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Shock Compression of Deuterium near 100 GPa Pressures
W. J. Nellis
Lawrence Livermore National Laboratory, University of California, Livermore, California 94550
(Received 19 February 2002; published 26 September 2002)
The shock-compression curve (Hugoniot) of D2 near 100 GPa pressures (1 Mbar) has been controversial because
the two published measurements have limiting compressions of fourfold and sixfold. Our purpose is to examine
published experimental results to decide which, if either, is probably correct. The published Hugoniot data of low-Z
diatomic molecules have a universal behavior. The deuterium data of Knudson et al. (fourfold limiting compression)
have this universal behavior, which suggests that Knudson et al. are correct and shows that deuterium behaves as
other low-Z elements at high temperatures. In D2, H2, N2, CO, and O2, dissociation completes and average kinetic
energy dominates average potential energy above 60 GPa. Below 30 GPa, D2, H2, N2, CO, and O2 are diatomic.
D2 dissociation is accompanied by a temperature-driven nonmetal-metal transition at 50 GPa.

DOI: 10.1103/PhysRevLett.89.165502 PACS numbers: 62.50.+p, 64.30.+t
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FIG. 1. Effective pair potentials for the H-H, mixture.
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OcHoOBHbIE NPEeaNONOXeHUs

1. ATOMbI N MONEKyrbl UMEKT TBEPAYIO CepaLeBUNHY
N POPMUPYIOT UCKITHOYEHHLIN OObEM.

2. [NoTeHumnansLHO B3aMMOOENCTBYIOT MeXay cobon
TONbKO CBODOAHbIE aTOMbI

3. CB0bOOaHbIE aTOMbI B NMITIOTHOM AMCCOLMMPOBAHHOM dontonae
00pa3yloT KBa3WMXKNOKOCTHYIO CTPYKTYPY

4. Bzanmopgencrteme mexay atomamum OCyLLeCTBIIAEeTA KBAHTOBbIM
9NEKTPOHHBIM OOMEHOM, KOTOPbIN BeAET K BO3HUKHOBEHWUIO
3Heprun cBsasn (cohesive energy)
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Wigner-Seitz cell
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value of E .,; can be explained by the classic Wig-

(1)

JULY, 1938 JOURNAL OF CHEMICAL PHYSICS VOLUME 6

An Improved Calculation of the Energies of Metallic Li and N a

J. BARDEEN*

Harvard University, Cambridge, Massachusetts
(Received April 13, 1938)
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T,=10500 K
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Structure and Phase Boundaries of Compressed
Liquid Hydrogen
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NPP-2010 BbIBO/1bI:

[Ipennoxena npocrtast puzndeckas MoAeIb TUCCOUUPYIOIETO MIOTHOTO (IIrouIa
BoJIopoaa. [IpeanonoxeHo, 4To CBOOOIHBIE aTOMBI B3aHMOJICHCTBYIOT ITyTEM
KBAHTOBOTO MEXKAJICKTPOHHOTO 0OMEHA aHaJIOTUYHOTO B3aUMOJICHCTBHUIO B
KUJKOMETAINTNYECKOHN (pa3e 1mIeI0UHbIX MeTaJUIOB. BhuncieHa mioTHOCTHAS
3aBUCUMOCTb SHEPIUsl CBSI3W aTOMa BOJIOPO/Ia B TAKOM KBa3MKUAKOCTHU. [lokazaHo,
YTO MEPEX0 U3 MOJICKYJISIPHOTO (hJItorAa B BOJOPOIHYIO KUIAKOCTh UMEET
xapakTep (a3o0BOro nepexoja nepBoro poda. HaiigeHsl KpUTHYECKHE MapaMETPhI

nepexona: P, =72GPa, T. =10500K , p, =0.5g/cc . OOHapykeHa BO3MOKHOCTh

METacTaOMILHOT'O CYIIIECTBOBAHMS aTOMapHOM XKMIKOCTH BOJIOPO/Ia B

JUCCOLIMUPYIOLIEM MOJIEKYJIIPHOM (JIIOUAE TIPU Pa3rpy3Ke JIaBICHUSI.
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PHYSICAL REVIEW B VOLUME 19, NUMBER 2 15 JANUARY 1979

Simplified local-density theory of the cohesive energy of metals

John A. Moriarty

have been the alkalis, where the approximate 1-eV
value of E ., can be explained by the classic Wig-
ner-Seitz formulal

Ecoh=€s—(E1" +'§-€F)' v (1)

Here €, is the binding energy of the single valence
s electron in the free atom, E is the energy of the
bottom of the valence or conduction band in the
metal, and €, is the free-electron Fermi energy.

MhAa atnanliaiter AFf T (1) ThArrrAacrAw aricana frara

'E. P, Wigner and F. Seitz, Phys. Rev. 43, 804 (1933).
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Structure and Phase Boundaries of Compressed Liquid Hydrogen
Isaac Tamblyn* and Stanimir A. Bonevt

Department of Physics, Dalhousie University, Halifax, NS, B3H 3J5,
Canada
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FIG. 1. Effective pair potentials for the H-H, mixture



