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Relation between electronic structure and magnetism in UPtAl was studieab bigitio band structure
calculations in conjunction with several experiments on single crystals focused on magnetic monagats
netization and neutron-diffraction measuremgnisagnetic entropy, and anomalous magnetic moment contri-
butions to specific heat and electrical resistivity. The neutron diffraction experiment confirmed the ferromag-
netic ordering of U magnetic moments bel@w=43 K. The reduced magnetic entropy with respect to the
valueR In 2, as derived from specific-heat data, points to a delocalized character df éhecrons of uranium
bearing magnetic moment in this compound. The magnetocrystalline anisotropy in UPtAI is very strong with
the anisotropy energy larger than 130 K. In this view, the energies of a gap in magnetic excitation spectrum
derived from specific-heat and electrical-resistivity data are unexpectedlyai@mund 50 K. The electronic
structure of UPtAl was calculated in the framework of the local spin density approximation to the density
functional theory. The results confirm the large exchange splitting of the uranfustalies which is of the
same size as the spin-orbit splitting. The resulting self-consistent charge density is used to discuss the bonding
mechanism in UPtAl. Rather large values of the uranium ddig(U)=1.63 ug and orbital M (U)=
—2.06 ug magnetic moment were calculated and compared with the results of previous calculations of
Gascheet al. Comparison of the total calculated U moment with the values derived both from bulk magneti-
zation measurements and neutron diffraction experiments is discussed as well.

DOI: 10.1103/PhysRevB.64.144408 PACS nuni®er75.30.Cr, 71.20.Lp, 75.30.Gw, 75.40.Cx

[. INTRODUCTION uniaxial anisotropy is well demonstrated in Fig. 1 that shows
the magnetization curves measured at 4.2 K in magnetic

UPtAI belongs to the ternary TUX compounds T is a late  fields applied along tha andc axis. One can see that tlce
d-transition elementX is a p element with the hexagonal axis is the easy-magnetization direction. In high fields, the

ZrNiAl-type crystal structurdthe P62m space group The magnetic moment is almost saturated at 40 T at a value of
U ground-state magnetic moment in compounds of thisl-49 ug. The magnetization measured along #axis is
group varies from 0 to 1.6ug depending on the degree of much smaller Without_any spontaneous compofiierfact, it_ N
itinerancy of uranium § electrons. That is determined by the 'eSembles a magnetic response of a paramagnet exhibiting
overlap of § wave functions centered on neighboring U 0-28 ws/f.u. at 40 . The crossing point of linearly ex-
atoms and by the hybridization off5states with valence trapolated magnetization curves to very h|gh—f|elds provides
electron states of ligandsThe latter mechanism usually a lowest estimated value of the anisotropy figigr=290 T.
called the 5-ligand hybridization has been introduced andThe corresponding energy of magnetocr.ystallme amsotrppy
discussed in various aspects by Koellingtal? The E, amounts 130 K in thé&gT representation. Another esti-

: e te of anisot ived f the diff
5f-ligand hybridization causes that tieand X atoms affect E)neatvseoenacgaerg pg]/c Et:r?ee rggr;?agigt?gl\éeﬂi(arc;r;mp(e;rcei(lmer;ence
magnetic properties considerably by influencing thefOr the ¢ and a axis. For UPtAI this differenceA®,

Sf-electron states although they do not contribute much ta_ 400 g (Ref. 8 even exceeds the value of the anisotropy

the magnetic moment itself. All the compounds of the groupenergy determined from magnetization measurements in the
irrespective of the ground state that can be ferromagnetigrgered state.

(the tygical _replresentative is U_Rh)/,ﬂ"‘ argtiferr_ornagnetic The shape of virgin magnetization curve in fields applied
(UNIAI, > UNiGa’) or paramagneti€UCOAI)” exhibit a huge  along thec axis (see inset in Fig. Llhas been preliminary
uniaxial magnetic anisotropy. attributed to the coercivity of narrow domain walls in ferro-

Magnetization measurements revealed that UPtAl ordergagnetic UPtAF Nevertheless, the strong similarity to the
ferromagnetically below =43 K with a saturated magne- virgin magnetization curve of UNiGa, which is an
tization of 1.38 ug per formula unit at 2 K¥° The strong  antiferromagnétand shows a sharp metamagnetic transition
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FIG. 1. High-field magnetization curves measured at 4.2 K in
fields applied along tha andc axis of the UPtAI single crystal. The
inset provides comparison of virgin magnetization curves and hys-
teresis loops measured at 1.7 K in fields applied along tineis on
single crystals of UPtAl and UNiGa, respectively.

FIG. 2. Hexagonal crystal structure of UPté&he ZrNiAl type).

above the Curie temperaturd {=43 K). In addition, we

in low fields, may rise some doubts on ferromagnetism inhave followed the temperature dependence of the integrated
UPtAl. Therefore a neutron-diffraction experiment is intensity of two reflections in order to confirm the magnetic
strongly desirable to confirm the type of magnetic groundordering temperature. The measukedscans were analyzed
state in this compound. by the Lehman-Larson algorithf The crystallographic and

In this paper we study relation between the electronionagnetic structures were determined by fitting procedures
structure and magnetism of UPtAI usiag initio band struc-  using the progranmFULLPROF!! The values of scattering
ture calculations in conjunction with experiments focused orength were taken from the paper of Séémnd the J* or
magnetic moments, magnetic entropy, and anomalous contriJ*" magnetic form factors in the dipole approximation
butions of the system of magnetic moments to specific hea(jo)+c,(j,)) from Freemaret al!3
and electrical resistivity. To observe intrinsic properties of Magnetization data were obtained in a SQUID magneto-
this strongly anisotropic ferromagnet all the experimentsmeter(Quantum Designin fields up to 5 T applied along the

were performed exclusively on single crystals. C axis.
The specific heat was measured by the relaxation method
Il. EXPERIMENT on a 30-mg crystal in the temperature range 2—100 K using

) . ) the PPMS-14 systerfQuantum Design
Single crystalline samples used for experiments were cut

from the main crystal by spark-erosion. The crystal was

pulled by a modified Czochralski method in a tetra-arc fur-  lll. EXPERIMENTAL RESULTS AND DISCUSSION
g?ec:\./;'th; 8detalls of the crystal growth are described by An- A. Neutron diffraction

The neutron-diffraction Study was performed at the By refinement of the 65 K data Set, we have verified that

double-axis diffractometeE4 installed at the Berlin Neutron UPtAI crystallizes in the proper ZrNiAl-type of structure
Scattering CentefBENSQO of the Hahn-Meitner-Institute. (P62m space groupwith lattice parametera=701.4 pm
The crystal was glued onto an aluminum tip with its hexago-andc=412.5 pm that are in satisfactory agreement with the
nal axis parallel to the rotational axis of the diffractometerx-ray diffraction datd This crystal structure of UPtAl is
and inserted into a standard Orange-type crydstanufac-  built up by alternating two types of basal-plane atomic layers
tured by ILL). It was oriented using several sufficiently along thec axis (Fig. 2). One of them contains all of the U
strong and well centered nuclear reflections and the cell paatoms and 1/3 of the Pt aton(the Pt position. The other
rameters were refined from the UB matrix. The incident neu-one consists of the rest of the Pt atoiftise P} position
tron wavelength was 2.43 A. together with all of the Al atoms. Each U has four nearest U
We have collected two identical sets of integrated intenneighbors within the basal plane and two other neighbors
sities, @ 2 K and at 65 K. The latter temperature is well along thec axis. The bonding of the Uf5orbitals within the
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TABLE |. Structural and magnetic parameters refined by neutron diffraction.

Atom Site Local symmetry Position parameters B(A?)
T=65 K
U 3(9) (m2m) xy 0 1/2 0.242)
Xxy=0.5765(1)
Pt 1(b) (€2m) 00 1/2 0.381)
Pt 2(c) (E) 1/32/30 0.38)
Al 3(f) (m2m) X 00 0.645)

X =0.2236(3)

Cell parametersT=65 K) a=701.4£0.4 pm c=412.5-0.3 pm
R factors R=6.38% x?=8.45
Magnetic momentT=2 K) py=1.31+0.08 ug/U

R factors Ruy=11.2% x?=1.73
Curie temperature 42 K

basal plane together with the strong spin-orbit couplingthe U** magnetic form factor. The refined U moment was by

yields a strong uniaxial magnetocrystalline anisotropy withahout 5% smaller than in the former case while the quality of
the easy-magnetization direction along thexis. The re- fits was not changed. This is due to the fact that the magnetic
fined structural and magnetic parameters are given in Table }orm factors of 3+ and U are very similar. Clearly, we

_ Attemperatures belowc, an additional scattering inten- 4re ot able on the basis of our data to discriminate between
sity is observed on the top of majority of the Bragg nucleathe two U valence states.

reflections. Although an effort has been made to detect addi-

tional, purely magnetic, reflections by means of typical B. Specific heat

reciprocal-space scans, no one has been found. This result

corroborates the interpretation in terms of ferromagnetic The specific heat data, presented in Fig. 4, show a pro-
ground state in UPtAl. Temperature dependence of the intgiounced anomaly at the ordering temperailixe=43 K. To
grated intensity of100) reflection, which shows the highest

ratio between the magnetic and nuclear intensity, is presented 24
in Fig. 3. The comparison of magnetic intensity with the
temperature dependence of the square of spontaneous mag- 6 5. o UPtAI
netization in the inset of this figure demonstrates a reason- ¢ oo o0 {100} reflection
able agreement between the macroscopic and microscopic T

magnetic data.

The strong magnetocrystalline anisotropy observed for
UPtAIl suggests to use Ising model with effective s
=1/2 for the interpretation of our data. We have therefore
calculated the temperature dependence of the magnetization
using the mean field solution of the Ising modstée Fig. 3,
inse). From a comparison of the calculated and experimental
data it is clear that such simple mean field solution provides
rather poor description of thiel (T) data. This suggests that
the magnetic excitations, which are driven by the interplay of
exchange interactions with the magnetocrystalline anisot- ’

. . . —— mean-field theory
ropy, can have a quite complex character in UPtAIl. This 00 L )
statement is further corroborated by our analysis of specific- gL o 20 40 T(K) L
heat and resistivity data, and by band structure calculations e
(see below 0 10 20 30 40 50 60

The magnetic structure in UPtAl has been refined from T(K)
the differencg2—-65 K) integrated intensities with a help of
the scaling factor inferred from the 65 K data set. When |G 3. Temperature dependence of the integrated intensity of
supposing the 8" magnetic form factor, the best agreementthe (100 reflection. The inset displays comparison between the re-
has been obtained for a simple collinear ferromagnetic strucduced neutron-diffraction intensity of tH&00) reflection with the
ture of equal U moments of 1.310.08 ug oriented along square of reduced bulk spontaneous magnetization data. Both quan-
thec axis that is in agreement with magnetization dtalVe  tities were normalized to their lowest temperature values. The full
have also performed the same type of refinement supposirge represents mean field solution of the Ising model.
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d d  th ific h ¢ | FIG. 5. Temperature dependence of the magnetic contribution to
FIG. 4. Temperature dependence of the specific heat of UPtAl, o specific heat of UPtAl. The inset shows temperature dependence

The lines show electronic and phonon contributions as well as the|6f the magnetic entropy supposing different gamma valise
sum. The dotted line represents the nonmagnetic specific he%xt)

(CpntCe) when describing all phonon branches by the Debye

model (fp=240 K). A simple model of the phonon spectrum with all 9 phonon

o , . branches described by a single valuedgi=240 K within
analyze these data quantitatively, one has first to estimate t fe Debye model has been successfully applied to describe
nonmagnetic contribution. It consists of the electronic an he thermal-expansion dathThe value of 240 K is also well
phonon partsCg, andC,, respectively. The electronic spe- comparable with our value ofp [ 6p=240 K describing 9
cific heat is expressed by a simple linear temperature deperﬂ)’ranches corresponds = (240/3}3 K = 166 K for 3
dence branche$ In Fig. 4 one can see, however, that this simple
model fails to describe th€, data at temperatures above
~50 K and a more complex approximation described above
_ shall be thus used.

For the phonon part, we have assumed the following ap- The magnetic specific heat, derived from the raw data for
proximation: the total phonon spectrum consists of 3 acousthe y and ¢ values given above, is represented in Fig. 5. It
tic branches, which we describe by the Debye model angields a magnetic entropy 0fSiag= 4.1 Jmol 1K™ !
characterize by one Debye temperatukg, and 6 optical =0.71 RIn2. Although we are aware that the determined
branches, described by the Einstein model and characterizegjue ofSpag Critically depends on the estimation 6f;, and
by two different Einstein temperatur@f_:, each deSCflblng 3 Cph! we can conclude th&ﬁmag does not reach the value of
branches. The phonon contribution can be then calculated b |n 2. The value 05,5 RIn 2 would be obtained, e.g., for

y=40 mJmol ' K~? (analysis ofC, aboveT then gives

Ce=v T. .Y

ij exp(X) =160 K, 6g;=149 K, 0,=380 K) that seems to be
Cph=Naks E PP nonrealistic(compare to the inset in Fig.)4Therefore our
7 [exp(x;)—1] estimate ofS;,,4 provides a strong argument for the delocal-
T3 (oo x*exp(x) 2 ized U 5f states in UPtAI. We note that the strong magneto-
_3] — 7 | dx, (2)  crystalline anisotropy of UPtAl should also play some role
/0  [expx)—1) for the magnetic entropy. Note that the value of magnetic

entropy determined above is definitely lower than the value

wherex; = 0g;/T, N, is the Avogadro number, arlg; is the  5/31n 2 that has been derived for isotropic itinerant system.
Boltzmann constant. We made an attempt to fit the low-temperature part of

Assuming the magnetic specific heat to be negligible aC,,,qfirst by a commonly used formula describing ferromag-
sufficiently low temperaturesT(<T¢), the value of they netic spin fluctuations:
coefficient of Cy, y=65 mJmol*K 2, is determined
from the low-temperature part of the,/T vs T2 plot (see ©)]
inset in Fig. 4. The value offy can be then determined by ) o o
the slope of theC,,/T vs T2 linear dependenceat T< 6p). wherea is a fitting parameter. As can be seen in Fig. 6, we
Considering three phonon branches described by the Deby#d not obtain a good agreement with the experimental data
model (in the Einstein model, the specific heat is negligiblein this way. On the other hand, we have found that its low-
in this temperature rangewe obtaind, =160 K.Assuming temperature part fits very well to the formula
further Cpp¢~0 atT>Tc, the measured data aboVe are
well described bydg; =145 K andfg,=460 K. The corre-
sponding calculated specific heat is represented in Fig. 4.

Crmag=aT?InT,

A
Cmag: aTl/ZeXF< _T) ) (4)
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L B L L B L B magnon-like excitations can be derived from the mentioned
gl © exp.datafor y =65 mJmor'k?) / simple modef® It leads to the expression
- — fitto aT"ze'A:T w2 A
X st p=po+aT2+ bT(1+2T/A)exp< - ?), ©)
8 — = fitto aﬁgr s
2 a=3.7107Jmol K the last term accounting for electron scattering on magnetic
Qg 1L ] excitations with a gaph. Such term has been identified, e.g.,
for UNiGe, whereA~40 K!’similar to the value obtained
from specific heat data. The value &fis strongly dependent
on the temperature range fitted. Data up to 20 K can
B A A be fited by Egq. (6) for a=0.044 uQQcmK?2 b
0 5 10 15 20 25 30 _ -1 _ _
1.45 pQ cmK™, pg=59.6 uQdcm, and A=61.4 K,
T(K) whereas data up to 39 K lead #=0.039 uQ cmK™2 b

=0.34 uQcmKl, py=59.6 uQcm and A=27.3 K.
These values certainly compare with thevalue derived
from the specific-heat results. In both cases, however, the
lue of A is too low in comparison with the energy of
agnetocrystalline anisotropy estimated from the magnetiza-
tion and susceptibility data.

This disagreement may be connected with the fact that
both the specific heat and resistivity are properties arising
from integration over the wholér at least a large segment
of the Fermi surface.

FIG. 6. Fitting curves of the low-temperature magnetic-specific-
heat data for UPtAI.

which describes the specific heat of magnons with an energ
gap A in their dispersion relatio® Assuming y
=65 mJmol ' K2, the fit of experimental data up to 30 K
gives the values ci=3.6 Jmol 'K >?andA=55 K (see
Fig. 6). The energy ga@ derived in this way is, however,
rather small in view of the huge magnetic anisotropy of this
material.

In this context it is worth to reanalyze data of the electri-
cal resistivity presented by Andreeet all* The low-
temperature part of the(T) curve can be well fitted with the IV. BAND-STRUCTURE CALCULATIONS

simple quadratic law:
To obtain direct information about the ground-state elec-

p=po+aT? (5)  tronic structure and related properties we also applied first
principles theoretical methods. The ground-state electronic
with a=0.047 wQ cmK 2 and py=59.5 u) cm. A need  structure was calculated on the basis of the density functional
of an additional term at higher temperatures is clearly seen itheory (DFT) within the local spin density approximation
Fig. 7. The contribution of scattering of electrons on (LSDA).*8 For this purpose we used the full potential linear-
ized augmented plane wave meth@dAPW) as imple-
mented in the latest versiofwIEN97) of the original WIEN
code!® The spin-orbit coupling is treated by the second
variational step within this implementation. The calculations
were performed with the following parameters. The nonover-
lapping atomic sphere radii of 148, 132, and 127 pm were
taken for U, Pt, and Al, respectively. The basis for expansion
of the valence statedess than 6 Ry below Fermi eneigy
consisted of more than 1000 basis functiom®re than 100
APW/atom plus the U (&, 6p), Pt (5p), and Al (2p) local
orbitals. The uranium b states were also treated as the va-
lence Bloch states and thus uranium is characterized by a
noninteger occupation number. The Brillouin-zone integra-
tions were performed with the tetrahedron metflodn a
35-105 speciak-points mesh. In order to identify the con-
tributions of individual bands to the orbital moment, within
the computer codeverx we developed a new subroutine for
calculating the energy decomposition of the orbital moment.
FIG. 7. Temperature dependence of electrical resistivity. The 1 N€ total density of electronic statéBOS) and site pro-
dotted curve shows the fit according to formuls) with a  Jected DOS from scalar relativistic non-spin-polarized calcu-
=0.047 £Q cmK 2 and py=59.5 uQ cm; the dashed curve is lations are shown in Fig. 8. The lowest band that is about

200

160

120

p (uQ cm)

80

40 L | ! 1 L 1 L 1 ! | "
0 10 20 30 40 50 60

T(K)

the fit of data points up to 39 K according to formu® with a ~ —8 to —6 eV originates from the Al 8 states. The Pt&®
=0.039 uQ cmK2 b=0.34 uQcmK? py=59.6 uQcm, states form the main contribution in the energy rarge to
andA=27.3 K. —4 eV (“5d band”) but they show an admixture of the
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60— total ' i @)- The important results concerning the uraniimand
platinumd bonding in UPtAl are contained in Table I,

40 - - which shows the charge distribution over the atomic spheres

and its orbital decomposition. Although the Rl bands are

20 | _ filled with the Fermi energy lying in the region of Uf5
0 __ A | bands, the Pt-& and U-5 occupation numbers are 7.535
— ' i (b) (PY), 7.547 (P5), and 2.461(U), respectively. This is a con-
45 - I . sequence of the hybridization between the Btehd U-5
< 30l - states. The region of the rather low DOS-§ eV<E
% <0.5 eV) between the U fband Pd % derived bands is
% 15 I ] determined mainly by the energy difference between the cor-
® 0 *lw‘*“ ! responding atomic levels and the strength of theftP% 5d
0 - Al I (c) hybridization. When we compare the converged ground-state
8 3r I 7] density with that of the simple superposition of neutral
2 | - atomic charge densities, which is the initial charge density in

the Kohn-Sham equations, we find a small charge transfer
from the uranium and aluminum to the both platinum sites.
Moreover from our band calculations it is now strongly sug-
(d) | gested that uranium valency+3or 4+ cannot have reason-
able meaning in the case of UPtAIl. This fact corresponds
- with results of our analysis of neutron diffraction data, which
shows that the assumed valency 8r 4+ has only a negli-
gible effect on the refined value of total uranium magnetic
moment.

The spin-polarized scalar relativistic LSDA calculations
Energy (eV) [see Figs. @) and 9b)], performed to make the closest com-
parison with Gaschet al* provide the spin magnetic mo-
ments of MgU)=1.84 ug, MgPt)=-0.03 ug,
Mg(Pt)=—0.05 ug, Mg(Al) =—0.01 ug, and
M g(interstitial)=0.25 ug in the interstitial region of the
uranium &, 6d states, platinum $states, and aluminums3  UPtAl crystal. The total spin magnetic momeritl g
3p states. The highest occupied bariBstween—4 and =2.00 upg is more than 50% higher than the LMTO-ASA
—0.2 eV) originate mainly from the hybridized uraniuni 5 value of 1.31ug. Such a discrepancy between the two DFT
states and platinumdbstates but all the remaininty 7s, 6d calculations suggests an importance of the general-potential
states; Al P state$ are also present. Finally we see that theband-structure treatment of the magnetic properties in
Fermi level is situated inside the Uf%and with a rather UPtAL
large DOS. The main part of the UtSand is only partially Next we investigated the effect of the spin-orbit coupling
occupied and the total bandwidth is roughly 1 eV. The total(SOQ. The most prominent effect of SOC is found for the U
DOS is in good overall agreement with earlier calculations5f states, where the splitting according to the total angular
performed by linear muffin-tin orbital meth¢ddMTO) inthe ~ momentum is clearly developddee Fig. €)]. An almost
atomic-sphere approximatiofASA) for the description of 0.5 eV increase of the bandwidth due to SOC is obtained also
the effective single electron DFT potentfdlSome differ-  for Pt 5d states. Finally, we performed spin-polarized LSDA
ences have been found in the energy region fre@m3 eV  calculations including SOC. The combined effect of the spin-
to the Fermi level. In this range the DOS values are highepolarization and SOC influences both occupied and unoccu-
and have different structure than those obtained by thgied DOS from—1.5 eV up to 2.5 eV{see Fig. @)]. There-
LMTO-ASA method?° fore a significant relation between magnetic and bulk

‘;

FIG. 8. Calculated scalar relativistic tot@) and site projected
nonmagnetic DOS curvdsb), (c), and(d)] in states per hexagonal
unit cell of UPtAl. The Fermi energy is set to zero energy.

TABLE II. Angular decomposition of the LAPW valence charge density in the atomic spheres for UPtAI.
INT is the charge in the interstitial region per one formula unit of UP@KGS) is the total charge for the
fully self-consistent calculation®); () is the total charge obtained from superposition of neutral atomic

densities.
UPtAI Qs Qp Qq Qs Q; (GY Q (3)
U 2.187 5.751 1.070 2.461 89.485 89.771
PY 0.681 6.443 7.535 0.023 76.686 76.618
Pt 0.661 6.432 7.547 0.022 76.665 76.597
Al 0.736 6.779 0.132 0.021 11.674 11.807
INT 15.490 14.434

144408-6



ELECTRONIC STRUCTURE AND MAGNETISM IN UPtAI PHYSICAL REVIEW B34 144408

[ T T ]
B Lsoa (spin-up) | (a)
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FIG. 9. Calculated scalar relativistic total spin-(g and spin-
down (b) DOS curves assuming ferromagnetic arrangement of ura-
nium moments. The nonmagnetic and spin-polarized DOS curves 0 N
for UPtAI including SOC interaction are shown ) and(d) panel, -1 0 1 2 3
respectively. The spiffull line) and orbital(dashed ling magnetic Energy (eV)

moment projected DOS are shown in the inset of figlahe FIG. 10. Calculated relativistig=5/2 (full line) and j=7/2

édashed lingstates and projection to the majoriashed lingand
minority (full line) spin states.

properties can be expected. In Fig. 10, we show the DO
curves of the projected relativistic=5/2 andj=7/2 states

and thg projection to the mgjority- and minority-s-pin states.—2.06 ug, Mg(P)=0.01 ug, Mg(Pt)=—0.02 ug,
It is visible that the occupiegl=5/2 states are dominated by have been obtained. These our values are again rather differ-
majority spin states but there is some admixture of minorityent comparing to values calculated by LMTO-ASA method
states. Our result again demonstrates the fact that the eky Gascheet al. (see Ref. 4, table)4We also apply our new
change interaction energy is comparable to the SOC. Therenodified codeAVERX in order to calculate the orbital-
fore, we suggest that the rather low value of the energy gapagnetic-moment projected DOS. The orbital-magnetic-
A derived from our specific heat and resistivity measuresmoment projected DOS originates from a relatively narrow
ments(see Sec. Il originates from averaging over the mag- energy region below the Fermi level comparing with the
netic excitations, which reveal at the same time the larggpin-up and spin-down DOS curvesee Figs. @), 9(b), and
anisotropy and the pronounced dispersions over the variougset of Fig. @d)]. The calculated total uranium moment
directions in the Brillouin zone. M(U)=0.43 ug can be compared with our neutron-
The value of DOS at the Fermi level iN(Eg)=16 dlffractlon.value of.1.3.1MB, which points to the importance
states/eV which corresponds t@,.,¢=13 mJmol tK 2. pf the orbital polarization effects, WhI.Ch was not included
Our  experimental  specificheat  value IS Yoy in our current band structure calcula'glons._ On the other h_and,
=65 mJmol K2, that points to an enhancement factorthe recent x-ray magnetic C|rcular_d|chr00|sm study provides
N=4; \ is defined by the eXpressioReg= Yoand1+1\). M (U)=—2.36 ug (Ref. 229 that is 15% larger than our

This total enhancement is most likely due to eIectron-phonoP(alue M (U)=—2.06 MB- This fact_ suggests th? Impor-
coupling and moderate many-body enhancements. This af2Nc€ to perform polarized neutron diffraction on single crys-
gues for moderate correlations inside the narrdwb&nds of tal, which ShOUId enablg one to res_olve.the spin and orbital
UPtAI compound. Including SOC and assuming a ferromagpart of uranium magnetization density directly.

netic arrangement of uranium magnetic moments aligned
along c axis, as observed experimentally, the spin mo-
ments Mg(U)=1.63 pug, Mg(Pt)=-0.02 g, Mg(Pb) In conclusion, we have studied main features of electronic
=—-0.03 ug and the orbital moments M (U)= structure and magnetism in UPtAIl both experimentally and

V. CONCLUSIONS
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by ab initio band structure calculations. The neutron diffrac-pared with the results obtained from previous calculations of
tion experiment in accord with magnetization data confirmedGasheet al. Rather small magnetic moments on platinum
the ferromagnetic ordering of U magnetic momentssites were calculatedMg(Pt)=—0.02 ug, Mg(Pb)=
(=~1.3 ug) below To=43 K. The analysis of specific-heat —0.03 wg andM (Pt)=0.01 ug, M (Pt)=—0.02 ug]
data leads to a value of magnetic entropy that is reduced withnd those on aluminum were found to be practically negli-
respect tdR In 2. This implies rather delocalized ®lectrons  gible.
of uranium bearing the magnetic moment in this compound. The calculated total uranium momevt(U) =0.43 wgis
Magnetic contributions both, to the specific heat and electristill considerably smaller than the experimentally determined
cal resistivity can be well fitted with formulas containing values from magnetization and neutron-diffraction measure-
exponential terms, which are frequently being associatethents & 1.3 ug), which points to the importance of the
with existence of a gap in magnetic excitation specttfim. orbital polarization effecté! that were not included in our
The derived values of gap energy are however strikinglycurrent band structure calculations. On the other hand, the
small in the light of the strong magnetocrystalline anisotropyrecent x-ray magnetic circular dichroism study provides
in UPtAI (the anisotropy energy from magnetization data esM (U)=—2.36 ug,2? which is 15% larger than our value
timated to be larger than 130)KTherefore, we propose that M (U)=—2.06 ug.
our small gap values originate from averaging over the mag-
netic excitations, which reveal at the same time the large
anisotropy and the pronounced dispersions over the various
directions in the Brillouin zone. The work is a part of the research program of the Joint
The results ofab initio density-functional calculations Laboratory for Magnetic Studies of the Charles University
confirm the large exchange polarization of the uranium 5 and Academy of Sciences. Financially, it was supported by
states that competes with the spin-orbit splitting. The resultGrants No. 202/99/0184 of the Grant Agency of the Czech
ing self-consistent crystal-charge density was used to discu$®epublic, No. 145/2000 of the Grant Agency of the Charles
the bonding mechanism in UPtAl compound. The ratheUniversity, and No. ME162 of the Ministry of Education of
large uranium spinMg(U)=1.63 ug and orbital M (U) the Czech Republic. M.D. and J.K. thank P. Nkvar fruit-
=—2.06 ug magnetic moment were calculated and com-ful discussions and help with th&EeERrX code.

ACKNOWLEDGMENTS

*Present adress: Hahn-Meitner-Institute, SF-2, Glienickerstr. 100°N. V. Mushnikov, A. V. Andreev, A. V. Korolyov, and Y.

141 09 Berlin, Germany. Shiokawa, J. Alloys Compd05, 188 (2000.
TCorresponding author. FAX:-420 2 21911351. Email address: °M. S. Lehman and F. K. Larsen, Acta Crystallogr., Sect. A: Cryst.
sech@mag.mff.cuni.cz Phys., Diffr., Theor. Gen. CrystalloghA31, 245 (1974).

V. Sechovskyand L. Havela, irHandbook of Magnetic Materials ~ ''J. Rodriguez-CarvajakULLPROF, version 3.2, JAN97, 1997.
edited by K. H. J. Buscho\Elsevier Science B.V., Amsterdam, 2V. F. Sears, Neutron Newd 26 (1992.

1998, Vol. 1, pp. 1-289. 13A. J. Freeman, J. P. Desclaux, G. H. Lander, and J. Faber, Phys.
2D. D. Koelling, B. D. Dunlap, and G. W. Crabtree, Phys. Rev. B Rev. B13, 1168(1976.

31, 4966(1985. 1A, V. Andreev, J. Kamam, F. Honda, G. Oomi, V. Sechovsky
3J.A. PaiXa, G. H. Lander, P. J. Brown, H. Nakotte, F. R. de Boer, and Y. Shiokawa, J. Alloys Comp@14, 51 (2001).

and E. Brgk, J. Phys.: Condens. Mattér 829 (1992. 15D, C. Mattis, Theory of Magnetism [Springer-Verlag, Berlin,
4T. Gasche, M. S. S. Brooks, and B. Johansson, J. Phys.: Condens. 1985.

Matter 7, 9511(1995. 18N. H. Andersen and H. Smith, Phys. Rev.1B, 384 (1979.

SE. Brick, H. Nakotte, F. R. de Boer, P. F. de @#laH. P. van der  1’K. Prokes H. Nakotte, E. Brok, F.R. de Boer, L. Havela, V.
Meulen, J. J. M. Franse, A. A. Menovsky, N. H. Kim Ngan, L. Sechovsky P. Svoboda, and H. Maletta, IEEE Trans. Mag@.
Havela, V. Sechovskyl. A. A. J. Perenboom, N. C. Tuan, and J. 1214(1994).

Sebek, Phys. Rev. B9, 8852(1994). 183, P. Perdew and Y. Wang, Phys. Rev4R 13 244(1992.

SA. V. Andreev, N. V. Mushnikov, T. Goto, and V. Sechovsky 19p Blaha, K. Schwarz, and J. Luitajeng7, Vienna University of
Phys. Rev. B60, 1122(1999. Technology, 1997.

V. SechovskyL. Havela, F. R. de Boer, and E. Biki J. Alloys  2°T. Gasche, M.S.S. Brooks, and B. Johansson, J. Phys.: Condens.
Compd.181, 179(1992. Matter 7, 9499(1995.

8A. V. Andreev, Y. Shiokawa, M. Tomida, Y. Homma, V. Secho- 2'O. Eriksson, M. S. S. Brooks, and B. Johansson, Phys. Rd{, B
vsky, N. V. Mushnikov, and T. Goto, J. Phys. Soc. JB8, 2426 7311(1990.
(1999. 22M. Kucera (private communication

144408-8



