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The effect of high pressures, up to 40 GPa, on the crystal structure and lattice dynamics wfa&lBtudied
by synchrotron x-ray powder diffraction, Raman spectroscopy, and first-principles calculations. There are no
indications for a pressure-induced structural phase transition. The Raman spectra of the metallic sample exhibit
a well-defined peak near 980 crhat 0 GPa, which can be attributed to the Raman-adiyg zone-center
phonon. Al deficiency of~11% in AIB,, as indicated by the x-ray data, changes qualitatively the electronic
structure, and there are indications that it may have a sizable effect on the pressure dependengg,of the
phonon frequency. Similar changes of the pressure dependence of phonon frequencies, caused by nonstoichi-
ometry, are proposed as an explanation for the unusually large variation of the pressure depentigifae of
different samples of MgR
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[. INTRODUCTION markably large calculated pressure depend€naiethe Eag
phonon—are specific to MgBor whether they are charac-
The AIB, structure type and derivatives thereof areteristic of other AlB-type metal diborides as well. It aims at
among the most frequently occurring ones for intermetallicproviding high-pressure structural and lattice dynamical in-
binary and ternary compoundg Transition-metal diborides, formation for comparison with corresponding data on MgB
belonging to this family, have been studied in some detaiFinally, Al deficiency appears to be hardly avoidable in the
because of their potential application in electronic devicesgrowth of AlB,.252®We show that it has significant effect on
to overcome current problems of electromigration, corrosionthe electronic structure of AlBand may also influence its
and diffusion into the semiconductor substrate. The largedattice dynamics. We will discuss possible consequences of
interest, however, has been undoubtedly received by the renetal deficiency for the superconductor MgBrhere this
cently discovered superconductor MgtBat also crystallizes issue is also of relevance.
in the simple AIB structure as depicted in Fig. 1.

AlB,-type compounds have not been studied systemati- Il. EXPERIMENTS
cally at high pressures. There seem to exist no confirmed _ _
reports on pressure-induced structural phase transitions in A. Experimental details

metal diborides. There are, hOWeVer, structural studies of the The structural properties of AIZBunder pressure were

rare-earth metal digallides Gd&aHoGg, ErGa, and  gygied up to 40 GPa by monochromatis =%0.3738 A
TmGa at high presgure‘_é. With the lighter rare-earth ele- , 3y howder diffraction at the European Synchrotron Radia-
ments La—Er, the digallides crystallize in the AlBtructure 5, Facility (ESRF Grenoble, beam line IDROCommer-

aF ambient pressure. In essence, aII. pf the rare-earth met@ially available AIB, powder(Alfa Aesar, 99% was placed
digallides studied so far show a transition to the Ylsguc- i, 5 diamond-anvil cel(DAC) for pressure generation. Ni-
ture that is isotypic to AIB but with a lowerc/a ratio.

The superconductor MgBwas studied at high pressures
with regard to its superconducting transition temperafata,
crystal structuré?~*¥and lattice dynamic’’° The pressure
dependence of ; could be well explained in the framework
of phonon-mediated, i.e., BCS, superconducti#§f?*An
isostructural transition near 30 GPa was repdtiedt could
not be reproduced in another study up to 40 GPiluch
higher pressures may be necessary to induce transitions pos-
sibly towards the UHg structure.

We study here the effect of hydrostatic pressure on the :
crystal structure and lattice dynamics of AlBSynchrotron »
x-ray powder diffraction and Raman-scattering experiments

are complemented by first-principles calculations. The

present high-pressure study was in part motivated by the FIG. 1. Crystal structure of AIR The boron atoms form hon-
question whether some of the unusual physical properties @fycomb layers. Al atoms are located at the centers of hexagonal
MgB,—such as the sizable anharmonit#y®?*or the re-  prisms that are formed by the B sheets.
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. . . . naghan equation of state with the parameters listed in Table I.
FIG. 2. X-ray powder diffraction diagrams of AjBat various g q P

pressures T=298 K). “Al” marks a peak due to fcc-Al. Addi-
tional peaks appear at pressures above 2 GPa due to various phaseslhe lattice parameters as a function of pressure were de-
of solid nitrogen. termined from Rietveld-type fits of the diffraction diagrams.
The compressibility of AIB is moderately anisotropic as il-
trogen was employed as a pressure medium to provide nearlystrated in Fig. 8) with the softer direction being parallel
hydrostatic conditions. Diffraction patterns were recorded oro the ¢ axis. Up to 40 GPa, compression aloads 47%
image plates and then integratédo yield intensity vs 2 |arger than along. The c/a ratio decreases from 1.088
diagrams. GPa to 1.060 at 40 GPa. From the lattice parameters, we
Raman spectra of AIB up to 25 GPa(DAC, 4:1  determine the unit-cell volume as a function of pressure as
methanol/ethanol mixture as a pressure mediware ex-  shown in Fig. 8b). The data are well represented by the
cited at 633 nm utilizing a long-distance microscope Objec'lvlurnaghan relatich V(P)=V[(B'/Bg)P+1] B, With
tiye. They were recorded in bac_kscatteringl geometry using ?70=25.4734(5) oﬁ fixed at the value determined from the
smgle—gratm_g spectrometer with a mqucha_mneI Charge'zero—pressure data, we obtain by least-squares fitting the bulk
coupled dewpéCCD) detector_ anq a holographic notch filter modulusB, and its pressure derivati&' at zero pressure as
for suppression of the laser liri®ilor I__abram)._ For the Ra-  |icted in Table 1.
man experiments, the DAC was equipped with synthetic dia- Rietveld refinements of the crystal structure with the Al

nmeosnc(?esn(cseuTr:t(;rﬁ](;;yzfirlrﬁxgIChrgsmsSrgglzvgglnnglstT&j W@'te occupation as a free parameter indicate that the sample
' P e died here has an Al deficiency 6f11%. This is illus-

the ruby luminescence meth6d. trated in Fig. 4 where the difference curves for refinements
_ ) of Al o> and Al gB> are shown together with the experi-
B. X-ray diffraction under pressure mental diffraction pattern. A Stephens peak prdfilevas

Figure 2 shows x-ray-diffraction patterns of AlBor in- used and a common isotropic thermal parameter for Al and B
creasing pressures up to 40 GPa. The diagrams evideneeas optimized. The weighted profiRe value (without back-
small amounts of Al metal as a secondary phase. At pressurgsound reduces fromR,,=8.5% for Al o8B, to Ry,
above 2 GPa, additional reflections are observed due to vari=6.9% for Al gB,. This indication of substantial Al defi-
ous phases of solid nitrogen. There are no indications for aiency in AIB, is in agreement with previous chemical

pressure-induced structural phase transition in,AlB to 40  analysis dat&’ density measurements?®and recent single-
GPa. crystal x-ray-diffraction resulté®

TABLE I. Structural parameters of AlBand MgB,: zero-pressure volum¥, and lattice constantag,cq; bulk modulusB,, and its
pressure derivativd’ at zero pressure. Variation of th#a ratio with pressure is described by the quadratic polynomial=c,/a,
+ aP+ BP?, with the coefficientsy, 8 as listed below.

VO ao CO BO B’ Co/ao o B
(A% R) R) (GPa (GPa'l) (GPa?)
AIB,, Expt. (300 K) 25.4731) 3.00621) 3.25481) 170(1) 4.81) 1.08271) -8.8(1)x10°* 0.77(4)x10°5
AIB,, Calculated DFT/GGA) 25.565 2.9977 3.2855 176.8 3.64 1.096 —12.0x10°4 1.09x10°°
MgB,, Expt. (300 K)°® 28.991) 3.08343) 3.52136) 147-158 (4.0

®References 14, 16, and 17 with the assumption Biat 4.
bReference 72.
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5 '1'0‘ —15 '2'0‘ * FIG. 6. (a) Raman spectra of AlBrecorded for increasing pres-
; ; sures of 0—25 GPal(=300 K). Peaks marked by asterisks are due
Diffraction Angle 26 (deg) to the methanol/ethanol pressure medidoy Experimental and cal-
FIG. 4. X-ray powder diffraction diagram of AlBat 0 GPa and culated energies of thE,; phonon mode. Experimental data are
293 K, and difference curves\(E= | gyp— I caid for refinements with represented by circles and a solid line, results of the GGA/frozen-

and without Al deficiency. Markers show peak positions due toPhonon and LDA/linear-response-theory calculations by a dash-
AIB, and fcc-Al. dotted and dashed line, respectively. The lines represent quadratic

functions fitted to the data.

C. Raman spectra at ambient conditions 1 1
15 cm * (=973 and 988 cm"). In the powder spectrum,

(AIB; has one Raman-active zone-center phonon mbde. the main peak occurs at an even lower energy of 952cm
Itis an in-plane vibration of the B atoms witl,q Symmetry,  The steplike feature in the spectra of the crystallites shifts by
where neighboring B atoms move out of phad&he pow-  the same amount as the main peak, indicating that it is in-
der sample we investigated contained some small shiny crysrinsic to AlB,. It appears likely that it is related to a peak in
tallites up to~10 um in size. Figure 5 shows Raman spectrathe calculated phonon density of statéswhich exists
recorded on two different crystallites and at a sample spoglightly below the energy of the,4 mode.
where no crystallites were discernible with an optical micro-
scope. Besides a Lorentzian-shaped p¢BMVHM (full
width at half maximum of 40—50 cm ] which was attrib- ] )
uted to theE,, mode previous§i* we observe an additional  Raman spectra of AlBwere recorded for increasing pres-
steplike feature at the lower-energy side of the main peak. [fUres up to 25 GPa. Since the sample is somewhat deformed
is clearly visible in the single-crystal spectra and reduces to ¥hen pressure is applied and there seems to be some inho-
weak shoulder in the powder spectrum. The powder Specm_ogenelty of _the powder, several spectra were colle_cted_ at
trum resembles that reported by Bohnenal3! The peak different locations of the sample. The spectra shown in Fig.

position of theE,, mode of the two crystallites differs by 6(a) result from averaging about five spectra recorded at dif-
ferent spots that were selected for a nariyy peak and low

T T T background. The zero-pressure frequency offhemode in

D. Raman spectra under pressure

AlB, these averaged diagrams amounts to 981(1) ‘criiwo ad-
xT= 3%%; ditional peaks near 875 and 1025 chnat 0 GPaare due to
ex = nm

jo=952cm” the methanol/ethanol pressure medium.

' The E,4 phonon frequency increases continuously with
increasing pressure, but with slightly decreasing slope
dw/dP. The zero-pressure mode-Grisen parameter
amounts toy,=1.22(3)[based orBy=170(1) GPa]. Up to

10 GPa the peak widtlFWHM) is essentially constant at
44+2 cm !, while at higher pressures it increases to
~90 cmi ! at 25 GPa. This is most likely related to the so-
lidification of the pressure medium near 10 GPa. From the
Raman data there are no indications for a structural phase
transition.

powder

crystallite (2)

Intensity (shifted)

crystallite (1)

600 800 1000 1200
Raman Shift (cm'1) IIl. CALCULATIONS

A. Theoretical method
FIG. 5. Raman spectra of AlBat ambient conditions recorded

on two crystallites and at a sample spot where no crystallites were The theoretical methods employed here were described in
discernible(“powder”). detail in the context of our recent work on MgB® In sum-
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TABLE II. Pressure and volume dependences of selected phonon frequencies,cardlBVIigB,. The
zero-pressure frequenay, and the linear and quadratic pressure coefficients were obtained by least-squares
fits of w(P)=wo+ aP+ BP? to the data. The theoretical mode-@eisen parameterg, (at the theoretical
equilibrium volume are derived from a similar quadratic expressionddiv). P has been obtained froiv
through the calculate®-V relation (see text The experimental mode-Gnaisen parameter is determined
from w(P) and the experimentd-V relation.

Compound Mode o a B Yo
(cm™ (cm Y/GPa) (cm Y/GP&)
AIB, Eog 969 5.425 —0.0235 1.00
Eog (Expt) 981(1) 7.027 —0.0365 1.2,3)
Big 490 2.968 —0.0087 1.06
MgB, Ezg 535 8.974 —0.0780 25
Big 695 3.065 —0.0190 0.6

mary, first-principles calculations of the total enefgy, of  structures[a(V),c(V)] and minimized total energies. The
the solid are the basis for the determination of the equatiotatter data were fitted by the Murnaghan relation E{V)

of state and of the phonon frequencies. The energy is confRef. 29

puted within the density-functional theoFT) using a

plane-wave basis and pseudopoyentlals. . BoVo| V (V/VO)“B’—B’

For part of the actual calculatiofequation of state and E(V)=Eq+ — 4
phonon frequencies in tHeozen-phonon approaghwe em- B | Vo B'-1
ployed thevasp code$?~3° within the generalized gradient
approximation (GGA).>® The ultrasoft Vanderbilt-type which provided the static equilibrium volumé, as well as
pseudopotentiafé were supplied by Kresse and Hafrier. the bulk modulusB, and its pressure derivatiie’ at zero
The pseudopotential for Al treats explicitly three valencepressure. The structural parameters are summarized in Table
electrons (3%3p); no semicore states are included. Al. The pressure-volume relation, shown in Figh)3 com-
“harder” variant of the potential was chosen and the nonlin-pares well with the experimental data. The calculated equi-
ear core correctiofi is applied in order to improve the trans- librium volume is 0.4% larger than the volume measured at
ferability. The calculations are carried out with a plane-wave300 K. The individual lattice parameters ared.3% off the
cutoff energy of 23.6 Ry, and the Brillouin-zone sampling is €XPeriment for,, +0.9% forc,, and consequently-1.2%
based on d centered 16 16x 16 uniform mesh, yielding O Co/@o. The variation ofc/a under pressure can be repre-
270 to 117Ck points in the irreducible wedge of the Brillouin S€Nted by a quadratic function and its coefficients are given
zone, depending on the symmetry of the latfiequilibrium in Table I.
structure or crystal with the displacements of thg(fE)
phonor]. As the system is metallic, thiespace integration C. Phonon frequencies
with the incompletely filled orbitals uses the tetrahedron
method® with Blochl’s correctiong!

The phonon frequencies were independently verified us
ing the linear-response thedfy® as implemented in the
AB'N'T48p4%Cka9é4 within the local-density approximation giterent displacements ranging froma=0.005 to 0.035,
(LDA)™™ to the DFT. We used Hartwigsen-Goedecker-,nq the calculated energy valugéu) are fitted with a quar-

. . 2
Hutter ~ pseudopotentiafS, treating Al(3?3p) and ¢ polynomial. The resulting harmonic phonon frequencies

2
B(2s”2p) levels as valence states, a plane-wave cutoff ohq their respective pressure dependences are listed in Table
60 Ry, and a 12 12x 12 k-point mesh. A Gaussian smearing | ogether with the experimental data for tg, mode and

with a broadening parameter of 0.04 Ry was applied t0 imy,r previous FP-GGA results for Mg, As illustrated in
prove k-point sampling in the special points method. TheFig. &b), the calculated zero-pressure frequency is only
structural parameters were optimized for each volume/_7 o, |ower than the experimental value, which is in the
pressure such th?t the stress tensor compongntando,;  ypical range for the difference between the experiment and
agreed within 10° GPa. the calculations of this type. Regarding the pressure depen-
dence of the phonon frequency, however, we find an unusu-
ally large deviation of the theoretical results from the experi-
ment. From the variation of the calculated phonon frequency
For fourteen unit-cell volumes in the range 21.8—26%2 A with volume, we obtain a zero-pressure mode+@igen pa-
we calculatedwith the vasp codes the total energye(V) rameter of y,=1.00 whereas the experimental value
for different c/a values, thus determining the optimized amounts toy,=1.223).

@

The energies of thé&,; phonon mode as a function of
pressure were initially calculated in the frozen-phoriBR)
approach using theasp codes and the GGA. For each pho-
non at a particular pressure value, the atoms are given six

B. Structural properties
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Since the deviation of the theoretical results from the exfrom the available data, a transition between the structure
perimental data is larger than usual, we performed a secongpes AIB, and UHg appears as a typical route. The KHg
calculation of theE,, frequency under pressure using a(CeCy) structure type may occur as an intermediate phase.
rather different approach, namely linear-response-theorpAlB, and UHg are isopointal structures, distinguished only
(LRT) in the LDA with theABINIT package. Consistent with by their c/a ratios. Two clearly separated groups of com-
the common overestimation of bond strengths in the LDA,pounds of AIB and UHg type are observed when plotting
we obtain here a somewhat larger zero-pressure phonon frére c/a ratio versus the ratio of the metallic radii 0fY,
quency, such that the two theoretical values bracket the exntermetallic compound$®*°* The AIB,- and UHg-type
perimental data at zero pressure. Over the whole pressutfanches are characterized bfa ratios of 0.95-1.20 and
range the LDA/LRT calculation gives phonon frequencies0.60-0.85, respectively. The compound AlBvith c/a
that are consistently-2.4% larger than the corresponding =1.083(at 0 GPa is located near the center of the former
GGAJ/FP results. Consequently, we obtain essentially théyranch. In the pressure range, up to 40 GPa, explored here it
same pressure dependenida «/dP for the two calculations.  decreases only to 1.060. Pressures well above 1 Mbar may
The deviation of the calculations from the experimental dataherefore be needed for a possible transition towards the
is far beyond the typical uncertainty of such computationsUHg, structure. At lower pressures, a transition involving a
The important difference between the theory and the experibuckling of the boron honeycomb layers may occur, which
ment could be that the former is based on the ideal stoichicould lead to phases of the CeGCeCd, or Caln, type_z’6
ometry Al B,, whereas the real sample is Al deficient.

For comparison with previous calculations for MgBve
have also calculated the frequeneyof the B, phonon in
AIB,, (out-plane motion of the boron atofls see Table II. Raman spectroscopy is commonly applied to semiconduc-
The pressure dependence is characterized by a modtsrs and insulators, but only to a much smaller extend to
Grineisen parametey,=1.06. In case of a constant, i.e., metals. It is essentially the group of elemental hcp metals
pressure independenty(V)=1y,, the relation w(V) thathas been studied systematically, already in the late 1960s
= wo(V/Vq)~ 70 holds. Thus, for both th&,, and theB;,  at ambient pressute and more recently at high pressures
mode in AlB,, with y~1, there is a nearly inverse- (see e.g., Refs. 56, 57 and references theréimay there-
proportional relation between the phonon frequency and volfore be attributed to the lack of reference data that the
ume. This is quite different from the situation in MgB observation of a very broad Raman feature in Mgkar
where we do not only have the very largg=2.5 for the 600 cni ! (FWHM of ~ 300 cni'?) led to a still unresolved
E,q mode as noted before, but also a rather sm@# 0.6 for ~ controversy over the origin of this peak. It has initially been
the B,4 phonon(Table II). attributed” to the Raman-activ&,y mode, which immedi-

The frozen-phonon calculations also yield information onately raises the question of the large linewidth. The large
the anharmonicity of the phonon modes as described in thpeak width has been related to the strong electron-phonon
context of our MgB calculationss® In essence, the variation coupling and to structural disorder. The latter now appears
of the total energy with atomic displacemeiy,(u) can be less likely because Raman spectra of MgBowders are
represented by a polynomial where the ratio of the quartic tgjuite similar to those of recently available small single
squared quadratic coefficierts /a2 is a measure of anhar- crystal$®* that are presumably less disordered. High-
monicity. In the harmonic limita,= 0. For theE,; mode in ~ Pressure Raman experimelitsave cast doubt on the assign-
AIB,, we obtain|a,/a2|<0.01 eV ! which is about three Mentto theE,4 phonon. They revealed a doublle-pea}k struc-
orders of magnitude lower than the corresponding values fofure with peaks at 603(6) cnt and 750(20) cm*. Neither
MgB, of a4/a§=4—8 eV ! (see Refs. 19, 23Small anhar- of the two peaks could be attributed to g, mode because

monicities are calculated for thB,, modes of both com- of severe deviations from the calculated phonon frequencies
pounds: a4/a§:O.27 for AIB, ar%d a4/a§:—0.05 for in terms of zero-pressure frequencies and/or the pressure de-

MgB,. pendences. o '
The present Raman data of AlBhow that it is possible
to obtain Raman spectra with a well-definég, peak from
IV. DISCUSSION the metallic samples of the AfBstructure. The difficulties
encountered in case of MgRare therefore not likely related
to the metallicity of the sample nor intrinsic to the structure
In our x-ray-diffraction and Raman experiments, we dotype. Crystallinity also appears to have only a small effect on
not find any indication for a structural phase transition orthe Raman spectrum as the Raman linewidth of the,AIB
modulation of the structure. Group-subgroup symmetrypowder sample is comparable to that of the AtBystallites.
consideratiorfsindicate numerous possible distortions of the  There are two properties of MgBwith regard to phonons
aristotype AlB most of which are realized in intermetallic which make it distinct from AlB. First, the wholeE,, pho-
compounds at ambient pressure. The pressure-induced struten branch along thé&'-A direction in the Brillouin zone
tural phase transitions ofY, intermetallic compounds have exhibits very strong electron-phonon coupling in
not been studied systematically. In the context of the AIB MgB,.>**%-%?Second, theE,,(I") mode shows pronounced
structure a number of rare-earth metal digallitigsKHg,,>*  anharmonicity>*® Both electron-phonon and phonon-
and LaCy (Ref. 52 were investigated at high pressures.phonon interaction decrease the phonon lifetime and hence

B. Raman spectra of AIB, vs MgB,

A. Structural stability
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tion that is far beyond the typical uncertainty of such com-
putations. The zero-pressure phonon frequency, on the other
hand, seems to be hardly affected. The apparent difference
between experiment and calculation is the Al deficiency of
— the sample, which was not taken into account in the theory.

T [T A We tentatively attribute the discrepancy between the experi-

' mental and calculated mode-Grisen parameters to the Al-

deficiency-induced electronic changes discussed above.
However, it cannot be excluded at this point that other effects
are also at work. A more detailed analysis of the effect of Al
deficiency on the electronic and lattice dynamical properties
of AIB, is, however, beyond the scope of this work.

E- E-(eV)

£ ", e
% B
-10 % o -4t
s .

-15

r M K T A1i5 1'_0 ojs 0.0 D. Metal deficiency in MgB,

Wavevector k DOS Mg deficiency in MgB was often indicated by the occur-
gence of MgO as a secondary phase in Mgiamples that
were grown from a molar 1:2 mixture of Mg and B. The
variations of T, and even more of the pressure dependence
of T, for different samples appeared to be related to nonsto-
ichiometry of the material. The correlation between compo-
sition, structural parameters afig has been established in
an experiment by Indenboet al®° By diffusion of Mg into
a boron cylinder they produced a sample with a composition
changing gradually between Mg3, and Mg, §B,. With de-
. ) creasing Mg content, the lattice parametds increased by

C. Metal deficiency in AlB, 0.003(0.1% andT, is increased from 37.2 to 39.0 K.

Our x-ray-diffraction data indicate an Al deficiency of  Tissenet all? furthermore pointed out a correlation be-
11% in AlB, in accord with previous density measurementstween the zero-pressure critical temperatlg, and the
and chemical analysfS;*® as well as recent single-crystal pressure derivative T,/dP: As T, o increases from 37.3 to
x-ray-diffraction result€® Although the change of th&,g 39.2 K, for various sampleslT./d P changes from-2.0 to
phonon frequency at different sample spots suggests that1.1 K/GPa. Monteverdet al® discussed a similar obser-
there is some variation of the Al content, there is no indicavation on a smaller number of samples in terms of the elec-
tion that growth of aluminum diboride in the composition tronic band structure and band-filling effects related to the
Al; B, is possible. The occurrence of substantial metal deMg nonstoichiometry. On the other hand, the pressure-
ficiency appears to be common to maf¢isansition metal  induced changes of the electronic density of states calculated
diborides®* for MgB, are too small to account for the observed decrease

In case of AlB, this metal deficiency has important in- of T. under compressioff. It is rather the increase in the
fluence on the electronic structure. A comparison of the calrelevant phonon frequencies which provides the main contri-
culated band structures of AJBand MgB, shows that the bution to the pressure dependence Tof.242%2! |t would
relative ordering and dispersions of the bands near the Ferntiierefore be rather surprising if electronic density effects—
level are very similar. The difference between AlBnd i.e., the electronic densitiN(Eg) at the Fermi level—were
MgB, can largely be treated in a rigid-band picture with aresponsible for the large sensitivity dff./dP on Mg non-
higher band filling for AlB. It is therefore justified to dis- stoichiometry.
cuss the observed Al deficiency 6f10% in a rigid-band The indications that Al deficiency in AlBmay affect the
picture, too. Figure 7 shows the calculated electronic bangressure dependence of g, phonon frequency hints at an
structur@® and density of states of AIB In case of the sto- alternative possible explanation for the large sensitivity of
ichiometric compound ther-type bands derived from the dT./dP on Mg deficiency in MgB. It was first pointed out
boronp, states and the bands with AleharactertnearI’) by Yildirim et al?* that theE,, phonon mode in MgB ex-
are partially filled and give rise to the metallic state. 10%hibits a very large anharmonicity. Boasi al.”® showed theo-
deficiency of Al removes 0.3 valence electrons and conseretically that this effect arises in MgBbecause here the
quently lowersEgr by 0.9 eV, which leads to @omplete Fermi levelEg is located only~0.5 eV below the top oér
depletion of the band witlAl-s character In other words, bands of the equilibrium structure. The lattice distortion of
the experimentally observed Al deficiency is expected to leadhe E,; mode induces a splitting of these bands large
to a qualitative change in the electronic structure compareénough that the lower split-off band sinks completely below
to the ideal case of AB,. In terms of the Fermi surface this Eg.%%’° This does not happen in AlBand graphite, and
change means a removal of the electron pocket ardund  anharmonicity is indeed negligible.

The measured mode-Greisen parameter of the AB, It is also noteworthy that th&,, mode in AIB, is much
sample is~20% larger than calculated for AB,, a devia- higher in energy than thB,4 phonon, whereas the reversed

FIG. 7. Calculated electronic band structure and density o
states(DOS) of AIB, at ambient pressure. Energies are given with
respect to the Fermi enerdyr. The DOS is given in units of
(states/eVYformula unit.

increase the phonon linewid®AThey are therefore the most

likely causes for the absence of a well-defired, Raman
peak in MgB.
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order is calculated for MgB (see Table i although both ~ previous reports. Despite the neglect of this nonstoichiom-
compounds are structurally quite similar. This effect wasetry in our first-principles calculations, the calculated struc-
pointed out before and studied in MgAI,B, mixed crys- tural properties are in good agreement with the experiment.
tals by Renkeet al.”* The interchange, which occurs only in  The E,4 zone-center phonon in metallic AJRan be ob-
undoped or moderately substituted materiak<¢0<0.2), served as a well-defined Raman peak. We conclude that the
was also attributed to the electronic changes, especially thack of such a Raman feature in Mgls neither related to
disappearance of the hole pockets from the Fermi surface fahe metallicity or disorder of the sample nor is it a generic
x>0.2. property of AlB,-type compounds. Our observations rather

The metal content in Mgp affects the band filling, a support the view that it is due to the strong electron-phonon
larger Mg deficiency moving the Fermi level further below coupling and/or anharmonicity, which are distinct properties
the top of thes bands. It is therefore to be expected that theof MgB,. We found some deviation of the calculated pres-
anharmonicity of theE,; mode should decrease with de- sure dependence of tit®,4 phonon frequency of AlBfrom
creasing Mg content. Lattice dynamical calculations showedhe experimental data and tentatively attributed this to the Al
that the E,; anharmonicity decreases with increasingdeficiency of the AIB sample, which was not taken into
pressur€ and the initially very large mode-Gneisen pa- account in the theory.
rameter decreases tbblf the mode-Grumeisen parameters The correlations between nonstoichiometry of Mgihd
decreases as function of band filling at ambient pressure, i.gfs superconducting properties have been pointed out previ-
due to nonstoichiometry of MgB it would, qualitatively, —ously. Here we considered the possible effects of Mg defi-
lead to the observed relation betwe#fi./dP and Mg defi-  ciency in MgB, on its electronic structure and lattice dynam-
ciency. This effect would be a manifestation of the changesdcs. The anticipated changes are consistent with the available
of the lattice dynamics rather than changes of the electroniexperimental data on the correlation between Mg content and
density of states. A more detailed and quantitative analysis ithe pressure dependencel@f. This leads us to propose that
certainly needed, but the present results are indication of théne large variation of the pressure dependenck.¢f— 0.7 to
importance of stoichiometry with regard to the superconduct—2.0 K/GPa) in MgB in various experiments may be
ing properties of MgB, specifically the pressure dependencecaused by the effect of nonstoichiometry on the lattice dy-
of T,. namics, mediated via changes in the electronic structure of

MgB,.
V. CONCLUSIONS

We have studied the crystal structure of AlBy x-ray
powder diffraction up to 40 GPa. The compressibility is
moderately anisotropic, consistent with the anisotropic bond- We thank Yu. Grin for calling our attention to the issue of
ing properties. In the pressure range studied here, we did nthe nonstoichiometry of AIR The computer resources used
observe a structural phase transition. Our x-ray-diffractionin this work were in part provided by the Scientific Commit-
data indicate an Al deficiency of 11% in agreement with tee of IDRIS, OrsayFrance.
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