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Electronic structure and B2 phase stability of Ti-based shape-memory alloys
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In order to further search a correlation between electronic structure aB2tpbase stability of T binary
alloys with M =Fe, Co, Ni, Pd, Pt, Au, Cu, and Ag, we perform a first-principles calculation using a tight-
binding linear muffin-tin orbital method. A “correlation parameter” of the density of stdb3S) of electron,
which reflects the shape properties of DOS, is introduced. It is found that using the parameter coupling the
overlapping occupancies of DOS’s and lattice constants, the phase stability®?2 tsieucture in these alloys
can be described very well. Our conclusions are also confirmed by a comparison with the difference charge-
density map. In addition, the temperatures of Martensitic phase transformation of these alloys are calculated
and are found to be comparable with the experimep&0163-182@09)07347-9

I. INTRODUCTION TiFe, TiCo, and TiNi. They attributed the instability of the
B2 structure to the increasing occupation of the antibonding
In the last few decades, shape-memory alloys have founstates: Several electronic structure calculations have also
widespread applications in the fields of engineering andeen carried out for TiF TiNi,® and TiPd(Ref. 4 com-
medicine. The shape-memory effect of these materials is rgpounds. Shabalovskayt al. did systematically experimen-
lated to a reversible Martensitic transformation, which is atal and theoretical works for theseMialloys, and they em-
type of nondiffusive structure phase transformation involv-phasized that th82 phase stability was strongly correlated
ing a change in the shape of the unit cell together withwith the d-d and d-p bonds between Ti an#l in these
atomic scale displacements of positions of the atoms in th@i-based intermetallics But this description was ambiguous
lattice. In this effect, the study of phase stability has been asometimes. Recently, Ye and co-workers tried to illustrate
interesting subject. Though, a lot of theoretical and experithe phenomenon more clearly by a theoretical calculation.
mental works have been devoted to interpreting the phenoniFhey calculated the overlapping occupandibe number of
enon, a more detailed microscopic picture is generally lackeommon electrons between partial density of states
ing and needed. This situation is true in Ti-based shapetDOS’s), and their numerical calculations supported the
memory alloys. above opinion. They, however, failed to interpret that TiAu
It is well known that theB2 structure of TM with M is more stable than TiCu in thB2 phasé. In fact, theB2
=Ni is maintained until near room temperature, while for theTiCu was not observed experimentally whB2 TiAu ex-
isoelectronic analogouM =Pd or Pt, this structure exists isted. Moreover, they also found that tB& phase stability
only at temperatures higher than 900 K. On the other handyf TiPt did not follow their interpretation. They gave a com-
whenM stands for transition metals, Co or Fe, the Marten-ment that theB2 phase stability was controlled by many
sitic B2-B19 (or B19') transformations temperaturl; of  kinds of factors, and only part of these factors were consid-
TiCo is about 40 K and TiFe is stable B2 phase until 0 K.  ered in their works. In fact, using the number of electrons to
Moreover, the Martensitic phase transformation even occurexplain the phase stability is somewhat careless. As is well
at a higher temperature in TiAu than in TiPd and TiPt. De-known, if bond A is longer than bond, bond A may be
spite the fact that Cu and Ag are isoelectronic to Au, TiCuweaker than bon® even if there are more electrons at bond
and TiAg do not exist in th®2 structure at all. These phe- A than at bondB. Therefore, one should use the electron
nomena have attracted much attention from both experimerdensity rather than the number of electrons to explain the
tal and theoretical work’.® phase stability. Likewise, the shape factor of DOS’s was not
Eibler, Redinger, and Neckel carried out a calculation forconsidered in their calculations. In the present paperBthe
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TABLE I. The WS ratior;/ry, from experimental values and atom sphere approximatidASA) and the local spin-density

calculated equilibrium lattice parametexg of TiM alloys. approximation” are used. The exchange and correlation po-
tential is from Ceperley and Aldét;“combined correction”
M is taken into account, and the density of state is calculated

Fe Co Ni Pd Pt Au Cu Ag with tetrahedron methotf.In the calculations, the maximum
iy 114 116 117 1.06 105 101 114 1.01 angular momenté,,,, describing the wave functions is cho.-
a(a.u) 5.677 5.687 5.727 6.044 6.073 6.154 5831 6.163°C" aSImax=2 for all atoms, and the corresponding atomic

wave functions construct a minimal basis set. For all the
other electrons, a frozen-core approximation is adopted, i.e.,
their wave functions are assumed to be the atomic wave
functions and are not iterated. A fully relativistic atomic pro-

hypotheticalB2 structure, is studied once again on the basi ram is used to generate this core density. Wigner-Seitz

of ab initio results. The numerical calculations are performedr\;\t/ii) fg?d;” ?:E)en;jtiettjeernmtlgﬁc?mgego'lr}asé)dlgllg%JhleGSIEonc:ilﬁtéad”
using tight-bonding linear muffin-tin orbita(TB-LMTO) P

method’~° Our purpose is to further explore the mechanism&® used in the irreducible wedge of the cubic Brillouin zone.

of B2 phase stability in these Ti-based shape-memory aIIOySNonpoIarlzed calculations are carried out for equiatomic

We introduce a correlation parameter of DOS’s couplingg?m'fougds Wld VX'th B2 structure and =Fe, Co, Ni, Pd,
electron occupancies and lattice constant to describ&#he » AU, T4, and Ag.
phase stability of TiFe, TiCo, TiNi, TiPd, TiPt, TiAu, TiCu,
and TiAg. The parameter may reflect the shape property of . RESULTS AND DISCUSSIONS
DOS and the overlapping occupancies between partial
DOS'’s. Using the parameter, the phase stability of Bée
structure in these alloys can be described very well. The From the experimental side, we have known that along
present paper overcomes the problem of Ye and co-workei§€ sequence of the alloyiFe-TiCo-TiNi-TiPd-TiPt-TiAu-
of explaining the phase stability @2 of TiPt and TiCu TiCu and TiAg the stability of theB2 phase decreas&sOn
alloys. the basis of the calculations of electronic structure, one

The general arrangement of the paper is as follows. Irscheme to study phase stability is to analyze the density-of-
Sec. Il we describe the theoretical and numerical method. 18tate curves of electronic structure. In order to obtain these
Sec. Il in its former part we present some numerical resultsPOS curves, we first calculate the total energyB& TiM
and in its latter part the shape fact@orrelation parametgr alloys for various lattice constants to determine their equilib-
andB2 phase stability are discussed in detail. Meanwhile thégium lattice parameters. The minimum in the curvest
physics picture behind the present method is also illustrateghown herggives the predicted equilibrium lattice constants.
And, finally, in Sec. IV are the conclusions. The results are listed in Table I. Using the equilibrium lattice
parameters we calculate the electronic structure of these al-
loys. The corresponding total DOS®, p, ands partial, are
shown in Figs. 1-4, respectively.

In the present paper, we perform self-consistently scalar First, from Fig. 1 we see that for TiFe, TiCo, TiNi, TiPd,
relativistic calculations using TB-LMTO method, where the TiPt, and TiAu their Fermi levels fall on a local minimuga

phase stability of ™ with M =Fe, Co, Ni, Pd, Pt, and Au,
together with two other compounds TiCu and TiAg with

A. Numerical results

IIl. COMPUTATION METHOD
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dip) of a DOS curve while for TiCu and TiAg such a dip occupancies of partial DOS, are listed in Table Il. From
does not exist at all. Note that the latter are not experimenTable 1l we find that, except for that of TiPt and TiCu, the
tally observed as 82 phase. As well known, a dip is gen- d-partial DOS value at Fermi levéNy4(Eg)] of Ti reduces
erally considered to divide a DOS into a bonding state and amonotonously from 1.56 in TiFe to 50.82 in TiAg. This trend
antibonding state; thus, when a Fermi level falls on the dipalso occurs imp-partial DOS value at Fermi levéN,(Er)]

the corresponding structure may be regarded as a savgf Tj site in TiM alloys. Furthermore, nearly the same results
energy system, as compared with one whose Fermi levelan pe seen in the electron occupancied-pértial DOS(or
does not fall on the dip. Thus, this kind of structure is more, -partial DOS nq (or n,) for Ti site in TiM compounds.

stable; otherwise, it is unstable. From this analysis, it ma : :
e ’ : . ’ ut, in M site, these phenomena are not observedN{gEg)
not be difficult to understand that TiAg and TiCu are un- andN,(E), andn,, except formny.

stable and are not experimentally observed B2aphase. The other interesting results can also be seen in Fig. 2, for

Now, let us focus our attention on the total DOS value at . . . .
Fermi level [Ny(Eg)] in Fig. 1. TheseN;(Eg)’s are also instance, except for TiCu when going from TiFe to TiAg, the

listed in Table Il for all these alloys. From the table, we find main part of the bonding state af electrons atM sites
that though the most stab@2 alloy TiFe, that is, the one 9radually moves toward the bottom of the valence band
with the lowest Martensitic transformation temperature'VNil€ the antibonding state afelectrons at Ti sites becomes
(My), has the lowest DOS valé (Eg) = 11.73, a clear fact gradually strong. Th|§ may reflect the graQUaI weakemng of
is that higher stability does not correspond to lower DOSA-d bonds between Ti ankll. We return to Fig. 1 again. Itis
value at the Fermi level. Obviously, TiPt has lower DOS€Vident that there exists a double-peak structure in all the
value than TiNi and TiPd havéTable 1) while TiNi and total DOS'’s of these Ti-based compounds. For TiFe, the
TiPd are more stable than TiPtin tBR structure. The same double-peak structure is the most typical two-peak structure,
situation also occurs in TiCo, TiNi, and TiPd. TiCo is more in which the Fermi level falls on the pseudogap of the DOS
stable than TiNi and TiPd in thB2 phase, but TiCo has a curve. This indicates that all the bonding states are filled with
larger DOS value at Fermi level than TiNi and TiPBable  electrons, and all the antibonding states are left empty; there-
I1). A similar calculation has been given in Ref. 6. From fore, the strong bonding effect occurs. This follows the con-
Table Il of Ref. 6, it can also be seen obviously that TiCo haslusion of Dalton and Deegan that in a bcc metal the bcc
a larger DOS value at Fermi level than TiNi and TiPd, andphase stability is closely related to a double-peak structure of
TiPt has a lower DOS value at Fermi level than TiPd andDOS* In fact, in these alloys, the shapes of DOS in TiCo
TiNi. This seems to be puzzling. Common knowledge is thatand TiNi are more similar to that in TiFe than those in the
the lowerN(Eg) is, the more stable the phase'idn fact,  other Ti-based alloys: TiPd, TiPt, TiAu, TiCu, and TiAg.
this is not surprising. Experimental and theoretical worksTherefore, TM, whereM is transition metal Co, Ni may be
have found that thel-d and d-p hybridization between Ti more stable than those whevkis noble metals Au, Cu, and
and M atoms are the main cause BR phase stability in Ag and transition metals Pd and Pt. All the above numerical
these Ti-based intermetallié§.But a physical picture behind results are in agreement with ones from Ref. 6 or Ref. 5.
this is still required. By comparing Figs. 1, 2, 3, and 4, we find that the double-
Before we interpret this point, we look into the partial peak structure mentioned above is producedify hybrid,
DOS values at Fermi level at the site of the constituent eleand the dip on which Fermi level falls is formed mainly by
ments. The results, along with the corresponding electronl-d andd-p hybrid in these alloys. In particular, the dips of
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FIG. 3. Thep-partial DOS curves of ™ with M=Fe, Co, Ni, Pd, Pt, Au, Cu, and Ag, where the solid line and dotted line denote the
p-partial DOS ofM site and Ti site, respectively. The Fermi level is at the value of 0 Ry.

TiFe, TiCo, and TiNi are mainly due to the hybrid dfd ~ phase stability of TiPt alloy. This may be due to the shape
bond between Ti and Co, Fe, and Ni, while the dips of TiPdcharacters of DOS’s not being considered in their works. In
TiPt, and TiAu are produced byandp electrons between Ti addition, they suggested using the number of electrons to
site and Pd, Pt, and Au site. From Figs. 2, 3, and 4, we noticexplain the phase stability, which is somewhat careless.
that the contribution o$-partial DOS to interbonding state is More accurately, one should use the electron density to ex-
negligible because its bond peak is further from Fermi leveplain the stability.
than corresponding-partial andd-partial DOS'’s. Now we illustrate that the shape factor of DOS is also
important to determine the phase stability. In order to under-
stand this point more clearly, we present a simple example in
Fig. 5@ and 8b). In Fig. 5a), there are two DOS curves,
The above numerical calculations show indeed some coreach of which is simply assumed as a square shape. Such two
relation between the electron structure @@l phase stabil- DOS curves overlap partly and have an overlapping area of
ity. Now we explain them using a correlation parameter ofS,. In Fig. 5b), DOS'’s are a copy from the DOS’s in Fig.
DOS’s coupling their overlapping occupancies and lattices(a), but they have higher DOS value than respective DOS
constants. The overlapping occupancies of DOS’s have beeturves of Fig. 5a) and have overlapping ar&g . If S,=S,,
used in Ref. 6. It denotes the number of common electrons ive may know that the energy of overlapping region is lower
two different partial DOS’s. Using the overlapping occupan-in Fig. 5a) than in Fig. %b). Therefore, if an alloy has the
cies, Ye and co-workers explained tB& phase stability of DOS curves of Figs. @ or 5b) and its phase stability is
these alloys, but they gave an errors prediction that TiCu wasontrolled by the overlapping of the DOS'’s, the alloy is more
more stable than TiAu iB2. They also did not interpret the stable with the DOS'’s of Fig. (&) than with the DOS's of

B. Shape factor andB2 phase stability
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FIG. 4. Thes-partial DOS curves of ™ with M=Fe, Co, Ni, Pd, Pt, Au, Cu, and Ag, where the solid line and dotted line denote the
s-partial DOS ofM site and Ti site, respectively. The Fermi level is at the value of 0 Ry.

Fig. 5b). But, if phase stability is determined by only over- andM site in TiM alloys. The results are listed in Table lII.
lapping area, a conclusion can sincerely attain that the staerom Table 1l we see that, roughly, the overlapping area
bility of the alloys is the same for Fig.(& and Fig. b).  decreases gradually when going from TiFe to TiAg @bd
Thus, from such a simple example, we can conclude that it ifybridization and also for the hybrid of thlepartial DOS in
necessary to consider the effect of the shape of the DO sjte andp-partial DOS in Ti site M4-Tip). For the hybrid
curve on phase stability. We define such a correlation paramyss the d-partial DOS in Ti site ang-partial DOS inM site
eter(or shape factorof DOS curves, and it has the following (Tig-M,), the trend is approximately inverse to the one of
form: d-d (or M-Tiy) hybridization.

As compared with the results of overlapping occupancies

E
f Fgl(E)gz(E)dE from Ye and co-workers, we find that the present results of
Cp= , (1) d-d and Ty-M,, are in agreement with their datsee Table
91 ma2 max V in Ref. 6). But they did not perform a calculation for

whereE is energy,g,(E) andg,(E) are two DOS functions Mgy-Ti,. They believed that the centers ofydndM , were
from first-principles calculations, ang, ., and g, . are ~ More energetically close to each other than the centers,of Ti
the maximum DOS values @f,(E) andg,(E) below Fermi andMy; thus the term of Tj-My was negligible as com-
level (Eg), respectively. Obviously, using Eql), we can pared with one of the M. In fact, the term ofM4-Tij,
explain the results from Fig. 5. We now calculate the over-has more contribution to overlapping occupancies than the
lapping occupancies betweprd DOS’s andd-d DOS’s and  one of Tj-M,. This can be seen in our Table Ill. Therefore,
corresponding correlation paramet€y’s between Ti site the difference between the centers of two bands may not be a
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TABLE Il. The DOS value at Fermi levéINt(Eg), Ng(Eg), No(Ef), andNg(Eg)] and occupancies of
d, p, selectrons Qq4, n,, andng) in TiM alloys.

M
Fe Co Ni Pd Pt Au Cu Ag

N7(Eg) 11.73 34.33 28.28 30.51 28.12 43.13 70.06 64.42
Ng(Eg) of Ti 1.56 9.34 17.55 19.14 16.54 32.00 51.90 50.82
ng of Ti 2.5662 2.5535 2.5285 2.4182 2.4739 2.4012 2.4898 2.3176
Ng4(Eg) of M 9.10 19.83 8.48 5.73 6.87 3.78 8.36 3.28

ng of M 6.5575 7.5301 8.5082 8.6232 8.2844 9.1873 9.3783 9.4684
Np(Eg) of Ti 0.51 1.63 1.89 1.76 1.27 2.43 4.47 3.57

n, of Ti 0.9085 0.9064  0.8849 0.8264  0.9057 0.7852 0.8211 0.7169
Np(Eg) of M 0.44 211 2.62 3.01 2.71 4.53 5.13 6.45

n, of M 0.6541 0.6433 0.6838 0.7239 0.7893 1.0258 0.8284  0.9946
Ns(Eg) of Ti 0.036 0.307 0.341 0.347 0.355 0.191 0.087 0.114
ng of Ti 0.6655 0.6634  0.6612 0.6317 0.6194 0.5497 0.6229 0.5530
Ns(Eg) of M 0.090 1.078 0.398 0.527 0.436 0.191 0.126 0.158
ng of M 0.6387 0.6861 0.7442 0.7707 0.9272 1.0779 0.8497 0.9293

good method to determine the contribution of the bands tmnes of Ye and co-workefsee Table Il in Ref. § i.e., TiPt
interbonding state. Also, the close degree of the two centersas more overlapping occupancies than TiPd and TiCu does
of two bands can be reflected roughly in our correlation pathan TiAu. However, if we add the term & 4-Ti, (n3) to
rameter. In Table IIl, we see that the correlation parameters; and n,, we find that TiPt has even more overlapping
of Tig-M4 (Cpy) are larger than those of FMy (C,3) and ~ Occupancies than TiCo th(_)ugh TiCu is more clos_e to TiAu
smaller than those of fiM, (C,,) for TiFe, TiCo, and (see Table Ill. Therefore, if the overlapping area is solely
TiNi, while C; is larger tharC,; and smaller thaiC ,, for ~ One factor to determine thig2 phase stability in ™ inter-
TiPd, TiPt, and TiAg. Our numerical results also show thatMetallics, this will lead to a poor prediction on tB& phase
similar results can be also obtained in the difference of thet@Pility of TiCu and TiPt. Fortunately, this situation may be
two corresponding centers of these bands for these alloydlProved by considering the shape factor of DOS and lattice
Furthermore, we also calculate the correlation parameter onstant. From Table lll, we see that ford hybridization
p-s andd-s partial DOS’s between Ti anM sites and find ¢ Shape factdicorrelation parametgC,, decreases gradu-
that they are smaller than corresponding oned-dfandd-p ally \_Nhen_gomg frpm TiFe to TIAg except for TiPt. FoFp
. . ) .. hybrid, this trend is not obvious. We assume that the phase
partial DOS’s by a f_actor of, approxma_ltely, 2-4. This Is stability is directly proportional to the shape factor multi-
reaso_nable. From Fig. 2—4, we can find (9r p-) and plied by the overlapping areas, we calculatg*Cp,
s-partial DOS’s have less over_lap thdmp DQS s. + g% Cpp+Ng* C g, and the resultsr(*C,;) are reported in
In order'to do a more detailed comparison _W|th Ye andrgpie 111, Note thatC,y, C,z, Cps €Xpress the shape factor
cp—worker§ results, we now add the pverlapplng occupanicorrelation parameterof Tiy-Myg, Tig-M,, and Mg-Tig,
cies of Ty-My (nz) to the overlapping occupancies of yegpectively. It is seen that when going from TiFe to TiAg
Mq-Tiq (n1). We see the present results are identical o thgnhen «C 's follow the trend of theB2 phase stability except
for TiPt. But TiPt has some improvement, compared with

100 n,+n,+ns. In the present paper we also consider that the
80+ B2 phase stability is inverse to the cube of lattice constant.
60 | @) Because the smaller the cube of lattice constant is, the larger
the electron density atl-d (d-p) overlapping region is.
40 1 Fed-—-— Considering this factor, we find the phase stability of TiPt is
2} 20+ almost in agreement with tH&2 phase stability of TiPdsee
5 100 — Table Ill). This is a great improvement because when one
g considers solely the factor of overlapping occupancies, TiPt
&8 8y (b) is even more stable than TiCo in tf82 phase(see Table
8 60 ). Likewise, TiCu follows theB2 phase stability sequence
o 40 - -t o — - of these TM compounds in the present calculations as the
20 - ! shape factor of DOS is considered. It should be stressed that
| in the present paper TiPt is predicted to be more stable than

TiPd in B2 structure; perhaps, this attributes to the theoreti-
cal limit of TB-LMTO method. In our paper, except fay,
Energy (Ry) almost all factors, such &, n;, interbonding bandwidth,
the DOS value at Fermi level, and the difference of band
FIG. 5. A model of DOS curve) versus(b). The Fermi level  center, are more beneficial fB2 phase stability of TiPt than
is at the value of O Ry. for that of TiPd.

0
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PRB 60 ELECTRONIC STRUCTURE ANDB2 PHASE STABILITY ... 15697

TABLE lll. The overlapping occupancies; and correlation parameté,; (shape factor where Tj,
Tiy, Mgy, andM, denote thed-partial DOS andp-partial DOS of Ti site andl site in TiM compounds,

respectively.
M

Fe Co Ni Pd Pt Au Cu Ag
n, of Tig-My 2.5058 2.4651  2.3888 2.0488 2.2696 12641 1.4656 0.8873
n, of Tig-M,, 0.6270 0.6213  0.6680 0.7053 0.7713 0.9947 0.8093 0.9502
ng of Tip-My 0.8292 0.8059 0.7870 0.8112 0.8742 0.7754  0.7643 0.6693
Cp1 Of Tig-My 0.0595 0.0544  0.0506 0.0397 0.0505 0.0130 0.0065 0.0055
Cpz Of Tig-M,, 0.0683 0.0624 0.0761 0.0653 0.0781 0.0417 0.0251 0.0245
Cps Of Ti,-Mg 0.0519 0.0480 0.0420 0.0614 0.0564 0.0567  0.0271 0.0039
Cpi*n; 0.2350 0.2115  0.2049 0.1772 0.2102 0.1019 0.0506 0.0540
Cpi*n; 1a3(10°3%) 1.162 1.150 1.091 0.803 0.932 0.437 0.252 0.231
n,+n,+ns; 3.9620 3.8923  3.8638 3.5653 3.9151 3.0342 3.0392 2.5068
n.+n, 3.1328 3.0864  3.0568 2.7541 3.0409 2.2588  2.2749 1.8375
n,+n, (Ref. § 3.203 3.194 3.110 2,771 2.991 2.333 2.372 1.933
Tw 0.0 40.0 237 1197 767 2416 3033 3103
Tu (Ref. 5 0.0 40.0 <300.0 >900.0 =>900.0 >900.0

A difference charge-density map may also confirm ourwhere subscripM stands for Fe, Co, Ni, Pd, Pt, Au, Cu, and
results. The different charge density is the difference beAu, andTy, expressed/ of TiM alloy. The present numeri-
tween the self-consistent solid-state charge density obtaineghl results are listed in Table Ill. From the table we see that
at our calculation for equilibrium lattice constant and thetheTy (M) of these alloys are comparable with the respec-
superposed atomic charge density at the same lattice coftive experimental values, but the value of TiAu is exceed-
stant. We plotted these contours for the cases of TiAu anéngly larger than the experimental. This is not surprising that
TiCu. The resulting Figs. @) and Gb) clearly show a stron-  this model is very simplified. We also notice that tife of
ger bonding charge density between Au atom and Ti atom id ICU and TiAg are far larger than the ones of the other
TiAu than one between Ti atom and Cu in TiCu compound.2/loys. This is understandable that TiCu and TiAg do not
Our contour maps also suggest that the strongest interbon§XISt In aB2 structure.
ing occurs between Ti atom and Fe atom in TiFe of these
TiM alloys(not shown herg All the results are in agreement
with ours and support our present proposal. We performed TB-LMTO calculations to study the elec-

It should be emphasized, as pointed out by Féflemd  tronic structural properties anB2 phase stability of ™,
Carlssion, Fedders, and Myl&sthat the shape of DOS is
important in determining the phase stability of different crys-
tal structure with partially filledd bands. It can be also ap-
plied to the case of noble metdisOn the root of the point of
view from Foiles® and Carlssion, Fedders, and Myf8she
band energy can be described as the bandwidth with a coef-
ficient that depends on the shape character of DOS. The co-
efficient, which reflects the shape character of DOS, is de-
fined as a function of the fourth moment of DOS, and the
moment is designed from an empirical functiort® The
present method is equivalent to these models, but the shape
factor is calculated directly from DOS curve based on the
results of the first principles. The effect of shape of DOS on
directional bond have also been illustrated by the fourth mo-
ment of DOS in Ref. 18.

Finally, it is interesting to estimate the temperature of
Martensitic phase transformation of theseMTintermetal-
lics. This can be simply realized by calculating the difference
betweenCpini/ag’s. If we assume that this difference of
TiFe and TiCo corresponds to a value of 40 K, which is the
M, of TiCo, we can obtain th&l of the other alloys by the
following formula:

IV. SUMMARY

(Cpini /a3 y—(Cpin; /ad)
Ty=40.0 ! g M ! g Fe, (2 FIG. 6. Difference charge densities f@ TiAu and (b) TiCu in
(Cpini/ag)co= (Cpini/ag) re (110 plane. TheM atom at the center and Ti atoms at the corners.
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whereM =Fe, Co, Ni, Pd, Pt, Au, Cu, and Ag. We calcu- of TiPt and TiCu alloys and developed a method to describe
lated the total and partial DOS values at Fermi level, we als®hase stability. Finally, the temperatures of Martensitic
calculated the electron number of partial DOS’s, and wephase transformation of these alloys were estimated, and the
found the results were in agreement with the previougesults were comparable with the experimental.

LMTO-ASA calculations® It was found that not only the
overlapping occupancies but also shape factord-df and
p-d partial DOS’s governed th82 phase stability of Ti-
based compounds. Moreover, the lattice constant was also J.C. would like to thank Dr. P. Xie at the Center of Con-
related to theB2 phase stability. Our conclusions were fur- densed Physics, Chinese Academy of Science, for helpful
ther confirmed by a comparison with the difference chargediscussion. S.J.L. would like to thank Professor H.L. Skriver
density map. The present calculations resolved the problemt the Technical University of Denmark for Providing the
of Ye and co-workers for explaining t®2 phase stability software packag&B-LMTO.
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