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Th e e˜e ct of sm all Pt doping on the elect ronic and magnetic prop erties

of N iMn Sb comp ound w ere studied using the spin -p olarised tight- binding lin-
ear mu £n- tin orbital metho d. The electronic structure of half -H eusler allo ys
dep ends on the relati ve arrangement of the atoms in the unit cell , changing
from half -metal to metal. T he local ordering drastically in Ûuences the value

of the band gap. The self- consistent band calculati ons w ere perf ormed for
the exp erimental lattice constant and for the lattice parameter estimated
from the minimum of the total energy .

PACS numb ers: 71.20.{b, 71.20.Be, 75.50. {y

1. I n t rod uct io n

In recent years the magneti c and tra nsport pro perti es of the hal f-Heusler al -
loy Ni MnS b have been acti vely studi ed [1{ 13]. The signiÙcant interest for Ni MnSb
is due to i ts predi cted hal f-m etal l ic behavi our from the band structure calcula-
ti on [14]. In the term s of electroni c structure , it means tha t the majori t y spin
electrons are in the conducti on band, whereas the minorit y spin electro ns are
in the semiconducti ng band. Consequentl y, the conducti on electro ns are 100%
spi n-polari sed at the Ferm i level. Thi s f eature of Ni MnSb leads to investigatio ns
of larger am pl itudes of giant m agneto -resistance (GM R) [3{ 7] and a peculiari ty of
the magneto -opti cal properti es [8, 10, 11].
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The hal f-m etal l ic behavi our of Ni MnSb is well establ ished exp erimenta l ly in
the bul k. The magneti c m oment is m easured by neutro n experim ents (4 ñ B ) [12, 13]
in agreem ent wi th the expected integer value of the m oment for hal f-metal li c ferro-
m agnet. Spin-polari sed positro n-anni hi lati on [15, 16] and inf rared absorpti on [17]
gave 100% spin-polarisati on at the Ferm i level. Very close to 100% polari sati on
wa s observed at the Ferm i level using the spin-polari sed inv erse photo emission in
Ni MnSb [5].

The hal f-m etal l ic band structure for Ni MnSb wa s conÙrm ed by numb ers
of studi es of the electro nic structure usi ng the Ko rri nga{ Ko hn{ Rostoker metho d
(KKR ) [15, 18, 19] and the l inear m u£ n-tin orbi ta l m etho d (LMT O) [20, 21].
In [18] the inÛuenceof the ato mic di sorder on the half -meta ll ic pro perty of Ni MnSb
wa s pointed out. It conÙrmed tha t the disorder of the crysta l lographi c structure
can lead to the reducti on of the 100% spi n-polari sati on in Ni MnSb.

Some of exp erimenta l evidences (such as the Hal l ẽ ect, the m agneto re-
sistance, the term opower) [1, 22] suggest tha t the Ni MnSb al loy may not be
hal f-m etal lic ferrom agnet above 80 K. The changes in electronic properti es hap-
pen near 80 K wi th a very good ato m ic order in sampl es. The anom alies, whi ch
app eared in vari ous physi cal properti es of Ni MnSb near 80 K have been expl ained
in the term s of a \ cro ssover" from a hal f-m etal l ic sta te to a norm al m etal l ic fer-
rom agnet [22]. The results of magneti c circul ar di chroism m easurem ents [23] of
Ni MnSb show tha t a dra mati c increase in the Mn and Ni m oments occurs below
the \ crossover" tra nsiti on tem perature of about 80{ 100 K.

In the present paper, we have investigated the change of the spin-polari sed
electronic structure of Ni MnSb duri ng smal l Pt doping and detai led relati onship
between relati ve arra ngement of the ato ms in the uni t cell and the value of the band
gap, whi ch is the characteri sti c param eter of electroni c structure of hal f-metal l ic
m ateri als. The magneti c mom ents were calcul ated for di ˜erent distri buti ons of Pt
ato m s in the supercell .

The studi ed Ni 0 : 8 7 5 Pt 0 :1 2 5 MnSb compound crysta l l ises into the C 1 b struc-
ture (spa ce group F 4 3 m ) [24]. Thi s noncentro sym m etri c crysta l structure (shown
in Fi g. 1) can be obta ined from the Ni 2 MnSb (L 2 1 - typ e) structure by elim inati ng
one of the fcc Ni subl atti ces resulti ng in the tetra hedra l coordi nati on of the Sb and

Fig. 1. The crystal structure of N iMnSb comp ound | C 1 b structure.
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Mn ato m s by Ni . The electro nic structure of Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb al loy has been
calculated for the supercell structure whi ch included a 2 È 2 È 2 pri m i tiv e cell ,
i .e. 32 positi ons per cell . Ei ght of them are occupi ed by Mn ato m s (A positi on).
Ei ght of Sb atom s are in C positi ons. The B positi ons are occupi ed by Ni or Pt
ato m s; the D sites rem ain unoccupi ed. In the study of an inÛuence of the local
orderi ng on band gap, we also consi dered addi ti onal disti nct structures obta ined
by intercha nging the Ni or Pt ato m s into the empty sites.

Accordi ng to exp erimenta l data [24] the latti ce parameter wa s assumed to be
nearl y l inear dependent on concentra ti on of the Pt ato m s in Ni MnSb and for stud-
ied Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb the latti ce parameter was estim ated as a = 0 : 5 9 5 nm . The
theo reti cal latti ce param eter correspondi ng to the m inimum of the tota l energy
wa s obta ined to o.

2. M et h od of ca lcu l at io ns

The electro nic band structure s and the m agneti c m oments for
Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb al loy wi th C 1 b -typ e structure (Fi g. 1) were carri ed out using
the self-consistent spin-polarised TB- LMTO m etho d in the atom ic sphere appro x-
im ati on (ASA) [25, 26].

In the ato mic sphere appro xi matio n the W igner À Seitz (W { S) cell is replaced
by the sphere wi th the radius S av whi ch is determ ined by the fol lowing condi ti on:

S a v = a

˚
3

4 ¤ N

Ç1 = 3

; (1)

where a denotes the latti ce param eter and N i s the numb er of ato ms in a cell .
The values of the W igner{ Seitz radi i for the com ponents were estim ated from the
fol lowi ng relati on:

X

n

˚
S n

S av

Ç 3

= N ; (2)

where the summ atio n is over al l typ es of ato ms in the cell and S n i s the ato m ic
radi us. For the C 1 b structure one empty sphere per form ula uni t was intro duced in
the intersti ti al region in order to reduce the overl ap between neighbouri ng ato m ic
spheres.

The exchange-correl ati on potenti al used in these calcul ati ons is the func-
ti onal of von Barth and Hedi n [27]. Al l the to ta l energy carri es out for above
5 0 0 k -points in the i rreduci bl e Bri l loui n zone. The ini ti al ato mic conÙgura ti ons for
each ato m were ta ken as in the periodi c ta ble of elements.

The supercell wi th 32 ato m s is ta ken into considerati on. It was obta ined
by the extensi on into the three dim ensional space of the basic positi ons of C 1 b

structure. The sup ercell was di vi ded into tw o m ain sublatti ces (the Ùrst one is
form ed by A and C positi ons; the second one is bui l t by B and D positi ons, Fi g. 1).
The occupati ons of the Ùrst subl atti ce, whi ch consists of 16 sites wi th Mn and Sb
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ato m s, rem ain uncha ngeabl e duri ng our calcul ati ons. For the second subl atti ce, we
have also the sam e numb er of sites, am ong whi ch onl y eight are occupied by seven
Ni and one Pt. For the rest eight positi ons, we put empty spheres, as ato ms wi th
zero nucl ear charge. For Ni 0 : 8 7 5 Pt 0 :1 2 5 MnSb, the spi n polari sed band calcul ati ons
have been perform ed in three di ˜erent crysta l lographi c arrangements of Ni and
Pt ato m s. In the Ùrst case (a) we put these ato m s onl y in B positi ons, so tha t
we have seven ki nds of ato m s and three di ˜erent ki nds of empty spheres in the
supercel l . In the second (b) arrangement of occupati on of the second subl atti ce we
m ove one of Ni ato ms from B to D positi on. In the thi rd arra ngement (c) the Pt
ato m is displaced f rom B to D positi on. For both (b) and (c) cases there are 13
ki nds of ato m s and 5 ki nds of empty spheres in the supercell .

3. R esul t s

Our a b i ni ti o calcul ati on has shown tha t the ground state of smal l Pt- doping
of Ni MnSb is ferrom agneti c for al l presented cases. Fi gure 2a{ c presents the elec-
tro nic structures calcul ated at an experim enta l latti ce param eter. The hal f-metal l ic

Fig. 2. The electronic density of states for N i 0 : 8 7 5 Pt 0 : 1 25 MnSb for three arrangements

of atoms in the supercell: (a) T he N i and Pt atoms occupy the p ositio ns as in C 1

cell ; (b) One of N i atoms occupies the vacancy p osition; (c) The Pt atom occupies the

vacancy positio n. T he vertical line is the Fermi level.
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electronic structure was found in the Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb wi th the well -ordered C 1 b

structure (case (a)). The energy gap at the Fermi level is observed for minori t y
spi n carri ers onl y f or the case (a). The value of thi s gap (Â E = 0 : 0 2 9 Ry) is smal ler
tha n the value of the energy gap in pure Ni MnSb al loy (Â E = 0 : 0 3 0 3 R y). The
wi dth of the gap of Ni MnSb is in good agreement wi th the experim ental estim ated
value of the gap [17]. The previ ous ab ini ti o calcul ati ons [21, 28] show tha t the
Ferm i level is at the m iddl e of the gap for Ni MnSb and the left edge of the gap
for PtMnSb. In our calculati on for Ni 0 : 8 7 5 Pt 0 : 1 2 5 MnSb the shift of the Ferm i level
into left is not vi sible yet. The energy gap ari sesessential ly from the hybri disati on
between the lower energy d -sta tes coming from Ni , Pt ato ms and the hi gher energy
d -sta tes of Mn ato m leadi ng to the form ati on of bondi ng and anti bondi ng bands
wi th the gap between them . W eobserved tha t the bondi ng d -states are m ainly f rom
Ni whi le the unoccupi ed anti bondi ng d -states are mainly from Mn (Fi g. 3). The
to ta l density of sta tes of Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb is spl i t into two parts. The part of the
density of sta tes lyi ng below the gap consists of hybri dised d -sta tes of tra nsi ti on

Fig. 3. The densities of states of N i 0 : 875 Pt 0 : 125 MnSb for: (a) s -states (dashed line),

p -states (dotted line, shaded), d -states (solid line); (b) d -states of Pt atom; (c) d -states

of N i atom; (d) d -states of Mn atom calcula ted in the C 1 crystal structure for the

experimental lattice parameter.
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m etals (Ni , Mn, Pt) and the p -sta tes of Sb. The lowest part of the density of states
(b elow { 0.7 Ry) m ostl y com es from the s-states of Sb ato ms.

In (b) and (c) cases of arra ngement of the supercel l the gap com pletel y
suppressed and the m inori ty band had the m etal l ic character (Fi g. 2b, c). The
structure wi th the displ acement of Ni or Pt ato m s to the empty positi on is not
stable when onl y the bondi ng states are occupi ed.

Exp ecting the changes of the size of the hal f-metal li c gap in the case (a) we
carri ed out the calcula ti ons of electroni c structure for di ˜erent latti ce param eters.
The resul ts plotted in Fi g. 4 show tha t in the region of the latti ce param eter close
to the experim enta l one (0 :5 9 4 ç a ç 0 : 5 9 8 nm ) the size of gap has the Ùxed value
(0.0293 Ry), then the value of the gap decreases f or a larger value of the latti ce
parameter. The energy gap shifts above the Ferm i level at a = 0 : 6 1 3 nm and
hi gher values of the latti ce param eter. Theref ore, the density of sta tes is not zero
at the Fermi level (Fi g. 5). In the hal f-metal li c region (0 : 5 9 4 ç a < 0 : 6 1 3 nm ) the
to ta l m agneti c m oment of Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb has an uncha nging integ er value
(m t o t = 4:0ñ B ). Fi gure 4 also presents the dependence of the to ta l energy on
the latti ce parameter. The m inimum of the to ta l energy is at a = 0 : 6 0 8 nm .
Thus, the theo reti cal value of the latti ce param eter is hi gher about 2.3% tha n the
exp erimenta l one.

T o estim ate the nonlocal e˜ects of the value on the gap we addi ti onal ly
calculated the electroni c structure of Ni 0 : 8 7 5 Pt 0 :1 2 5 MnSb for the experim ental lat-
ti ce param eter wi th the Langreth{ Mehl { Hu nonlocal exchange-correl ati on correc-
ti ons [29]. The value of the gap reduces by 0.005 R y.

Fig. 4. T he dep endences of relative total energy Â E = E À E [mRy /atom ] and the

size of the half -metall ic energy gap on the lattice parameter. T he triangl e points present

the dependence of the total energy . T he square points present the size of the energy gap.
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Fig. 5. T he densiti es of states of N i0 : 875 Pt 0 : 125 MnSb for the Ùrst arrangement of the

supercell at a = 0 :61 9 nm.

The ground state magneti c properti es are sim i lar for Ni 0 :8 7 5 Pt 0 : 1 2 5 MnSb
in the three arra ngements of the supercel l . The main contri buti on to the to ta l
m agneti c m oment comes from the Mn ato m s ( = 3 58 3 88 ), whi ch have
thei r minori t y -band compl etely shifted above the Ferm i level (f or exam ple Fi g. 3
| the fourth panel ). The 3 -bands of Ni are far f rom the Ferm i level and almost

T ABLE

The total and local magnetic moments in ñ for N iMnSb and
N i Pt MnSb at the experimental lattice parameter.

m m m m Empty m

N iMnSb 4.00 3.73 0. 29 {0. 06 0. 04

: : : { : :

N i Pt MnSb (a) 4.00 3.80 0. 28 {0. 07 0. 04 0.13

3.70 0. 29 {0. 05

(b) 3.94 3.70 0. 22 {0. 09 0. 00 0.12

3.81 0. 24 {0. 06 0. 04

3.73 0. 27 {0. 05 0. 05

3.82 0. 03 {0. 08

(c) 3.90 3.58 0. 26 {0. 06 0. 04 0.003

3.78 0. 23 {0. 10 0. 05

3.73 0. 22 {0. 09 0. 06

3.88 0. 27 0. 00

Ref erence [21] .
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Ùlled both spin di recti ons resul ti ng in a smal l m agneti c moment of m N i = 0:03 Ë

0:28ñ B . The Pt m oment (m Pt = 0:003 Ë 0:13ñ B ) is qui te smal l . The small mom ent
at Sb ato m (m S b = À 0:05 Ë À 0:10ñ B ) coupl es anti ferrom agneti cally to the Mn
m agneti c mom ents. The values of local m agneti c m oment for the three cases of
occupati on (a{ c) and for al l ki nds of crysta l lographic inequal i ty positi ons in the
supercel l are presented in the T able. The smal lest magneti c m oment on Ni (0 : 0 3 ñ B )
and on Pt (0 : 0 0 3 ñ B ) is a consequence of a change of the second neighbours for
these ato m s. The envi ronm ent of Ni and Pt ato m s in these cases consists of four
Mn ato m s and f our Sb ato m s as the Ùrst nearest neighbours and Ùve Ni ato ms
and one empty sphere as the second neighbours. In the other positi ons, the Ni
and Pt ato m s are surro unded by four Mn ato ms and four Sb atom s as the Ùrst
nearest neighb ours and Ùve empty spheres and one Ni (or Pt) atom as the second
neighbours. The to ta l m agneti c m oment is integer only for the exactl y hal f-metal l ic
case (a) of arrangement of ato m s in the supercell (m to t = 4:00ñ B ). In the cases
(b) and (c) the to ta l magneti c m om ent is smal ler tha n 4 ñ B .

4 . Co n cl usion s

In the present wo rk, the e˜ect of the smal l Pt dopi ng on the electro nic
structure of Ni MnSb hal f-Heusler al loy was studi ed. The spin-polari sed TB- LMTO
calculati ons have shown tha t the electronic structure of Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb al loys
depends on the relati ve arra ngement of the ato ms in the uni t cell . The di splacement
of Ni or Pt ato m f rom the sites in the well -ordered C 1 b structure to the empty
sites can change the property of electroni c structure from hal f-m etal lic to metal l ic.
In the case of displacement of some ato m s (Ni or Pt) to the empty positi ons, the
gap at the Ferm i level is suppressed. The reducti on of the tota l m agneti c mom ent
is caused by disorder induced by m inori t y-spin states in thi s case. Sim ilar resul t
wa s obta ined for pure Ni MnSb for di ˜erent typ es of ato m ic disorder [18, 19] using
the layer KKR metho d wi th coherent potenti al appro xi m ati on. The increase in the
latti ce parameter also inÛuences the value of the band gap. W eobserved the stable
size of the gap nearl y the exp erimenta l latti ce parameter, as wel l as the shift of
the energy gap above the Ferm i level at a = 0 : 6 1 3 nm and at the higher values. It
causes a di sappearance of the pure hal f-m etal l ic property of ordered C 1 b structure
Ni 0 :8 7 5 Pt 0 :1 2 5 MnSb. The sim i lar dependence of the size of the energy gap on the
latti ce param eter was obta ined for PtMnSb in [21].

It has also been f ound tha t the m agneti c mom ents on Ni and Pt atom
stro ngly depend on the presence of the m axi mum num ber of ato m s in the sec-
ond nearest neighb our shell. The smal lest values of magneti c m om ents (on the
Ni and Pt ato ms) are obta ined i f there are Ùve Ni ato m s in the second nearest
neighbour shell . If the num ber of ato m s in the second nearest neighbour shell is
onl y one (Ni or Pt), the magneti c mom ent is m ore tha n 0 : 2 2 ñ B .
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