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Magnetization behavior across a metamagnetic transition from an antiferromagnetic state to a ferrimagnetic
state is investigated in detail for compound )8y, osSny o5 The study clearly brings out various generic
features associated with a first-order transition, viz., the appearance of hysteresis and the coexistence of
magnetic phases. We also observe that the magnetization versus field butterfly loops occurs, while the virgin
curve lies outside the envelope magnetization curve. The electronic specific-heat coefficient at low tempera-
tures increases with increasing applied magnetic field, after the field is larger than the critical transition field.
This is direct evidence of the formation of a super-zone gap that yields the change of density of electric states
and further proves that the large magnetoresistance effect in intermetallic compounds is originated from the
reconstruction of Fermi surface due to the collapse of the super-zone gap after the metamagnetic transition.
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The intermetallic compound MBb crystallizes in the ties was limited, in our previous workio the temperatures
Cu,Sb-type tetragonal structure with two structurally non-above 50 K and magnetic fields below 5 T. In this work, the
equivalent cation positions | and Il, which are tetrahedrallymeasurements for magnetic and magnetotransport properties
and octahedrally surrounded by anions, respectively. Mnbn the MpSh, 955, o5 compound are extended to lower tem-
and Mn2 atoms in these two positions have magnetic moperaturegdown to 5 K) with higher magnetic fieldgup to
ments of different values and opposite directions. As a con8 T). Furthermore, the measurement of specific heat in zero
sequence, the MSh compound is a ferrimagnet below its field and in magnetic fielde8=3.5 and 4 J was carried out
Curie temperatur@-=550 K1 In addition to the phase tran- at a constant pressuf€p=(dQ/dT)p] from 25 to 1.8 K.
sition from a paramagnetic state to a ferrimagnéfig state, ~ This det_ailed study aIIO\_/vs us to draw additional conclus_ions
Compounds with substituted e|eme(®’ Cr, Cu, and Vfor ancernlng the magnetlc and magnetotransport prpp_ertles of
Mn, as well as of Ge and Sn for Sb, exhibit another phaséh'S{ klnd of material. The obsgrvatlon of a hystere5|s in mag-
transition to an antiferromagnetiéF) state as the tempera- Netization and of the coexistence of different magnetic
ture decreasesBelow the FI-AF transition temperature, a Phases(through the technique of minor hysteresis loops
metamagnetic transition from AF to FI state can be induce Iearly_ reveals the f.|rst—ord_e.r hature of _th_e metamagnetic
by an applied external field, with which a large magnetore- ransition. The electric specific-heat coefficient at low tem-

sistanceMR) effect is associated In our previous worké peratures increases with increasing the applied field, above

the maanetotransport behavior across the metamaanetic trath-e critical transition field, which gives the first direct evi-
o 9 Pe 9 Hence of the formation of the super-zone gap. One of the
sition from a low-field and low-temperature AF state to a

T X ) main contributions of the present work is to prove experi-
high-field and high-temperature FI state was studied fornaniaily the point of view that the large MR effect in inter-
Mn,Sb,,Sn, (0<x=<0.4) compounds. The origin of the metallic compounds is originated from the reconstruction of
large MR effect was discussed in terms of the reconstructiofermi surface.

of Fermi surface, due to the collapse of a super-zone gap The sample used in the present study belongs to the same
after the metamagnetic transition. However, no direct evibatch of samples as used earlier in the study of magnetic and
dence of the formation of such super-zone gap that shoulttansport properties and the detailed preparation and charac-
yield the change of density of the electron statB©S) in  terization of the sample can be found elsewherée used a

this kind of compounds has been reported so far. Moreovegommercial superconducting quantum interference device
no detailed demonstration has been given of the first-ordemagnetometer for measuring the magnetization and used a
nature of the metamagnetic transition. The present paper f@aommercial measurement platfofian physical property mea-
cuses on one sample with composition J8h, g5Sn o5 surement systemiPPMS from Quantum Desighfor mea-
among the MgpSb;_,Sn, (0<x=<0.4) compounds investi- suring the MR both as a function of temperature and mag-
gated beforé. The present work deals with the first-order netic field. The measurement of specific heat in zero field
nature of the AF-FI transition and gives direct evidence ofand in different magnetic fields was performed at a constant
the formation of the super-zone gap in My 95Ny oscom-  pressure [Cp=(dQ/dT)p] from 25 to 1.8 K using the
pound. The study of magnetic and magnetotransport propeRPMS.
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FIG. 1. Temperature dependence of the resistivity of

Mn,Shy 955 o5 compound at zero field and at a magnetic field of - Initl _
8 T. The inset is for temperature dependence of the MR ofand the descending-field cycle at the fields of 1, 2, 4, and 6 T at

Mn,Shy, 955 g5 cOmpound.

FIG. 3. MHLs initiated during both the ascending-field cycle

5 K.

~ Figure 1 shows the temperature dependence of the resigates that the sample does not reach a completely ferrimag-
tivity p(T) of Mn,Shy 955,05 measured in zero field and in petic state in the range of available fields. A MR as large as
an applied field of 8 T. In the zero field T) first decreases,
then rises abruptly at a certain temperature, reaches a maxi- Figure 3 shows magnetization curves taken at 5 K. The
mum, and finally decreases with decreasing temperature. Thaagnetization shows a sharp rise u# 1.5 T indicating a
FI-AF transition temperatur&g,_ar, defined as the tempera- field-induced AF-FI transition. The onset fieRl, of AF-FI

ture at which resistivity abruptly rises, is 85 Kslightly
lower than the previous value of 94)RAs reported beforé,

-71% in the field of 8 T is obtained at 5 K.

transition is estimated as the field at which tkleB curve
changes the curvature from convex to concave. Below this

for Mn,Sb;_,Sn, (0.15<x=0.4) compounds, the magnetic field, the compound is in the AF state, the appearance of
field shifts theTg o towards lower temperatures. For the nonlinearity at low fields is probably due to parasitic ferro-

present compound MBh, osSry o5 the resistance in a field magnetism. When the field is reduced after crossing the criti-
of 8 T decreases monotonously with decreasing temperatukeal valueB,,;, a large hysteresis is observed. A sharp rise in
and no T ar is observed. This indicates that below the magnetization accompanied by a hysteresis is traditionally
Tr.ar for the zero field, the field-induced AF-FI metamag- taken as a signature of a first-order magnetic transition. This

netic transition happens at fields less than 8 T. A large negéarysteresis is different from that normally found in hard fer-
tive magnetoresistancBMR=[p(H)-p(0)]/p(0)} is associ-
ated with this metamagnetic transitigsee the inset of Fig. which is due to domain wall pinning and/or anisotropy, has a
1) and no peak is observed for the temperature dependenceaximum width aB=0, while in the present case the width
of the MR for Mn,Shy 955 o5
Figure 2 compares magnetic-field dependences of MRther signature of the first-order transition is the coexistence
and magnetization at 5 K. The absolute MR starts to in-of different magnetic phases. We now show the experimental
crease, when the metamagnetic transition occurs at the fielshservation of the phase coexistence through the technique
of 1.5 T. After the metamagnetic transition, the MR does notof minor hysteresis loope@HLs). A MHL results when the
saturate up to the maximum applied field of 8 T. This indi- direction of a field is reversed before the transition is com-

romagnets. The hysteresis in the case of a ferromagnet,

almost goes to zero &=0. Apart from the hysteresis, the

pleted. One can initiate a minor loop on the ascending-field

a 40 circle (i.e., reduce the field before the transition is com-
pleted. The minor loop initiated at a low field of 1 T in the
a0 field-increasing cycle on the virgin curve is completely re-
& @ versible, indicating that the transition has not yet begee
\:—; - = the inset in Fig. } As we initiate minor loops from high
= g fields, we start to observe hysteresis, and the amount of hys-
= teresis, increases as the value of the field for initiation of the
10 MHL is increased. This indicates that the field-increasing
curve (aboveB,,) corresponds to the transformation of the
. AF phase to a FI phase, with the AF phase persisting as a

metastable phase over some field regime. Similarly, the field-
decreasing curve corresponds to the transformation of the FlI
phase to the AF phase, with the FI phase persisting as a

FIG. 2. Field dependence of MR and magnetization ofmetastable phase over some field regime. The MHLs thus
Mn,Shy 955 o5 compound at 5 K.

show the presence of the phase coexistence in the region
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FIG. 4. Magnetization versus field butterfly loop for FIG. 5. Cp/T versusT? for Mn,Shy ¢sSiy. g5 compound in differ-
Mn,Shy 9sShy. 05 compound at 5 K. ent fields. The inset represen®/T versusT? for Mn,Sb and

Mn,Shy, g5Shy o5 cOmpounds in zero fields.

boun.d(tad by the env?(ljopetcklljrve. tl)—|ad thslre tbeen (?0 ph""?\ﬁnl and Mn2 becomes stronger and shifts the phase transi-
K/IOHe)L(IS egcel,l }[Ar']e wou lno ave |§ehn a E 0 pro uceblang'on temperature to higher temperatures. However, no direct
and ail the minor 1oops would have been reversible. oy;jence of the formation of the super-zone gap in this com-

This isin goiﬂ agrheement W'.tht the preIV|o?sfre|{§0rttr,:Nht|ch ound, which can connect the change of electric state density
We can see the phase coexistence clearly from the tempergg, magnetic transition, has been reported so far. Figure 5

ture dependence of MR in a fi>_<ed.applied' field, the ﬁeldshows the T2 dependence ofCp/T for compound
dependence of MR and magnetization in different tempera,—vInzstb oS o5 in different fields. At 3.5 T,y has evidently

turﬁ{ hvst is | I bef@e0 and increased, and at 4 Ty continues the increase. This indi-
in th eth'{js eregls (:ophco tipsfesl q € nggn' trﬁappears cates that as the applied field passes the critical field of the
In the third quadrant when the field cros N thé Néga-  Ar_F transition, the electronic specific-heat coefficienn-
tive direction, resulting in dutterfly .Ioop(see F'g: + SUCh. creases with increasing the field. This means that when the
gouble Ioolps 'ha\I/e t;]een ott;s(;:rveld mffertroeldect;lcs, "?‘tﬂd it h"’}ﬁetamagnetic transition occurs, the electronic specific-heat
een conclusively shown that only a first-order transition (?arboefﬁcienty starts to increase. These results illustrate clearly
explain this featuré We are unaware of similar arguments in g 1h e super-zone gap is formed in the AF state, leading to
the case of AF-FI transition. Moreover, clearly shown in F|g.the decrease in the DOS near the Eermi level 'and when
4’ a virgin curve I|es_9ut3|de the enve_lope curve durlngl aferromagnetic state is recovered by the metamagnetic transi-
first-order AF-FI transition. Such a relation between the Vit-tion. the DOS at Fermi level increases. The results prove
glnt_curvei a_”‘f the envteflope curve s thJIte untcgfgilmor%_lnhmagfurther that the large MR effect in this type of compound is
NEtc materials except for Some granufar matettais whic originated from the reconstruction of Fermi surface, due to

the surfgce—to—volume ratio plays an importan.t role and ir’the collapse of the super-zone gap after the metamagnetic
Fe-Co-Ni alloys? In the latter case, no explanation has bee ansition

given for such an anomalous relation between the virgin an In conclusion, we have investigated magnetization behav-

en\'/el'ope curve. In our bulk material, the surface-tp-volum or in detail across a metamagnetic transition from AF to Fl
ratio is definitely much smaller than was the case in Refs.

C. . . . - state in the MpShy gsSny o5 compound. The study clearly
a_nd 8; in addition, the magnehc_propertles (_)f our material 'sorings out various generic features associated with a first-
different from those of Fe-Co-Ni alloys. A similar phenom-

. order transition; viz., the appearance of hysteresis, the coex-
enon was observed in G of\lo 02, Where an AF-Rfer- 0.0 of magnetic phases. We observe as well that the mag-
romagnetig transition happen¥’

; ... hetization versus field butterfly loops occurs, while the virgin
Figure 5 §hows results of the measurement of specifi¢,rye lies outside the envelope magnetization curve. Low-
heatCp. the linear curves allow a determination value of theyempherature specific-heat measurement indicates that the
e'ec"on"; specific heat coefficient from the relationCp  _ gjectric specific-heat coefficient increases with increasing the
=yT+b T°. It can be seen that the substitution szsn f_olr Sbapplied field, when the field is larger than the critical transi-
leads to the significant gecrg?segofrom 40 mJ K=mol tion field. This is the first direct evidence of the formation of
for MnZ.Sb to 32 mJ R*mol™ for MnZSb’-95srb-0?’ This  ihe super-zone gap, which further proves that the large MR
change in they can b(le_fsonnected with a change in the typeetect in intermetallic compounds is originated from the re-
of magnetic ordering:~**The substitution of Sb by Sn at- c,nqiriction of Fermi surface, due to the collapse of the

oms in the nonmagnetic sublattice leads to the quantitativguper_zone gap after the metamagnetic transition
redistribution of the sublattice magnetization Mn1 and Mn2 '

and the transition from FI to AF staté€. Moreover, with This work has been supported by the National Natural
increasing Sn concentration, the AF exchange interaction abcience Foundation of China under Grant No. 50332020.
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