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Abstract Electronic structures of the valence band and Sb 4d core levels of the XMnSb-type 
Heuslei alloys (where X = Pt. Pd, Ni) have been investigated systematically using photoemission 
spectroscopy (PES) and self-consislent spin-poiadzed band structure calculations. The extracted 
Mn 3d PSW of XMnSb (where X = Pi. Pd) are found to be almost identical. Interestingly. they 
=e quite different from those of Mn metal, but are analogous lo those of MOO. suggesting 
that the role of the Sb 5p electrons in XMnSb may be sirmlar to that of the 0 2p electrons in 
MOO. A comparison of the PSW with lhe corresponding theoretical angular momentum projecled 
density of states (aws) shows a fairly good agreement for the Pi and Pd d states, but large 
discrepancies for the Mn and Ni 3d states. The calculated X d and Mn 3d &DOS reveal that the 
hybridization between the Mn 3d and X d slates increases from X = Pi to Pd and Ni. In the 
Sb 4d core level PES spectra, a broader and less stmctureless line shape is observed for X = Pd 
than for X = Pt and Ni. A detailed analysis of their line shapes indicates that it is due to a 
larger lifetime broaGening for X = Pd than for X = Fi and Ni. 

I. Introduclion 

Mn-based Heusler alloys of the formula XMnSb, with X = Pt,Pd,Ni, belong to an 
interesting class of magnetic metals. These compounds are strong ferromagnets with high 
Curie temperatures TC 111. Band structure calculations for PtMnSb and NiMnSb [2-71 
show that the majority-spin electrons are metallic while the minority-spin electrons are 
semiconducting. As a consequence, the conduction electrons at the Fermi level EF are 
100% spin polarized. PtMnSb exhibits the largest magneto-optical Ken effect (MOKE) at 
room temperature among the known metallic systems [1,8]. A large MOKE in a half-metallic 
compound is considered to be closely related to its electronic structure, which gives rise to 
incomplete cancellations of left- and right-polarized electronic excitations [4,5,9]. 

A first test of the half-metallic character of NiMnSb has been performed by Bona 
and co-workers [lo] by spin-resolved photothreshold emission, in which the observed spin 
polarization was only about 50%, in contrast to the expected 100% spin polarization near 
the threshold. Kisker and co-workers [I 11 reported preliminary studies on PtMnSb(100) by 
using spin-averaged and angle-resolved photoelectron spectroscopy (PES). and concluded that 
the agreement between experimental and theoretical band shuctures is very good. However, 
their data were preliminary, as the authors admitted, and so the experimental results need to 
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be re-confirmed. Robey and co-workers [121 have performed resonant photoemission (RPBs) 
investigations on NizMnSb and NiMnSb. and compared the PES data with the calculated 
density of states (DOS). They concluded that the experimental and theoretical band structures 
reveal reasonable agreement, although the calculations overeniphasize the contribution of the 
Ni 3d states at some binding energies. However, the quality of the PES data by Robey and co- 
workers was not so good?. Kang and co-workers 1131 have previously reported PES results 
on PtMnSb and NiMnSb, in which they extracted the Mn 3d partial spectral weight (PSW) 
of PtMnSb. They found that the hybridization between the Mn 3d and other conduction 
electrons is large, and that there are substantial discrepancies between the measured PES 
spectra and the calculated band structure predictions. Recently Yang and co-workers 1141 
have studied the Mn Zp and 3s core level spectra of XMnSb (X = F't. Pd, Ni) using x-ray 
photoelectron spectroscopy (XPS). They observed large intensities of Mn Zp satellites and 
exchange split 3s satellites, as compared to other metallic Mn alloys, which were considered 
to indicate the atomic character of the host Mn atoms and localization of d electrons at the 
Mn site. 

As summarized above, there are several issues to be resolved in the electronic structures 
of the XMnSb-type Heusler alloys (X = Pt, Pd, Ni). First, in spite of extensive theoretical 
works which consistently predict the half-metallic character of XMnSb (X = Pt,Ni), 
experimental investigations on their electronic structures have only partially succeeded in 
identifying the half-metallic character of these Heusler alloys. Second, the role of X atoms 
(X = Pt, Pd, Ni) in their electronic StTUctures is not yet clarified. It is generally suggested 
that X atoms serve primarily to determine the lattice constant and the Sb atom mediates the 
interaction between Mn 3d states [6], implying the importance of the hybridization between 
Mn 3d and Sb 5p electrons. However, there has been no experimental confinnation of this 
suggestion as yet. Third, the origin of their ferromagnetic properties is not well understood. 
Neutron diffraction measurements [ l ,  151 showed that the magnetic moments are confined to 
the Mn atoms, consistent with the band structure predictions. However, distances between 
Mn atoms are too large for direct exchange interactions. 

In order to deduce a systematic trend in XMnSb as X varies from a 5d to 4d transition 
metal element, we extend in this paper previous valence band PES investigations of XMnSb 
from X = Pt, Ni to X = Pt, Pd, Ni. Note that according to band structure calculations [2, 161 
PdMnSb is just a normal metal in contrast to PtMnSb and NiMnSb. New information and 
the advantages of the present work are as follows. (i) Our PES data are obtained from 
the surfaces free from oxygen (0) and carbon (C) contamination, and so the data are very 
reliable (see section 2). (ii) Using the photon energy hu dependence of the photoionization 
cross sections, the PSW of the Mn 3d, Pt 5d and Pd 4d valence electrons are extracted for 
XMnSb (X = Pt, Pd). (iii) A systematic and detailed comparison is made between PES data 
and theoretical results for XMnSb (X = Pt, Pd, Ni). (iv) Studies of the Sb 4d core levels 
are included, which provide indirect information on the valence electronic structure of the 
Sb Sp electrons, This will complement the XPS studies of Mn 2p and 3s core levels by 
Yang and co-workers [14]. 

2. Experimental details and calculational methods 

The samples were made by melting carefully weighed constituent elements encapsulated 
in a vacuum-sealed quartz tube at 1100 "C; about 5% of weight loss was observed during 

t By comparing the data for NiMnSb in figure 7 of [I21 with those in figure I(b) of 1131. one can clearly see 
t h e  ule data by Robey and c*workers do not exhibit several features which w e  ObseNed in 1131, and that the 
quality of their data is not so good. 
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the melting process. Subsequently the samples underwent a proper annealing procedure at 
600 "C for one week. X-ray diffraction (Xm) measurements indicated that most of the 
samples were crystallized in a single-phase cubic structure of MgAgAs type [17], with an 
impurity phase less than 5% in PtMnSb; electron-probe analysis using scanning electron 
microscopy (SEM) identified this impurity phase to be an Mn-depleted phase. 

Photoemission measurements were performed at the Synchrotron Radiation Center of the 
University of Wisconsin-Madison, on the Mark V beam line. The polycrystalline samples 
were cleaved in situ and measured at - 60K in a vacuum better than 4 x lo-" Torr. No 
0 or C contamination was detected in the valence band spectra, taken at low hu, as well 
as in the C Is core level spectrat. The overall instrumental resolution of the system (full 
width at half maximum FWHM) is - 0.2 eV at hu = 40 eV and - 0.4 eV at hw = 150 eV, 
respectively. The photon flux was monitored by the yield from a gold mesh and all the 
spectra reported in this paper were normalized to the incident photon flux. 

The angular momentum projected local density of states (PLDOS) is obtained [7] 
from the self-consistent LMTO (linear muffin-tin orbital) spin-polanized band structure 
calculations [18] using the local density functional approximation (LDA) [19]. The effect of 
the spin-orbit interaction is explicitly included. In obtaining the density of states, Brillouin 
zone integration is done using the tetrahedron method. Our LMTO band calculations, by 
including the spin-orbit interactions, yield that NiMnSb and PtMnSb are half-metallic at 
the experimental lattice constants, while PdMnSb is a normal metal at the experimental 
lattice constant. The details of calculations are described in [7]. 

3. Results and discussion 

3.1. PSW atui PLDOS of valence band electrons 

Figure 1 shows valence band energy distribution curves (EDC) of PdMnSb. The range of 
hu includes the 3p + 3d absorption thresholds of Mn and Ni and the Cooper minimum 
of the Pd 4d cross section [20]. A broad peak at a binding energy (BE) around 10 eV for 
hu = 52 eV is due to Mn M V V  Auger emissions. At hu - 40 eV. the Pd 4d electron 
emissions are dominant over other electron emissions [21]. As hu increases, the fraction 
of the Mn 3d emission increases, and becomes dominant near the Cooper minimum in the 
Pd 4d photoionization cross section (hv - 120 eV)$. Hence the spectra near the Cooper 
minima can be considered to represent the Mn 3d PSW of PdMnSb. The inset compares 
the valence band spectrum of PdMnSb (full curves), taken at hu = 120 eV, with that 
of PtMnSb (dots), taken at hu = 150 eV, which corresponds to the Cooper minimum in 
the Pt Sd photoionization cross section. In both spectra, inelastic backgrounds have been 
subtracted by using a standard method [221. 

Figure 1 reveals several interesting features in the Mn 3d electronic structures. First, 
the Mn 3d PSW of PdMnSb is very similar to that of PtMnSb, as shown in the inset. This 
indicates that the overall features of the Mn 3d electronic structure are insensitive to X in 

t In these compounds. the 0 1s binding energy overlaps with the Sb 36 binding energies. and so direct observation 
of the 0 1s wre levels is obscured. However, the line shapes of the Sb 3d wre levels, as well as those of Sb 4d 
wre levels (see figure 7). suggest that all the measured surfaces are free of oxygen contamination. 
$ According to atomic photoionization cmss sections, the Mn 3d emission with respect to the Pt 5d or Pd 4d 
emissions will be about 25% at hv - 40 eV. whereas the PI 5d or Pd 4d emissions with respect to the Mn 36 
emission will be only about 10% at hv - 150 eV in PtMnSb and at hv - 120 eV in PdMnSb, respectively. The 
total wntribution from other electron& such as Sb 5d5p. Mn 4s, Fi 6s and Pd 5s electrons. are always less than 
10% with respect In that fmm Mn 3d, Fi 5d 01 Pd 4d electrons. 
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Figurc 1. Valence band energy distribution C W ~ S  (EX) of PdMnSb, for different photon 
energies (hu).  Inset: comparison of the valence band mc of PdMnSb at hv = 17.0 eV (full 
curves) with th3t of RMnSb ai hu = 150 eV (dots). 

XMnSb for X = Pt and Pd. Second, the Mn 3d emission extends over the entire valence 
band from E P  down to -10 eV, suggesting Iarge hybridization between Mn 3d and other 
valence electrons. Thud, in spite of the metallic character of F'tMnSb and PdMnSb, their 
Mn 3d PSW are quite different from that of Mn metal [23,24], but are very similar to that 
of MnO [25-271, which is an insulating compound, This suggests that the role of the Sb 5p 
electrons in XMnSb might be similar to that of the 0 2p electrons in MnO in determining 
the Mn 3d electronic smctures. Based on this observation, i t  is tempting to assume that 
the magnetic exchange interaction in XMnSb might be attributed to the superexchange 
interaction, as in MnO [28]. However, superexchange exists only in magnetic insulators, 
and so the mechanism for the magnetic interaction in XMnSb will not be exactly the same 
as that in MnO. 

Figures Z(a) and (b)  compare the experimental PSW (dots) with the calculated PLDOS 
(full curves) for Mn 3d and Pt 5d states for PtMnSb, respectively. For comparison with 
other compounds, figure 2(b) is reproduced from [13]. The Mn 3d P s w  is the spectrum 
taken at hu = 150 eV, and the Pt 5d PSW corresponds to the difference between the 60 eV 
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and 150 eV spectra by taking into account the hu dependence of the photoionization cross 
sections of the valence electrons [21]. Inelastic backgrounds have been subtracted from the 
measured spectra [22]. To compare with the experimental P s w  below EF, the calculated 
majority- and minority-spin PLDOS are summed and only the occupied parts of the results 
are presented. Calculated PLDOS have been convolved with a Gaussian of 0.4 eV at FWHM 
to simulate the instrumental broadening. 

PtMnSb 
(a) M n  36 

..... M n L n P W  

10 5 E, 
BINDING ENERGY (eV) 

I " " l " " l '  

(a) Un 3d 

Mn 36 PW 
Mn 3d PLDOS 

..... 

1 , , 1 , 1 1 1 , , 1 1  
I ' " ' l " ' ' l ~  

Figme 2. (a) Comparison of the Mn 3d partial 
spectral weight (PSW) with the calculated Mn 3d angular 
momentum projected local density of states (PWOS) in 
PtMnSb. (b) Same for pt 5d states in PtMnSb. 

Figure 3. (0) Comparison of the Mn 3d PSW with the 
Mn 3d PLDOS in PdMnSb. (b) Same for Pd 4d states in 
PdMnSb. 

The calculated Mn 3d PLDOS predicts the experimental Mn 3d character at -3 eV rather 
well. However, it fails to describe the experimental Mn 3d spectral weight between -10 eV 
and -6 eV, and the predicted strong peak at - 1.5 eV is not observed in experiment. These 
discrepancies between theory and experiment may be partially due to the effects of a finite 
lifetime of a valence hole, photoionization matrix elements and relaxation in photoemission 
process, which are not included in the theoretical curves. But the major contribution to the 
disagreement seems to be due to the large Coulomb correlation among Mn 3d electrons. The 
semiconducting character of Mn 3d minority-spin bands might also cause such discrepancies, 
as the LDA does not describe a semiconducting behaviour very well. On the other hand, the 
calculated Pt 5d PLDOS and the experimental Pt 5d PSW in PtMnSb agree with each other 
reasonably well in band widths and peak positions. 

Similarly as in PtMnSb, the experimental PSW and the calculated PLDOS of Mn 3d and 
Pd 4d states of PdMnSb are compared in figures 3(a) and (b), respectively. The findings in 
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PdMnSb are similar to those in F'tMnSb, in that Mn 3d states exhibit a large disagreement 
while Pd 4d states exhibit a fairly good agreement between experiment and theory. Note 
that the Pt 5d P s w  in figure 2(b) and Pd 4d P s w  in figure 3(b) share some features which 
exhibit systematic trends: (i) the FWHM of X d PSW in XMnSb decreases from X = F't to 
X = Pd (- 4 eV in PtMnSb and - 3 eV in PdMnSb), and (ii) the weight centre of the 
X d PSW shifts toward EF as X varies h m  Pt (at - -4 eV) to Pd (at - -3.5 eV). These 
two trends of X d PSW are consistent with those of the calculated X d PLDOS Q = Pt, Pd), 
which will be presented in figure 6. 

For NiMnSb, it is difficult to extract either the Ni 3d PSW or the Mn 3d PSW for the 
following reasons. First, Ni and Mn 3d photoionization cross sections are of comparable 
magnitudes at most photon energiesi. Second, the effects of the resonance in the Ni and 
Mn 3d cross sections near the 3p +. 3d absorption edges 112,131, are not large enough for 
the Ni or Mn 3d PSW to be extracted. Therefore, we compare the spectrum of hu = 130 eV 
with the weighted sum of Ni and Mn 3d P m O s  in figure 4, in which the Mn 3d and Ni 3d 
PLWS are multiplied by the factors 12,  respectively, to take into account the photoionization 
cross sections. 

NiMnSb 

...... hv=40eV 
- 
(U 36 + NI 36) 

(11.111111(1111(1( 
10 5 E, 
BINDING ENERGY (eV) 

Figure 4. Comparison of the valence band EDC at hv = 130 eV with the weighted sum of the 
Mn 3d and Ni 3d PWOS in NiMnSb. For details. refer to the text. 

In figure 4, a broad emission between -10 and -5 eV in the measured spectrum is 
considered to be a mixture of the Ni 3d satellite structure [13] and the tail of the Mn 3d P s w  
as in F'tMnSb and PdMnSb. First, this figure shows that the calculated PLDOS near EF is very 
small due to the predicted half-metallic character of NiMnSb, whereas the measured spectral 
weight near EF is much larger than the calculated PLDOS near EF. Second, the FWHM of the 
calculated PLDOS is larger than that of the PES spectrum by - 1 eV. Finally, the major PLDOS 
peaks are located farther from EF than the PES peaks by more than 0.5 eV. We believe that 
these discrepancies between experiment and theory reflect large on-site Coulomb interactions 
among the Mn 3d and Ni 3d elecaons. This argument will be supported by the reasons 
given below. 

t Ni and Mn 3d emissions in NiMnSb are not only comparable with each other, but also much larger than other 
electron emissions For 40eV c hv c 90eV. This is indeed obsened experimentally in lhe way that the measured 
PES line shapes are rather insensitive to a variation in hv (see [13]). The photoionization cmss section of the 
Mn 3d electrons is mmpaxable to lhat of the Ni 3d electrons near hv = 40 eV, decreases wilh increasing k v ,  md 
becomes about half of the latter near hu = 130 eV. 
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In order to identify the systematic trends in the X and Mn d electronic structures 
of XMnSb (X = Pt.Pd,Ni), we have compared the calculated Mn 3d and X d PLDOS 
in figures 5 and 6, respectively. Full curves represent the summation of the majority. 
and minority-spin PLDOS, and broken curves represent the majority-spin PLDOS only. In 
figure 5, the Mn 3d PLDOS below and above Ep are mainly due to the majority and minority 
spin bands, respectively, in all compounds. The separation between the main peaks in the 
majority-spin states and those in the minority-spin states, which can be a rough measure 
of Mn 3d exchange splittings, decreases as X varies from Pt to Pd and Ni. This trend is 
consistent with the calculated magnetic moment at the Mn site in XMnSb, which decreases 
as X varies from Pt to Pd and Ni [7]. 

b h  3d PLDOS 

-10 -5 E, 5 

ENERGY RELATIVE TO E,(&) 

Figure 5. Comparison of the Mn 3d PWOS in XMnSb 
(X = R Pd. Ni). Full curves represent the summation 
of the Mn 3d majority- and minority-spin PWOS. Broken 
curves represent the majority-spin Mn 3d PLDOS only. 

X d PLDOS 

-10 -5 E, 5 

ENERGY RELATIVE TO EF(ev) 

Figure 6. Comparison of the X d PWOS in XMnSb 
(X = R, Pd. Ni). Full curves represent the summation 
of the X d majority- and minority-spin PWOS. Broken 
curves represent the majority-spin PWOS only. 

Figure 6 compares the calculated X d PLDOS of XMnSb (X = Pt, Pd, Ni). In all 
three compounds, the smzll peaks above EF are due to minority-spin states. Note that the 
occupied band width of the X d PLDOS decreases from X = Pt to Pd and Ni, suggesting that 
the Coulomb correlation effect among X d e lmons  increases from X = pt to Pd and Ni. 
This phenomenon provides an explanation of why good agreement was observed between 
the experimental PES band width and the calculated PLDOS width for Pt 5d states, while poor 
agreement was observed for Mn and Ni 3d states in XMnSb (see figures 2-4). For X = Pt, 
the weight centre of the majority-spin states is well below Ep. In contrast, for X = Ni, the 
weight centre of the majority-spin states is located closer to EF. In consequence, the Pt 5d 
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majority-spin states hardly overlap with the Mn 3d majority-spin states in PtMnSb. while 
the Ni 3d majority-spin states overlap substantially with the Mn 3d majority-spin states in 
NiMnSb. 

The more the X d states overlap with the Mn 3d states in XMnSb, the larger the 
hybridization interaction between the Mn 3d and X d states. The increasing hybridization 
between the Mn 3d and X d states from X = Pt to Pd and Ni would cause a decreasing 
magnetic moment per Mn atom from X = Pt to Pd and Ni. On the other hand, a larger 
hybridization would give rise to a larger Tc. This is because the hybridization interaction 
between the Mn 3d and X d states induces an indirect magnetic exchange interaction between 
Mn atoms, which will be enhanced with increasing hybridization. This finding seems to 
be consistently correlated with thermodynamic properties of XMnSb (X = Pt,Ni) [ I ] ,  
considering that TC of NiMnSb (- 730 "C) is much larger than that of PtMnSb (- 580 "C). 
The overall thermodynamic properties of PtMnSb and PdMnSb are similar, while they are 
very different from those of NiMnSb [1,2]. This is again consistent with the findings in 
this study: (i) that the experimental Mn 3d PSW of PtMnSb and PdMnSb are similar, and 
(ii) that the calculated X d PLDos of XMnSb with X = Pt is rather similar to that with 
X = Pd but different to that with X = Ni. 

- 
CA c 

'$ 

& 
E 
E 

v 

v) 

3.2. Sb 4d core level photoemission 

We now discuss the Sb 4d core level spectra of XMnSb (X = Pt, Pd. Ni) by comparing 
the data taken at hw = 72 eV in figure 7. For X = Pt and Ni, two main peaks at higher 
BE correspond to the spin-orbit split bulk Sb 4d5p (-- 32 eV) and 4d3p (- 33.2 eV) 
components, and two shoulders at lower BE (- 31.5 eV and - 32.7 eV) arise from 
suifuce-shifted Sb 4d5p and 4d,p emissions. This identification has been supported by the 
observation that, when more bulk-sensitive hv were used for incident photons or when the 
sample surfaces were intentionally contaminated, the lower BE peaks decreased as compared 
with the higher BE peaks, 

I " " I " " l "  

Sb 4d PES 
hv=72eV 

NiMnSb 
PdMnSb 
PtMnSb 

...... 

.__.__ - 

I I I . I I . I . I I . I . I  
40 35 30 

BNNDING ENERGY (eV) 

Figure 7. Comparison of the Sb 4d core level PES spectra of XMnSb (X = pt. Pd, Ni), t&en at 
hv = I2 eV. "WO wks mrrespond to k spin-orbit split Sb 4d5p and 4 3 1 2  components. 
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Note that the Sb 4d core level spectrum of PtMnSb is essentially identical to that of 
NiMnSb, but that the Sb 4d peaks in PdMnSb are broader with less structures than those 
in PtIvlnSb and NiMnSb. The larger linewidth in the Sb 4d spectra might be attributed to 
several factors: (i) different atomic arrangements due to segregation or irregular cleavage 
plane at the surfacet, which will lead to inhomogeneous surface-shifted emissions with 
respect to bulk emissions, (ii) inhomogeneity of the sample due to the presence of grain 
boundaries, (iii) a shorter lifetime of the Sb 4d core hole due to Auger recombination [29], 
or (iv) larger hybridization between Sb %/5p and other valence electrons. The second 
mechanism is refuted, as checked by XRD and SEM analyses (see section 2). 

To find which factors cause the differences observed in the Sb 4d core level PES line 
shapes of XMnSb (X = Pt, Pd, Ni), we have performed a curve-fitting analysis of the Sb 4d 
PES spectra. Each peak is fitted with a DoniachShnjic line shape [30,31] by adjusting two 
parameters: the FwHM of the Loientzian function 2y and the asymmetry factor or. The 
physical meanings of these parameters are to incorporate the effect of the finite lifetime 
of the core hole state and the effect of the many-body line shape due to the electron-hole 
pairs, respectively. The peaks are further convoluted with a Gaussian of 0.23 eV at FWHM 
to account for the instrumental resolution. For all three X, a value of 2.1 eV is used for the 
spin-orbit splitting between Sb 4d5,z and 4d3,2 components, and 2/3 is used for the intensity 
ratio of the Sb 4d3p peak to the 44512 peak. Finally, a background is added to account 
for the inelastically scattered electrons, by assuming that the amount of the background is 
proportional to the total integrated intensity at higher kinetic energies. 

The results of curve fittings for NiMnSb and PdMnSb are presented in figures 8(a) 
and (b), respectively$. The parameters, obtained from the curve fitting, are summarized in 
table 1. One can see two noticeable differences between X = Pd and X = Ni, Pt. First, the 
linewidth parameter for PdMnSb (2y - 0.80) is larger than those for NiMnSb and PtMnSb 
(2y = 0.48 - 0.60). Second, the surface core level shift ASCS for PdMnSb (0.33 eV) 
is smaller than for NiMnSb or PtMnSb (0.50 eV). These differences are surprising since 
the Sb 4d spectrum should be influenced most dominantly by the Sb 5s/5p electrons via 
intra-atomic Auger processes, which are expected to be insensitive to X atoms because of 
their delocalized nature. One explanation for the origin of a larger 2y for X = Pd might 
be that the metallic character of the minority-spin states in PdMnSb [16] leads to a larger 
probability in inter-atomic Auger recombination compared with the insulating minority-spin 
states in PtMnSb and NiMnSb. A larger Auger recombination for X = Pd will cause a 
shorter Sb 4d core hole lifetime and a larger value in 2y ,  than for X = Pt and Ni. Similarly, 
the metallic character of the minority-spin states in PdMnSb would yield a better screening 
for a core hole final sate, and so a smaller value of ASCS, as compared to the insulating 
minority-spin states in PtMnSb and NiMnSb [161. 

There are other minor differences in the fitting parameters. The asymmetry factor for 
PdMnSb (01 = 0.11) is slightly larger than that for NiMnSb or PMnSb (or = 0.08). and 
the intensity ratio of the surface to bulk emission Zs/IB for PdMnSb (Is /IB = 1.1) is also 
slightly larger thar that for NiMnSb or PtMnSb (&/ZB = 1.0). These differences might 
suggest a larger metallic character and a larger surface contribution for X = Pd than for 
X = Ni and Pt. However, the magnitudes of these differences are within the uncertainty of 
the fitting parameters. 

t Note that all lhixe samples were poiyclystalline. Their cleaved surfaces were rather rough suggesting irregular 
cleavage planes for all thw samples. Valence band spectra (see figure 1 and [131) and core level XPS specm [I41 
of XMnSb show that the sample quality of PdMnSb is at least as goad as those of PlMnSb and NiMnSb The 
samples in this work the same ones used in the xps measuremenw described in (141. 
$ Since the results for PtMnSb are essentially identical to those for NiMnSb. lhey are not presented in this paper. 
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Figure 8. (a )  Curve fitting results (full curves) of Sb 4d core levels, in comparison wilh the 
measured PES spectra (dots) for NiMnSb. Broken curves represent a background. added to the 
fits. to account for the inelastically scattered elecfrons. (b) Same for PdMnSb. 

Table 1. Fitting parameters for the Sb 4d core level PES spectra shown in figure 8. The terms 
2 y ~  and 2y5 correspond to Ihe FWHM of the LorenQian broadening of the bulk and sufloce 
wmponents, respectively; a denotes the asymmeuy factor; As= denotes the surface core level 
shift. i.e. the separation bctwem suvacr and bulk components: I s  / I s  represents the su@oce-to- 
bulk intensity ratio. 

2yB 2ys a Ascs I S / ~  

NiMnSb 032 0.60 0.08 0.50 1.0 
(FYMnSb) 
PdMnSb 0.80 0.80 0.11 0.33 1.1  

4. Conclusions 

The electronic structure of the Heusler alloys XMnSb (X = Pt,Pd,Ni) have been 
investigated using photoemission spectroscopy. The Psw distributions of Mn 3d and X 
d valence electrons have been determined and compared with the calculated PLDOS. The 
experimental Mn 3d PSW of FWnSb and PdMnSb are found to be almost identical. They 
extend over the entire valence band, suggesting large hybridization between Mn 3d and 
other valence elections. Furthermore, they are quite different from that of Mn metal, but 
are analogous to that of MnO, indicating that the role of the Sb 5p electrons in determining 
the electronic and magnetic structures of the Mn 3d states in XMnSb (X = Pt, Pd) might 
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be similar to that of the 0 2p electrons in MnO. 
In the comparison between experimental Psw and theoretical pmos, fairly good 

agreement is observed for the Pt and Pd d states, whereas large discrepancies are observed 
for the Mn 3d states. NiMnSb exhibits large disagreement between the experimental PES 
spectrum and the weighted sum of the Mn and Ni 3d PLDOS, such as peak positions, band 
widths and spectral weight near EF.  These discrepancies seem to arise from the large Mn 
and Ni 3d Coulomb correlation interactions. The calculated X d and Mn 3d PLDOS shows 
that the hybridization between the Mn 3d and X d states increases as X varies from X = Pt 
to Pd and Ni. This finding is consistently correlated with thermodynamic properties of 
XMnSb (X = Pt, Ni) in that the TC of NiMnSb is much larger than that of F'tMnSb. 

The measured Sb 4d core level spectrnm of XMnSb with X = Pd shows a broader 
linewidth with less structures than those with X = pt, Ni. The line shape analysis of the 
Sb 4d PES spectra indicates that the major differences in the fitting parameters are a larger 
lifetime broadening and a smaller surface core level shift in PdMnSb than in PtMnSb and 
NiMnSb. These differences are consistent with the metallic character of the minority-spin 
states in PdMnSb, in contrast to the insulating character of the minority-spin states in 
PtMnSb and NMnSb. 
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