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Delocalization and new phase in americium: Density-functional electronic structure calculations
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Density-functional electronic structure calculations have been used to investigate the high pressure behavior
of Am. At about 80 kbail8 GPa calculations reveal a monoclinic phase similar to the ground state structure
of plutonium(a-Pu). The experimentally suggestedU structure is found to be substantially higher in energy.
The phase transition from fcc to the low symmetry structure is shown to originate from a drastic change in the
nature of the electronic structure induced by the elevated pressure. A calculated volume collapse of about 25%
is associated with the transition. For the low density phase, an orbital polarization correction to the local spin
density theory was applied. Gradient terms of the electron density were included in the calculation of the
exchange/correlation energy and potential, according to the generalized gradient approximation. The results are
consistent with a Mott transition; thef %electrons are delocalized and bonding on the high density side of the
transition and chemically inert and nonbondifigcalized on the other.

[. INTRODUCTION itinerant and localized regimes could be attributed to the pos-
sible formation of magnetic moments on thelectron sites.
Americium belongs to the series of actinide metals. Thes&enerally, the localized phase of &electron metal shows
elements have received considerable interest because of theilagnetic ordering at low temperatures according to Russell-
nuclear properties but also because of their fascinatingaunders coupling for a free ion. However, for Am, the
ground state electronic properties. The latter are perhaps bet(J=0) ion configuration cancels the magnetic moment so
illuminated by their crystal structure and atomic volumethat the localized phase cannot be distinguished from the
behavior: The crystal structures of the actinides are differentitinerant phase by considering their respective magnetic
from almost any other metal in the periodic table. Althoughproperties.
the first two actinides, Ac and Th, have the fcc crystal struc- The actinide metals are the first elements to populate the
ture, the crystal structures of the next four, Pa, U, Np, ancdf orbitals in the periodic table. None of the electrons in Ac
Pu, show an increasing complexity, with plutonium attainingoccupy a 3 state but the next element, Th, has a non-
a monoclinic(16 atoms/cell structure. Continuing in the ac- negligible amount of filled § states:® Proceeding through
tinide series a most peculiar observation is made; (hext  the actinide series thefSoccupation increases by about one
to Pu has a close-packed crystal structiaécp similar to  electron per element and Pu has a total of about five and Am
the structure of the rare-earth metals and not at all similar t@bout six 5 states filled: The experimental observations
the open and low symmetry structures exhibited by the preoutlined in the previous paragraph could best be explained
ceding actinides. The metals beyond Am also follow the exby a dramatic change in the electronic structure between Pu
ample of Am with high symmetry and close-packed struc-and Am. Specifically, it is believed that the ®lectrons of
tures. Hence, the trend in the crystal structures is completelthe lighter actinides, Th—Pu, have metallic or itinerant char-
broken down between Pu and Am. As regards the atomiacter greatly influencing the bonding characteristics, whereas
volumes, the behavior of the light actinides, up to Pu, isfor the heavier actinides, Am and on, thé Blectrons are
similar to that of the nonmagnetid transition metals; the localized and of minor importance for the chemical bonds
atomic volume decreases in a parabolic mahasrwe pro- between atoms in the solid. This makes sense because, first,
ceed through Th, Pa, U, Np, and Pu. Actually, the volume othe crystal structures of Am, Bk, and Cf are very similar to
Pu is almost identical to that of Np. Again, we find a com-the rare-earth crystal structures, which in turn have been
plete breakdown of this trend when continuing through Am,shown to originate from the bonding characteristics of tteir
Bk, and Cf. The atomic volume of Am is about 40% Iargerelectroné Secondly, the parabolic decrease of the atomic
than that of Pu and the following metals have also a muctvolume of the actinides up to Pu could be understood from
lower density than U, Np, and Pu. Thus, the trends of twaconsecutive filling of bondingitineran 5f states, gradually
important ground state properties, the crystal structure anghcreasing the interatomic bonds through Th—Pu, whereas
the atomic volume, display a most obvious interruption bethe jump in volume to Am could be explained by the re-
tween Pu and Am. Americium and the metals beyond form anoval of some of the & contribution to the chemical bond-
second rare-earth series. Another key distinction between thag between the atoms. Hence, there is a transition between
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TABLE I. A compilation of EOS data for americium. The equi- plex structures of the actinides were analyzed in terms of a
librium volume is given in & and the bulk modulus in kbar. fcc simple model involving Pettifor's structural energy differ-
results are obtained from spin polarized calculations including orence theorerm®® These model calculations suggested that a
bital polarization (GGA-OP) and with the % electrons treated as likely candidate for the new phase in Am would be the

core electrons (6in core. monoclinic structure of-Pu whereas the orthorhomhieU
; structure was less likely. In the present study we calculate
Crystal structure Vo B B the total energy for several crystal structures, including those
fec (GGA+OP) 251 430 29 of @-U and a-Pu, in order to investigate this aspect further.

Secondly, previous attempts at describing the Mott transition

fcc (5f in core 26.6 460 3.4 ) - > A 15 >
w-PU 16.9 1790 8.0 in Am from first-principles theor}#!® have been less satis-
a-Np 17.0 1990 58 factory in reproducing the details of the experimental data. In
U 17'1 1540 5'7 the present study we use improved theory with better ap-
o 17.8 1210 6.4 proximations for the exchange/correlation energy and poten-
bec 165 1560 6'5 tial and we also introduce an orbital polarizati@@P) cor-
dhep (exph 203 400,450 60 rection to the exchange/correlation functiotfal! This

‘ scheme[generalized gradient approximatidqi®@GA)-+OP]
cc (exph 29.3 294 3.0 was appliedf for the Mott transition in Pr and compared
favorably with self-interaction corrected local spin density

Pu and Am that originates from a localization of thé 5 theory (LSD-SIC) and experiments. Generally, density-

electrons a so-called Mott transition. In fact, it has been functional calculations with a local spin density approxima-

argued that such transitions already take place, partially ort@on are not able to accu@te.ly account for electron corre_la-
completely, in the phase diagram of Pu. At higher tempera'gons that lead to localization effects of the electronic

tures and expanded volumes a fcc phéSeof Pu shows structure. This is a challenging problem and many attempts
similarities to botha-Pu and Am, and this may signal a Mott have been made to correct for this. _ _
transition within Pu's phase diagram initiated by external ' n€ localizedlow density phase of Am is here treated in
parametergpressure and temperatiurdhis is to some ex- the fpc crystal ;tructure because this structure has been de-
tent in line with the picture of a Mott transition in Arftle- termined experimentally for moderate pressures of Am and

localization of the § electrons, induced by external pres- the body of experimental data is consistent for this structure.
sure. Experimentally this has also been suggested i he transition from dhcp to fcc has been shown to be related

connection with the discovery of a low symmetry phase int© the d-band occupation in Am and involves only a few
Am at elevated pressure. meV, and we do not consider this transition here. In the OP
The experimental situation has been somewhat confusin cheme the b localization is associated with the onset of a
for Am, arising from discrepancies in x-ray experiments. Thel'€arly saturated magnetic spin and orbital moment. The spin
equilibrium dhcp, structuréAM 1) has not been a subject of polarization energy is mclud_ed in the LSD approxlmatlon
controversy, but the second pha&&M I1), fec, has been and does not constitute a serious problem. The orbital polar-
observed at’ different pressures. AkediaaI’? fomjnd a 50% ization, however, is an effect that is present in open-shell
mixture of dhcp and fcc at 52 kb#b.2 GPa and only fcc at Hartee-Fock theory and not in the LSD approximation. Here

65 kbar. Rookt al. observed the same structural changes affiS €ffect is included through an energy shift of the

similar pressures. Benediet al.® on the other hand, ob- 2f{l.m,o} orbital equal to—L,mE;, wherelL, is the or-

served the dhcp up to 65 kbar. For the third phase, Am I11bital moment for spin channet andE? is the Racah param-

both Akella and Roof reported some variant of a monocliniceter. When calculating the total energy an amount of

structure(«’) and they both suggested that AM IV had an — 1/2E21.2 is added to correct for double counting. The fcc

orthorhombic sturcture(a’, a-U). Later, Benedict and phase of Am was treated in this way, whereas the calcula-

Dabos? observed dhcp up to 90 kbar and fcc at 95 kbartions for the other structures of Am were paramagnetic with

Benedict also reported the AM IV phase as an orthorhombi¢o spin or orbital moments.

structure (a-U) at about 150 kbal' In this latter The following sections contain computational details, re-

publicatiort! various results for the bulk modulus and its sults, and a discussion.

pressure derivature were quoted and an averageBpf

=294 kbar andB;=3.0 was calculated. These are the ex- Il. CALCULATION DETAILS

perimental results we have quoted in Table I. Even though

there seems to be an experimental agreement regarding AM The total energy for the fcc, bee, bena(), a-U (a'),

IV, the third phase of AM(Am IIl) has proven to be very a-Np, anda-Pu structure’s of americium was calculated as

difficult to characterize and several structures have been pr@ function of volume. Then-U structure is orthorhombic

posed for this phase. Different monoclinic structures, trigo-With axial ratiosb/a=2.05 andc/a=1.76 and an internal

nal distorted fcc, and orthorhombic structures have all beeparametery=0.1125. For this phase we made an effort to

suggested for Am 11172° Benedict! concluded from his optimize these three parameters. Théa was first opti-

measurement that the Am HAm IV transition took place mized, and for that optimized value, toéa was optimized.

at 150 kbar(15 GPa. In a third step the internal parametgwas optimized. As a
The motivation for the present study is mainly twofold. final stepb/a andc/a were again allowed to relax for this

First, we believe that the new phase in Am proposediewy. Thea” structure is a body centered monoclinic struc-

experimentall§*! (a-U) is questionable. Recentfthe com-  ture for which we chose/a=1.53 andb/a=1.03 with the
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angle 8 between thea and c axis equal to 92°. This is the
same structure as was proposed by Olsieal 2°in the phase
diagram of cerium. Thea-Np structure is orthorhombic
(b/a=4.72,c/la=1.03) with eight atoms per unit cell and
the most complexq-Pu, structure is monoclinic with 16 at-
oms per unit cell. For these calculations we used the full
potential version of the linear muffin-tin orbital meth&id.
This electronic structure method is an implementation of
density-functional theory as applied for a bulk material. It is
a first-principles method; no experimental numbers are used
in the calculations except for the nuclear charge, which is 95
for Am. The approximations in this approach are limited to
the approximation of the exchange/correlation energy func- . .
tional, cutoffs in the expansion of basis functiospoint 15 20 25

sampling in integrations over the Brillouin zone, and the Atomic Volume ( A®/ atom )
Born-Oppenheimer approximation. For the exchange/

correlation approximation we used the generalized gradient FIG. 1. Total energie¢+61046 Ry/atomfor Am in the bec,
approximation which has proven to be better feelectron ~ fec, @” (bem), a-U, a-Np, anda-Pu structures. The fcc phase is
metals than the more commonly used local density approxi(_:alculated using spin gnd orlbltal polarization. The qther structures
mations. In all calculations we used two energy tails assocjare calculated assuming spin degeneracy. The ratios between the
ated with each basis orbital and fos,6p, and the valence CrYStal structure parameters for thé, a-U, a-Np, ande-Pu struc-
states (%, 7p, 6d, and 5 ) these pairs were different. With tures are kept equal to their equilibrium values for (Beoposed,

- . . d Pu.
this “double basis” approach we used a total of six energyU’ Np. and Pu

tail parameters and a total of 12 basis functions per atomy m energy by about 7.5 mRy/atafmot shown and intro-
Spherical harmonic expansions were carried out througly,ces a large distortion of the cell. New optimized values for
Im_ax=6 for the bqses_, potential, and charge (_jensny. The SaMne parameters at®a=1.75,c/a=1.75, andy=0.10. This
pling of the 22””0“'“ zone was done using the specialjgrge distortion suggests that theU structure is mechani-
k-point method” and the number ok points we used was  ¢5jly very unstable for Am and therefore not a candidate as a
175 (fcc and beg, 75 (o), 52 (a-U), 72 (-Np), and 16 giaple phase. The relaxation brings the orthorhontbiw
(a-PU. Hence, the calculation for Am in the-Pu structure  yqry different froma-U) structure close to the bec structure,
was |der21§|cal to the calculation we performed for plutoniump +" nowhere near the-Pu structure. The transition to the
recently;” with the exception of the atomic numb&35 in-  |5\est energy structure, the monocliriie-Pu structure, is
stead of 94 Total energy calcula_tlons were carried out for -5iculated to occur at about 80 kH&rGPa and the volumes
each crystal structure as a function of volume. These enetye 218 B and 16.3 B for the fcc and the monoclinic
gies were then fitted to a Murnaghan equation of 8@  yhase, respectively. The transition pressure is somewhat

which enabled us to calculate the Gibbs free energy lower than the value§150—175 kbar previously suggested
by experimental work! The calculated 25% volume col-
lapse is somewhat lower than what has been calculated
for the considered structures of Am. HeteS andE are the  previously® (34%), where thea-U structure was assumed to
enthalpy, entropy, and internal energy of the system. In oube the high pressure structure, but considerably larger than
calculationsT=0 andE is the total(electroni¢ energy. A  the experimentally observed volume collapse between Am II
phase transition between the two phases occurs if their Gibgnd Am 1111 In Fig. 2 we show the corresponding EOS for
free energy coincides for a given pressure. Using the EOSUr total energy calculations as obtained from our Mur-
(pressure as a function of volumier the two phases, we are naghan fits. Together with these results we also plot some
able to calculate the volume collapse associated with thexperimental dat&'* The theoretical curves are fcc and
transition. monoclinic (a-Pu), respectively, whereas the experimental
data represent Am (dhcp, Am Il (fcc), and Am Il («”).
Il RESULTS The pressure is plotted as a functiondl/ for all data. The
' theoreticalVy depends upon which phase is considered, but
Our main results are shown in Fig. 1. Face-centered cubibere we decided to chosé,=26.85A3, which is rather
Am is calculated allowing for both spin and orbital polariza- close to our(fcc in core calculation(see below. This is also
tion (GGA+OP) whereas the calculation of the other struc-the theoretical equilibrium volume obtained from spin polar-
tures assumes spin degeneracy. As can be seen immediataled GGA calculationgnot shown of dhcp Am and there-
the experimentally suggested-U phase is considerably fore seems to be an appropriate choice. The quantitative be-
higher in energy than the-Pu phase, and even the bcc struc-havior is very similar between theoretical and experimental
ture is lower in energy. This indicates that this structure isdata. Close to the theoretical transition pressure, 80 kbar, the
incompatible with the calculated electronic structure of Amfcc calculations agree very well with experimental Am Il
and it seems to be a very unlikely candidate for a delocalizedfcc) data as does ous-Pu calculation with experimental
phase in Am. This conclusion is supported by calculationsAm IV («') data. At lower pressurlose to zerpthere is a
aimed at optimizing thé/a, c/a, andy parameters of this discrepancy between theory and experiment that is rather se-
orthorhombic structure. This optimization lowers the mini- rious. The equilibrium volumes, bulk moduli, and pressure

-0.86

-0.90 bee

-0.94 -

Total Energy ( Ry/atom )

G=E+PV-TS=H-TS (1)
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T T T T ‘ phase, and provided our description of the electronic struc-
e.-Pu (theory) | tureis accurate, we therefore rule out the orthorhombic phase
i ] in the high pressure/low temperature phase diagram of Am.
250 o (expt) . If, hypothetically, a transition to the-U phase took place,

» fee (expt) 1 completely neglecting the monoclinie-Pu) phase, the tran-
dhep (expt) 7 sition is calculated to occur at about 200 kit20 GPa ac-

] companied by a volume collapse of about 21%.

In Table | we summarize our EOS data for the calculated
crystal structures. The Murnaghan fit of fcc Am gave a bulk
8 GPa ] modulus(B) of about 430 kbaf43 GPa and aB’ equal to
2.9. The equilibrium volume is too low, only 25.13&om-

N 1 pared to the observed volume of 29.3 Aut the bulk modu-
* lus is in rather good agreement with experiment. Our calcu-

L L lations underestimate the equilibrium volume by about 14%,
0.6 0.7 0.8 0.9 1 which may indicate that thefScontribution to the chemical

V/V bond is overestimated in our GGAOP scheme at lower
0 pressures. The large discrepancy for the equilibrium volume

FIG. 2. Equation of state as obtained from Murnaghan fits to thdS @ Serious failure of the theory, but is consistent with the
total energies for fcc and monoclinie-Pu) structures. Results in-  fesults found for Pr recentfif, where the difference between

dicate a volume collapse of 25% at 80 ki§&rGPa pressure from theory and experiment for the equilibrium volume was about
the fcc to the monoclinic phase. 14%. It is possible to remove most of thé Honding by
putting these electrored hocas core electrons. In Fig. 3 we
derivative of the bulk modulus are give in Table I. The fcc compare calculations for fcc Am (GGAOP) with nonpo-
(GGA+OP) calculation gives an equilibrium volume too larized (GGA) calculations with the 6 electrons treated as
low compared to the experimental dhcp equilibrium volume.core electrons (6in corg. The (5f in corg calculation is
For comparison, we corrected for this discrepancy in theshifted down an amount 0.17 R2.3 eV) to allow a clearer
equilibrium volume by shifting the total energy curve so thatcomparison between the two energy curves. The equilibrium
B and B’ were unchanged but the equilibrium volume wasVvolume for the (5 in corg calculation is in somewhat better
identical to the experimental value 29.3 Aot shown. In  agreement, 26.6 & but still almost 10% too low compared
this case, the Mott transition already occurs at about 44 kbdp experiment. The corresponding bulk modulus is about 460
and the volume collapse increases to about 40%. Hence, cofbar (46 GPa, in rather close agreement with our
rection for this discrepancy does not improve our theoretica( GGA+OP) calculationB’ is also in good agreement with
agreement with experiment. It is unclear how to compare outhe (GGA+OP) theory, 3.4 compared to 3.0. From Fig. 3 we
theoretical transition pressui@0 kbaj with experimental conclude that for the volume range close to equilibrium the
data because there is a large hysteresis in the experimentsiuto theoretical treatments (GG#OP) and (5 in core) are
may be interpreted that our transition occurs too early at 8n relatively good agreement, with a small discrepancy of
kbar. This might be due to an underestimated total energgbout 4% in their respective equilibrium volumes. Notice,
gain associated with the localization of thé Blectrons in  however, that for compressed volumes the total energy
our calculations. Therefore, in another comparison, we articurves begin to separate between the two calculations. This
ficially lowered the total energy curve for the (GGAOP) is certainly expected because thef (5 core treatment
calculation by 14 mRy0.2 eV) and this resulted in a transi- should become less satisfactory at higher pressures. We an-
tion pressure close to 150 kbér5 GPa with, still, a con- ticipate an increased overlap at smaller volumes between the
siderable 20% volume collapse. The calculai@@A) zero-  5f orbitals, which eventually will form band states. At this
temperature equilibrium volumes of Ce and light point, it would of course be grossly inaccurate to treat them
actinide*?® (Th—Py are on average about 7% smaller thanas core states. This effect is inherent in the (GG2P)
measured room temperature data. It therefore seems likelpeory where a suppression of the magnetic moments signals
that the itinerant monoclinic phagse-Pu) of Am also has too  delocalization.
low a calculated equilibrium volume in the present calcula- In Fig. 4 we show the spin, orbital, and total magnetic
tions. The equilibrium volume is calculated to be 163 &  moments as a function of atomic volume for fcc Am calcu-
we introduce a correction so that the monoclinic phase oblated using the (GGAOP) approach. The symbols repre-
tains a 7% larger equilibrium volume, we instead obtain asent the calculations, the full line here is a guide for the eye
transition pressure of about 100 kid0 GPa and a volume only. The orbital moment is enhanced by the orbital polar-
collapse of about 18%. This correction gives a somewhaization of the 5 orbitals and at the equilibrium volume it is
better agreement with experiment for the transition pressureggbout —0.85 Bohr magnetons. The majority contribution to
whereas the calculated volume collapse is rather insensitiviie orbital moment is traced to thef Sspin-down states
to this correction. (—0.93 with a small contribution also from thed6éspin-
Experimentall§** an orthorhombic(a-U) structure at down (0.13 and spin-up(—0.05 states. With the orbital
about 150 kbaf15 GPa was proposed in Am. In our calcu- polarization switched off the orbital moment is smaller in
lation this orthorhombic structur@vith b/a,c/a, and atomic  magnitude(—0.65 Bohr magnetons The 5f band is less
coordinatey set equal to their equilibrium values for ura- than half full and therefore the sign of the spin-orbit coupling
nium) is substantially higher in energy than the monoclinic(corresponding to Hund’s third rule of an open-shell atom

(e}

Pressure ( kbar )
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' ‘ ‘ the order of 2—7 mRy throughout the volume range studied.
0.86 - i The Racah parametd®> is a linear combination of Slater
fCC Am integrals and was in our calculations for Am of the order of
-0.88 ¢ 1 4—6 mRy. Calculations without orbital polarization gave a
somewhat lower transition pressu{@s kba) and a some-

050 1 what larger volume collaps@8%).

-0.92

094 | Vo | IV. DISCUSSION
’ (5f in Core)

We have studied six crystal structures of Am with a first-
principles method using the (GGAOP) scheme. The total
energy for five of these structuréscc, bcm,a-U, a-Np, and
‘ a-Pu) was calculated assuming spin degeneracy whereas for

18 20 22 24 26 28 the fcc structure, this requirement was lifted. At 80 kbar we
Atomic Volume ( A3/ atom ) calculate a transition from fcc Am to monoclinic Am and a
volume collapse of 25%. We interpret this transition as a

FIG. 3. Two different treatments of the localized fcc phase ofMott transition; the onset of a low symmetry crystal structure
Am. The (GGA+OP) treatment, used in the present calculations,is prompted by delocalization of thef ®lectrons in Am. The
compared to a calculation where the &lectrons are treated as core |ow density fcc phase is also modeled by a calculation with
electrons. The latter calculation is shifted down an amount of 0.1%nhe 5f electrons occupying core states. For low pressures this
Ry (2.3 eV) to enable a more visual comparison. ratherad hocapproximation is in relatively good agreement

with the (GGA+OP) calculations, with a very simil& and
turns the orbital moment antiparallel to the spin momentB’ but a 4% larger equilibrium volume. With increasing
The total and spin magnetic moments slowly decrease ipressure the treatment wittf ®lectrons in the core becomes
magnitude with volume, whereas the orbital moment is al-gradually inappropriate, with an inaccurate total energy as a
most constant until about 17*Avhere both spin and orbital result.
moments collapse to zero. This signals a compldtelé&lo- Calculations of the transition pressure between fcc and
calization in Am, and 5 band states that contribute to the monoclinic Am are sensitive to the accuracy of the total en-
chemical bonding between atoms. At this volume the 5 ergy for both the localized and the itinerant phase. The tran-
states in Am are itinerant, as in the lighter actinides, Th—Pusition pressure would be considerably higher and the volume
Magnetic calculations for Am in the-Pu structure collapse collapse smaller if the equilibrium volume for the mono-
to nearly zero magnetic momefmiot shown, confirming this  clinic phase was 5—-10 % larger. This is certainly within the
picture. Consequently, in this paramagnetic regiffig. 1),  usual error associated with a GGA calculation for an
fcc Am is the most unfavorable structure and instead thd-electron metal. The transition pressure would also increase
monoclinic (a-Pu) structure has the lowest energy. This re-considerably upon a small downward shi&1-0.2 eV of
sult confirms the simple model calculations carried out bythe energy curve for the low density fcc phase. Thus, inac-
Saderlind et al*? who showed that for afband occupation  curacies in the calculations could easily explain the fact that
of about six, thea-Pu structure should be lower in energy we calculate a transition pressure somewhat lower than the
than both thew-U and fcc structures. values reported for this transition. A large volume collapse,

The orbital polarization energy, the H2L2 term, was of however, seems relatively insensitive to possible inaccura-
cies in the total energy calculations and we therefore have
confidence in this result. We appreciate the difficulties in-
| e Total moment | volved in determine the correct crystal structure from high
—— Orbital moment pressure experiments and the necessary fitting that has to be
6 - —o— Spin moment 7 done. Also, the hysteresis in the experimental results make it
hard to directly compare our results with experiment. We
believe, however, that Fig. 2 is clear evidence that our tech-
4r 1 nique is able to describe the correct physics of the high pres-
sure transitions in Am. To get a more accurate description
overall the exchange/correlation functional needs to be im-

-0.96

Total Energy ( Ry/atom )

(GGA + OP)
-0.98 -

Magnetic moment ( pg )

2r i proved.
In the present paper we have investigated the total energy
0 of two different configurations: delocalized States and lo-

calized, chemically inert b states. Provided there are no
complications involving other electronic configurations, such
. e e as mixed valence, Kondo behavior, and so on, we rule out
15 20 25 30 the a-U structure as the high pressure phase of Am. Calcu-
lations of the type presented here seldom give the wrong
structural stability and in our case we find that th&J struc-

FIG. 4. Spin, orbital, and total magnetic momef@®hr mag-  ture is ~20 mRy higher in energy than the lowest energy
netong as obtained from the (GGAOP) calculation of fcc Am. structure,a-Pu. This is a rather large energy difference. Also

Atomic Volume ( A3/ atom)
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