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Diamond anvil cells allow static pressures on small samples up to a few 
hundred GPa.  The anvils also serve as an optical window to the sample. 
Although the anvils are rather transparent for most types of radiation, the 
absorption of γ- or soft x-rays in a few mm of diamond can prevent or 
seriously degrade the quality of the Mössbauer spectrum.  Using smaller 
(thinner) diamonds helps, but then the ultimate pressure suffers.  Several 
schemes are proposed and tested to reduce the pathway (absorption) by 
drilling away most of the anvil in the axial path, yet retaining its strength and 
stability. 
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1. INTRODUCTION 

Most of the recent progress in high pressure science may be attributable 
to the development and use of the diamond anvil cell (DAC) [1, 2].  With a 
table to culet tip area ratio of ~1000, pressures up to over 200 GPa can be 
generated by an opposing diamond anvil pair held in a simple structure that 
also supplies the modest closure force.  Figure 1 is a generic DAC showing 
the backing plates, anvils, and a gasket made of a high-Z hard metal into 
which a sample cavity is formed. A hydrostatic-pressure medium and ruby 
chips, for in situ determination of P, are added to the sample [1].  The select 
~ 1/3 carat, brilliant-cut natural diamonds modified with 16-sided faceting 
and a beveled anvil tip that are used to reach these high pressures, are about 
2.6-mm thick. Attenuation of a pair of such anvils can seriously degrade 
Mössbauer experiments, especially for energies below ~20 keV.  Experience 
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has showed that smaller, and therefore thinner diamonds break before 
reaching  20-30 GPa.  An alternative is to remove much of the diamond in 
the path through drilling or perforation. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Essential components of a 
diamond anvil cell.  The closure and 
force mechanism vary for different 
DACs models. 
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(T), and 1.8-mm diam. culets (C), were chosen for laser drilling. The conical 
holes, polished throughout, were 1-, 1.5-, and 2-mm diam. at the table (B1) 
and 0.3-mm diam. at the culet face (B2) (see figure 2a). The fourth 0.3 carat 
anvil, with H = 2.2 mm, T = 3.7 mm, and C = 1.8 mm beveled to give a 0.2-
mm flat was partially drilled, leaving a residual wall of 0.5-mm thickness 
under the culet with 2.0-mm B1 diam. and 0.3-mm B2 diam. (see figure 2b). 
The specifications of the three miniature anvils were: H = 0.8 mm, T = 1.1 
mm, and C = 0.2 or 0.3 mm. 

Various combinations of regular anvil, PPA, and DBP+MA were tested 
using a miniature piston-cylinder DAC that has a flat and a hemispheric 
tungsten carbide backing plate allowing final cell alignment.  The MA was 
centered and epoxied to the DBP.  Rhenium gaskets, preindented to 25 µm 
and drilled to form a sample space half the culet diam., were filled with ruby 
chips and liquid Ar for pressure tests and with Fe foil for MS studies.  

3. RESULTS 

Except for one MA, all components survived the 100 GPa tests.  Of 
primary interest here, we show the enhanced MS of 57Fe in iron in a DAC  
with a PPA and a culet matching DBP+MA anvil.  The latter is required in 
order to view the sample and its ruby; as the hole in the PPA is not of optical 
quality.  These MS results (figure 3a) are compared with that using regular 
0.3 carat anvils (figure 3b).  The large improvement reflects improved count 
rate and improved “good/bad” counts in the 14.4 keV window.   

It was also found that wider effective apertures were possible with the 
DBP+MA arrangement than with the regular anvils.  DAC’s with regular 
0.3-carat anvils mounted on WC backing plates with an aperture greater than 
1.2 mm failed to reach 40 GPa.  In contrast 100 GPa pressures were reached 
with 1.0-2.0-mm conical apertures.  Wide exit apertures are generally 
important, especially with MS and XRD. 

Following this technological development high pressure MS with low-
energy γ-rays such as 181Ta (6.3 keV) and 83Kr (9.4 keV) will be possible. 
This also opens exciting venues for nuclear inelastic scattering using the 6.3 
keV Fe K-x-rays in dedicated synchrotron beams. 
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 Figure 3 (a) Room temperature MS of 25µm natural iron foil using 
perforated diamonds, a PPF and a DBP+MA anvil arrangement, in a 
miniature piston/cylinder DAC. The MS in (b) is for the same arrange-
ment except regular 0.3 carat anvils were used.  Pressures < 1 GPa. 
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