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The effect of impurities of different valencies and of pressures up to 12 katm on the T c of thallium 
is investigated in ternary solid solutions (thallium containing impurities of mercury and indium). It 
is shown that investigation of ternary solid solutions makes it possible to experimentally separate and 
estimate the contributions of two possible nonlinear mechanisms whereby they affect Tc, one due to a 
reduction in the anisotropy of the electron-electron interaction in the scattering of electrons by 
impurities, and the other due to changes in the topology of the Fermi surface. 

At the present time there exist rather detailed experi
mental data on the effect of impurities on the supercon
ducting transition temperature of nontransition metalsY] 
For the majority of investigated metals, for example, for 
AI, Sn, and In, the nonlinear reduction of the superconduc
ting transition temperature under the influence of impuri
ties is qualitatively explained by a decrease in the ani
sotropy of the effective electron-electron interaction 
parameter associated with the scattering of electrons 
by impurities Y I However, in connection with an inves
tigation of certain ternary solutions of thallium (a metal 
containing two impurities) it was found that the depen
dence of the superconducting transition temperature on 
the impurity concentration (Tc(C)) for this metal can-
not be attributed to this mechanism only.(3-5] 

Detailed investigations of the combined effect of 
impurities and pressure on Tc for thallium indicated 
that the experimentally observed maximum of the der
ivative ClTc/8P(C) and the nonlinear dependence Tc(P), 
which are correlated among themselves, can be attri
buted to a change in the topology of the Fermi surface 
of the metal. (6-8] Since in the present case both pressure 
and impurity are considered as parameters which change 
the Fermi energy of the metal, one would naturally also 
expect a manifestation of this same mechanism in the 
Tc(C) dependence. 

and the effect of pressure on T c was studied over a 
range of pressures from 0 to 12,000 atm for the fol
lowing solutions: TI-Hg containing 0.5, 0.9, and 1.2 at.% 
mercury, TI-In(0.5 at.%), and TI-Hg(l at.%)-In(0.5 at.%). 
The subscript x indicates that the amount of impurity 
in the investigated solutions is a variable parameter. 
The measure of the impurity concentration (C) is the 
residual resistance of the samples, r = R4.20K/R300oK' 
For each of the impurities, the dependence' ot r on C 
is linear(g] in the range of concentrations investigated, 
which corresponds to the solid-solution range. The res
idual resistance of a ternary solution is equal to the sum 
of the residual resistances of binary solutions containing 
the same amount of each impurity. X -ray investigations 
of such solutions also attest to the single phase nature 
of the investigated solutions. 

The samples were prepared in the same way as des
cribed earlier (see(3]). On a base of initial, binary alloys 
of Tl-Hg containing 0.7 and 1 at.% Hg impurities, a col
lection of ternary alloys containing variable concentra
tions of In or Sb impurities was prepared. The maximum 
content of In or Sb impurity was 3.5 or 0.55 at.%, res
pectively. Samples obtained by extrusion through a hole 
were annealed at a temperature of 80 to 100°C for a 
period of several days. The width of the superconduc
ting transition, 2 to 3 mK, attests to the uniform dis
tribution of the impurities and the absence of internal 

Therefore, in studying the effect of impurities on the stresses in the samples. 
superconducting transition temperature of metals, ex-
perimental separation of the two possible mechanisms An improved design (Jo] of the high pressure bomb(ll] 
for the effect of impurities on Tc is essential: one mech- was used for the creation of pressures in the range 
anism is due to a decrease in the anisotropy of the ef- from 0 to 12,000 atm. A plunger made of nonmagnetic 
fective electron-electron interaction parameter, (2] and material-sintered pure tungsten carbide-was used for 
the other mechanism is due to a change in the topology precision measurements of Tc in the high pressure 
of the Fermi surface under the influence of impurities. (5,7] chamber. 
As is shown in the present work, it is possible to sepa- The pressure created in the bomb was determined 
rate these two mechanisms in an investigation of Tc(C) with a superconducting In-Tl (13 at.%) manometer with 
for different ternary solutions. In addition, in this work ClTc./8P = 4.2 x 10-5 deg/atm. The superconducting 
detailed experimental data is obtained on the Tc(P) depen- pressure gauge was first calibrated against a manganin 
dences for thallium containing various impurities over a manometer in the pressure range from 0 to 10,000 atm. 
wide range of pressures (0 to 12,000 atm), enabling us to The super conducting transition temperature of the in
make a quantitative comparison of theory with experi- dium manometer was measured to an accuracy of ± 2 
ment. Numerical values of the parameters, describing the to 3 mK. This allowed us to determine the pressure with 
nonlinear mechanisms for the effect of impurities and an accuracy no worse than ± 0.1 katm over the entire 
pressure on the superconducting transition temperature range of pressures investigated. The constancy of the 
of thallium, are obtained as a result of the comparison width of the superconducting transition, 2 to 5 mK, un-
of the experimental data with theory. der pressure and without pressure attests to the unifor

1. SAMPLE PREPARATION AND MEASUREMENT 
PROCEDURE 

In this work the effect of impurities on T c was inves
tigated in solid solutions of TI-Hg-Inx and TI-Hg-Sbx' 
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mity of the created pressure. 

The measurements were carried out by a potentio
meter method. The change in the superconducting tran
sition temperature (.:lTc) under pressure was deter
mined relative to a sample kept constantly under zero 
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pressure outside the bomb according to the vapor pres
sure of liquid helium, with the aid of an oil manometer. 
The differential method of measurement allowed us to 
eliminate the error associated with the different level 
of helium in different experiments. 

2. RESULTS OF THE MEASUREMENTS 

A. The ATc(r) dependence for ternary solid solutions 
of thallium. The experimental data on the ATc(r) depen
dences for solid solutions of Tl-Hg-Inx (Fig. 1b) and 
TI-Hg-Sbx (fig. 2a) are shown in Figs. 1b and 2a. These 
dependences are plotted from the corresponding points 
of the ATc(r) dependence for the binary TI-Hg solution. 

An increase of Tc, starting with very small concen
trations of the indium or antimony impurities, is ob
served in the ATc(r) dependences of the investigated 
ternary solid solutions with a mercury impurity con
tent of 0.7 at.% (curve 2 of Fig. 1b, curve 2 of Fig. 2a). 
A change of the initial content of mercury impurity in 
ternary solu tions to 1 at. % leads to the appearance of a 
nonlinearity in the initial segment of the dependence 
ATc(r) for small admixtures of the other impurity 
(curve 3 in Fig. 1b). Upon a further increase in the con
centration of indium or antimony impurities in the solu
tions TI-Hg-Inx and TI-Hg-Sbx , the dependences ATc(r) 
of the investigated ternary and binary-TI-Inx and 
TI-Sbx-solutions become similar to each other in the 
region of large concentrations, with slightly differing 
derivatives aTc/ar (curves 1-3 in Fig. 1b, curves 1 and 
2 in Fig. 2a). The observation of a nonlinear increase of 
ATC with increasing r is Significant in the obtained ex
perimental result for ternary solutions of TI-Hg with 
variable concentrations of In or Sb impurities. 

The previously investigated[3] dependences ATc(r) for 
solid solutions of TI-In-Hgx and TI-Sb-Hgx are presented 
on these same figures for comparison (curves 2, 3, 4 
of Fig. la, and curves 2, 3, and 4 of Fig. 2b). These 
dependences are plotted from the corresponding points of 
the ATc(r) dependences for the binary solutions TI-Inx 
and Tl-Sbx (curve 1 of Fig. la, and curve 1 of Fig. 2b). 
Here a nonlinear decrease of ATc(r) is observed in the 
ternary solid solutions. 

It is interesting to note that ternary solid solutions 
on a base of thallium with one and the same admixtures 
(Hg, In, Sb), differing only by variable components-in 
one case In or Sb (curves 2, 3 of Fig. 1b, curve 2 of 
Fig. 2a), in the other case Hg (curves 2, 3, 4 of Fig. la, 
curves 2, 3, 4 of Fig. 2b )-have different signs of the 
variation AT c (r ). 
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FIG. I. The dependence of AT c on r for solid solutions of thallium: 
a) 1-Tl-Inx, 2-THn (I at.%)-Hgx, 3-Tl-In (2 at.%)-Hh, 4-TI-Hgx ; b) 
1-TI-Inx, 2-Tl-Hg (0.7 at.%)-Inx, 3-Tl-Hg (I at.%)-Inx, 4-TI-Hgx' 
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FIG. 2. The dependence of ATc on r for solid solutions of thallium: 
a) 1-Tl-Sbx, 2-TI-Hg (0.7 at.%)-Sbx, 3-Tl-Hgx; b) 1-Tl-Sbx, 2-Tl-Sb 
(0.042 at.%)-Hgx, 3-Tl-Sb (0.084 at.%)-Hgx, 4-TI-Hgx. 
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FIG. 3. The dependence of ATc on the pressure P for solid solutions 
of thallium: a) 1-Tl-Hg (0.45 at.%),2-pure Tl, [12] 3-THn (0.5 at.%); 
b) 4-Tl-Hg (I at.%)-In (0.5 at.%); 5-Tl-Hg (0.9 at.%); 6-TI-Hg (1.2 
at.%). 

These experimental results indicate that in the 
present case it is not the change of the electron mean 
free path upon the addition of impurities which is im
portant, but the change of the electronic concentration 
in the metal. 

B. The ATc{P) dependence for thallium containing 
impurities. The results of investigations of binary solid 
solutions of TI with an impurity content of 0.45, 0.9, 
and 1.2 at.% Hg, with an impurity content of 0.5 at.% In, 
and of ternary solid solutions TI-Hg(l at.%Hn{0.5 at.%) 
under pressure are shown in Fig. 3. It is not difficult to 
observe that the ATc(P) dependence for the solid solution 
TI-Hg (0.9 at.%)l) (curve 5 in Fig. 3b) contains all of the 
characteristic features inherent in the ATc(P) depen
dences for other solutions: the practically linear de
crease of ATC in the region of small pressures (curves 
4,5,6 of Fig. 3b), the section of an abrupt increase of 
ATC' containing an inflection point (curve 1 in Fig. 3a, 
curves 4, 5, 6 of Fig. 3b), and the smooth decrease of 
ATC associated with a further increase of the pressure. 

It is clear from the cited figure that the ATc(P) de
pendences for TI solutions with a small amount of Hg 
impurities (0.45 at.%), with In impurities, and pure TI 
(curves 1, 2, 3 of Fig. 3a) actually represent a portion 
of the more general ATc (P) dependence under consid-
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eration (curve 5 of Fig. 3b). It should be emphasized The tabulated values of the functions J(B) and Jc{X) are 
that the most important feature in the graphs is the in- presented in Figs. 4 and 5. 
flection point in the ~ Tc (P) dependences and, consequent- I th b t . f th . t 1 d t 
ly. the presence of a maximum in the derivative . n e su sequen comparIson 0 e experlI~en~a a a 
aT /ap{p) b t t . . th ~T (P) d d wIth the theory we shall assume that the quantIty B de-
h~ h . ,u no a maXfItmhum m b. e t. c f thePten ences, pends linearly on the impurity concentration and on the 

w IC IS a consequence 0 e com ma IOn 0 e wo con- th t . 
stituents-linear and nonlinear. [13] pressure, a IS, 

The result for the ternary solid solutions Tl-Hg{1 
at.%)-ln{0.5 at.%) is interesting. Here the concentrations 
of the In and Hg impurities are chosen such that the 
dependence was unchanged in comparison with the solu
tion Tl-Hg (0.9 at.%) (these curves can be superimposed), 
whereas the residual resistance increased by a factor 
1.5. 

3. DISCUSSION OF THE RESULTS 

Before proceeding directly to a discussion of the 
experimental results (Figures 1-3), let us recall the 
fundamental mechanisms for the effect of impurities 
and pressure on the superconducting transition temper
ature. As is well known, in addition to linear changes of 
T c as a function of the impurity concentration or pres
sure, which are due to linear corrections to the parame
ters which determine the superconducting transition 
temperature, [14] nonlinear corrections to T c exist due 
to nonlinear mechanisms for the effect of impurities and 
pressure on T c. At the present time it is known that 
the nonlinear variations of Tc under pressure can be 
related to a change in the topology of the Fermi sur
face. [6, 7] Whereas the effect of impurities on Tc may 
lead to the appearance of two nonlinear mechanisms, 
one of which is related to a change in the topology of the 
Fermi surface Y] and the other is related to a decrease 
in the anisotropy parameter of the electron-electron 
interactionY] Therefore, in the general case one can 
write T c as a function of the impurity concentration C 
and the pressure P in the form 

where 
iJ=±r, ~=±~, ~=(eF-e.)/2Teo; 

x=""C'+"'2C2, v=/)v(ee+2Te')/Vo(eF), 

(1) 

T~ denotes the superconducting transition temperature 
of the original metal, €F is the Fermi energy, and €c 
is the critical energy at which the change in the topology 
of the Fermi surface takes place. The quantity v charac
terizes the relative change in the density of the electronic 
states associated with the change in the topology of the 
Fermi surface, when €F = €c + 2T~;(5] the Ai take into 
account the transverse anisotropy of the scattering of 
the i-th impurity(2]; (a2) denotes the root-mean-square 
deviation of the gap anisotropy; and the Ki are the coef
ficients associated with the linear terms. The quantities 
J(B) and Jc{X) in expression (1) have the following 
form=~2' 7J 

J(~)= j IK(O,tc"y) 1'(~+Y)'i'~dy, 
-, y 

Z"DITC" 

to= 2T.0 J. ()= J dy th(XyI4) 
C WD' e X y 1 +y' ' 

• 
where K{O, x) is the kernel of the effective electron
electron interaction, which in the Frbl1lich-Debye 
model [20] is determined by the formula 

K(O, x) =1-2x+2x'ln(1+1/lxl). 
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a~ a~ 
or ~(p,C)=~o+acC+apP 

~(P) =Z(P-Pcl, ~(C.) =Z,(C,-Ce') , 

~(P, C,)=Z(P-(Pc-a,C,», Z=±Z, Z,=±Z" (2) 

where 
Z= O(eF-Pe) 

oP 
o (e.-ee) 

Z,= a,Z, 
oC, 

Pc--~.IZ. C~=-~o/Z" 

Pc denotes the critical pressure at .which the topology 
of the Fermi surface is changed; C~ are the critical 
concentrations at which the topology of the Fermi surface 
changes; Z denotes the rate of change of the energy dif
ference (€F -€c) under the influence of pressure; Zi 
denotes the rate of change of the energy difference 
(€F - € c) under the influence of the i-th impur,ity. The 
± signs associated with the quantities v and f3 take the 
four types of topological transitions into account. If 
Z> 0, either the formation of a new cavity of the Fermi 
surface (v > 0) or the transformation of an open surface 
int£ a closed one (v < 0) occurs upon an increase of €F' 
If Z < 0, either the vanishing of a small cavity of the 
Fermi surface (v> 0) or the transformation of a closed 
surface into an open one (" < 0) occurs upoo increase of 
the Fermi energy. 

The first term in expression (1) takes the effect of 
impurities and pressure on the electronic spectrum of 
the metal into account-that is, the change of the quantity 
€F - €c under the influence of impurities or pressure(5, 71, 

-and may be expressed as a nonlinear decrease or a non
linear increase in T c. An important role is played here 
by how the Fermi energy of the metal varies under the 
influence of impurities or pressure-whether it increases 
(positive effective valence 2) of the impurity or hydro
static pressure) or decreases (negative effective valence 
of the impurity). This must correlate with the sign of the 
variation of Tc as a function of P or C. The nonlinearity 
in the region of small concentrations or pressures with 
an inflection point and a smooth variation in the region 
of large concentrations or pressures is characteristic 
for such dependences. 

FIG. 4 
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FIG. 5 

FIG. 4. Theoretical J(jl) dependence in the Fri:ihlich-Debye model. 
FIG. 5. Theoretical Jc(X) dependence. 
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The second term in expression (1) takes the impurity 
into account only as a scattering center, and this leads 
to a nonlinear decrease of Tc ' associated with the de
crease in the anisotropy of the electron-electron inter
action upon scattering of the electrons by impurities. 
For this mechanism the value of the nonlinear compoo.ent 
of T c is determined by the total residual resistance of 
the solution and does not depend on the valence of the 
doping impurities,l21 

Let us first discuss the experimental data, attesting 
to the appearance of only one nonlinear mechanism in 
T c related to a change in the topology of the Fermi sur
face-this is the dependence Tc (P) in solid solutions of 
Tl. 

A. The Tc(P) dependence for solid solutions of Tl-Hg, 
Tl-In, and Tl-Hg-In. It is not difficult to see from ex
pression (1) that the experimentally observed difference 
~Tc(P, e) = Tc(P, e) - Tc(O' e) is, just like the relation 
~Tc(P) = Tc(P) -Tc (0), determined by only one non
linear mechanism. In fact, by taking expression (2) into 
account, from expression (1) we obtain 

b.Tc(P, C) ='/2Tcovl {Z[P- (Pc-rLC) 1/2Tc'} 
-'J.Tc'vl{-Z(Pc-aC)/2Tc'}-KP. (3) 

If a function of a single variable, ~T~(P*), is introduced 
such that 

b.T'(P') = '/2 Tc'tfl {Z(P'-Pc)/2Tc'} 

-'/2Tc'vl (-ZPc/2T c'}+KP', 

expression (3) can be represented in the form 

b.Tc(P, C)=b.Tc'(P+aC)-b.Tc'(aC). 

Thus, the function of two variables, ~Tc(P, e), is ex
pressed in terms of a function of a single variable, 
~Tc(P*). The argument P* of this function may take 
either positive or negative values. 

,(4) 

Thus, the plots ~Tc(P) for different impurity concen
trations correspond to separate segments of a single 
curve ~Tc(P*) which are displaced along the pressure 
axis by the amount ae, and displaced along the temper
ature axis by ~Tc(Q!e). Therefore, the impurity plays 
the role of a certain effective pressure, changing the 
position of the energy EF with reference to the critical 
value EC' 

Thus, the experimental ~Tc(P, e) dependences for 
thallium containing different impurities (Fig. 3) can be 
represented as a single curve ~T~(P*). To do this it 
is necessary, by comparing the experimental data with 
theory, to determine the values of the parameters ap
pearing in formula (3). The values of these parameters 
found by the method of least squares on an EVM-220 
computer are as follows: v = (13.5 ± 3) x 10- 3 , 

K = (-24.5 ± 0.05) x 10-3 deg/kat.,m. Pc =-2.6 ± 0.3 
katm, e c = 0.43 ± 0.02 at.% Hg, Z = (5.4 ± 0.6) x 10-4 

:V/katm, ZB~ = -_\3.3 ± 0.4) x 10-3 eV/at.%, and ~In 
- (2.7 ± 0.5) 10 eV/at.%. 

The theoretical dependence ~Tc(P*), corresponding 
to the found values of the parameters, is depicted in 
Fig. 6. The experimental Roints pertaining to Fig. 3 and 
previously published data 12] are presented in this figure. 
As is clear from Fig. 6, good agreement is observed 
between theory [7, 8] and experiment. 

From the data presented above (the values of the 
parameters ~ and Z'i) it follows that the impurity In and 
the pressure change the difference (EF -EC) in one di-
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rection, and the impurity Hg changes it in the opposite 
direction. This corresponds to the experimental data in 
Fig. 3. The signs of the parameters v and Z enable us to 
conclude that, for pure thallium there exists a small 
cavity in the Fermi surface which grows under pressure 
and vanishes under the influence of an impurity of small 
valence (Hg). For each metal the quantity EF - EC is de
termined by its electronic structure. In order to change 
the topology of the Fermi surface it is necessary that 
the difference EF - EC tends to zero, 

However, it may be found that this difference increases 
under the influence of pressure, which is realized in the 
case of Tl. Then, for the observation of a change in the 
topology of the Fermi surface under pressure it is neces
sary to introduce into the metal an impurity for which the 
Sign of the derivative a(EF - Ec)/ae will be opposite to the 
Sign of the derivative a(EF -EC)/IlP. Hg is such an impurity 
for Tl. Under the influence of Hg impurities, the value 
of EF for Tl may become smaller than EC (for Tl-Hg 
(0.9 at.%) and Tl-Hg (1.2 at.%) solutions), and the exis
ting small cavity in the Fermi surface disappears. Then, 
if pressure is applied to such a solid solution, the dif
ference EF - EC passes through zero, and the appearance 
of a small cavity in the Fermi surface is observed. This 
corresponds to the nonlinear dependence ~Tc(P, e) with 
the inflection point EF ~ EC (Fig. 3, curves 4, 5, 6) and 
the maximum of the derivative c3Tc/ap(P) at EF ~ EC' 

The experimentally observed ~ T c (P, e) dependences 
for the investigated solutions (Fig. 3) are determined by 
the ratio of the magnitudes of the linear and nonlinear 
components. The contribution of the nonlinear component 
is determined by the difference E F - E c' which is dif
ferent in different solutions. Therefore, the nonlinear 
~Tc(P, e) dependences have a different shape (Fig. 3.) 
for different solutions, appearing, however, as part of 
the overall ~Tc(P*) dependence (Fig. 6). Thus, in order 
to observe changes in the topology of the Fermi surface 
in regard to nonlinear superconducting characteristics, 
it is necessary to have two parameters, which change 
EF in opposite directions. In the investigation of the 
~Tc(P, e) dependences these were the pressure (hydro
static stress) and the impurity Hg of smaller valence. 
However, as the two parameters which change E F of the 
metal in opposite directions, one can use two impurities 
of different effective valences (for example, In and Hg, 

0.05 

f--+--+--+--+-+--+--<~~~::'-"'-H~~~-+-+-+-I--+-+-+-+---+-+--I I I I I I I __ t. I 
10 12 14 16 18 20 22 24 P*, katffi . :. 

-0.05 

-0.10 

-0.15 

-0,20 

-0.25 

FIG, 6. The TcCP*) dependence for thallium. The solid curve repre
sents the theory, the points correspond to experiment: 0,0,.,.,0 cor
respond to curves I, 3, 4, 5, 6 of Fig. 3; /:, corresponds to the results of 
article [12). 
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Sb and Hg) and observe the change in the topology of the 
Fermi surface according to the nonlinear ~Tc(C) depen
dences in ternary solid solutions. 

B. The dependence Tc(C) for solid solutions of Tl. 
Let us examine how the nonlinear mechanisms for the 
effect of impurities on Tc [2,5] manifest themselves in 
Tl. In order to compare the experimental data of Figs. 
1 and 2 with theory, we shall utilize expression (1) for 
p = 0, that is, 

-/[ - ;~:: ]}-<a2)Tc0/c (f.IC1+t.,C,) +Tco (K,C,+K,C,). (5) 

The results of a theoretical treatment of the 
D.Tc(C l , C2) dependences for solutions of TI-Hg and 
TI-Hg(l at.%)-Inx are given in Fig. 7. The ~Tc(Cl' C2) 
dependence has three terms, each of which is charac
terized by the appropriate parameters. The values and 
signs of all the parameters appearing in the first term 
of expression (5) are determined in the previous section 
(A) from the D. T c (P, C) dependences. Theoretical curves 
for the first term in ~Tc(Cl' C2), corresponding to the 
values of the parameters found for the solutions TI-Hg 
and TI-Hg-Inx' are presented in Fig. 7 (curves 2). 

Having fixed the parameters in the first term, one 
can determine the values of the remaining parameters 
appearing in expression (5) by the method of least 
squares. These parameters have the following values: 

<a')=(8±1) ·10-', KlIg =21.5±2 mK/at. %, 
Kln=i2.8±1.5 mK/at. %, f.,=f.,=0.9±0,2. 

The theoretical dependences of the second and third 
terms for the solutions TI-Hg and TI-Hg-Inx ' corres
ponding to these parameters, are depicted in Fig. 7-by 
curves 3 and 4, respectively. Thus, the two nonlinear 
mechanisms for the effect of impurities on T c' having 
a different nature, are separated from the ~TC(Cl, C2) 
dependences. 

From the data presented in Fig. 7 it is seen that the 
experimental ~Tc(C) dependences of thallium (Fig. 7, 
curves 1) are practically completely described by the 
first term of expression (5) (Fig. 7, curves 2), that is, 
they are determined by the nonlinear mechanism con
nected with the change in the topology of the Fermi sur
face. 

FIG. 7. The dependence of ~Tc on r for solid solutions of T1-Hgx 
and Tl-Hg (1 at.%)-Inx: I-the total theoretical curve ~TC<r), the points 
represent experimental results; 2-the nonlinear component of the de
pendence t.Tc(r) due to the change in the topology of the Fermi surface; 
3-the linear component of the dependence t.Tc(r); 4-the nonlinear 
component of the dependence t.T c(r) determined by the reduction in 
the anisotropy of the gap. 
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From expression (5) and the cited Fig. 7 it is seen 
that the first term may lead to a nonlinear increase of 
the superconducting transition temperature if the dif
ference EF -EC increases, i.e., 

{ I(Z, (c,+ Z, C2-CCI)_i_) -/(- Z,CCI_)} >0, 
21 2Tco 2T~ 

and to a nonlinear decrease of Tc if EF - EC decreases, 
i.e. 

{ ( ( Z, ') i) ( Z,CJ )} 1 Z, c,+z~c,-Cc 2Tco -I - 2Tc' <0 

(see the experimental ~Tc(C) dependences given in Figs. 
1 and 2). 

From the cited data it is clear that, by using two 
impurity components which change EF -EC in opposite 
directions in ternary solid solutions (for example, Hg 
and In), one can realize both possibilities in regard to 
changes in the topology of the Fermi surface-the dis
appearance of the small cavity (for example, solid 
solutions of Tl-In-Hgx ' Fig. 1) and its reestablishment 
(solid solutions of TI-Hg-Inx, Fig. 1b). In one case the 
variable is the concentration of the impurity of smaller 
effective valence, and in the other case-the impurity of 
larger effective valence. We note that the investigation 
of T c (C) for ternary solid solutions enables us to ac
tually experimentally isolate the nonlinear mechanism 
associated with the change in the topology of the Fermi 
surface. This is related to the fact that the nonlinear 
mechanism due to the decrease in the anisotropy of the 
effective electron-electron interaction parameter depends 
on the concentration much more weakly in ternary solu
tions than it does in binary solutions (Fig. 7, curves 4). 
The preliminary introduction of impurities (for example, 
Hg) increases the residual resistance of the original 
metal, which also leads to a decrease in the role of this 
nonlinear mechanism in the overall ~T c (C) dependence 
associated with the introduction of a different impurity 
(for example, In) into the solution TI-Hg-Inx ' 

In addition, the presence in a solution of two impuri
ties with different valencies gives the possibility to 
change EF -EC by the introduction of one of the impuri
ties in such a way as to be able, by changing the con
centration of the other impurity, to observe the total 
nonlinearity in Tc(C) due to a topological transition in 
the metal, whereas only the individual parts of the over
all dependence are observed in binary solutions. 

C. The topology of the Fermi surface of Tl. From an 
analysis of the experimental data it follows that for 
TI v> 0, 'l> 0, and Pc = - 2.6 katm. This allows us to 
conclude that closed regions of the Fermi surface exist 
for TI, which pertain either to "electrons" (Z = Z) or 
to "holes" (Z = - Z'). Moreover, under the influence of 
In impurities and pressure these parts of the Fermi 
surface increase, but under the influence of Hg impuri
ties they decrease, and they vanish (EF - EC = 0) for 
Cc = 0.43%. 

Let us compare these results with existing models 
of the Fermi surface. Theoretical models of the Fermi 
surface of TI [15,16] describe the larger portions of the 
Fermi surface well and strongly differ in the descrip
tion of small parts of the surface. Certain refinements 
are made for small portions of the Fermi surface in the 
fourth and fifth Brillouin zones in the recent theoretical 
work by Holtham, [16] by taking into consideration the 
experimentally observed small cross sections of the 
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FIG. 8. The small electron pockets in the fourth Brillouin zone (a) 
and the Fermi surface of the fifth Brillouin zone (b) according to the 
theoretical calculations [16] . 

Fermi surface according to the de Haas-van Alphen 
effect [17) cyclotron resonance, [IB) and also the effect 

, ff [I9) A of pressure on the de Haas-van Alphen e ect. c-
cording to this theoretical model, Tl has a dumb-bell 
shaped electron surface with a narrow neck of the order 
of 10-2 eV in the fifth zone, and small electron pockets 
of the order of 4 x 10-3 eV in the fourth zone (Fig. 8). 
Using our data one can determine the value of 
EF -EC = ZPc = 1.4 X 10-3 eV for those portions of th.e 
Fermi surface which are responsible for the change m 
the topology of the Fermi surface. By comparing this 
value with the calculated data (16) for the small electron 
pockets in the fourth zone, one can conclude that the 
changes of these smallest portions of the Fermi surface 
of Tl under the influence of pressure and impurities 
not only lead to a nonlinear dependence Tc (P) for pure 
Tl and its solutions, but also give a contribution to the 
nonlinear changes in the dependences Tc(C) for ternary 
and binary solutions of Tl. 

The authors regard it as their duty to express their 
gratitude to Academician B. G. Lazarev,(Ukrainian 
Academy of Sciences), Corresponding Member V. G. 
Bar'yakhtar (Ukrainian Academy of Sciences) and V. V. 
Gann for a discussion of the results. 

I)The t.T c(P) dependence of this very solution, obtained in previous in
vestigations, [12] is not accurate in the region of small pressures due to 
the difficulty of correctly taking the effect of the plunger's residual 
magnetic moment on Tc into account. 

2)The effective valence takes into consideration the change in the con
centration of electrons in tile metal, the change in the potential of the 
positive ion core, and the change in the volume of the unit cell of the 
matrix under the influence of the impurity. 
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