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The dependence of aTc/aP and .1.Tc on C is studied in a broad range of concentrations in the ln-Tl 
and ln-Hg systems, in both the tetragonal and cubic phases. Peculiarities of the dependence of aTc/aP 
on C are observed in the tetragonal phase for concentrations between 0 and 3 at.% Hg in the ln-Hg 
system and between 0 and 6 at.% Tl in the In-Tl system. At high concentrations, peculiarities of the 
dependence of aTc/aP on C are observed in the 6-~ concentration range of Hg for the ln-Hg sys­
tem and in the 22-30% range of Tl in the In-Tl system. A singularity of aTe ja P is observed in the 
cubic phase of the ln-Tl system at Tl concentrations between 32 and 50 at.% and also in the ternary 
system In-Tl(35%)-Hg(x at.%) (0 < x < 6 at.%). The singularities are ascribed to alteration of the 
Fermi-surface topology, induced by the impurity. The magnitude of the singularities of aTc/ap does 
not depend on the residual resistance of the alloys, which is proportional to the lifetime of the quasi­
particles. It is suggested that in alloys there exist singularities in the density of the electron states, 
which form a coherent state, i.e., Cooper pairs. On the other hand, from the viewpoint of modern 
theory of normal metals, it is meaningless to speak of singularities of the electron state density in 
these alloys. 

IN our preceding study[ll we investigated solid solu­
tions of indium with cadmium, mercury, lead, and tin 
impurities in the tetragonal phase. It was found that 
nonlinear dependences of aTe jap on the impurity con­
centration C are observed under the influence of im­
purities whose valence is both larger and smaller than 
that of indium. 

Such a behavior of aTc/aP as a function of C was 
connected with the change of topology of the Fermi sur­
face under the influence of the impurity[1-4J. From the 
experimental data on the dependence of aTc/aP on C 
for binary and ternary systems it follows that the mag­
nitude of the observed effect in aTc/aP is not sensi­
tive to the mean free path of the conduction elec­
trons(l,s,sJ. 

The present paper is devoted to a further investiga­
tion of the changes of the electronic spectrum of in­
dium under the influence of impurities. We investi­
gated the dependence of aTc/aP on C in a wide inter­
val of concentrations both in the face-centered tetra­
gonal phase and in the face-centered cubic phase, in 
the systems ln-Tl and ln-Hg. 

SAMPLES AND MEASUREMENT METHOD 

We investigated binary solid solutions of indium with 
mercury and thallium impurities, and also the ternary 
solutions ln-Tl35%-Hg, in which the mercury concen­
tration ranged from 0 to 6 at.% 11 • 

Indium with impurity batches was placed in an 
ampoule of Pyrex glass. The ampoule was evacuated 
to ( 1-2) x w- 5 mm Hg and sealed off in the same 
vacuum. It was then placed in an oven, where the melt 
was soaked for several weeks at a temperature 
slightly exceeding the melting temperature, and was 
continuously stirred. The melt was then abruptly 

llThe concentrations are given in atomic percent throughout. 
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FIG. I. Temperature dependences of R(T)/R(4.2°K) for the following 
systems: I, I' -pure In; 2.2' -In-Hg (8%); 3.3' -In-Hg (0.8%); 4.4'-In­
Tl (26%); 5.5' -In-Hg (10%); 6.6' -In-Tl (3%); 7.7' -In-TI (35%); 8.8'­
In-TI (35%)-Hg (4%); 9.9' -In-T1 (35%)-Hg (2%); 10.10' -In-TI (45%); 
11.11 '-In-TI (50%). Curves 1-11 were plotted at P = 0 and I '-II' at 
P=1730atm. 

cooled. Small-concentration alloys were prepared by 
diluting solutions having higher concentrations. The 
samples were prepared in the form of wire of 0.4 mm 
diameter and length 10-15 mm by extruding through a 
die, after which they were annealed for a week, and in 
some cases for several months, at a temperature 
20-30°C below the melting temperature of the alloy. 
Sufficiently good samples were obtained with a homo­
geneous impurity distribution, as can be judged by the 
width of the superconducting transition (Fig. 1 ). 

The ternary solutions ln-Tl35%-Hg were prepared 
in the following manner. The maximum-concentration 
alloys ln-Tl35%-Hg6% and In-Tl35% were prepared 
first. Ternary solutions with lower mercury concen­
tration was obtained by diluting the ternary solution 
with the maximum concentration with the binary 
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FIG. 2. Plots of aTc/aP and LHc of In-TI alloys against the Tl im­
purity concentration: a-face-centered tetragonal phase; the arrow cor­
responds to the phase transition; b-face-centered cubic phase. (The 
data of [7 ] are given together with the limits of the errors). 

In-Tl35% solution. From x-ray diffraction investiga­
tions and from the width of the superconducting transi­
tion (see Fig. 1) it can be concluded that the ternary 
solutions are single-phase2 > and have large crystals at 
the investigated mercury-impurity concentrations (up 
to f1lo ). According to x-ray diffraction investigations, 
the ternary solutions ln-Tl35%-Hg with Hg concentra­
tion up to fJlo, as well as the In-Tl and In-Hg solutions 
in the concentration intervals 31-5o% Tl [71 and 
9-20% HgrsJ have face-centered cubic lattices. 

The temperature of the superconducting transition 
was determined from the change of the resistance 
ratio R(T)/R(4.~K) with changing temperature (Fig. 1). 
The derivative of the superconducting-transition tem­
perature with respect to the pressure, aTc/aP, was 
determined by a method described earlier[l1• The ac­
curacy with which aTc/ap was measured in the ln-Tl 
and In-Hg solutions in the concentration intervals 
0-2(1% Tl and 0-8% Hg was ± 1.1 X 10-6oK/atm. With 
further increase of the thallium and mercury concen­
trations in the binary systems, and also of the mercury 
concentration in the ternary In-Tl35o/o-Hg systems, the 
accuracy was ± 3.3 x 10- 6 oK/atm. 

MEASUREMENT RESULTS 

1. In-Tl solutions. For indium with a thallium im­
purity we observe a nonlinear dependence of a Tc I a P 
on the impurity concentration in both the tetragonal 
(Fig. 2a) and the cubic phases (Fig. 2b). When the 
thallium impurity is added to pure indium, the absolute 
value of a Tc ja P decreases and reaches at 2% Tl a 
value 3.5 x 10-5 deg/atm, which remains unchanged up 
to 3.2o/0 Tl. Further increase of the impurity concentra­
tion increases the absolute value of a Tc /a P, which 
reaches 4.16 x 10-5 deg/atm at 6% Tl. In the concentra-

2lThe authors are grateful to L. F. Belyak for x-ray diffraction in­
vestigations of the ternary solutions. 
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FIG. 3. Dependence of aTc/aP and 11Tc of In-Hg alloys on the mer­
cury impurity concentration: a-face-centered tetragonal phase, the ar­
row corresponds to the phase transition; b-face-centered cubic phase 
(0-data of [8)). 

FIG. 4. Dependence of aTc/aP and 11Tc of In-TI (35%)-Hg alloys on 
the mercury impurity concentration. 

tion interval 6-20%, aTc/aP remains practically un­
changed. However, a further increase of the thallium 
impurity concentration leads to an appreciable increase 
of the absolute magnitude of a Tc ja P, which reaches a 
value 6.35 x 10-5 deg/atm at 28% Tl. Indium alloys with 
up to 3(1% Tl impurity are single-phase and have a 
tetragonal lattice. In the interval 30-31% Tl, the 
indium lattice goes over at 3.3°K from face-centered 
tetragonal to face-centered cubic f71 • It should be noted 
that aTc /o P is continuous in the entire concentration 
region and is not very sensitive to the scatter of A Tc. 
The phase transition corresponds to a sharp change in 
the dependence of Tc on the impurity concentration 
(the arrow in Fig. 2b corresponds to the phase-transi­
tion point). In the cubic phase, in the concentration 
interval 32-50%, a nonlinear change of aTc/8P is ob­
served. The value of aTc jap changes in absolute mag­
nitude from 5.2 x 10-5 to 1.7 x 10- 5 deg/atm, i.e., by a 
factor of 3 (Fig. 2b ). 

The presented experimental plots of A Tc against 
the thallium impurity concentration (Figs. 2a aM 2b) 
agree with previously published data by others 

2. In-Hg solutions. In these solutions, the depend­
ence of aTc jap on the mercury impurity concentra­
tion is nonlinear (Fig. 3), just as in the In-Tl system. 
The dependence of aTe ja P on the mercury impurity 
concentration, up to 4.5%, was investigated in detail 
earlierf 5l. In the concentration interval 4.5-6%, 
aTc ja P remains unchanged. With further increase of 
the mercury impurity concentration, an appreciable 
increase of the absolute value of aTc/ap is observed, 
and reaches, just as in the In-Tl system, the value 
6.35 x 10-5 deg/atm at 8.~ Hg. In the interval 
9-10% Hg the indium lattice is transformed from 
face-cente~ed tetragonal into face-centered cubic raJ. 
This phase transition corresponds to a jump in the 
dependence of A Tc on the impurity concentration 
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FIG. 5. Dependence of 6ilTc/ilP of indium on the electron density 
change 6n (6n = aC* eff at.%; (0-In-Cd; .--In-Hg; +-ln-Sn; e-In­
Pb (2%)--Cd, <J-In-Pb [11 ;6-In-TI). b) Density of electronic states of 
indium near the Fermi energy E~ (E~l) and e~2l are the critical energies at 
which the topology of the Fermi surface changes). c) Change of elec­
tronic specific heat of indium following introduction of Sn impurity [91. 

(Fig. 3b, the arrow corresponds to the transition into 
the face-centered cubic phase). In this system, the 
&Tc/&P dependence in the region of the structural 
transformation is similar to that in the ln-Tl system. 
The presented experimental dependences of 6. Tc on 
the mercury impurity concentration (Fig. 3) are in 
good agreement with data previously published by 
others raJ. 

3. Ternary solutions ln-Tl35%-Hg. The dependence 

of a Tc /8 P on the mercury impurity concentration in 
these solutions is similar to the analogous dependence 
of 8Tc /8 P on C in the ln-Tl system in the concentra­
tion interval 35--5<1fo Tl (Fig. 4). The temperature of 
the superconducting transition of the initial In-Tl35% 
solution decreases when 2% Hg is added. With further 
increase of the mercury impurity concentration, a rise 
in the temperature of the superconduction transition is 
observed. Thus, the shift of 6-Tc(C) for the In-Tl35%­
Hg solution differs greatly from the shift of t..Tc( C) of 
the In-Tl solutions in the concentration interval 
35-5~ (Fig. 4), in spite of the fact that these solutions 
have similar dependences of &Tc/8P on C. 

DISCUSSION OF RESULTS 

1. Tetragonal phase. In our preceding communica­
tion, by a joint study of the binary and ternary systems 
ln-Hg, In-Cd, ln-Pb, ln-Sn, In-Pb2%-Cd, we have 
shown that the nonlinear dependence of 8Tc/8P of 
indium on the impurity concentration is due to the 
change in the electron density (the Fermi energy) 
(Fig. 5a). Such a behavior of 8Tc/<lP was attributed 
to the presence, near the Fermi energy of indium, of 
two critical energies ~~11 and ~~21 , at which a change 
takes place in the topology of the Fermi surface and 
causes the change of the density of the electron states 

v( £); shown in Fig. 5b. The hypothesis was advanced 
that these singularities should also become manifest in 
the electronic properties of the investigated solutions 
in the normal state, for example, in the electronic 
specific heat. Recently, in a study of the influence of 
a tin impurity on the electronic specific heat of indium, 
White and McCollum[9l observed a sharp change in the 
density of the electronic states at an impurity concen­
tration larger than 0.8 at.% (Fig. 5c). Such a behavior 
of the electronic part of the specific heat of indium 
was also attributed by the authors of[ 9 l to the change 
of v( £) upon formation of a tubes in the third Bril­
louin zone. 

Thus, the assumption that a connection exists be­
tween the change of the topology of the Fermi surfacePl 
and the observed nonlinear dependence of 8Tc/8P of 
indium following the addition of an impurity has been 
confirmed, at least qualitatively, in a more conventional 
experiment characterizing the behavior of the density 
of the electronic states of the metal. In our subsequent 
discussion, followingr 2 l, we shall associate the results 
of the observation of the extrema of &Tc ja P as func­
tions of the impurity concentration with the singulari­
ties in the density of the electronic states31 • 

On comparison of the experimental data (Fig. 5b 
and 5c) it is natural to assume that upon the decrease 
of the Fermi energy of indium, when the {3 tubes in the 
third Brillouin zone are brokenr4l, the electronic spe­
cific heat should decrease nonlinearly under the influ­
ence of the mercury and cadmium impurities with in­
creasing impurity concentration. 

The maximum change of 8Tc/8P of indium under 
the influence of a thallium impurity is the same as in 
the In-Hg system (Fig. 5a). We can therefore conclude 
that an admixture of thallium, which has a valence 
equal to the valence of indium, just like a mercury im­
purity, decreases the Fermi energy of indium. The Tl 
impurity acts on the density of the electronic states of 
In less effectively than the Hg impurity, which has a 
lower valence than In. Indeed, if we assume as before 
that the effectiveness of mercury is equal to unity 
(Ceff = CHg['l) and that of thallium is equal to 0.3 
( Ceff = 3.3 CTl) in the ln-Hg and ln-Tl solutions, then 
the dependences of BTc /BP of these solutions on the 
effective impurity concentration are described by a 
single curve (Fig. 6b ). 

Thus, these results, in conjunction with the data of 
Fig. 5a, show that the nonlinear change of <lTc/8P as 
a function of C of all the investigated systems, con­
nected with the change of the topology of the Fermi 
surface, is described by a single curve if an appropri­
ate choice is made of the effectiveness of the influence 
of the impurities on the Fermi energy of indium. The 
effectiveness of the action of impurities on the Fermi 
energy is connected with many factors, such as the 
valence, the potential of the impurity-atom ions, and 
the change of the parameters of the unit-cell lattice of 
indium following introduction of the impurity. 

3lStrictly speaking [ 28 1, the nonlinear dependence of ilTc/ilP onE 
is due to the singularities of v(e), if we assume that the electron-phonon 
interaction constant does not contain a singularity at EF = Ec· This as­
sumption does not contradict the experimental data on the tunnel effect 
in superconductors [ 27 1 . 
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Introduction of impurities into a metal, besides 
changing the Fermi energy, also destroys the periodic­
ity of the lattice and consequently leads to electron 
scattering processes and to damping of single-particle 
electronic states, a measure of which may be the rela­
tive residual resistivity p = R ( 4 ,2°K)/[R ( 273°K) 
- R( 4.~K)). In the investigated systems, the cb.ange 
of the residual resistivity differed greatly for differ­
ent impurities. Consequently, the damping of the 
single-particle excited states of the electrons was dif­
fer~nt in the systems In-Hg, In-Tl, In-Cd[ll, In-Pb2% _ 
Cdr 1• It should be noted that the maxima of aTe/aT, 
connected with the change in the Fermi-surface topo­
logy, did not depend on the electron scattering pro­
cesses (on the residual resistivity), within the limits 
of experimental accuracy (Fig. 7). 

These experimental data point to significant differ­
ences in the manifestation of scattering processes in 
the thermodynamics of metals in the superconducting 
and normal states. 

The density of states in a metal is determined by 
the expression 

v(e) = v0 (e) + 6v(e), 

where 11 ( E:) is a smooth function of the energy and 

(1) 

15 v( E:) has a "root" singularity and is due to the change 
of the Fermi-surface topology with changing energy 
energy r 10,21J. 

As is well known r llJ, scattering processes do not 
influence the value of Vo( E:) if r IE: F « 1' where 
r =livF/kl, VF is the average electron velocity of the 
Fermi surface, and li and k are the Planck and 
Boltzmann constants. At the same time, the quantity 
15V(t.) depends strongly on the scattering processes. In 
this case the quantities 15v(t.F) and (ajaP)15v(t.F} 
take the form[uJ 

(m1m2ma) 1
/ 2 

llv(e,)= {[(e,-eJ'+l''J'i'± (e,-e0 )}''', 

l'2 n' 

fJ ( ) 1 fJ(e,-e0 ) llv(e,) 
afi6" e, =± 2 fJP [(e,-e0)'+I'']·i• 

(2) 

The plus and minus signs in (2} pertain to the cases of 

.J.45 

24 28 
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FIG. 7. Dependence of 3Tc/3P on the relative residual resistivity p 

on the following systems: 0-In-Hg; 0-In-Cd; D-In-Tl; O-In-Pb2%­

Cd. 

the points of maximum and minimum energy, while m1, 
m2, and ms are the principal values of the effective­
mass tensor mi~ = a2t./aPiaPc at the point P = Pc. 

The thermodynamic characteristics of a metal in 
the superconducting state (the energy gap Ao, the 
critical magnetic field He, and the temperature of the 
superconducting transition) are determined by the fol­
lowing parameters; the density of the electronic states 
and the amplitude of the effective electron-electron 
attraction I( E:, E: '), where E: and E:' are the electron 
energies. If it is assumed that the scattering processes 
do not influence the amplitude of the effective electron­
electron attraction, and the density of the electronic 
states is a smooth function of the energy, then the 
scattering processes do not influence the thermody­
namic characteristics of the superconductor if r / E: F 
« 1 r 12 1. At the same time, using the formalism de­
veloped by Abrikosov and Gor 'kov r 12 l, it was shown 
that allowance for the change of the Fermi-surface 
topology under the influence of the impurity leads to a 
nonlinear dependence of Tc on cP3l, In this case, the 
nonlinear variation of Tc and a Tc /a P as functions of 
C is due to two causes: the change of the Fermi energy 
and scattering processes. 

The nonlinear dependence of aTc/aP on E:F- E:c is 
determined by the expressionr 13l 

aTe= "Ay j ~ thw j 1/ (o, Tc'x) I' (P +x)-'" 
ap 0 2n (J) _, k,s 

where 

1 . 1 

X [ (w+x)'+y' + (w-x)'+v' ]ax, (3) 

(2m,m,m.Tc) 'f, fJ (e,- eel 
2n'v, (e,) ap 

s is the speed of sound in the metal and kF is the 
Fermi wave vector. In the Froehlich-Debye model r14l 
we have 

I(~, x) = 1- 21 xI + 2x' In I 1 + 1/ xi. 

It is seen from Fig. 8 that aTc/aP depends signifi­
cantly on y. This is connected with the "smearing" 
of the quantity 1511( E: F) as a result of the scattering 
processes. 

Thus, the singularities in the density of the elec­
tronic states should become "smeared out" by the 
scattering processes, regardless of whether the metal 
is in the normal or in the superconducting state[ 11• 13l, 
The increments of the thermodynamic characteristics 
of the metal due to the change in the topology of the 
Fermi surface (for example, the increments of the 
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FIG. 8. Dependence of oTc/aP 
On {3 = (EF-Ec)/2T~ [ 15 ]. 
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FIG. 9. aT cfaP and LITe of the alloys In-Hg and In-TI vs. the effec­
tive impurity concentration (Ceff = CHg = 3.3 CTJ). a-face centered 
tetragonal phase; the arrow corresponds to the phase transition, b-Face­
centered cubic phase. 

electronic component of the thermal expansion coeffi­
cient, to the temperature of the superconducting transi­
tion, to the derivative of Tc with respect to pressure, 
etc.) should depend on the scattering processesr 11l, 

The experimental data (Fig. 7) show that the existing 
theoriesr 12 ' 13 ' 15l, which take into account the influence 
of the scattering processes on the thermodynamics of 
a superconductor, contradict the experimental data: 
oTc/oP for the system In-Pb2C]b--Cd should decrease at 
the maximum in comparison with the same quantity for 
the In-Hg system by a factor of 3 in accordance with 

4) ' expression (3) . Apparently, in the superconducting 
state, the impurity changes only the energy difference 
!OF - tc, and does not lead to a smearing of the density 
of the coherent states. At the same time, as already 
noted, in the normal state of the metal the impurity not 
only changes the energy difference !OF - !Oc, but leads 
also to a damping of the elementary excitations and to 
a smearing of their density of states. This apparently 
is also the reason why the correlation existing at low 
concentrations between the singularities in the depend­
ences of the magnetic susceptibility x on C and of 

4)The value of rat the maximum is 7.8"K for the In-Hg system and 
136"K for the In-Pb 2%-Cd system. For indium VF"' I X 108 em/sec, 
a/1 = 9 X 1010 ohm-1 cm-2 [ 16 ], and a = 11.4 X I 04 ohm-1 em-' [ 17], 

hence 1/1 = 8 X 10s p. 

FIG. 10. Dependence of oTc/aP and 
LITe of the alloys In-TI 35% -Hg (curve I) 
and In-TI (curve 2) and of the difference 
of Tc of the systems In-T135% -Hg and 
In-TI (line 3) on the effective impurity 
concentration (Ceff = CHg = 3.3CTJ). 

t.Tc 1°K·~ 
J 

oTc/oP on C in indium, vanishes completely on going 
over to larger impurity concentrations. 

Indeed, the scattering processes cause the singular­
ity of x(C, T) in the In-Tl system['aJ to become less 
pronounced than in the In-Cd systemr 19l, since rln-Tl 
> rln-Cd at the maximum of x (C). With further in­
crease of the Tl impurity concentration in the In-Tl 
system, no singularities of x( C, T) were observed in 
the tetragonal phaseP8l, At the same time, in accord­
ance with the superconducting characteristics 
[i1Tc/3P(C)], singularities in the dependence of 
3Tc/oP on C are observed at concentrations 20-31% 
Tl in the ln-Tl system and 6-9% Hg in the In-Hg sys­
tem. 

The dependences of oTc/oP on C for the systems 
ln-Tl and In-Hg in the entire interval of the investi­
gated concentrations are described by a single curve if 
the effectiveness of the action of the Tl and Hg impuri­
ties on the density of the electronic states of indium at 
high impurity concentrations is assumed to be the same 
as at low concentrations ( Ceff = CHg = 3 .3CT1) (Fig. 9 ). 

A dependence of oTc/oP on Ceff (near Ceff = 8.2%) 
with a decrease of 10 F by the impurity is possible in two 
very simple topological casesr2J: formation of a bridge 
between the cavities of the Fermi surface or formation 
of new cavities of the Fermi surface. In the concrete 
case, apparently, a more complicated topological transi­
tion is observed. According to the experimental data 
of(2oJ, a Cd impurity decreases the maximum y -section 
of the electronic surface of indium in the third Brillouin 
zone by 7. 7%/ ( 1 at.% Cd). Using linear extrapolation, 
it can be assumed that at 13 at.% Cd the electronic sur­
face in the third Brillouin zone vanishes completely. 
Taking into account the different effectivenesses of the 
Cd, Hg, and Tl impurities ( Ceff = CHg = 1.67Ccd 
= 3.3CT1), we can assume that the vanishing of the 
electron group will be observed at 7.8% Hg or 26% Tl. 
This should lead to a nonlinear decrease of the absolute 
value of oTc/oP as a function of cr2 l, 

The observed increase of the absolute value of 
i1Tc/oP at 8.2% Hg or 28% Tl should apparently be 
related with the fact that simultaneously with the vanish­
ing of the electronic surface in the third Brillouin zone 
there are produced open sections in the hole surface of 
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the second zone or "holes" in the first Brillouin zone. 
The different behavior of aTc/aP in the systems 

ln-Hg and In-Tl in the Hg and Tl impurity concentra­
tion intervals between the two singularities (Fig. 9) can 
be attributed to the different variations of the smooth 
part of the density of the electron states v0(£F)f2 l, 
which is not connected with the change of the topology 
of the Fermi surface. 

Following the topological transition in both systems, 
ln-Tl and In-Hg, a phase transition takes place, namely, 
the tetragonal face-centered lattice becomes cubic 
face-centered (see Figs. 2 and 3). It should be noted 
that the phase transitions in these systems occur at 
identical effective electron concentrations (Fig, 9 ). One 
cannot exclude the possibility that the phase transition 
in these systems is stimulated by changes in the topo­
logy of the Fermi surfacef21l, 

2. Face-centered cubic phase. As already noted, in 
the cubic phases of the systems In-Tl and ln-Tl35%-Hg, 
a nonlinear dependence of a Tc /a P and Ll Tc on C is 
observed (Figs. 2b and 4). Comparing the plots of 
a Tc ja P against C for both systems, we can determine 
the relative effectiveness of the Hg and Tl impurities 
in the face-centered cubic phase. As seen from Fig. 10, 
the relative effectivenesses of Hg and Tl in this phase 
are practically the same as in the tetragonal phase 
( Ceff = CHg = 3 .3CTl). The maximum of aT c ja P in the 
In-Tl35%-Hg system is observed at a relative residual 
resistivity p = 58.6 x 10-2 (r = 358°K), and in the ln-Tl 
system at p = 66 X 10-2 ( r = 403°K). 

A study of the magnetic susceptibility of the In-Tl 
system in this phase has revealed only an insignificant 
linear variation of x (C), which was attributed to the 
absence of a singularity in the density of the electronic 
statesfl81 • This, too, is not surprising, since such 
values of r smear out practically completely the 
singularity in v(£F) when the metal is in the normal 
state, in accord with formula (2). 

In the cubic phase we observe a large nonlinear 
change of aTc/aP( C) at 32-50% Tl and 0-6% Hg in 
the systems In-Tl and In-Tl35%-Hg, respectively. 
This change is connected with the change of the conduc­
tion-electron concentration, In analogy with the singu­
larities of aTc/aP as functions of C in the tetragonal 
phase, due to singularities in v( £ ), such a behavior of 
aTcfap (see Figs. 2b and 4) can be naturally connected 
with the singularities in the density of the electronic 
states forming coherent states-"Cooper pairs." 

It is seen from Fig. 10 that the course of LlTc(Ceff) 
for these systems is nonlinear and is different. We 
assume that the observed dependences of Ll T c on C 
are the result of the action of two mechanisms, a non­
linear and a linear one. Since the difference LlTc(Ceff) 
in Fig. 10 (curve 3) is linear, this means that the non­
linear mechanisms in Tc( C) are the same for the 
systems In-Tl and ln-Tl35%-Hg, while the linear ones 
differ from each other. Within the framework of the 
existing theoriesf22 ' 23 l, at such high impurity concen­
trations and at such a residual resistivity, there are 
no nonlinear mechanisms in Tc( C). It is natural to 
assume that the nature of this mechanism in Tc( C) is 
the same as in the nonlinear dependence of aTc/aP on 
C, i.e., it is due to the singularity of the density of the 
coherent electronic states. The differences in the 

linear mechanism of LlTc( C) in the systems ln-Tl and 
In-Tl35%-Hg at the same topological structure of the 
Fermi surface may apparently be due to the large dif­
ference between the potentials of the internal shells of 
the Tl and Hg impurity ions and that of the indium 
ion [241, 

Thus, it can be concluded from the entire aggregate 
of the experimental data that singularities exist in the 
density of the electronic states forming a coherent 
state-"Cooper pairs." At the same time, it is com­
pletely meaningless, from the point of view of modern 
theory of metals in the normal state, to speak of singu­
larities of the density of the electronic states in these 
alloys. 

It should be noted that the singularities in the density 
of the phonon states become smeared out under the in­
fluence of external actions (impurity concentration, 
lattice distortions )[25- 271, This is connected with the 
fact that when the metal goes from the normal to the 
superconducting state, the phonon system does not 
experience a radical realignment, unlike the electronic 
system, where "Cooper pairs" are produced. 

Because of this circumstance, an investigation of 
the topological singularities of the electronic spectrum 
of a metal with superconducting characteristics is ef­
fective in those cases when the customarily employed 
methods (the de Haas-van Alphen effect, absorption of 
ultrasound, etc.) cannot be used. 

The authors consider it their duty to thank V. G. 
Bar'yakhtar, N. V. Zavaritski1, V. V. Gann, and B. G. 
Lazarev for a discussion of the results. 

1 V, I. Makarov and I. Ya. Volynski1, Zh. Eksp. Teor. 
Fiz. 57, 3 (1969) [Sov. Phys.-JETP 30, 1 (1970)]. 

2 V. I. Makarov and V. G. Bar 'yakhtar, ibid. 48, 1717 
(1965) [21, 1151 (1965)]. 

3 B. G. Lazarev, L. S. Lazareva, T. A. Ignat'eva, 
and V.I. Makarov, Dokl. Akad. Nauk SSSR 163, 74 
(1965) [Sov. Phys.-Doklady 10, 620 (1966)]. 

4 V. I. Makarov and I. Ya. Volynski1, ZhETF Pis. 
Red. 4, 369 (1966) [JETP Lett. 4, 249 (1966)]. 

- 5 V, I. Makarov and I. Ya. Volynski1, Fiz. Met. 
Metallov. 25, 1122 (1968). 

6 T, A. Ignat'eva, V.I. Makarov, and N. S. Tereshina, 
Zh, Eksp. Teor. Fiz. 54, 1617 (1968) [Sov, Phys.-JETP 
27, 865 (1968)]. . 

7 M, F. Merriam, J. Hagen, and H. L. Luo, Phys. 
Rev., 154, 424, 436 (1967). 

8 M. F. Merriam, M.A. Jensen, and B. R. Coles, 
Phys. Rev., 130, 1719 (1963). 

9 H. W. White and D. C. McCollum, Phys. Rev. B, 
third series, 1, 552 (1970). 

10 L. Van Hove, Phys. Rev., 89, 1189 (1953). 
11 M. A. Krivoglaz and Tu-Hao, Fiz. Met. Metallov. 

21, 817 (1966). 
12 A. A. Abrikosov and L. P. Gor 'kov, Zh. Eksp. Teor. 

Fiz. 35, 1155 (1958); 36, 319 (1959) [Sov. Phys.-JETP 
8, 808 (1959); 9, 220 (1959)]. 

13 V. G. Bar'yakhtar, I. I. Fal'ko, and V.I. Makarov, 
ibid. 49, 1858 (1965) [22, 1270 (1966)]. 

14 G. J. Culler, B. D. Fried, R. W. Huff, and J. R. 
Schrieffer, Phys. Rev. Lett., 8, 399, 1962. 

15 R. J. Higgins and H. D. Kaehn, Phys. Rev., 182, 
649 (1969), 



1032 V.I. MAKAROV and I. Ya. VOLYNSKII 

16 K, R. Lyall and J. F. Cochran, Phys. Rev., 159, 
517 (1967). 

17 G. K. White and S. B. Woods, Revo Sci. Instr., 28, 
638 (1957). 

18 1. V. Svechkarev, B. I. Verkin, and L. B. 
Kuz'micheva, Zh. Eksp. Teor. Fiz. 47, 817 (1964) [Sov. 
Phys.-JETP 20, 547 (1965)]. 

19 B. I. Verkin and I. V. Svechkarev, ibid. 47, 404 
(1964) [ 20' 267 (1965)]. 

20 R. J. Higgins and H. D. Kaehn, Phys. Rev., 181, 
No.3, 1059 (1969). 

21 N. F. Mott and H. Jones, The Theory of the Proper­
ties of Metalls and Alloys, Oxford, 1936. 

22 D. Markowitz and L. P. Kadanoff, Phys. Rev., 131, 
563 (1963 ). 

23 V. A. Moskalenko and M. E. Pilistrant, Zh. Eksp. 
Teor. Fiz. 49, 770 (1965) [Sov. Phys.-JETP 22, 536 
(1966)); Dokl. Akad. Nauk SSSR 162, 539 (1965) [Sov. 

Phys.-Doklady 10, 457 (1965)]. 
24 W. A. Harrison, Pseudopotentials in the Theory of 

Metals, Benjamin, 1966. 
25 J, G. Adler, J. E. Jackson, and B.S. Chandrasek­

har, Phys. Rev. Lett., 16, 53 (1966). 
26 N. V. Zavaritskil, ZhETF Pis. Red. 6, 668 (1967) 

[JETP Lett. 6, 155 (1967)]; Zh. Eksp. Teor. Fiz. 57, 
752 (1969) [Sov. Phys.-JETP 30, 412 (1970)]. 

27 R. C. Dynes, Phys. Rev. B, third series, 2, 644 
(1970 ). 

28 V. G. Bar'yakhtar, V. V. Gann, V.I. Makarov, and 
T. A. Ignat'eva, Zh. Eksp. Teor. Fiz. (in press). 

29 J. M. Rowell and L. Kopf, Phys. Rev., 137, 1907 
(1965 ). 

Translated by J. G. Adashko 
201 


