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Cold Compression of Graphite

What's the nature of the transition in graphite
compressed at ambient temperature?

Previous /n-situ observations of cold compressed graphite:

e Increase in electrical resistivity from semi-metal to insulator at 12 GPa
(Aust and Drickamer, 1963; Bundy and Kasper, 1967)

e Optical transmittance above 18 GPa (Utsumi and Yagi, 1991); Drop in
optical reflectivity 19 GPa (Hanfland et al, 1989)

 Broadening of higher frequency E,, line (9 GPa by Hanfland et al, 1989;
15-35 GPa by Goncharov et al, 1989); Transition at 18 GPa, but no
first order diamond peak (Xu et al, 2002)

e Changes in XRD at 14 GPa (Yagi et al, 1992; Zhao and Spain, 1989) =%
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Cold Compression of Graphite

What's the nature of the transition in graphite
compressed at ambient temperature?

= What is the nature of the bonding changes?

= Use inelastic x-ray scattering spectroscopy (x-ray raman)
to directly measure unfilled electronic states, giving the
chemical bonding state, which allows characterization of
the n- and o- bonding changes in compressed graphite

= What is the atomic arrangement?.

= X-ray diffraction (XRD) under hydrostatic conditions to
investigate structural changes.

= Is this a new phase of carbon?
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Motivation

"« How do we probe K-edge of low Z elements at HP?

= Sample environment at HP incompatible with techniques
that require vacuum

Element K1s Lq2s Ly 2pin L3 2p32 M;j 3s M; 3py2  Mj3 3pap
1H 13.6
2 He 24.6%
3 Li 54.7%
4 Be 111.5%
5B 188*
|6 C 284.2* |
7N 409.9% 37.3%
8§ 0 543.1% 41.6%
9F 696.7%
10 Ne 870.2% 48.5% 21.7% 21.6%
11 Na 1070.8+ 63.57 30.65 30.81
12 Mg 1303.0% 88.7 49.78 49.50
13 Al 1550.6 117.8 72.95 72.55
14 Si 1839 149.7%b 99.82 99.42
15P 21455 189* 136* 135%
16 S 2472 230.9 163.6% 162.5%
17 Cl 28224 270% 202% 200%
18 Ar 3205.9% 326.3% 250.67 248.4% 29.3% 15.9% 15.7%
19 K 3608.4% 378.6* 297.3% 294.6% 34.8% 18.3% 18.3%
20 Ca 4038.5% 438.4+ 349.7% 346.27 443 1 2547 2547
21 Sc 4492 408.0% 403.6% 308.7% 51.1% 28.3% 28.3%

22 Ti 4966 560.9% 460.27 453.8% 58.7% 32.67 32.67



Inelastic Scattering
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X-ray diffraction (He medium)
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Superhard material




Conclusions

= Under compression, graphite exhibits reversible,
orders-of-magnitude change in strength from very
soft graphite to superhard material.

= This cold-compressed graphite is a new, distinct
phase of carbon.

= IXS can be used to probe bonding changes in 2nd
row elements /n-s/itu at high pressure.
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