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ÅX-ray Thermal Diffuse Scattering (On going now) 

 

ÅMulti-grain X-ray diffraction (initiated since 2013) 

 

ÅUniversal Membrane cap for most DACs (On going now) 

 

ÅStandard òcheapó resistive heater for DAC (initiated since 

2013)  



Å X-ray thermal diffuse scattering (TDS) is caused by lattice thermal vibrations (phonons). 

In contrast to sharp Bragg diffraction peaks, TDS is diffusely distributed, due to the 

continuous distribution of phonon modes in the reciprocal space.  

ÅHistorically it has been used for determine phonon dispersion relation in crystals. In 

1960s TDS experiments were performed using laboratory X-ray sources and on crystals 

of several cubic millimeters in size. Data collection is slow.  

ÅWith 3rd generation undulator X-ray source, TDS experiments for samples were carried 

out successfully at ambient conditions. Serious efforts to implement TDS analysis at high 

pressure are currently under way at PhotonFactory and ESRF (Ohtsu et al. 2008; 

Wehinger et al. 2014), yet in USA, besides the single study by Ding et al. in 2006 on 

vanadium , we are not aware of any attempts in this direction.  



ÅThe advantages of using TDS for measuring sound velocities of Earth 

materials include but are not limited to:  

Å1. TDS can be applied for work with diamond anvil cell (DAC) apparatus easily. 

Å2. TDS is highly suitable for measurements on opaque materials. 

Å3. Single-crystal elastic properties can be determined through TDS. 

Å4. The method easily applies to lower symmetry materials. 

Å5. The method does not require special sample preparation (polishing), is not sensitive 

to surface quality, and is much less sensitive to sample orientation than e.g. Brillouin. 

Å6. Data acquisition is fast with 3rd generation undulator X-ray source (e.g. APS). 

Å7. Experimental setup is essentially identical to what is used for routine X-ray 

diffraction experiments. 



Experiment is relatively simple data explanation is difficult ð 

micro force-constant model between the neighbor atoms are 

needed (1st and higher orders). 
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structure factor of the 

unit cell and e-2W(Q) is 

the DebyeðWaller 

factor. 

 

 
Si 

1st order ð obtain ratios between Cijs Wang et al. 2004 

 

 

Our primative test in 

December 2014 

1. Good data on 

15um thick Si 

2. Time in BM  

3. Signal intensity is 

strongly Q 

dependent 

Pre-knowledge of Cij 



ÅWe devised a plan in which preliminary tests and methodological developments will be 

carried out at PX^2, while in the future, we will seek a PUP partnership with APS Sector 34 

where undulator source and sub-micrometer focusing are available. In December we 

initiated a collaboration with sector 34 beamline scientist Dr. Ruqing Xu, an expert on TDS 

analysis at ambient pressure. First testing experiments were conducted at 13BMC.  
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Å Reliable analysis of data from high-pressure 
experiments that involve samples in-between the 
single crystal and powder state has been very high 
on the wish list of mineral physics researchers for 
several years.  

 

Å There has been a number of recent very exciting 
high-pressure discoveries that resulted from laser 
heating experiments and produced coarse powder 
samples of new unquenchable phases, e.g. Fe4O5 
(Lavina et al. 2009, PNAS), ppv (Zhang et al. 
2013, PNAS),  H-phase (Zhang et al. 2014, 
Science 2014), carbonates (Merlini et al. 2012, 
EPSL), with analysis performed using the multigrain 
approach.  

 

Å The same approach has also been applied to study 
lattice preferred orientation development in 
rheological experiments is DACs (NISR et al. 2014, 
HPR).   

 

Zhang et al. 2013, PNAS. Data from 16IDB 



Typical samples of new phases obtained by laser heating of 

single crystals contain multiple homogeneous single crystal 

grains on a micrometer scale (e.g. above laser heated Fe2O3), 

but there is often a mixture of phases present (e.g. 

untransformed starting material).  

 

Structure and properties (e.g. oxidation state) of these grains 

can be evaluated using multigrain diffraction (monochromatic or 

Laue). 

 
Dera et al. in prep. Laue diffraction data from 34IDD 



ÅDevelopment of reliable and optimized heating protocol which will reproducibly 

yield optimal samples. (GUP proposals13IDD and 16IDB) 

ÅDevelopment of optimized data collection strategy which will guarantee best data 

quality, minimize effects of sample moving with respect to the beam during data 

collection, maximize data coverage, etc. (GUP proposals 13IDD and 16IDB) 

ÅDevelopment of software that will allow carrying out the data analysis in a manner 

simple enough for at least partial on-the-fly data interpretation. (ATREX software 

development project) 

 



Å Advantage of Membrane cap ð convert screw-driven DAC into membrane-driven DAC  

ÅRemote precise pressure control 

ÅCurrently available membrane caps 

ÅToo many DACs in different sizes ð one cap for each type  

ÅLimitations to the DAC opening ð IXS, Brillouin, single x-stal XRD 

ÅMost are good only for compression  (Many thanks to Stas Sinogeikin: solved by double 

membrane cap design) 

ÅOur target: 

ÅModify the membrane cap after previous designs (e.g. Yale, UIUC, especially Stasõ design). 

ÅOne cap for all DACs in different sizes: different spacers 

ÅNo lose in DAC opening: ideal for single crystal studies 

 

 

 

 

 



ÅOur strategy 

ÅSingle membrane cap  

ÅDouble membrane cap  

ÅOnline resource: extensive test with perspective users 

ÅOrder available for all COMPRES users through UH machine shop 

 

 

 

 

 

 



Limitations of conventional Pt heaters 

Å 1. Lots of work to wrap up a Pt heater 

Å 2. specifications different from piece to piece 

Å 3. In general not reusable, very expensive (~$250/pc or even more) 

Å 4. Temperature limited to 800K-1000K 

 

Our target is to design a heater with following characteristics: 

Å 1. Ready for use, minimal work to attach to a DAC 

Å 2. Well-calibrated, specifications have to be repeatable from piece to piece, and from 

time to time: estimation of T on power curve 

Å 3. Reusable and not expensive 

Å 4. Universal, fits as many types of DACs as possible 

Å 5. Wide range of temperature if possible 



ÅCommercial W-Al2O3 metal ceramics heater can reach 1000 K within 30 s, very 

stable and cheap (<$10/pc ). However their sizes are not suitable for DAC 

experiments. We plan to modify the dimensions of the commercialized heaters to fit 

in the BX-90 cell, modified 3-pin and 4-pin Merrill-Bassett cells, which are the most 

widely used resistive heated DACs in the mineral physics community.  

ÅOrder will be available for all COMPRES users in the future. 

 

 

 



http:// comptech.compres.us/ 

Any suggestions are 

welcome! 


