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We present a study of the magnetic properties of the Z¥n,In,Te, diluted magnetic semiconductor for
concentrations 08x=<1.0. Samples withx<0.5 displayed a paramagnetic behavior down to the lowest
experimental temperatufé.8 K), whereas a paramagnetic to spin-glass transition was observet-fob at
temperatures 2.5 KT<3.8 K, depending on the Mn content. The effective magnetic moment
=5.80(2)ug, calculated from the high-temperature susceptibility, corresponds 5 4= g) configuration
for Mn?". For the sample with compositior=0.9, the in-phase component of the ac susceptibility has been
analyzed according to conventional power-law dynamics, obtaining a freezing temperafyre 21(2) K
and a critical exponertv=10.3+2. Low-field dc magnetic susceptibility data show a sharp peak3&8 K,
below which strong irreversibility is observed between zero-field-cooled and field-cooled states. Evidence of a
true phase-transition phenomenon is given by the steep increase of the nonlinear susceptjbilihen
approachingT; from above. A static scaling of,, yielded values3=0.9(1) andy=3.6(4) for the critical
exponents, and gave also the proper asymptotic behavior of the scaling function. These values are in good
agreement with data reported for other spin-glasses subh,agMn,Te (M =Zn, Cd, and Hg and constitute
strong evidence of a three-dimensional spin-glass transition jn &, In,Te,.
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I. INTRODUCTION frustration necessary for a SG state may originate from two
main effects:(1) topological properties of the magnetic lat-
Diluted magnetic semiconductofDMS) spin systems tice, as in Zn_,Mn,Te (Ref. 7) and SrC;Ga,049,% or (2)
with structural or compositional random disorder have intercompeting exchange interactions as in canonical spin glasses
esting magnetic properties from both theoretical and experiike CuMn (Ref. 9 and insulating E4Sr; -,S.™
mental points of view. In recent years, considerable efforts DMS systems of compositioH -111 »-V1, (wherell and
have been focused on solving two leading issu@s:the IlI are transition metals andl=S, Se, Tg crystallize in a
spin-glasgSG) problem, and?2) the ground state in random Variety of structures with different number of octahedihl
magnetic systems with magnetic long-range old@dmBoth and tetrahedral” sites per unit cell. For example, in the
issues could be studied in a single solid solution at differenspinel structure there are (2+1I") sites; in laminar struc-
degrees of magnetic dilution, provided that no structurakures X+ 2I") sites, and tetragonal structures have{3
phase transitions take place at intermediate concentrations sées. Different models have been proposed to describe the
situation seldom observed in doped DMS systems. Related @istribution of Il and Il atoms amond) and I" sites in
the existence of a spin-glass transition, the question ofhese structures, from random to fully ordered occupation
whether it is a true phase transition in the thermodynamigatterns;'~** but each compound has too many particulari-
sense or a gradual freezing of the magnetic moments hdies to extract general rules. However, it is now accepted that
been discussed for more than two decddés. a conse- the main factors that govern ionic order are cation-anion
quence, there is a necessity for comparative studies on extomic radii as well as cation affinity for octahedral or tetra-
perimental systems with spin-glass behavior in order to scruhedral coordination?
tinize critical theories. In this context, we present a detailed The MIn,Te, family of compounds adopts a defective
characterization of the critical behavior of a semiconductingchalcopyrite structure whell =Zn or Mn. In this case, the
system, showing typical SG properties. crystal lattice may be described as a set of Te anions occu-
Regarding the critical parameters that govern the SG trarpying the crystal 8i() sites, tetrahedrally coordinated with
sition, Ising and Heisenberg models have been used to ca#nd In cations at 4() and 2 @) sites respectively. Range and
culate the internal energy, exchange constant, and correlatidtubner® proposed a model for MnjiTe,, in which both Mn
length of spin glasses in the critical region. Although noand In ions are randomly distributed over the accesdible
analytical solutions exist for three-dimensiofdD) models, andI sites. The defective nature of the structure is reflected
Monte Carlo simulation and high-temperature series expanin the pseudotetrahedral coordination of the Te anions, i.e.,
sions have given solid evidence supporting the existence of there is a vacancy at one vertex of the coordination tetrahe-
phase transition at finite temperaturésnother line of re-  dron (the 2d site). These two feature&andom distribution
search was traditionally devoted to finding the kind of inter-of magnetic ions and the ordered arrangement of vacancies,
actions responsible for the SG state. It is now well estabwhich breaks superexchange Mn-Te-Mn patimake these
lished that, irrespective of its dimensionality, the magneticcompounds very promising for testing critical theories, and
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should be included in the description of the magnetically 0.09
ordered state. Since both Zplre, and Mnlin,Te, have the '

same defective chalcopyrite structuigace groud42m),
the Zn, _,Mn,In,Te, solid solution is expected to display full
solubility for the wholex range, as verified experimentalfy.
The absence of phase transitions between the end members
of the solid solution also enables one to investigate whether
the characteristic quantities of a spin glass can be scabed to
With the above notions in mind, we have undertaken a study
on the magnetic properties of a ZnMn,In,Te, solid solu-
tion with 0.3=x=<1.0, using dc and ac magnetic measure- !
ments in both the low-temperature critical region and the 0 30 60 90 120 150 180 210 240 270 300
paramagneti¢high-temperatureregime. T (K)

The organization of the present paper is as follows: In
Sec. Il, the experimental details are described. In Sec. llI th%n

results are presented and _discussed in three parts. S_eCtimi]ow-temperature region for ZFC curves measui@d heating
[IIA deals with an analysis of the paramagnetic, hlgh—usinngC: 10 Oe, forx=1.0, 0.9, and 0.7. Each curve shows a

temperature data. A dynamical analysis of the ac susceptibilaximum atT,,=3.8(1), 3.3(1), and2.5(2) K, respectively.
ity is presented in Sec. Il B, and the static scaling of the dc

magnetization in Sec. Il C. Finally, a discussion and conclu-
sions drawn from the present work are given in Sec. IV.

0.07 ¢

0.05

0.03

Xy (€mu Oe™ mol™)

0.01

FIG. 1. dc magnetic susceptibilityxy(T)=M/H for
«Mn,In,Te,, taken withH=100 Oe. Inset: Magnification of

IIl. RESULTS AND DISCUSSION
A. Paramagnetic regime

Figure 1 shows the experimental dc magnetic susceptibil-
Il. EXPERIMENTS ity xqc(T)=M(T)/H measured in the ZFC mode withc

Samples of Zp_,Mn,In,Te, with 0.3<x<1.0 for the =100 Oe, from 18 to 300 K, for the whole
present work were produced by a fusion-controlled methodZM-xMnxIn,Te, series. Samples with=0.3 and 0.5 dis-
The components were sealed under vacuum in small quarf4@yed paramagnetic behavior down to the lowest experi-
ampoules, previously carbonized to prevent contaminationf"ental temperature. For samples wit#0.7 a peak in
and melted together &t=1000°C for 24 h. Samples were M(T) was found at a temperature label@g, which de-
then slowly cooled to room temperature in four days. AtomicP€nds on the Mn concentratigaee the inset of Fig. 1, and
absorption technique was used to determine Mn contentr@ble ). The nature of these transitions will be discussed
Structural data of Zp_,Mn,In,Te, as a function of were ~ Pelow.
previously reported® showing regular increments afandc The inverse magnetic susceptibiligy; (T) follows a lin-
cell parameters with increasing ¥ih contents, in agreement €ar dependence wifh at high temperatures for the whate
with its larger ionic radius compared to Zh At room tem-  range. However, deviations from the ‘=T regime are no-
perature, x-ray patterns were indexed as a single-phadied forT<100 K, especially in samples witk=0.5. We

chalcopyrite-type structuréspace group_mm) without associate this behavior with the onset of superexchange in-
signs of structural transitions along the series.’ teractions between Mn ions in Mn-rich samples, sincexfor

To perform magnetic measurements, small crystallites of_ 0'.7 we are clearly above the percolation threshpld. To in-
these samples were dispersed in epoxy resin, and molded stigate the dependence of both the molar Curie constant

cylindrical shape of diameter 5 mm and height 3 mm. Mag- ) and Curie We|s§ temperat_ur@][ onx, we used an ex
o ” . pression of the static magnetic susceptibilig¢T) derived
netization measurements were performed in a commerci ; . X
or a randomly disordered Heisenberg antiferromagnet. The

n both zero-field-cooling(ZFC) and field-cooling (FC) Blamiltonian representing such a system may be writtéh as

modes, between 1.8 €T=<300 K and applied fields up to . ) .
7 Tesla. In all cases, the diamagnetic contribution of the TABLE I. Effective magnetic momenje, Weiss constan®,
sample holder was subtracted, and the resulting susceptibifg"d freezing temperatul, (observed from dc magnetization data
ties were further corrected for core diamagnetism of the iong® @ function ok in Zn, _,Mn,ln,Te,.

Within the T~T; region, measurements bf(T) and ac sus-

ceptibility were performed in small\T<0.1 K) steps and T content T () Herilve) 0K

measuring times-10 min at each point, to determine the x=1.0 3.81) 5.802) —98(4)
transition temperature. In order to study the frequencyx=0.9 3.31) 5.6002) —84(4)
dependent cusp of the in-phagg(T) and out-of-phase x=0.7 2.52) 4.7993) —63(6)
x"(T) components of the ac magnetic susceptibility, datax=0.5 <1.8 4.364) —56(6)
were measured at driving frequencies between 10 saHz y—0.3 <18 3.604) —38(6)

<2 kHz.

235208-2



SPIN-GLASS ORDERING IN Zp_,Mn,In,Te, . . . PHYSICAL REVIEW B 64 235208

[’ T '|100 T T T

H=2 J;S- S&i6—gugH- 2 S& (1) 200 o 75 o
" ! [ Z 50 P
whereg is the gyromagnetic factog.g the Bohr magneton, v.-: 1601 ' zg ," ]
Jij the exchange constant, and the sum runs over all lattice £ o x=1.0 ’ 2,\5/|n5(2/°)75 Pelal vl
sites. The scalag; can take values 1 or 0, depending on :,’ 120 ¢ y=09 ,0‘ v X-:‘ ]
whether theith site is occupied by a magnetic or nonmag- O | & x=07 xﬂxxx A e
netic ion, respectively. Therefore the $éf} determines each g 80F v x=05 - -8 HURE
possible distribution of magnetic ions with sgwithin the - [ ¢ x=03 “
lattice. The expression for the susceptibility is then derived T;f 401 .
from the usual partition function, yielding [
L, S— 0760 50 © 50 100 150 200 250 300

x(T)=g Msﬁsizj (&i&;S'S)1H=0, v T (K)

wherekg is the Boltzmann constant amgs=(kgT) 1. The FIG. 2. Inverse of the magnetic susceptibiligy *(T) in the

(---) operation represents the configurational average oveiaramagnetic regimeTe&150 K). Fits using Eq(3) are shown by
all equivalent setg¢;}. For a randomly disordered system, dotted lines. Note that there is a common intercept orytieis for

these averages can be easily estimated in the higff—” concentrations. Inset: The obtained value®dk) plotted as a

. . . . unction ofx. The solid line is the best linear fit, which corresponds
temperature limit, for in this case the produgt; satisfies @,=—98(4) K.

_g?_zx fori=j and¢; §j=x2 for i #], wherex is the fraction
of magnetic ions in the lattice. EXpanSionpfl(T) to first presence of a small amoun{:ao%) of Mn?"" (S: 21/-Leff

order in Bg then yields a Curie-Weiss law =4.9u5), which could also yield the observed I@Bwalue.
T-0(x) It can be seen from Eq$4) and (5) that for a randomly
, (3) dilute AFM the macroscopic parameté&€sand® must scale
C(x) linearly with the Mn concentration. The inset of Fig. 2 shows
with that for ® (x) this trend is approximate, and the best linear fit
yielded ®y=—98(4) K, coincident with the value dP(x
S(S+ 1)g2M§NA =1) within experimental error. Another consequence of Eq.
CX) =73 x=Cox, (4 (3)is that the extrapolation of thg”*(T) curves must inter-
B cept at the same poinfTE0y=0,/C,) for all Mn concen-
—2S(S+1) trations, as observed in Fig. 2. From this model, and using
= sz Jizi=0X, (5) Eq. (5) we estimated the maifnearest-neighb®rMn-Mn
B : superexchange integral ak/kg=8.4(3) K. Clearly this
and N, Avogadro’s number. The expression ©f, contains \{alue must be taken as approximate, sincg FM-AFM intera_c—
the sum of exchange integrals between a given atom and tions with secpnd— and h|ghe_r—r_1earest_ne|ghbors could sig-
the numberz, of ith neighbors. In the above derivation, it nificantly contribute tal/kg . It is interesting to note that the
was also assumed that the orbital moment ofMions are  ©(x=1) value is more than one order of magnitude larger
quenched(i.e., L=0), so the spin-only valu&=3% can be than Ty, i.e., ©®/Ty=25, with ;lmllar ratio values f0|x.
used for atomic moments. This assumption is in agreemerit 0-9 and 0.7 samples. These higtiTy, values are consis-
with previous EPR measurements on these samplasg is  tent with the existence of magnetic frustration expected for a
also consistent with the values of effective Mn moment ob-SG System.
tained from susceptibility datésee below.
The experimental data could be well fitted with E8). in B. Dynamic analysis of spin freezing
the high-temperatureT=150 K) region, as shown in Fig.
2. The resulting values of the Curie-Weiss temperatdre
were negative for the whoberange, indicating predominant
antiferromagnetic(AFM) superexchange interactions be-
tween Mn ions. The effective momept,;;=5.80(2)ug Ob-
tained forx=1.0 (see Table )l is slightly smaller than the
spin-only value for the @ atomic configuration of Mf"
(S=3 state,u.ss=5.92ug). One possible reason for this dif-
ference might be the partial covalent character of phe
(Mn?*-Te?") bonds. Previous estimations of thed admix-
ture for Mr?*-X2~ bonds in II-IV semiconductor¥, using f—f 12 (6)
perturbedp* and d atomic functionsp* =(1+b?)~Y4(p 0
+bd), where b represents the amounpefl mixing, yielded  must be valid near the critical point. Typical values fgrare
a valueAS/S=b?=0.04. A second possibility might be the in the 1312 Hz range for canonical spin glasses, such as

O(x)

When approaching the freezing temperature of a spin-
glass transition from above, the characteristic relaxation time
7 of individual magnetic moments will show a critical slow-
ing down, characterized by a power law £, whereé¢ is the
correlation length and is called the dynamical scaling ex-
ponent. The correlation length itself is related to the re-
duced temperature=(T—T;)/T;, whereT; is the freezing
temperature, by the correlation-length critical exponerats
&xt™ 7. Therefore, the relationship
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. . FIG. 4. Zero-field-cooled and field-cooled magnetization curves
FIG. 3. Main panel: frequency dependence of the in-phase comfor the Zn, ;Mngdn,Te, sample, showing irreversibility forT
ponenty(T) for Zny ;Mng dIn,Te, near the freezing temperatufe.  <T,, . Inset: field-cooledyy.(T)=M(T)/H curves taken at differ-

Lower inset: the out-of-phase componerf(T). Upper inset: log-  ent fields. The arrow indicates the direction of increasing field from
log plot of the reduced temperatute- (T—T;)/T; vs driven fre- 10 to 2 kOe.

quency. The solid line is the best fit, using Ef).

CuMn and AuMn. We have tried to determine whether the:.3'1(2) K. The critical exponent value compares quite well

maximum observed in theyy(T) curves (for x=0.5 with other 3D spin glassés;?*and also with recent studies

samples correspond to a spin-glass transition, by applying®" nqgs-condvgrltlonatll SE SgStemS I":.elgﬁsro-%cotg
the above analysis to the ac susceptibility.(T) at different ceramic™ and intéracting =e-L nanopartic € mention

o o : here that a complete determination of the critical exponent at
frequencied in a sample wittbx=0.9. The in-phase compo- . i
nenty’(T), shown in Fig. 3, qualitatively exhibits the behav- the SG transition should be performed by a full dynamic

- : - ; : caling ofy”(f,T). However, the imaginary pagt” is about
ior expected for spin glasses, i.e., a shift of the cusp to hlghtzii02 fimes smaller thary’ (see the inset of Fig.)3 the

temperatures for higher frequencies. However, a more appr ormer being close to our experimental sensibility. Due to
this limitation in our signal-to-noise ratio for the out-of-
phase component, the uncertainty in the fit parameters was
too high to provide physical insight.

We note also that critical behaviors in disordered systems
have been described by many authors using activated dy-

" namics as an alternative to the phase-transition nfddél.

tang = X_, =wr, (7) The activated dynamics model assumes the existence of free-

energy barriers for relaxation processes, giving relaxation

setting tanp~ ¢ = const, where the constant value was cho-times that follow a generalized Vogel-Fulcher law

. . .= — (24 it
sen to be small compared to the value at the inflection point_ 70 €XHeo/(T—Tq)*"], wherep andw are critical exponents.
This defines a set df; values for whichw 7 is constant. It is Applying this law to our data always resulted in poorer fits,

worth noting that the observed scatter in our presgiti) giving the (unphysical results T;~2.48 K and

priate criterion than thg’ (or x”) maximum must be chosen
to check the validity of Eq(6), since it defines a set of
T¢(w) values for which7 is not necessarily constant. Fol-
lowing Bontempset al,?° we have used a criterion that in-
volves the quantity

~10 16
data results in large errors in the estimatiorTefw) values. 1077 s.
However, within the narrow temperature range correspond-
ing to ¢ values between 810 2 deg and %10 ? deg, C. Static analysis of spin freezing
it was verifi hat the resulting; val wer ntiall - .
éongtsante ed that the resulting; values were essentially In addition to the frequency dependence of the cusp in

Xac(T) discussed above, the irreversibility between ZFC and
FC modes observed for= 0.9 below the maximum d¥1(T)

(see Fig. 4 reinforces the presumption of a spin-glass tran-
sition at this temperature. We therefore searched for the ex-
pected divergence of the nonlinear static susceptibility at the
transition temperature, and examined its critical behavior.
The method is based on an analysis of magnetization data
measured in field-cooling mode, by expandiMdH,T) in

odd powers oH in the T>T; region,

The relative variation of Ty per frequency decade
AT /[T:A log(w)] is 2.2<10 2, similar to the reported
value for II1-IV DMS systems, in particular for the
Cdy Mng 4Te compound?® This value lays between those
frequency shifts of=5x 10" 2 observed in CuMn and AuMn
canonical spin glasses, and6x10 2 found in (EuS)S
insulator*® When plotted on a log-log grapisee the inset of
Fig. 3) the experimental vst data showed a linear increase
within the available experimental frequency ran@& de-
cade$, as expected for a spin glass. The best fit using(€q.
was obtained forzv=10.3+2, f,=1.8x10° Hz, and T; M(T,H)=xo(T)H=x2(T)H3+ x4(T)H®>— ..., (8)
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) 3 4 5 6 FIG. 6. Nonlinear susceptibility,, for Zny ;Mnq ¢in,Te, (same
data as in Fig. banalyzed according to the universal scaling func-
T (K) tion of Eq. (10). The solid line represents the asymptotic limit of

) o experimental data to thg/(y+ 8) value forT—T; (top right part
FIG. 5. Nonlinear susceptibilityy, vs temperature for of the graph.

Zny 4Mng dn, Te, at several applied fields. Note the increase of non-

linear terms forl —T; . slopeB/(y+ B), giving additional support to the conclusion

that there is a true spin-glass transition in this compound. It
is worth noting that the present data collapse along several
orders of magnitude on both axes. In the opposite region of

where xo(T) is the linear susceptibility in the limiH—0.
The nonlinear susceptibility,,, is thus defined as

Xde( TH) = xo(T) = x2(TYH?+ xo(T)H*— - .- the plot (T~ 2Ty), the superposition shows increasing scatter
originated in the vanishing of the nonlinear components of
= Xo(T)+ xn(T,H) (9)  x(T) far from the critical region.

While y= T~ must be nondivergent dt, the nonlinear
terms y, and y, should diverge asT(—Tc)~” and (T IV. DISCUSSION AND CONCLUSIONS
—T¢) 2r+A) respectivelf?>° A precise determination of
nonlinear coefficients must be restricted to the region negy ..
T;, since regular terms become non-negligible for increasingmi
temperature and applied fields, obscuring the leadiag

For intermetallic spin glasses, the critical parameters scale
h the concentration of magnetic ions, and are therefore
que for a given system at different concentrations. In con-
. . trast, insulating spin glasses cannot be scaled in this way, and
term.lTheXn.,(T,.H) comrg)oner;]ts fo?—o.g atfdn‘ferent f'ilds therefore the critical behavior might change along the con-
are plotted in Fig. 5, where the reference fielg was taken — conaion line. The existence of single spins, pairs, triplets,

as the smallest dc field used in this experiment, i.e., 10 Oe. {f; ¢jysters as the concentration of magnetic ions increases,
can be observed that, when approachiingrom above, the oq 15 in different properties, mainly at=T; and below.

nonlinear component x,, shows the divergentlike behavior cqregpondingly, models based on interacting single spins,
expected for a SG transition. In this caggy(t,H) in the  jieraciing clusters or mictomagnetism have been applied de-
critical region can be related to the critical exponeptand  penging on concentration. Of course, once the percolation
5 by the universal scaling equatith limit is reached(for a given crystal structuyehe system can
5 undergo long-range ferromagnetic or antiferromagnetic order
Xni=1 ( ) )

B 0 (10) with definite Tc or Ty. At the concentration level ok
tBty =0.9 studied in this work, the appearance of interacting Mn
, , clusters could be expected, since we are working well above
wheret=(T—Ty)/T; is the reduced temperatur@(x) is @  poth site and bond percolation limits for a 3D crystal. How-
scaling function that satisfi¢s ever, no evidence of a cluster-glass transition or an antifer-
romagnetic transition were found.

Although both static and dynamic experiments are well
described in terms of a phase transition at a finite critical
temperature, it is worth noting that transition temperatures
where 6 is a critical exponent. Smak-values are defined derived from ac and dc experiments differ by about 10%. As
here as the region where the slopexgf is linear inHZ. The  mentioned above, a more appropriate approach to determine
resulting universal curve from experimental data is displayedlynamic exponents should be done using dynamic scaling of
as a log-log scale plot in Fig. 6 for>T;. Good scaling of x”"(w,T) through universal functions of the order param-
experimental data was achieved wjgh=0.9(1), y=3.6(4), eters. But the observed scatter in our presghtlata is too
andT;=3.4(1) K, consistent with th&; value from ac sus- high to achieve an acceptable collapse of the different plots
ceptibility. For temperatures increasingly close Tp (top  onto a single curvée.g., by the criterion that the scattering
right region of the plot the curve approaches the asymptoticof the points should not exceed the experimental accliracy

X, for x—0

11
x%s, for x—oo, )

(I)(X)—>|

235208-5



G. F. GOYA AND V. SAGREDO PHYSICAL REVIEW B64 235208

This limitation should also affect our determination ©f  which Mr?" ions are spatially ordered. But, in contrast to the
using conventional power-law analysis, and, therefore, thee|lurides, the selenides show a transition from SG behavior
resulting value should be carefully compared to the statigy antiferromagnetic ordering somewhere between0.62
sca[ing prpcedure. The critical parameters_ obtained fromy,q 1 (MnGaSe,). These facts suggest that randomness in
static scaling5=0.9(1) andy=3.6(4) are in agreement the distribution of Mn ions within the crystal lattice in
with a Heisenberg behavior, which can be understood iy, Mn In,Te, may be a key feature of the SG state. Ad-
terms of the isotropic properties of Kt ions. In fact, our gtional evidence of the intrinsic Mn disorder comes from the
values compare well with other insulating and semiconductfact that the present values of critical parameters fall within
ing like AIMNnSi and C:_;NlFeéEé for which the Heisenberg those reported for the site-disordered DMS spin glasses. For
character is well establishéd: example, reported values of critical exponents in doped II-IV
When compared to the isostructural CgMn,In,Te, se-  semiconductors like Gd,Mn,Te, Hg_,Mn,Te and
ries of compounds, the obtainggland y values are in ex-  zn, _ Mn,Te, fall within the 3.3<y=<4.0 and 0.&B=<1.2
cellent agreemerit. In particular, the static scaling procedure range?3%39This similarity also suggests the idea that I1-IV
performed by Camp® for x=0.85 yieldedT¢=3.27 K, 8 and zn_,Mn,In,Te, semiconductors may belong to the
there is evidencee.g., the irreversibility of ZFC-FC curves
below T, and dependence qgf,. on frequencysuggesting a
spin-glass transition in undiluted Mnihe,, and similar
properties have been also reporfefbr Cdin,Te,, although
no scaling analysis has yet been performed on these systemsWe are indebted to Dr. J. Campo for enlightening discus-
to our knowledge. Mom et al*” recently reported spin-glass sions. This work was supported by the Fupatade Amparo
behavior in a Zp_,Mn,GaSe, series of compounds, in aPesquisa do Estado decSRaulo(FAPESP.
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