 
function of high pressure up to 45 GPa and the results from UCd11 are shown in Fig. 2. Both these compounds 
show a shift of white line (WL) towards higher energy region due to delocalization caused by pressure. For 
UCd11 the WL is shifted by 5 eV whereas for U2Zn17 it is shifted by 2 eV. 



 
Fig 2. (top) Uranium L3 x-ray absorption near edge structure (XANES) spectra of UCd11 compound at different 
pressures. (bottom) X-ray diffraction results on same pressure showing the stability of the ambient pressure 
cubic phase. 
 
We also performed high-pressure XANES measurements on PuCoGa5. Loading and shipping these samples 
proved to be quite challenging. Through collaboration with LLNL, the sample was loaded at LLNL and shipped 
to HPCAT. Unfortunately their ability to ship was diminished. We look to finish this work in the fiture. The 
results at two different pressures are shown in Fig. 1. As expected, the white line shifts to higher energies as the 
5f electrons become less localized. The shift of 1.8 eV in PuCoGa5 with an increase of pressure of 22.6 GPa is 
slightly greater than the change one observes going from δ-Pu to α-Pu. This gives us a semi-quantitative 



estimate of the degree of pressure-induced delocalization of the 5f electrons in Pu containing materials. The 
effect of pressure on all materials is to shift the white line to higher energy. This is consistent with pressure 
causing the 5f-electrons to delocalize and lower the value of the Sommerfeld coefficient. These preliminary 
measurements lead us to conclude that we can semi-quantitatively use x-ray absorption to determine the effect 
of pressure on electronic correlations in U- and Pu- compounds. 
  
  
Fig 1. XANES measurements on on UCd11 (above) and PuCoGa5 (below) at different pressures. The white line 
position moves up in energy as function of pressure for both compounds indicating pressure induced 
delocalization of the 5f electrons.  
 
 

 
Fig 3. Plutonium L3 x-ray absorption near edge structure (XANES) spectra of PuCoGa5 compound at different 
pressures 
 
High pressure XANES was performed on the Ce L3 edge of the sample at beamline 4-ID-D at the Advanced 
Photon Source (APS), Argonne National Laboratory. Transmission geometry through the perforated diamond 
anvils was used, and diodes were used to measure the incoming and outgoing flux from the DAC.  The 
synchrotron radiation beam spot was focused by a Pd toroidal mirror and slit to about an area of 30 × 30 µm2.  
In order to avoid diamond glitches caused by Bragg diffraction from the single crystal diamond anvils, the DAC 
was rotated small angles in a plane perpendicular to the x-ray beam until no undesired features were seen in the 
spectra as the incoming beam energy was scanned across the Ce L3 edge energy. In order to reach 10 Kelvin, a 
liquid helium flow cryostat with sapphire windows for optical access was used.  Pressure in the DAC was 
regulated using a helium gas membrane drive, and pressure was measured in situ using ruby fluorescence.  
Once down to lowest temperature, pressure was increased in steps up to 20 GPa as XANES measurements were 
taken, then again as pressure was released.  Lower pressures below 7 GPa were unable to be obtained as thermal 
contraction of the DAC would increase pressure.  Multiple scans were taken at each pressure step, then these 



were averaged together in order to account for slight variations in beam position over a single measurement.  
The results of the experiments are shown in Fig. 1 where the Ce valence is plotted as a function of pressure 
normalized to the pressure where Tc reaches a maximum Pmax. for our data on CeCu2Ge2 and work of Rueff et 
al on CeCu2Si2. We find that there is no valence discontinuity as many hypothesized in either compound and the 
data seem to scale to Pmax for both systems. More measurements need to be made to reproduce results.  

 
Figure 4 - Ce valence as a function of pressure for CeCu2Ge2 and CeCu2Si2. The pressure has been 
normalized to the value where Tc(P) achieves a  maximum Pmax 

 
Cost Status 
 After a no cost extension was granted to extend to the fourth year, all funds were spent. 

 
Conclusion 

Significant progress was made during the grant’s lifetime. Initial calibrations and viability tests were 
performed in unpublished work. There should be at least 2-3 other publications that will come from this work 



once other physical property measurements at high pressure are performed.  We clearly showed that X-ray 
absorption measurements could yield a great deal of information on how electronic correlations vary as pressure 
is applied. After some reproduction of measurements, there  will be  additional publications. 
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Participants and Other Collaborating Organizations 
 
Participants 

 Name: Andrew Cornelius 
 Project Role: PI 
 Nearest Person Months Worked: 6 
 Contribution to Project: Dr. Cornelius was the project lead 
 Funding Support: Some support from HiPSEC including summer salary, resource allocation and travel 
funds 

Collaborated individual in foreign country: Yes 
Travelled to a foreign country: Yes 
If traveled to foreign country(ies), duration of stay: 1 week 
 
Name: Farzana Nasreen 
 Project Role: Postdoctoral Researcher 
 Nearest Person Months Worked: 30 
 Contribution to Project: Dr. Nasreen was the lead on performing the X-ray absorption measurements 
 Funding Support: Some support from HiPSEC including extending contract, resource allocation and 
travel funds 

Collaborated individual in foreign country: No 
Travelled to a foreign country: No 
If traveled to foreign country(ies), duration of stay: none 
 
Name: Daniel Antonio 
 Project Role: Graduate Student 
 Nearest Person Months Worked: 30 
 Contribution to Project: Dr. Antonio’s thesis had a significant component from this research. He is 
currently a postdoc at Idaho National Laboratory during similar research. 



 Funding Support: Some support from HiPSEC including extending contract, resource allocation and 
travel funds 

Collaborated individual in foreign country: No 
Travelled to a foreign country: No 
If traveled to foreign country(ies), duration of stay: none 
 

Partners 
 Organization Name: Lawrence Berkeley National Lab 
 Location of Organization: Berkeley, CA 
Partner’s contribution to the project: Laboratory partner for the university/laboratory collaboration 
required for this grant 

Financial support: None 
In-kind support: Used SQUID at Berkeley for magnetic measurements 
Facilities: Used SQUID and had access to SSRL 
Collaborative research: Helped in mentoring graduate student 
Personnel exchanges: none 
More detail on partner and contribution:  Worked with Corwin Booth who was the laboratory partner on 
the proposal. Dr. Booth is an expert in the field of X-ray absorption and worked with both postdoc and 
graduate student. 

 
 Organization Name: Los Alamos National Laboratory 
 Location of Organization: Los Alamos, NM 
Partner’s contribution to the project:  Contributed many samples used in measurements 
Financial support: None 
In-kind support:  None 
Facilities:  Sample synthesis facilities used 
Collaborative research:  Helped students learn how to make samples 
Personnel exchanges: none 
More detail on partner and contribution:  Mostly worked with Eric Bauer who made samples that were 
necessary for the measurements 

 
 Organization Name: Lawrence Livermore National Laboratory 
 Location of Organization: Livermore, CA 
Partner’s contribution to the project:  helped load and ship Pu-intermetallic sample 
Financial support:  none 
In-kind support:  none 
Facilities:  Radioactive sample loading in a diamond anvil cell 
Collaborative research: none  
Personnel exchanges:  none 
More detail on partner and contribution:  LLNL had facilities to load rad samples and a license to ship 
samples. Because of this, we worked with them to load and ship PuCoGa5. 

 



 
Other support 
I was, and will continue to be, supported through a DOE/NNSA center (HiPSEC – High Pressure Science and 
Engineering Center) at UNLV award DE-NA0001982. The main overlap between the funding is that I have 
significant access to beam time at Sector 16 (HPCAT) at the Advanced Photon Source. 
 
Conferences Attended 
DOE BES DMSE X-ray Scattering Contractors Meeting, Airlie Conference Center, Warrenton VA, November 

15 & 16, 2010 (gave a 10 minute talk and presented a poster). 

EHPRG (European High Pressure Research Group, London England, Sep. 2013 (invited 20 minute talk)  

 

    Sincerely, 

 
    Dr. Andrew L. Cornelius 
    Professor of Physics & Astoronomy 
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