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Density of Electronic States in a~Phase 

In Alloys Containing Cd and Sn* 

t Norman E. Phillips, J. C. F. Brock, 
:f: Marcel H. Lambert , and M. F. Merriam 

Inorganic Materials Research Division 
of the Lawrence Radiation Laboratory, 

University of California, Berkeley, California 9!~720 

Abstract 
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Low-temperature heat capacity measurements on a-phase In alloys 

were used to obtain the Debye characteristic temperature, the der..sity 

of electronic states, and the electron-phonon coupling constant. The 

results show further evidence for Brillouin zone boundary - Fermi 

surface intera,ctions, and are discussed from this point of VieltT. 
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For certain values of Z, the -conduction electron/atom ratio, 

the a-phase In alloys containing Cd or Sn exhibit rapid changes 

in the derivative with respect to Z of both axial ratio and T, 
c 

th ·t· 1 t t f d t· ·'t' 1,2 Th f'f t h e crl-lca empera ure or supercon 'tic lVl y. ese e ec save 

been attributed to Brillouin zone boundary - ,Fermi surface interactions. 

We have measured the low-temperature heat capacity of these alloys 

to search for related effects in N(EF), the denSity of electronic 

state at the Fermi energy EF, and to obtain values of the Debye 

characteristic temperature' e which make possible estimates of A, 
o 

the electron-phonon coupling constant. The measurements will be 

discussed in more detail elsewhere. 3,4 

- As shown in Figure 1, e varies 
o 

z= 3.00, but r, -which is equal to 

smoothly withZ except at 

(2/3)rr
2
k2 N(EF), shows rapid 

changes of slope near Z = 2.98 and 3.09, corresponding to the 

previously reported effects in T and' axial ratio. We have used an 
c 

equation derived by MCMillan5 to estimate A, and have calculated 

the "band density of states" ~s (EF) on the assumption that 

Nbs(EF) = N(EF)/(l + A). ~s(EF) is well represented by four straight 

lines intersecting at Z = 2.98, 3.00, and 3.09. Increases in 

d Nb/EF)/dZ occUr at Z = 2.98 and 3.09 suggesting the appearance 

or new pieces or the Fermi surrace at these Z values. From the 

"experimental" ~s(EF) , the increase- in ~ between Z = 2.98 

and 3.09 is 0.25 eVe 

1'he Fermi surface of pure In includes an extensive second-zone 

surface, possibly multiply connected, and third-zone "I' arms". 

Additional third-zone pockets of electrons, the "a.-arms'~ may exist 

but the available evidence is contradictory6. Band-structure 

calculations7 suggest that for In the lowest energy I'-arm states are 0.5 eV 
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or more below the lowest a-arm states. 
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In the alloys the trend in 

axial ratio with Z can be expected to increase this energy difference 

with increasing Z. Furthermore, it would be difficult to understand 

the positive dNb (E )/dZ in the 2.95 < Z < 2.98 region if the 13-arms 
s F 

were not already in existence. It therefore seen:,s unlikely that the 

increases in dNbs(EF)/dZ are caused by the successive appearance of the 

13 and a arms. 'J'he band-structure calculations also suggest that 

fourth-zone states are too high in energy to be occupied in the alloys. 

A possible explanation of the increases in cliiJbs (EF)/ dZ, suggested by 

the band~structure calculations, is that pockets of electrons appear 

at the center of the a arms at Z = 2.98, and different pockets of 

electrons appear at the ends (opposite the 13 arms) of the a arms 

at Z = 3.09. The decrease in ~s(EF)/dZ just above Z = 3.00 could 

be associated with the disappearance of the second-zone connecting tubes. 

MCMillan~ has noted that for five cubic transition metals A is 

proportional to a ratio of certain moments of the phonon spectrum with 

the dimensions [frequency r2, and he has suggested that such a correlation 

may apply for each class of superconductors. For the same metals 

there is a comparably good correlation between A and 
-2 e . 

o 
2 

Figure 2 shows a test of the constancy ofAe for the a-phase o 

indium alloys, and also of the more commonly expected correlation--

constancy of A/Nbs(E
F
). It is clear that A is more nearly proportional 

to N (E) than to -os F 
-2 e ,but it is also clear that the contributions 

o 

of an electronic state to A and to Nbs(EF) are different. 

It is expected
8 

that states close to strongly scattering Bragg 

planes, which are mixtures of several orn' s, will generally make 

relatively large contributions to the mean-square E71ectron-phononmatrix 

u . 
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element which occurs as a factor in A. Our results do not seem t.o be 

consistent with this expectation. For example, it seems clear that ;new 

third-zone states begin to be populated at Z == 3.09. The value of A 

does increase more rapidly for higher Z, but not as rapidly as does 

Nbs(EF), which,also occurs as a factor in A. 

It has been known for some time that the addition of small amounts 

('" 1 at % or less) of Cd or Sn to· In lowers T by an amount related 
c 

to the reduction in electron mean free path. 9 We note that e for In o 

is also higher than would be given by interpolation between alloys 

containing more than a few at % Cd or Sn -- and by an amount that could 

itself account for· the higher value of T . 
c 
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Fig. 1. Measured and derived parameters. The dashed lines are 
intended to emphasize the changes in slope of ~ near 
Z = 2.98 and 3.09. 
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Test of the constancy of /1£)0 and A./Nbs (~). .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 Commission, 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 Commissio~" 
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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