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Density of Electronic States in a-Phase

in AlloySfContaihing\Cd and Sn*

Norman E. Phillips, J. C. F. Brock ,
 Marcel H. Lambert*, and M. F. Merriam

-Inorganic_Materiéls_Research Diviéion
of the Lawrence Radiation Laboratory, _
University of California, Berkeley, California 94720

Avstract

Y Low-temperature heatvcapacity measurements on a-phase In alloys
were used to obtain the Debye characteristic temperature, the densily
of electronic states, and the electron-phonon céupling constant. Thé

results show further evidence for Brillouin zone boundary - Fermi

surface interactions, and are discussed from this point of view.
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For certain values of Z, the'conduction‘electron/atom ratio,
the a-phasé’ In alloys containing’ Cd or Sn exhibit rapid changes
in the derlvatlve w1th respect to Z of both ax1a1 ratio and T o’

1,2 These effects have

‘been attrlbuted to Brillouin zone boundary A.Fefmi surface interactions.

We havé measured the low;temperature heaf capacity‘of these alloys
to éearch for felated'effécts in- N(EF),.the density of electronic
state at the Fermi eﬁergy EF, and to obtain values_df the Debye
éharacteristic temperature’ 90 which make poSsib;evestimgtes of A,
the electroﬁ-phonon‘COupling constént; The measurements will be
3,k ’

discussed in more detail elsewhere.

" As shown in Flgure 1, 60- varies smoothly with Z except at

2= 3.00, but 71 , which is equal to (2/3)n Ko N(E ), shows rapid

changes of-slope near Z = 2.98 and 3.09, corresponding to the
previously reported effects in Té' and “axial ratio. We have used an
equation derived‘by McMillan5 to‘estimate A, and have calculated

the "band density of states" Nb (E ) on the assumptlon that

ﬂ NBS(EF) = N(EF)/(l + ). Nb (E ) _1s well represented by four stralght

lines iﬁtersectiné'at Z = 2.98, 3.00, and 3.09. Increases in
a Nb (E )/dZ oceur at % = 2 98 and 3 09 suggestlng the appearance
of new pieces of the Fermi surface at these Z values. From-the
nexP?riﬁéntal” Nbs(EF)".the inpréase'in EF between Z = 2.98
and 3.09 is 0.25 eV. B

The Fermi surface of pufe In include$ an extensive Secondéione
surface, possibly multiply'connected,-and third-zoﬁe "B armé".i
Additiohal-third—zone pockets of eléétrons,=the “a-afms% may exiét
but the available evidence is contradictéry6. Band-structure |

calculations7 suggest that for In the lbwest energy‘B~arm'states are 0.5 eV
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or more below the lowest a-arm statés. In the alloys the trend in
axial ratio with Z can be expected to increase this.energy difference'
with increasing vZf Furthermore, it would be difficﬁlt'toyﬁndérstand
the.positive dNbS(EF)/dZ in the 2.95 < Z.< 2.98 region if the B-arms
wére notvalready ih éxistehce. It therefore seeﬁs unlikely that fhé
increases in dN_ (E )/dZ are caused by the successive appearance of the
B and o arms. The band—structure calculations also suggest that
fourth-Zonevstates aie too high in energy to be_occupied.in‘the alloys.
A possible explanat;on of the increases in dN (E )/dz, suggested by -
the band—structure calculatlons, is that pockets of electrons appear
at the center of the « arms at Z =.2.98, and different pockets of
electrons appear at the ends (opposite the B arms) ‘ci>f the o arms
at Z = 3.09. The decrease in dNbS(EF)/dZ just above Z = 3.00 could
be associated with the disappearance of thé Secoﬁd—zone connecting tubes.

McMilianS has noted that for five cubic transition metals A is |
‘proporﬁional to'a'rétio of certain moments of the phonon spectrum with
the dimensions [frequency]_zé and he has suggested thatISUQh a correlation
may apply for each class of supercbnductors. For thé same metals |
there is a comparably good correlatlon between X\ and 9 -2.
Figure 2 shows a test of the constancy of xe 2 for the a-~phase
indium alloys, and also of the more commonly expected correlation--
constancy of x/Nb (E ). Iﬁ is clear that x is more nearly proportlonal
to N _(E) than to © '2, but it is also clear that the contributions’
qf_an electronic tate to A and to N (u ) are different.

It is expected8 that states close to strongly scatterlng Bragg

- planes, Whlch are mixtures of several OFW's, will generally make

relatively large contributions to the mean-square qlectron-phonon‘matrix



~

3 | UCRL-19681

 element which occurs as a factor in A. Our results do not seem to be

consiétentvwith this expecfatidn. For example, it seems clear that]newl
third-zone states begin to be populated at Z = 3.09. The value of A
does increaée more'rapidl& for higher Z, but not as‘rapidly as‘does
NSS(EF)5 which,a;so occurs as a factor in \.

If has been knéwn for some time that the addition of small amounts
(~1at % 6r less) of Cd or Sn to In ‘lowers T, by an amount related
to thé reduction in electron mean free path.9 We‘note that 90_ for 1In
is aisovhigher than would bevgiven'by interpolation between alloys
containing more than a fewat 4 Cd or Sn -- and bj an amount that could

itself account for the higher value of T -

*Work supported by the U. S. Atomic Energy Coﬁmission;
~l.Present address Department of PhyS1cs, University of the Wltwatersrand,
“Jan Smuts Avnnue, Johannesburg, South Africa.
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Fig. 1. Measured and derived parameters. The dashed lines are:
intended to emphasize the changes in slope of <y near
Z = 2.98 and 3.09. :
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- Fig. 2. Test of the constancy of XGO‘and X/Nbs(EF)"'BOth
'  quantities are plotted as ratios to their values at
Z = 3.00. |
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Comm1sszon nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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