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Electron-phonon interaction in Ni-Ti
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The contribution of electron-phonon interaction to the phonon dispersion curve is calculated

for Ni-Ti. The anomalies in the dispersion curve are qualitatively reproduced and associated

with areas of the Fermi surface having large electron-phonon matrix elements. This provides an

understanding of the pre-Martensitic phenomena in Ni-Ti.

The equiatomic transition-metal alloy Ni-Ti has a
82 structure (CsCl) above room temperature. It un-

dergoes a Martensitic phase transition to what seems,
a Bty structure at T (300 K).' Above T, x-ray and
electron diffraction2 show diffuse scattering at

qt = —,(I, I, 1) with polarization along [111]and at

qu —(1, 1,0) with polarization [110],while inelas-
tic neutron scattering finds phonon softening at qq
and a convex curvature in the dispersion curve of the
TA modes. In addition there is anomalous tempera-
ture dependence of the C44 elastic constant. The re-
lation between the pre-Martensitic phenomena and
the Martensitic phase transition is not understood. A
3/o addition of Fe, which is substitutional for Ni,
suppresses the Martensitic phase transition and a
continuous displacive phase transition occurs at 230
K, with a soft phonon at qu (but not at qt) produc-
ing an incommensurate superlattice with wave vectors
near q~ and q~I. It seems likely then that the Mar-
tensitic phase transition has an origin different from
the soft modes. Soft modes of type I have been ob-
served in Zr and Ti alloys (ao phase) and are some-
times attributed to formation of a charge density
wave, 6 while soft modes of type II are seen in
transition-metal carbides' where they are associated
with electron-phonon interaction involving p-d hybri-

dized bands. ' For pure Ni-Ti, infrared absorption'
indicates the disappearance of large sections of the
Fermi surface at the Martensitic phase transition con-
sistent with charge-density wave formation. We will

assume then that electron-phonon interaction is
responsible for the pre-Martensitic phenomena. A
screened Coulomb interaction can be used to under-
stand a longitudinal soft mode, but it does not give
rise to any transverse anomalies. '

A general method for calculating the electron-
phonon matrix elements in single basis transition
metals was developed by Varma et al. " Using their
method, the anomalous electron-phonon contribution
to the phonon dispersion curve may be calculated
once the band structure is known. A self-consistent
augmented plane wave (APW) calculation was per-
formed by Papaconstantopoulos. " His calculation
was fitted" with an orthogonalized tight-binding
Hamiltonian involving s, p, and d orbitals on both Ni

and Ti, providing 18 electronic levels a„(k) with

p, = 1, 18 (Fig. 1). The fitting parameters are tabulat-
ed in Table I. The rms error at I",X,M, A and halfway
A, X, and 5 was 0.7 &10 3 Ry. The result of Varma
et al. may be generalized to include a multiple basis.
Since Ni-Ti has an inversion center at every atom it
is convenient to calculate the modified dynamical ma-
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FIG. 1. Band structure produced by a tight-binding fit to Ref. 10. The crosses indicate initial and final points of the dominant
scattering contributing to the X4 mode, the squares are initial and final points of scattering contributing to A~.
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TABLE I. Slater-Koster fitting parameters for Ni-Ti (in
Ry). The parameters not cited here were determined from
the rule (spcr) ={ssa.& ppo-)'~2.

20

Ni-Ni Ni-Ti
IO

E

3

0.58298
0.92684
0.53S 65
O.S3689

-0.073 48
0.10616

—0.06279
—0.018 10

0.006 81
0.000 &4

2.4009
2.7097
0.73412
0.737 25
0.15073

—0.143 54
—0.062 77
—0.04427

0.02864
—0.00400

—0.048 27
0.06231
0.20407

—0.045 62
0.031 08

—0.005 00

trix, which is real and symmetric in this case. The
modified dynamical matrix is defined as

C.,(,»~»q)= QC.,(0, »~l, ')
M M i

x exp[i q (Kl + x I —x )],

I0E

3

0.2 0,4 I.O

where I runs over all unit cells. The matrix 4 ~ gives
thc force constant bctw'een atom K %1th position x
and mass M„and atom x' arith position RI+ x and
mass M &.

The second-order electron-phonon contribution to
the modified dynamical matrix is

FIG. 2. Phonon dispersion curves along 4, X, and A.
The experimental points are those of Buhrer et al. (0 longi-
tudinal mode, II transverse mode). The dotted lines indi-
cate the short-range contribution to A] and X4. The arrows
indicate the position of the ~ave vectors of the superlattice
which appears below( 230 K in Ni-Ti {Fe).

C"'(», 'iq) = g"„"(k, k+q)g'"'" (k, k+q)
QM M i „-I,IS

1, 18

y (k) —I,(k+q)
a (k) —a, (k+q)

(2)

ith «1 for Ni and» =2 for Ti and y„(k) ls the Fertm distrib«ion function The electron-phonon lnatrtx ele-
ment is given as

g.":." (k, k+q) =q' X ~+ .(k)~,(k+q)[o (k)-,(k+q)l,
e 1,9

where A„„.„(k) is the 18 &&18 unitary eigenvector
111atflx of the tight-bllldlng HaIIllltolllan aIld u~( k ) ls

8agilk . The coefficient q' is given by

q'= 4/a',

where a is the lattice constant (3 A). This relation
assumes that overlap integrals vary with distance as
1/8'. The result of the calculation is shown in Fig. ,

2. The short-range force constants [1 NN (nearest
neighbor) and 2NN] were determined by a least-
square fit to the BZ boundary phonon frequcncics
and the sound velocities. In usual notation,
r.',""(1,2) =~ g.,+a(1 -g.,); r'""(», ») =~„;
F~""(»,«) =r'""(», ») =8„;E~""(»,») =0, they
w'ere in units of 10 dyn/cm' . A =.™0.78, 8 = 1.83,
A ) =0.35, 8) =0.18, 32=6.15, and 82= —0.18.
Along X, the modified dynamical matrix has the fol-
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FIG. 3. Electron-phonon contribution to the dynamical
matrix C —= C5~2~ (q) —C4~ ~ (q) with phonon wave vector

q =0.31 (1,1,0)2m/a and polarization f. 110j (X4). The
electronic wave vector is restricted to the RXM plane.

lowing general form:

Cl(q) Cl(q)
C s(1, liq) = Cl(q) Cl(q)

0 0

(Ni —Ni)

Cl{q)

C4(q) Cl(q)
C,p(2, 2(q) = C5(q) C4(q)

0 0 C6(q)

(Tl Tl)

(5b)

Cl(q) Cs(q)
C p(1.2~q) = Cs(q) Cl(q)

0 0 C9(q)

{Ni—Ti) .

(Sc)

The anomaly in X4 is caused by the large electron-
phonon contribution to C4( q ) —C5( q ) . Note that
this only involves interactions between Ti atoms.
The electron-phonon contribution C =—Cq" ( q )
—C4"'(q) has a maximum along X at qlr-—0.31
x {1,1,0)2n/a, close to qll. The maximum is
caused by a large contribution from the region
around k = (0.13, —0.06, —0.5)24r/a to the summa-
tloll lrl Eq. (1). 111 Flg. 3(a) tile contrlbUt1ons to C ill
the k, - n/a plane are p—lotted for q = q4r. The
peak is caused by a transition from a Z~ level to a T~
level, both with large v„(k) (Fig. 1). Both levels are
d 2 2 levels localized on Ti, with only little p-wave

FIG. 4. Fermi surface in the RXM plane. Arrows indicate
the dominant scattering producing the anomaly in X4.

admixture, contrary to the conclusion of Ref. 8., The
energy transfer is 0.11 Ry.

The anomaly in A~ is caused by a maximum along
A in C(q) =——[Cj 1(q) +2Cs (q)1 at qm
=0.25(1, 1, 1)2n/a which is, again, close to qb and
again only involving Ti-Ti force constants. The max-
imum is due to large contributions from the regions
around k =0.27(1, 1, 1)24r/a and k
= (-0.12, -0.12,0.4)24r/a.

In the first case the transition is from a A3 level to
the same level with an energy transfer of 0.03 Ry.
This is a d level involving both Ni and Ti atoms. In
the second case the transition is from a S4 level to a
A3 level with an energy transfer of 0.02 Ry. The S4
level and A3 level are d levels localized on Ti. The
pre-Martensitic phenomena in Ni-Ti (Fe) thus seem
due to formation of a gap on the electron pocket cen-
tered at X (Fig. 4) and the flat Fermi surface along A.

As was mentioned, a 3o/o addition of Fe to pure
Ni-Ti causes the phonon anomalies to produce a su-
perlattice at T =230 K. %ithin the rigid-band model
no appreciable effect was found on the phonon
anomalies. The Fe impurities possibly cause local
strains contributing to the central peak above 230 K
observed in neutron scattering. '
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