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The optical and X—ray photoelectronic spectra and tempe-
rature dependence of magnetic susceptibility are investi-
gated. It Is found that at martensitic transformation in
Tili electron redistribution occurs which is accompanied
by cardinal changeof Fermi surface. Based on the data
obtained in 32—structure (CsCl) 5 is assumedto lie in
the kT—vicinity of the J(E) peak that determines the
tendency to the structural instability of B2.

1. Introduction deep states of valence electrons and.
their states on Fermi surface of T1Ni

Wang[1]suggested that martensitic in both phases.
transforma~tion (MT) in TiNi was the
electron phasetransitipn front a “me— 2. Sample Preparation
tallic” cloeepackedBi 9—structure to
“covalent” B2. This assumptionwas TiNi alloy of the equiatomic compo—
further developed in[2Jwhere the ~ sition was prepared.of electrolytic Ni
model was proposedaccording to which and iodide Ti by electron—beammelting
the MT in TiNi was performed by shift in a helium atmosphere.For the alloy
end empting of the s—band that was ac— homogenizationthe sixfold melting was
companiedby changeof the cl—band width used. The composition of the alloy was
and the 1.1ev Fermi level (Ep) shift determined from the weight of the ele—
with the unchangedform of density of merits Ti and Ni and the ingot, reapecti-
states (DOS). InDJby soft X—ray appe— vely. The samples were annealed at 800°C
arance potential spectroscopy it was for 2 hours and thereafter slowly cooled
found that the observed shift and the to room temperature.B2(auetenite) — B19’
change of the width of unfilled por— (martenaite) martensitic transformation
tion of the d—band. at MT was 0.1ev. in TiNi alloy of this composition in the
The latter does not agree with the first cycles according to X—ray study
Wang’s modelig]. But the assumption occurs without rhomboidal distortion of
on the s—d transition at MT in TiNi the initial B2—structure, The tempera—
based on the analysis of the trans— tures of MT determined by the X—ray me—
port properties is noteworthy and re— thod are Ms = 78°C, Mf = 45°C (start
quires more detailed experimental check. ~arid end of MT during cooling), As =
However, from our point of view the mo— 100°C, Af = 120°C(start and end of MT
del of MT where one should have the 1ev during heating). This is the first—or—
shift with the unchangedDOS form does der transition.
not reflect real changes in the elec-
tron structure of TiNi. To varify the 3. Results and Discussion
model of this transition we have made
complex investigation including the 3.1. X—ray photoelectron spectra
X—ray photoelectron (XPS), optical
spectra end magnetic susceptibility XI’S measurements were performed0
which may give information on both by means of the Hewlett—Packard 5950A
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spectrometerwith energy resolution of 1.2 and 6.2ev are not observed. From
about 0.7ev. In the measuringchamber comparisonof XI’S with the Lj X-ray
the pressure was about 4x10’torr. Be— emission spectra of Ti arid Ni in TiNi
fore measurements, samples were clea— [5Jit follows that these bands are caused
ned b~argon ionsputtering (V=l000v, by Ti d-states. The XI’S narrowing with
1=30k). The purity of the surface was almost unchangedd—baxid shapeat MT
checked by L2,7—line of Ti oxide. XPS shows the decrease of the cl—electron
measurements were repeated three times number in martensite.
on freshly prepared surfaces. The smoothing of a weak gap di-

In Pig.1 XI’S spectra are presen— viding the shoulders at energies 1.2
ted in both phases. One can see that and. 1.7ev is apparently connectedwith
the forms of spectra do not aignifi— decreaseof the d—subbandslocalizati—
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Fig.l. X—ray photoelectron spectra of TiNi in B2(l)

at T=130°C and in B19’(2) structure at T=2O C,

respectively (the average of three measurements);

and the density of states N(E) from [4]

cantly change at MT and display fine on degree in B19’ that is in agreement
structures in both states. More clear with the d—electronnumber decrease.
division of the Bhoulders at energies The high—energy edge intensity lower—
1.7 and 1.2ev in B2 should be noted. ing indicates the decrease of DOS at
The main effect oF MT is the narrowing Ep. The displacements of some struc—
of the XI’S in 319 for 0.3ev (the width ture elementsat MT for 0.2ev rela—
in B2 Ia 3.2 ev on half mAximum) and tive to Ep enable one to conclude
the reduction of the high—energy slope that if Ep shift occurs at MT it must
by a factor of two. The elementsof not be more than 0.2ev. The latter is
the structure at energies 0.4 and 3.3ev in agreementwith the results ~Jand
(in B2) shift for 0.2ev in B19 from shows that the Wang’s model cannot be
Fermi level (which in the given case co— applied for the B2—B19’ transformation
incides with E~of the spectrometerma— in TiNi description.
terial).

The comparison of XI’S In B2 struc— 3.2. Magnetic susceptibility
ture with the DOS for TiNi calculated
by the selfconsistent APWmethod shows Temperaturedependencez(7’) was
that the structure elements observed at studied in[1J . The absence of visible
energies 1.7, 2.6, 3.3 ev and 0.4ev as change of~ at the stage preoeeding
well may be associated with the main direct MT it was concluded that tempe—
maxima in DOS [4]. However, in calcula— rature independent magnetic suacepti-
ted DOS the bands at energies about of bility occurred in TiNi. In this paper



Vol. 32, No. 9 ELECTRONPHASE TRANSITION IN TiNi? 737

temperature dependencei (T) in B2—struc— observed decrease ofJ1 in martensite
ture at 80—400°C,in B19’—struoture at (1P~,~7j?82= 0.8) is connected with the
12—1O0°~and in the MT region was inves— decrease of s—d scattering.
t1gate~ by Faraday’s method. The obtai-
ned results are given in Fig.2. It is 33. Optical Investigations
seen that 2 depends on temperature in

The optical constants n and k were
obtained by polarintetric Beattie method
in the energy range 0.07—5ev. It ia fo-
und that only an ifra-red. (IR)part (0.07—
0.8ev) is sensitive to MT. This part will
be discussed here. In more detail these
results and the investigation method were
presented in[7J.

Figure 3 shows optical conductivity
1/0 t~(W)= nk’~ in both phases. One can see

that IR of optical conductivity which is
stipulated by an electron transition in
the Fermi—level region changescardinally
at MT. In austenite�~(W)increasesconti—

p~q nuously with energy reduction displaying
peaks of the interband absorption (0.085,
0i13, 0.17,0.24, 0.34ev) which do not
allow the contribution from free carriers

S on the Fermi surface to be separated out.2 In martensite the absorption edge shifts
41/ to higher energies where a new 8trong

peak appearsnear 0.52ev. The growth ofØatha~ 0.2ev is caused by free carriers
of the Drude—Zinner type.

The strong interband absorption in
/ IR of 0’ in austenite shows high DOS in

10 the kT vicinity of Ep. (However, some
I I I I I I peaks can be associated with many—body.1 .2 .J .4 .5 .bhtiJ,cV effects). The extinction of these bands

and the appearanceof a strong peak at
0.52ev are connected with the fact that
Ep gets into the gap which may occur

Fig. 2. Temperature dependence of the from any degenerate states splitting in
TiNI magnetic susceptibility, the high—symmetry points of the Brillo—

ui.n zone • In the band structure calcula—
tion[8Jof TiNi the states ( ‘7,~’ ,

which could be splitted in the rhombic
symmetry lattice B19’ are 0.5ev higher

both structures. The points of strong over Ep and form the BCE) peak there[9J.
changes of 2 (T) coincide with the ~— The samepeak but sharper (the width
racteristic temperatures defined by the 0.05ev) is in selfconsistent calculati—
X—ray method. The 2 CT) slope has a di— on of BCE) [4] • The strong interband ab—
fferent sign in both phases. It is sorption in far IR and also the obser—
known that the slope sign of 2 CT) is ved. temperature dependence of magnetic
determined by the Ep position with res— susceptibility can be understood if E~
pect to the extrema of DOS[6] • The p0— lies in the kT vicinity of this peak.
sitive slope will occur if ~p is in ml— Such Ep position in TLNi provides the
nimum, and negative if By is in maxi— tendency to structural transformation
mum of BCE). Prom this fact it follows as it occurs in A—15 compounds[1OJ.
that in the structures B2 and B19’E~ From this point of view one can
is in the region of maximum and mini- understandthe data on decrease of the
stunt of N CE), respectively, temperatureof the MT start .A~swith

On the assumptionof’ the unchanged alloying [ii , 1 2J or cycling. Admixtures
diamagnetic contribution the decrease and lattice defects cause d—electron
of 2 in B19’by a factor of two is caused scattering which results in excitation
by both spin— and orbital susceptibility lifetime decreaseand N(E) peak smoo—
decrease that may be associated with the thing.
decreaseof d—electrori contribution to it should be noted that the gap
density of states at Ep. This is in ag— around Epin martensite only tentative—
reeinent with the XI’S data given above. ly stabilizes the structure. It follows

Based on these results, on the as— from magnetic susceptibility data that
sumption of the main contribution to elec— the change rate of 2 is 0.1 units per
trical resistance from s—d scattering one degree in B19~ that indicates a very
can understandthe character of the TiNi steep gap edges. Lomer noted that such
electrical resistance change at MT. The an extremal position of E~in the vi—
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Fig.3. Infra—red optical conductivity in B2(l) at T—13O°C

and in B19’(2) structure at T=20°C.

cinity of sharply varied DOS may cause struction of the TiNi Fermi surface at
structural instability [13J, which is B2—B19MT. However, based on this data
probably realized with further cooling can this first—order pronounced tranai—
of TiNi, where, according to 04], phase tion be considered as an electron tran—
transition (monoclinic—threeclinic mar— sition?
tensite) close to the second—order phase
transition occurs.

Thus, the observed variations of Acknowledgements — We thank D.A. Papa—
an electron structure indicate the de— constazitopouloa for the communication
crease of localization degree of vale— of unpublished results of band—struc—
rice electrons and the essential recon— ture calculations.
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