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The structural and magnetic properties of Ni  ,Mn;_,M,Ga (M=Co, Cu)

Mahmud Khan,? Igor Dubenko, Shane Stadler, and Naushad Al
Department of Physics, Southern lllinois University, Carbondale, lllinois 62901

(Presented on 8 November 2004; published online 13 May 2005

In Ni,MnGa (cubic structure of L2 type) a first order martensitic structural transition, from the
parent cubic(austeniti¢ phase to a low temperature complex tetragonal structure, takes place at
Tw=202 K, and ferromagnetic order in the austenitic phase s@ig=a376 K. In this work, the Mn

sites in NpMnGa have been partially substituted with magnetic Co and nonmagnetic Cu, and the
influence of these substitutions on the structural and magnetic propertiesMhNiM,Ga (M

=Co and Cu have been studied by XRD and magnetization measurements. X-ray diffraction
patterns indicate that the Co doped system possess a highly ordered Heusler atigyelstructure

for 0.05<x<0.12, and the Cu doped compounds possessstr2icture for 0.05:x<<0.10. The
ferromagnetic ordering temperature increases with increasing Co concentration for this system, and
rapidly decreases with increasing Cu concentration. Both systems show the incréggevith
increasing Co and Cu concentratiofT-x) phase diagrams have been plotted. The results are
discussed in terms ofd3electron concentration variation. 8005 American Institute of Physics
[DOI: 10.1063/1.1847131

INTRODUCTION are not clearly understood. The relative contributions of in-
ternal parameters to property variations ob,MnGa based
Stoichiometric jMnGa has an L2crystal structure at  alloys are not sufficiently clarified. Because of the band char-
room temperature. In this alloy a first-order martensitic strucacter of the magnetism, the magnetic characteristics of Heu-
tural transition, from the parent cubfausteniti¢ phase to a  sler alloys are determined by the densitybétates at the
low temperature(LT) complex tetragonal structure, takes Fermi level and by the exchange splitting parameter, and
place atT, =202 K, and ferromagnetic order sets inT&t  depend on the material’s structure and composition. There-
=376 K" A steplike variation of the magnetization, magnetic fore, in most cases of the Ni or Mn subsystem doped alloys,
susceptibility, magnetostriction, and resistivity has been obseveral parameters are varied.
served in this system at the martensitic transifidiPositive This work was undertaken to study the structural and
and negative volume anomalies were also found to accommagnetic properties of the MilnGa system by the substitu-
pany the transitions from ferromagnetic austenitic and paration of Mn by magnetic Co and nonmagnetic Cu. The system
magnetic austenitic to martensitic phases, respectfVelye  has been studied with respect to temperature and composi-
values of Ty, and T vary significantly with the chemical tion by XRD and magnetization measurements.
composition. The partial substitution of Mn with Ni results in
an increase of, and a decrease df: and, at some critical
concentrationT,, and T coincide® On the other hand, sub-
stituting Mn with Fe results in a decrease ©f; and an
increase ofl'c.6 The increase of ¢ with increasing pressure EXPERIMENTAL PROCEDURE
was found in Mn containing Heusler alloys from hydrostatic
pressure experiments. 5-7 gm of stoichiometric polycrystalline ingots of
It was conjectured that the Heusler structure is stabilizedNi,Mn,;_M,Ga (M=Co, Cu; 0.0sx<0.25 were prepared
because the Fermi surface barely toucheg1té) Brillouin- by conventional arc melting in an argon atmosphere using
zone boundary.Recently it was suggested that a band Jahn-high purity Ni, Mn, Co, Cu, and Ga. The weight loss after
Teller effect accompanies the martensitic transformation anehelting was found to be less than 0.3 percent. For homog-
the model was confirmed by polarized neutron scattering exenization, the samples were annealed in vacuum for 72 hours
periments, where the transfer of magnetic moment from Mrat 900 °C, and slowly cooled down to room temperature.
to Ni was found in the martensitic pha%%.‘l’hus the mag- X-ray diffraction measurements were conducted at room
netic and structural properties of JMnGa are strongly de- temperature for phase identification and lattice constant de-
pendent on internal parameters such as interatomic distanceermination. The measurements were done on a GBC MMA
stoichiometry, density of @electron states, concentration of (Mini Materials Analyzey x-ray diffractometer that used
conduction electrons, and-d exchange interaction. Cu—K alpha radiation and Bragg—Brentano geometry.
Although it has been a subject of attraction during the  The magnetization measurements were performed on a
last few years, many aspects of the behaviors gMdiGa  superconducting quantum interference devi8QUID)
made by Quantum Design, Inc. The measurements were per-
9Author to whom correspondence should be addressed; electronic maifofMed in a temperature range of 5-400 K and magnetic field
mkhan@siu.edu of up to 55 kOe.
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RESULTS AND DISCUSSION with x>0.10 do not possess the { &tructure at room tem-

perature. The second reason is more sensible as from the

magnetization versus temperature measureniéigs. 2 and

h3) no second phase is observed to be present in the system.
Figure 2 shows the magnetization versus temperature,

The (220 peak of the powder x-ray diffraction patterns
(XRD) of Ni,Mn;_,M,Ga (M=Co, Cu; x=0.05, 0.10, 15,
0.25 system at room temperature are shown in Fig. 1. Bot
the cobalt and the copper doped systems with €.80 M(T), curves of the system p¥In,_CoGa (x=0.00, 0.05,
=<0.10 possess the LHeusler structure at room tempera- .

. S .08, 0.1, 0.12, 0.15, and 0.2% gradual increase of both
ture. For the cobalt doped system, a distortion in the pea andT. is observed with increasing Co concentration. For
appears ak=0.15 and the peak splits into two far=0.25. M ¢ 9 '

There is an apparent similarity between the copper syster)r(lzo'15’ the value offy is 293 K, which is very close to

with x=0.25 and the cobalt system wi#¥x0.15. The split- rc;om temperature. Therefore, theijlstortlon of Fhe XRD peak
. . the NpLMn,_,Co,Ga system withx=0.15(see Fig. 1 could

ting of the XRD peaks could be due to the existence Of)e due to the fact that the system is in the early stage of the
multiple phases in the Miln;_ M,Ga system(M=Co, Cu Y y stag

B martensitic phase. For=0.25 we do not see any martensitic
for x>0.10. Another possibility could be that the systems pnas N y
transformation in the magnetization versus temperature

80

70

60 4 —%—x=0.00; —%—x=0.05;
—w—x=0.08; —0—x=0.10;
—o—x=0.12; —0—x=0.15; '
—0—x=0.20; —0—x=0.25 ]

—u0—x=0.30
— ]
o o
2 3
@ £
— A
= %
30, = :
*
*
*
i
Ni,Mn,_Co Ga Ni_Mn, Cu Ga 3
J X X ) 2 1-x X 1&-
H=1 kOe 104 H=1 kOe L
) *
0 T T v T v T v 0 i T T T d
] 100 200 300 0 100 200 400
T K] TIK]
FIG. 2. The temperature variation of magnetization (TM of FIG. 3. The temperature variation of magnetization (TM of
Ni,Mn,_,Co,Ga obtained at a magnetic field of 1 kOe. Ni,Mn,_,CuGa obtained at magnetic field of 1 kOe.
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J ey % .4°° temperature could be due to the enhancement of the ex-
300 ﬁﬁ' 7 ~ i P change interactions of the system due to the addition of fer-
290_‘ */ﬁ'/ o J romagnetic Co. In the Cu doped system, the decreade of
] \ 4 380 could be due to the fact that Cu is nonmagnetic, and there-
280 4 " O] \ 137 fore it reduces the exchange interactions of the system.
2704 Y ] a0 CONCLUSION
x 230_ 0} g —0—=T,Cu | iy . .
= / —e—=T Co Jas0 . o The results of these experimental studies suggest that the
250 4 /Q _*___: cu 1 = Ni,Mn,;_M,Ga(M=Co, Cu system possesses pure Heusler
. o \ _ﬁ_;.rc c: 4340 L2, structure at room temperature for<0.15. Forx>0.15
240'_ / *. 7 s the system is in the early state of the martensitic phase at
230 4 /Q \ ] room temperature. The results also establish the general ten-
{e@ 4 320 dency of both martensitic transition temperatufg,, and
220 1 * 1 Curie temperature]¢, to increase with increasing Co con-
000 005 040 045 020 055 o050 310 centration in the NiMn,_,Co,Ga system. Increasing Cu con-

centration in the NMn;_,CuGa system results in an in-
crease ofTy, and decrease of.. The martensitic transition
FIG. 4. (T-X) -phase diagram of Min,_,M,Ga(M=Co, Cu obtained from has been observed in the Nin, ,M,Ga(M=Co, Cy alloys

M(T). for 0<x<0.25. The increase of,, is a possible conse-
guence of its dependence on effective electron concentration,

curve and splitting of th€220 peak have been observed for ela.
this sample. From neutron powder diffraction measurements
of Ni,MnGa the splitting of the peaks has been observed if CKNOWLEDGMENT
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