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We measured the critical superconducting transition temperatures T,, the critical magnetic fields H,,, and
the resistivities of the alloys as functions of the composition. It was observed that increasing the Al and Sn
contents in the solutions with V leads to an exponential decrease of T,. The T, of the alloys becomes much
lower than the T, of the two components. As the Al concentration in the V-Al system is increased, the
sign of the temperature coefficient of the resistivity (3p/d T) changes, and minima in the p(T) plots are
observed for certain alloys of this system. The resultant data are discussed.

PACS numbers: 74.10.4v, 74.50.Ld

Studies of the alloys of the V—Al system were car-
ried our previously in a number of works. The behavior
of solid solutions of the V—Al system was considered
inl"*1 while the possibility of the existence of the inter-
metallide V3Al was considered in!®"], There has been
interest in carrying out further detailed studies of the
V—Al system in the region of existence of solid solu-
tions from the side of V, in particular, in the measure-
ment of the dependence of T¢ on the Al concentration
over a wider range of temperature.

EXPERIMENTAL METHOD

The samples were prepared from V of purity 99.9
and Al of purity 99.999. In the first series, the com-
ponents were pressed into tablets in a helium atmos-
phere in a high-frequency furnace and then quenched.
In the second series, the samples, after melting, were
homogenized at 1500°K for 15 hr, after which quench-
ing was again carried out. X-ray structure analysis,
carried out for samples of both series, did not reveal
any significant effect of the heat treatment on the period
of the lattice, and showed the presence in both alleys of
only a single phase with a bcc structure.

To determine T and H;, the apparatus shown in
Fig. 1 was used; it permitted a rather easy replacement
of the samples. The temperature in the time of meas-
urement could be varied in the range 0.5—10°K.

Cooling of the sample to 0.5°K was effected in the
following way. The temperature in the outer helium
container 1 was cooled to 1.5°K. Then the heater 2 of
the carbon ‘‘pump’’ 3 was connected, the He® was de-
scribed and its pressure increased. Upon increase of
the pressure above the equilibrium valve for 1.5°K, the
He® was condensed on the surface of the condenser 4.
The liquid helium formed flowed down into the region 5
located near the sample 6. The thermal contact with the
sample was accomplished through a small amount of
superfluid He*. Then the heater was turned on. As the
carbon ‘‘pump’’ cooled the rate of the pumping of the
He® increased and the temperature of the liquid He®
decreased to 0.5°K. For operation at reduced tempera-
tures, the He® was vaporized and the temperature
raised by the heater.

For all the samples, we measured the critical tem-
perature T, the critical magnetic field H¢g, and the

dependence of the electrical resistance on the tempera-
ture in the region of temperatures both above the Debye
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FIG. 1. Scheme of apparatus: 1—helium bath,
2-—heater, 3—carbon “pump,” 4—condenser, 5—
liquid He®, 6—sample, 7—solenoid, 8—carbon
thermometer, 9—insert, 10—radiation screen, 11—
vacuum “jacket,” 12—rubber sleeve.

temperature ®p and below it. The sample transition
curves to the superconducting state were recorded by
measuring their resistance, using an x-y recorder,
connected through an F-116 amplifier.

The magnetic field was produced by a superconduct -
ing solenoid.

RESULTS AND DISCUSSION

Figure 2 shows the concentration dependence of the
critical temperatures of the V—Al sample, and Fig. 3
the concentration dependence of the values of
(9 Hep /3T) 7. Figure 4 gives the dependence of p(T)
for Vi-x Al alloys with different contents of Al. Table
I gives the values of T¢, (8H¢2/0T) T, Paoos (3p/8T)9gp-

The experimental data thus obtained enable us to cal-
culate the value of the Sommerfeld constant y, similar
to what was down inl®l, The values of y calculated by
us are given in Table II. In the same table are given
for comparison the values of y obtained by Pessal et
al.l*l from calorimetric measurements. It is seen that
they are in excellent agreement.

If we determine the density of states on the Fermi
surface, Ny, from the values of y, it then turns out that
N, falls off approximately exponentially with concentra-
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FIG. 2. Concentration dependence of the critical transition tempera-
ture of samples (to the superconducting state) for the system V-Al
(arrows indicate the temperature above which no superconductivity was
observed).

FIG. 3. Dependence of the derivative of the critical magnetic field
of the samples on the Al concentration.
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FIG. 4. Temperature dependence of the electrical resistance for a
number of V1 _xAlx samples.

FIG. 5. Change in the parameter of electron-phonon interaction
Vph and density of states on the Fermi surface Ny in the V-Al system as
a function of Al content.

tion in the region of 0—25 at. % Al, and ranges from 2
to 1 states per 1 eV-atom (see Fig. 5).

Making use of the BCS formula
T.=1.148, exp(—1/NoV ), (1)

obtained, as is well known, under the approximation of
weak interaction of electrons with phonons, i.e., NgVph
<« 1, we can estimate the parameter of electron-phonon
interaction Vph. (Use of the McMillan formula does not
bring about any appreciable correction in the calcula-
tions of the investigated alloys, which are superconduc-
tors with weak coupling.) On the other end, the estimate
of the parameter Vpp for the investigated system,
which consists essentially of the transition metal V, can
be carried out on the basis of the model of!®! for the
resistivity of the transition metals. In the high temper-
ature limit (T > @p), the temperature-dependent part
of the resistivity is of the form
Nlld

= |1+C
p=const [1 o

]TV,,,., @)
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TABLE 1. V-Al System.
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FIG. 6. Concentration dependence of the critical temperature of
transition to the superconducting state for the V-Sn system.

FIG. 7. Dependence of the difference log R—log R,., , where R is the
electrical resistance, on T'/2 for alloys of the V-Al system.

where C* is a coefficient of the order of unity, Npg and
Ngq are the values of N, of the corresponding bands.
From (2) we obtain

Von=const-—
" EF

p N.,,+N0,,]*‘. (3)

According tol®!, Ngg can be assumed to be constant and
equal to 0.19 states per eV-atom, Ngg + Ngg = No.

The values of Vph(l) and Vy,h(3) calculated from (1)
and (3), are given in Table II. As seen from the table
the difference Vph(1)—Vph(3) increases with concen-
tration, remaining linear up to a concentration 10 at. %
Al. At higher Al concentrations the values of ap/aT de-
crease and change sign, which can be ascribed, as will
be considered below, to the effect of paramagnons on
the scattering of the conduction electrons.

In addition to the V—Al alloys, measurements were
carried out on V—Sn alloys. The dependence of T on
concentration for alloys of the V—Sn system in the
region of solid solutions (0—8 at. % Sn) is shown in
Fig. 6. It agrees qualitatively with the similar depend-
ence for the V—Al system. For higher concentrations
of Sn, a change is observed in the shape of the curve
and is evidently due to the appearance of the intermetal-
lide VgSn with the structure g-W.

It follows from our results that for alloys of the
V—Al system, in the region of solid solutions, the
critical temperature falls off exponentially with the Al
concentration, A similar dependence is also obtained
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TABLE II. V-Al System.

u " v i Vi . Vi (1) l Vor ® Ivm“’—"ph""
content meal/mole-deg eV-latom™! “Veatom

0 ,028 2.27 2,2 1.97 0,118 0.118

5 3.033 1,95 1.72 0.122 0.118 0.004
5.5 3,034 1.91 1,70 0.123 0.118 0.005
9 3.039 1.80 1,52 0.127 0.119 0.008
10 3,040 1,77 1,50 0.128 0.118 0.008
11 3.041 1.78 1.73 1.43 0.129 0.120 0.009
15 3.044 1.58 1,32 0.137 0.102 0.035
19 3,048 1.40 1,31 1.15 0.144 0.088 0.056
20 3,049 1.37 1.12 0.146 0.083 0.063
22 3.051 1.30 1.06 0.150 0,067 0.083
26.5 3.055 1.20* 0.95* 0.160* | 0.031* 0.129*
30 — — 1,00

40 — -— 0.82

*Results of nearest extrapolation.

for the V—Sn solid solutions. The decrease in the
critical temperature is brought about by the exponential
drop in the density of states on the Fermi surface,
which is not compensated by the very weak increase in
the electron phonon interaction parameter (see Fig. 5).
An important circumstance is the fact that T, of the
binary alloy falls much lower than the T of both com-
ponents. Such a sharp drop in T, to values below 0.5°K’
for alloys with a content of 25 at. % Al and above, can
be due to the increasing effect of the paramagnons
(which evidently modify the scattering of the conduction
electrons; see Fig. 4).

It is seen from Table II that the relation (3), which is
obtained, as noted above, under the assumption of the
phonon scattering mechanism, is satisfactorily fulfilled
only in the range of low Al concentrations (up to 10 at.%)
and ceases to be satisfied at higher Al concentrations.
In the investigation, the electrical resistance” of the
solid V—Al solutions, it was observed that, for concen-
trations of Al =19 at. %, along with the change of sign
of 3p/aT, minima were observed in the temperature
dependence of the resistance. The dependences of p(T)
over a wide range of temperatures for a number of al-
loys of the V—Al system are shown in Fig. 4. Alloys
with 19 and 26.5 at.% Al have minima in the electrical
resistance at temperatures ~30 and ~300°K, respec-
tively. A similar dependence of p(T) is typical of the
systems of Kondo!'®! with this difference, however, that
in Kondo systems the impurities are magnetic and their
concentration is significantly less. Correspondingly,
the resistivity of Kondo systems is also significantly
less. For alloys with concentrations 29.3 and 34 at%
the derivative ap/aT becomes negative everywhere,
with the exception of small regions near 600°K. It must
also be noted that the p(T) dependence does not exhibit
hysteresis and is excellently reproduced both when
heating and in cooling the sample. In the temperature
range 250°K < T < 550°K, the p(T) dependence is linear
(the departure from a linear law does not exceed 0.1%).

A linear decrease in the resistance with increase in
temperature in the range 135°K < T < 310°K in alloys of
the Al-Mn system was observed in 1971 by Babic and
coworkers.['] In 1974, Rassokhin et al.['?] observed the
negative linear variation of p(T) for T > 20°K and 0.6
< X < 0.85, for alloys of TixVj-x. At the present time,
the linear decrease in the resistance with increase in
temperature has been explained by a number of
authors{'?»'% ] by the presence of localized spin fluc-
tuations (LSF) or paramagnons.

In several papers, systems with LSF are divided!'!
into two classes: 1) the basic component—the simple
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metal (for example, Al), and the impurity—the transi-
tion metal. Such systems are discussed within the
framework of the Anderson model;l'®) 2) alloys, where
the transition metal is the impurity and the basic com-
ponent. They are considered within the framework of
the Wolf model.[*®

In 1972, Rivier and Zlatic!*®) calculated the resist-
ance p due to LSF for alloys of the first class over a
wide range of temperatures, and obtained a universal
dependence p(T). The calculations were found in excel-
lent agreement with the experimental data for alloys of
the system Al-Mn. (At low temperatures (60°K for
Al-Mn) the resistance follows the law pg =1 - (T/®@
where @) 1s a constant; ;? for the alloy Al-Mn, it is
equal to @)1 =530 =+ 30° K In the region of h1gher tem-
peratures 135°K < T < 310°K, the p(T) dependence be-
comes linear and takes the form pf = a(l - T/e3),
where ®£ =2.931 f. Upon further increase in the tem-
perature, the theory predicts a decrease in the resist-
ance according to the law In T, and finally, like T™%.)

f)z,

Figure 7 shows the dependence of the electrical re-
sistance on the temperature for a number of alloys of
the V—Al system under study, in the temperature range
from 4° to 1200°K. The results for alloys with a Al con-
tent greater than 25 at.% in the range of low tempera-
tures can be described by the following empirical
formula: p = A exp(-gVT) or

p=Aexp [—A(T)/T],

where A is a constant and p(T) = T¥2. In the high
temperature region (above 170°K for Vo.73sAlo.2¢5 and
above 120°K for Vj.7o7Alp.203), the temperature depend-
ence ceases to be described by Eq. (4) and in the tem-
perature range 250—500°K, p decreases linearly with
the temperature.

“4)

In 1974, K. Fischer!'] considered the behavior of
p(T) for alloys of the second class on the basis of the
generalized Wolf model.l*®) If we compare the depend-
ence of p(T) calculated by Fischer for various values
of |V| and A (A is the width of the localized state and
V is the shift of this state relative to the Fermi level)
and that shown in Fig. 1 inl*] it is then seen that for
large values of | V|, the p(T) dependence obtained int**!
qualitatively recalls our data for the V—AI alloys with
a content of Al of more than 25 at.%. However, as was
pointed out above, in our case an exponential dependence
exists for p(T), which does not follow from!*!, If we
take it into account that the results obtained in!**! refer
to alloys of two transition metals, which can not include
the V—Al system, then, from a comparison of the de-
pendences p(T) obtained by us with the data of Fischer,
and also with the results of experiments carried out,
for example, inl*?), we can draw the conclusion that the
localized spin fluctuations can be one of the probable
reasons producing the singularities of p(T).

As was noted above, the sharp decrease in T; in the
range of aluminum concentrations exceeding 25 at %,
down to values considerably less than T, of the initial
components, can also be attributed to the effect of LSF,
especially if we consider the data of Benneman and
Garland.l'"] Such an assumption was offered in{**! in
the study of the system V—Ti. Further investigations
will probably enable us to establish the real reason for
the features of the behavior of the V— Al system and to
explain what role the local spin fluctuations play in the
appearance of these singularities.”
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DThe thermal emf was eliminated in the measurements of p(T), as usual,
by alternately reversing the measurement current. It was also reduced
to a minirmum by use of U-shaped samples.

Dp. and O according to the terminology of ref. 13.

IThe scattering of conduction electrons by microscopic inclusions of the
w phase could lead to the growth of the resistance in the case of a temp-
erature decrease ['%].
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