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Raman and infrared absorption spectra of;MgAl,B, have been collected for€Ox=<0.5 in the frequency
range of the phonon spectrum. The data show a remarkable dependence on the Al content. Raman spectra have
been carefully analized and tikedependence of the peak frequency, the width and the intensity of the phonon
modes have been obtained. The results allow us to distinguish between two regimes in the low and high Al
content regions. In particular the onset of the high Al content phase evidenced in previous structural studies is
marked by new spectral components at high frequencies. Finally a connection between the whole of our results
and the suppression of the superconducting phase at high Al content is established.
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The recent discovehof superconductivity below 39 K in In order to achieve a deeper understanding of the effects
MgB, has stimulated a great deal of effort among the scienof the Al content, we have studied the evolution of the pho-
tific community and a large number of theoretical and ex-hon spectrum of Mg ,Al,B, in the 0<x<0.5 range by
perimental papers have been published within a few monthdneéans of both Raman and infrared spectroscopy. Polycrys-

The debate on the origin of this unexpected superconductiilline samples of Mg ,Al,B, have been synthesized at
ity is still open, although an increasing number of bothh'gh temperature by direct reaction of the elements in a tan-

. . o talum crucible under argon atmosphere. The samples have
experimentdl and theoretical” works indicate that MgB  peen characterized by x-ray diffraction and théependence
is a BCS-like system. Owing to the simple hexagonal strucy T. has been carefully determin&®

ture (space grougPgmmn), four zone-center optical modes  The Raman spectra were measured in back-scattering ge-
are predicted for MgB a silentB,, mode, theE,; Raman  ometry, using a micro-Raman spectrometer with a charge-
mode, and the infrared acti,, andA,, modes. While the coupled device camera and an adjustable notch filter. The
doubly degenerat&,, and E,; modes are ascribed to in- sample was excited by the 632.8 nm line of a 16 mW He-Ne

plane stretching modes of the boron atoms, both nondegehaser. The confocal microscope was equipped with & 20

erateA,, and B;; modes involve vibrations along the per- magnifizcati.on objﬁctive Wlhi‘:h ?ives ah Iaserl spot_about
pendicular direction ¢ axis). In the BCS framework, the 10 um” wide at the sample surface. The explored Raman

obvious relevant interaction in the superconducting transitior?hlft ranges between 200 and 1100 cthe low-frequency

is the elect h i d th tical limit being due to the notch filter cutoff. The relative inten-
is the electron-phonote-ph coupling and many theoretica sities of the observed spectral features were slightly different

works agree in identifying th&,, as the mainly involved  fom point to point, depending on the random orientation of
mode>~’ The quite large and asymmetric band aroundthe microcrystals. For each sample, Raman spectra were thus
600 cmi ! which dominates the Raman spectrum of MgB collected from different points and then averaged.
has been ascribed to tiig,,; mode and its anomalous width As shown in Fig. 1a), the spectrum of the MgBsample
interpreted as a signature of the e-ph Coupﬁﬁﬁ_ is dominated by a band centered around 600 tifv,), in

Up to now, no other isostructural borid&B,) shows the ~agreement with previous Raman experiménts.Although
peculiar high-temperature superconductivity of Mgihd in  the origin of this band is still questionédi;it is generally
particular no superconducting phase has been found ip.AlB asSigned to the only Raman-active mdelg, to which the-
Several studies carried out on MgAl, B, compounds have Oretical predictions attribute a peak frequehy*"

indeed shown that the superconducting transition temperd@"9ing fr<|)m ?70 to 660 EmlHA Ic(:jlose inspegtion . Fic?'
ture T, is progressively reduced for increasiggand van- 1(a) reveals also two weak shoulders around 40¢) (an

71 . _ _ .
ishes forx>0.50"1°The Al content induces also remark- 75%61(;:3 Al(sgg?nonré\?i):;ggazgi Ieo)\(/v ;rrierg:%é?ézls?gecﬁntehe
able structural modifications. Different x-ray diffraction b2 : P P '

measurements have indeed shown the occurrence of two didpminant vz band, other spectral contributions have been
. . . Bbserved and ascribed to peaks in the phonon density of
tinct structural phases in the lodC, 0<x<x;) and in the

) ) states® forbidden in the framework of the factor group
high (HC, x>x5) Al content regions. The border concentra- 55 \vsis. As a matter of fact, in disordered or defective sys-

tions for the two phases are not yet well defined, since thgsy "the momentum selection rules can be violated, and the
values reported fox; andx, ranges from 0.09 to 0.13 and Raman(or infrared absorptionspectrum can partially reflect
from 0.20 to 0.33, respectively:*>*°The nature of the struc- the phonon density of states.

tural phase in the intermediateregion (x;<x<Xx,) is still The MgB, spectrum was fitted by a function successfully
under debate; both a two phase redfoand a disordered used in modeling broad Raman spectra in strongly correlated
phasé® have indeed been proposed. systemg22
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FIG. 1. (_a) Raman spectrum of Mngand_the_ best Tit curve from FIG. 2. (a) Far infrared optical density of MgB The back-
Eq.(ll(solld line). The three ph_onon contributiorisolid lines and ground is also showr(dashed ling (b) Optical densities of
the v=0 backgrounddashed ling are also shown separatelyn) Mg, ,AlB, atx=0, 0.17, 0.33, 0.41, 0.45 after background sub-

Raman spectra of Mg, Al,B, at.x=0, 0.08,0.17, 0.25, ,0'33’ 0'4,1’ traction. The spectra are shifted vertically for clarity.
0.50 after background subtraction. The spectra are shifted vertically

for clarity. the sample powder dispersed in a Csl pellet. The far infrared
Ogy(v) of the measured Mg ,Al,B, samples are character-
AT N AT, ized by a weak phonon spectrum, owing to scregning effects
S(v)=[1+n(W)]| 50—+ 5 53|- (1)  fromfree charges, superimposed to a broad and intense back-
veHle =1 (v =) T T ground as shown in Fig.(8) for the MgB, case. These phe-

nomena, already observed when the above procedure is em-

The first term represents a low-frequency contribution deployed for measuring metallic powder samptgrevent to
scribing the wide and unstructured electronic backgroundachieve reliable fits of the experimental data. However, once
which is a common feature of strongly correlated systemshe background is subtracted, a clear picture of the effect of
such as manganites and cuprét@e second term is a com- the Al content on the far infrared spectrum of MgAl,B, is
bination of damped harmonic oscillators describMgho-  obtained, as shown in Fig.(l®. The MgB, spectrum[see
non peaks, where;, A;, andl’; are peak frequency, ampli- Fig. 2(b)] can be described by considering a broad peak cen-
tude, and linewidth, respectively. The quantityr) is the tered around 460 cit, accompanied by a very broad band
Bose-Einstein thermal population factor. In Figajlwe also  around 600 cm?. Since the infrared-activ&,, and A,
report the best fit spectrum, the tail of the electronic backphonons are predict®d®'>17*around 330 and 400 cnf,
ground, and thev;, v,, and vz components ;=415 the two observed bands can be ascribed to infrared forbidden
+20 cm v,=605+10 cm I, and v3=780 peaks in the phonon density of statéss previously dis-
+30 cm 1). We point out that these peak frequencies are ircussed. It is worth to notice that the present MgBectrum
a quite good agreement with those observed in the phonoig in a qualitative agreement with a previous measurement,
density of states derived from neutron scattering experiwhere a broad peak centered around 480 tis accompa-
ments, where different optical contributions have been founghied by further components at higher frequenéfedhe
around 430, 620, 710 and 780 ¢ spectra of Mg_,Al,B, [see Fig. 2)] clearly show the ef-

The spectra of the doped Mg,Al,B, samples are also fect of Al content. While the 460 cmt band becomes more
well reproduced by using Eq1) if, for x>0.10, the phonon evident with increasing the Al content, a new absorption
numberN is increased from 3 to 4. In Fig(l) we reportthe peak appears around 700 cthfor x>0.17 and strongly
Raman spectra for different Al content after background subincreases on further increasing the Al content. Both Raman
traction. Thevs contribution which is just a weak shoulder in and infrared spectra thus give evidence that the Al content
the pure sample, becomes well detectable in x#€0.08 induces substantial modifications of the Mg@8ptical prop-
spectrum. Both its intensity and peak frequency increase osrties and the appearance of new high-frequency contribu-
further increasingx. For x>0.10, a new componentvf) tions suggests the occurrence of remarkable structural
appears around 850 crh and, forx>0.30, thev; andv,  changes at high Al content.
peaks become the dominant contributions to the Raman A careful analysis of the Raman spectra, and in particular
spectrum. of the x-dependence the best-fit valugsandl;, provides a

Infrared absorption measurements on M@AI,B, were  more detailed and quantitative description of the effect of the
performed above 400 cnt by using a Bomem MB100 in- Al content. While ther; peak does not significantly vary

terferometer operating with a resolution of 10 tmFol-  with the Al content, its peak frequency and width being al-
lowing a standard proceduféwe measured the optical den- most constant in the 0-0.% range @,=415 cmi,I';
sity Og(v) =In[lo(v)/1(v)], wherel o(v) is the infrared signal =100 cm ), more relevant information can be extracted

transmitted by a pure Csl pellet ahf) that transmitted by from the peaks at higher frequencies. Thdependence of
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FIG. 3. Best fit values of; (a) andT’; (b) (i=2,3,4) as function 00 01 02 03 04 05
of x from the analysis of the Raman spectra. Vertical dashed lines .
FIG. 4. (a) T as a function ofx from Ref. 16.(b) I,/1; and

indicate thex=0.10 anck=0.30 values. I,/1, intensity ratios(see text as a function of from the analysis

of Raman spectra. The vertical dashed line indicate xtk.30
the v; andl’; best-fit valuesi(=2,3,4) shown in Fig. 3 allow value.

us to discriminate between a low and an high Al content
regime. This observation is in agreement with the occurrencperformed. In Fig. &) thel, /15 andl, /I, values as a func-
of the previously discussed LC and HC structural phasedion of x are reported. It is well evident that both ratios de-
Consistently with the differenx; and x, border values re- crease forx>0.30, albeitl,/l, is much steeper thalp /I ;.
ported in literaturé>'>®the two vertical lines ak=0.10  This result reflects the progressive transformation of the
and atx=0.30 in Fig. 3 qualitatively identify the extension structure from the LC to the HC phase. As a matter of fact,
of the two structural phases. In the differertegions a quite  the importance of the, mode with respect to the; and in
different behavior can be observed. As shown in Fi@),3> particular to ther, mode (peculiar of the HC regionde-
andv; are nearly constant in the LC phase. The onset of thereases with increasingin the HC phase. The comparison
HC phase in the intermediateregion is marked by the ap- between thex dependence of . [Fig. 4a)] and of the inten-
pearance of the new spectral featurg)( When the system sity ratios[Fig. 4(b)] strongly suggests a correlation between
enters the pure HC phase, bath and v, strongly increase superconductivity and phonon structures of ;MgAl,B..
with x, while v, remains nearly constant. At the moment, our The increase of importance of thg and v, with respect to
results do not allow a complete and reliable assignment othe v, phonon, associated with the structural phase transi-
the observed Raman lines, possible through a polarizatiotion, seems to be strongly related to the decreask. afith
analysis of Raman spectra from high-quality single crystalsincreasingx.
We just note that the weak dependence of the, mode is In conclusion, the present Raman and infrared measure-
consistent with its assignment to the in-pldhg, stretching ments of Mg _,Al,B, show a strong dependence of the pho-
mode of the boron atoms, since thgia-plane lattice pa- non spectrum on the Al content in the 0—0.%5Gange. A
rameter does not significantly vary wigy31516 careful analysis of the Raman peaks shows the presence of at
As far as the phonon widthE; are concerned, the LC least two distinct regimes in the low and in the high Al
phase is characterized by quite large valueslforandI’';  content region. This result is in agrement with the occurrence
[see Fig. 8)]. In the intermediate-region a fast drop of ;  of the HC and LC structural phases observed by x-ray dif-
occurs, whilel', strongly decreases only on entering the HCfraction measurementg:*>*®Although our data do not allow
phase. Since the phonon width is usually considered as far a definite assignment of the observed Raman peaks, the
marker of the extent of the e-ph coupling, the overall nar-dependence of the, phonon is consistent with its assign-
rowing of the high-frequency peaks suggests a generalizeahent to theE,, mode. The narrowing of the phonon widths
reduction of this coupling with increasing the Al content. In with increasing the Al content suggests a significant reduc-
particular, given thav, is considered the most relevant pho- tion of the e-ph coupling which, in a BCS scenario, causes
non in the superconducting transition, the strong decrease tiie observed decreaseTf. In particular, both a remarkable
I', could be related to the observed steepening of the&lrop of I'; and a steepening of th&. decrease occur on
x dependence off, on entering the HC phase shown in increasingx in the HC phase. Finally, the suppression of
Fig. 4(a).1® superconductivity in the HC regime seems to be directly re-
Finally, although a comparison among the absolute intenkated to the decrease of the importance ofithevith respect
sities of different spectra may be questionable, a comparativi® the v; and v, modes which dominate the high Al content
analysis of the peak integrated intensitigscan be safely phase.

Intensity ratios
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