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Effect of impurities of normal metals on the residual
electric resistance of Na, K, Rb, and Cs
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The effect of 12 impurities (Li, K, Rb, Cs, Ca, Sr, Cd, Hg, In, T, Sn, Pb) on the residual resistivity p, of
sodium, and of Cs impurities on the p, of potassium is studied experimentally. It is found that the dependence
Ap/c =4.15 (AZ-1.1)* + 5.15 is valid for sodium with impurities of the V period. The values of (4p /c),,, for
alloys with Na, K, Rb, and Cs bases are compared with those of (4p/c).,. determined by using the phase
shifts and making allowance for lattice distortions by means of the Blatt correction. The agreement between
experiment and calculation is just barely satisfactory (a discrepancy by a factor of 2—4). It is suggested that the
Blatt correction is insufficient for obtaining good agreement, and that the deviation of the real Fermi surface
of the matrix from spherical is not the principal cause of the discrepancy.

PACS numbers: 72.15.Eb

In the study of residual electric resistance of dilute
alloys based on normal polyvalent metals Sn,! Pb,? T1,3
In, Ga,® Zn, Cd, Mg,® and Hg,® it has been established
by the authors that the calculated values of the electric
resistance agree with the experimental values by no bet-
ter than barely satisfactory. In Ref. 7, where we
studied the residual resistance of alloys based on lithi-
um, whose Fermi surface is close to spherical (in com-
parison with polyvalent metals), a rather good agree-
ment between theory and experiment was obtained;
therefore, it has been suggested there that an important
role in the impurity scattering of conduction electrons
is played by the anisotropies of the Fermi surface of the
metal matrix. Inasmuch as all our calculations were
made within the framework of the free-electron model,
and the contribution to the scattering connected with
anisotropies of the Fermi surface was nowhere taken in-
to account, a better agreement of the theoretical and ex-
perimental results should be expected for metals in
which the Fermi surface is closer to spherical. Sodium
and potassium belong to such metal matrices. The
present research was undertaken with the aim of testing
the assumptions stated above.

Prior to the beginning of our investigations, there
were a series of papers in the literature on the effect of
impurities of Na, Rb, and Cs on the residual resistivity
p, of calcium;® 8! however, the data on the system of
alloys K+ Cs were unreliable because of a great scatter
of the experimental points among the various authors
and greater precision is required. For the other alkali
metals, the researches of Refs. 12 and 13 are known to
us, in which the resistance of dilute alloys of Cs + Rb,
Rb+K, and K+ Cs were studied (the boldface indicates
the metal-matrices).
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Researches devoted to the study of p, of dilute alloys
on a sodium base were not known to us at all. There-
fore, to perform the undertaken task, it was first ne-
cessary to obtain reliable data on the change in the re-
sidual resistivity (ap,) of sodium or potassium in which
one impurity or another is dissolved. The problem was
appreciably complicated by the fact that, according to
known binary diagrams of state only Cs, Rb and some
quantity of Na dissolve in solid potassium, and only Tl
and Ba in sodium. With the aim of studying the possi-
bility of formation of binary solid solutions of sodium
and potassium with various metals, exploratory re-
search was performed by us,14 in which a noticeable
solubility of ten impurity metals in sodium and practi-
cally none for impurity metals (except Rb, Cs, and Na)
in potassium were first noted.

METHOD OF EXPERIMENT

All the alloys were prepared on the base of pure
(~99.99%) metals with electric resistance ratio 5, ,
=R, 5/Ry93 (Ry 5 and Ryg3—resistance of the sample at
4.2 and 293 K, respectively) equal to (1.2 -1.6)x10%
for sodium and 3.6x10™ for potassium. The quantity
6, , differed from §; (relative residual resistance) by
not more than 15% for potassium and not more than
2-3% for sodium. The method of preparation of the al-
loys and of the wire samples (diameter 3 mm and length
~180 mm), and of also the measurements of their elec-
tric resistance at 4.2 and 293 K was reported in detail
in Ref. 14.

The error of measurement of R, did not exceed 0. 7%.
To increase the reliability of the determination of the
quantity ap/c—the change in p, of the metal-matrix up-
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TABLE I

~ - Ap/c*,
Impurity AZ Abdo/c, (at.h) pohm-cn(at.%)*
Na matrix
Li 0 ~0.033 ~0.16
K 0 0.115+0.008 0.546x0.04
Rb 0 0.125+0.04 0.595£0.05
Cs 0 0.26+0.03 1,23+0,14
Ca 1 ~0.25+0.1 ~1.2+£0,5
Sr 1 ~0.75£0.25 ~3.6+1.2
Cd 1 1.10=0.08 2.2220.4
Hg 1 1.15£0.05 5.46=0.2
In 2 1.9+£04 9.0+0.4
Tk 2 1,75+0.4 8.3%0.5
Sn 3 4.7+0.8 22.3+38
Pb 3 2,20£0.1 10.9£0.5
K matrix
0.54 ['°
Na 0 - { 0.62+0.07 [°]
0.68 ** [¢]
N [ 042(0 11
Bb 0 U 0.13220.007 9
0.-2(5.';:0.01.';
< 0.48+0.3 [10
G 0 - [1.1:0.21'1 :
0.7 7] #**
Rb matrix
K i 0 | - 043 [*2]. 0.01 [*1]
Cs matrix
K l 0 - i 0.9 1) #%5
R’h 0 - | oo [

*The heavy type indicates those values of Ap/c which were ob-
tained by us from the corresponding published experimental
data.

**Unfortunately, in the recalculation of the correct value of
Ady/c in Ref. 6, a value Ap/c=1.173 was obtained in error.
***The value of Ap/c was obtained at 190 K in Ref. 13 and at
4.2 K in the remaining works.

on solution in it of 1 at. % of a given impurity (as ¢

— 0)—the interval of impurity concentrations in the re-
gion of existence of the solid solution was chosen to be
as large as possible (1-15 orders of magnitude). This
interval was bounded, on the one hand, as a rule, by the
narrow limit of solubility, and on the other, by the pur-
ity (oy or 6, ,) of the metal-matrix. The error in find-
ing the quantity ap/c amounted to 2-10% (see Table I),
with the exception of alloys of sodium with tin (~17%),
and also the system of alloys with impurities of Sr, Ca,
and Li. For the latter three impurities, because of the
large scatter of the experimental points, due basically
to the error in the determination of the impurity con-
centration, the value of Ap/c must be regarded as ten-
tative, requiring further experimental refinement.

It should be observed that sodium below 40 K under-
goes a polymorphic transition of the martensitic type:
its bcc lattice transforms into a low-temperature hcp
lattice. The amount of the hcp phase is determined by
the degree of deformation of the sample and can change
in the thermocycling. According to the data of Ref. 15,
in which experiments were carried out on thermal cy-
cling of samples of pure sodium and the alloy Na+K, in
spite of the fact that in broad samples with d=0.1 cm
the effect of the transition on the ideal resistivity can
reach 10% at 30 K (in samples-capillaries with d=50-
150y this change is much less and reaches 5% at the
same temperature), the residual resistivity is practi-
cally independent of the phase composition and differs
for bce and hep phases by not more than 1%. There-
fore, we have neglected the effect of the second hcp
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FIG. 1. Dependence of Ad, of sodium and potassium on the
concentration of dissolved impurities. Sodium alloys: 1—
impurity Tl, 2—Rb, 3—K, 4—Pb, 5—In, 7—Cd, 8—Hg. Po-
tassium alloys: 6—impurity Cs (our data), 9—Cs (data from
Ref. 8), x —data from Ref. 10.

phase on 4p/c, as in the work with lithium.” Potassium
does not undergo a polymorphic transition down to 1.2
K. 16

RESULTS AND THEIR DISCUSSION

Finding ap/c. The quantity a8, of interest to us—the
change in the relative residual electric resistance of
sodium or potassium with dissolved impurities with
concentration c—was found in the form

R )aIIOY—B::re=( 042 )a“‘”_ézrre‘ (1)

HZ'!_RLZ 1—66.!

ade= (

The dependences of A8, on the atomic concentration ¢ of
the introduced impurity are shown in Figs. 1-3 in log-
arithmic coordinates. For most impurities, the exper-
imental points lie well along a straight line making an
angle of 45° with the coordinate axes, which indicates a
linear relation between ad; and c. The breaks in the
lines correspond to the limit of solubility of the given
impurity in solid sodium (similar data on the solubility
are given in Ref. 14). From these sloping lines, the
values of Ad,/c given in Table I were found. For the
impurities Li, Ca, and Sr in sodium, we did not suc-
ceed in finding the exact locations of the corresponding
lines in the region of existence of the solid solutions.

Al’ E T T radsl Tt l‘l.l.ln Sl‘] 3
= Vv
N / p 4 ]
C Seg ]
il
- / e
e ////H
’”'J L I/’.‘—A - ]ﬂ-'
- . Sn_J
- VA 3
i Ke Cs |
a/a a
s a2
W #4 e
SN REET! S AR T ’
w w7 r,at.%

FIG. 2. Dependence of Ad, of sodium on the concentration of
dissolved impurities Sr, Sn and Cs. The concentration of Sr
was determined by chemical analysis. The horizontal lines
connect points of different concentration and correspond to
analysis data of different segments along the length of the same
sample.
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FIG. 3. Dependence of A§, of sodium on the concentration of
the impurities Li and Ca. The points 4 and e correspond to
concentrations found with the aid of chemical analysis, O—
calculated from the initial batches of the two components. The
horizontal lines connecting several points have the same mean-
ing as in Fig. 2 for the impurity Sr.

Only a certain “corridor” was established, through
which the desired line passes. The most reasonable lo-
cation of such a line is noted in Figs. 2 and 3 by the
heavy dashed lines, from which the value of A8,/c was
estimated for each impurity. The value of ap/c, found
by multiplication of A8,/c by the resistivity of very pure
sodium and potassium at 293 K, equal respectively to
4,75 and 7.2 pohm-cm,!? is shown in Table I for each of
the 12 impurities in sodium and for the impurity Cs in
potassium (see Fig. 1).

There are no values of ap/c for impurities in sodium
in the literature; therefore our data cannot be com-
pared. A criterion for the degree of reliability of the
obtained values of Ap/c are the errors indicated in Ta-
ble I. However, it should be remarked that Ap/c~3.6
pohm-cm/at. % for the Sr impurity is very large.
Starting from the position of Sr and Na in the periodic
table, we can assume that the actual value of ap/c
should evidently lie between 1.5 and 2 pohm-cm/at. %.
From this viewpoint, the quantity Ap/c for the Pb im-
purity should be 1.5-1.7 times larger.

Our data for the alloys of the system K+Cs can be
compared with results from Refs. 8 and 10. For com-
parison, the corresponding points from these research-
es are shown in Fig. 1. Itis seen that the points from
Ref. 8 cluster on a line passing above ours, with a sig-
nificant scatter (one point at ¢=0.07% is omitted alto-
gether, since it falls far out). It is difficult to draw a
line with a slope of 45° through the points of Ref. 10 be-
cause of the great scatter. All our eight experimental
points cluster well on a single straight line and for that
reason we regard our value of Ap/c as the more reli-
able. The value Ap/c =0.7 from Ref. 13 was estimated
and obtained at a high concentration of Cs (22 at. 5).

Thus, for comparison with theory, we had the values
of ap/c for 12 impurities (see Table I) in sodium, for
the impurities Na, Rb, and Cs in potassium and also
for K and Rb in cesium and K in rubidium. According
to what was said in Ref. 14, in addition to these 18 ex-
perimental values of ap/c, detailed information can be
obtained only for the system of alloys Rb+Cs, since
Rb and Cs have unlimited solubility in one another.
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FIG. 4. Data on Ap/c (in pohm-cm /at. %) for element-impuri-
ties in lithium and sodium: e—impurities are not dissolved in
lithium 650 °C and in sodium at 750 °C; a—impurities are not
dissolved in lithium at 250°C and in sodium at 150°C.
Correction. The last three figures in the lower right corner
should be shifted to the left by one square.

From the viewpoint of the estimation of the possibility
of obtaining data on ap/c for various impurities in lith-
ium and sodium, Fig. 4 is of interest, in which are
shown all the data on Ap/c, and also the elements are
noted that do not dissolve in both metals even in the lig-
uid phase at sufficiently high temperatures. "' 1t is
seen from this figure that there remains a small num-
ber of elements-impurities for which there are no data
on &ap/c. Thus the information obtained in the present
work and in Ref. 7 (investigations on the basis of lithi-
um) represent at the present time practically all the
possible data on ap/c for impurities dissolving in alkali
metals. For any other impurities in cesium, rubidium,
potassium, sodium, and lithium, it will be very diffi-
cult to obtain (Ap/c)e,, because of the very small
(~0.001%) solubility of them in the alkali metals. The
quantity ap/c for other impurities in lithium, sodium,
and potassium can be obtained experimentally only un-
der the condition of a significant increase in the purity
of the metal-matrix (by about 1-2 orders of magnitude)
and the application of high-sensitivity (10°%) methods
of analysis, ""!

One regularity is clearly seen from a consideration of
the existing experimental values of Ap/c for homovalent
impurities in alkali metal-matrices (see Table I): if the
matrix and the impurity exchange places (Na-K,K-Rb,
Cs-K), the value of ap/c remains practically un-
changed. This fact allows us to predict a value ap/c
=0.2-0.3 pohm-cm/at. % for the impurity Cs in rubid-
ium, since experimental studies of these alloys are un-
known to us, but the value of Ap/c for Rb in cesium is
known. Moreover, it follows from Tables II and III that
(ap/c)exp increases for homovalent impurities as the
impurity lies farther (in the period) from the metal-
matrix in the periodic table.

Linde’s rule. According to the empirical Linde’s
rule,
Ap/c=aAZ*+d, (2)

where AZ =Z,,,— Zy,, is the difference in valence of the
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TABLE II.

(Ap/c)calc,
Impurity (ap/c) exp, puohm-cm at.% .
in sodium AZ pohm.cm K’, atomic 8 theor | V,atomic
at.% N=AZ | N=AZ—B units units

Ag (10.9) * 039 0.558 0.363 1154
Li ~0.16 0 023 0.538 —0.289 145.6
K (] 0.55 0.44 0.416 0.582 510
Rb 0.6 0.82 0390 0.860 626
Cs 1.23 140 0.367 1.239 T84 %4+
Ca ~1.2 112 0.598 0.058 290
Sr 1 ~3.6 0.60 0.563 0.269 378
Cd 5.2 131 2.60 0.684 —0.290 145.5
Hg 5.46 246 0.676 —0.264 156.2
In Py { 9.0 391 5.16 0,752 -0.217 176
Tl 83 4.90 0,739 -0475 193.2
Sn 3 | 223 8.71 0814 -0.202 182.2
Pb | 109 7.51 8.39 0,797 -0.147 2047
Sb 4 (45.5) * 10.75 11.26 0.860 -0.149 204.2
Te 5 (72.5) * 13.9 14.4** - -0.088 2293

*The predicted values of Ap°c are shown in parentheses (see
text).

**The values of Ap/c for Te impurity were obtained by extra-
polation of the corresponding graphs of the dependence of

Ap/c on B to the points 8=0 and 3=-0. 09.

**xWe calculated the atomic volume of Cs, assuming the den-
sity of cesium equal to 1.90 g/cm®. For sodium V=267 atomic
units.

impurity and the matrix, a and d are certain constants.
On the basis of the experimental material for 14 metal-
lic matrices, it was shown in Ref. 19 that for impuri-
ties not in the same period as the matrix the following
dependence is observed:

Aplc=aAZ*+bAZ+d=a(AZ—a)*+p, @)

where a, b,d, o, are coefficients dependent on the num-
bers of the periods of the matrix and the impurity. For
impurities in the same period as the matrix, the depen-
dence (2) is observed at d=0. It is of interest to test
the validity of these dependences for sodium alloys as
well. For this purpose, the experimental values of
ap/c for three impurities belonging to period V were
represented as functions of AZ, as shown in Fig. 5.

The continuous curve describes an equation of type (3):

Aple=4T5(AZ--1.0)*+5.15, (3a)

Consequently, the conclusion drawn in Ref. 19 is also
valid for sodium alloys. Attention is called to the large
shift of the minimum of the parabola to the right from
the ordinate axis (by 1.1) and away from the abscissa
(by 5.15), which was observed previously in lithium
with impurities of period VI.” One must also note the

TABLE II.
. (Ap/c)exp » (Ap/e) cyic*s , ic uni B
Impurity wohmecm at. % uohm-crﬁdut.% K’, atomic units theor

Matrix K

Na 0.68 0.38 0.443 ~-0.331

Rb 042 0.054 0.369 0.157

Cs 0.865 0.255 0.349 0.372
Matrix Rb

K 0.3 l 0.051 ! 0.380 l -0.130

Cs (0.2-0.3) ** 0.071 0.344% 0477
Matrix Cs

K 09 I 0.22 l 0.369 I —0.245

Rb 0.28 0,066 0.353 -0.141

*Calculated at N=AZ -B.
**The expected value of (Ap/c) gy, is given (discussion in the
text).
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FIG. 5. Dependence of Ap/c on AZ for impurities of elements
of period V in sodium.

large slope of the parabola (a=4.75), which was ob-
served previously only in gallium with impurities of pe-
riod VI. 1? Using this equation, we found (predicted)
values of ap/c equal to 10.9, 45.5, and 72.5 pohm-cm/
at. % respectively for the impurities Ag, Sb, and Te
(see Fig. 4), which one could not to date measure ex-
perimentally because of the very small solubility of
these elements in solid sodium.

A similar reduction of the data on ap/c for the three
impurities belonging to the VI period gives a parabola
with a negative coefficient a in Eq. (3) which makes no
physical sense. Evidently this is connected with the
underestimate of Ap/c for the impurity Pb, about which
we spoke above. For an estimate (in first approxima-
tion) of the coefficient a for the impurities of the VI pe-
riod, this coefficient was found as the slope of the
straight line passed through the points for Hg and Tl in
the coordinates Ap/c =f(aZ?%), assuming the coefficient
b in (3) to be equal to zero. Such an estimate gives the
value a=0.94=1, which is completely reasonable for
the matrix of an alkali metal. !

Calculation of Ap/c by the method of phase shifts.
The change of the residual resistivity of a metal when 1
at. % of an impurity is dissolved in it (in the form of a
substitutional solid solution) is equal to**

3(3=%';2 (1) sin? [, (ke) = 1i-i (ki) ], 4)
where k- is the Fermi wave vector of the metal-matrix,
equal to 0.4806, 0.3877, 0.3629, 0.3359 atomic units,
respectively, for sodium, potassium, rubidium, and
cesium (the Fermi surface was assumed to be a
sphere); 71, is the phase shift of the Ith partial wave, n
is the number of electrons per atom. It is known?? that
for alkali metals n=1. The quantity n is closest to uni-
ty in Na and K at room temperatures and falls off some-
what with decrease in temperature. According to the
investigation of the Hall effect on pure Na and K, the
minimum 7 occurs at a temperature ~0/5, and at 7~6
K, n=1, 006 for Na and 0.98 for K. % In this same re-
search, measurements were carried out on alloys of K
+0.19 at. % Rb and K+ 0. 8 at. % Na, whence it can be
estimated that upon introduction of 1 at. % Na in potas-
sium n decreases by ~10%. Taking it into account that
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in our alloys the concentration of the impurity was as a
rule less than 0.2%, we have set n=1 everywhere in
these calculations.

The procedure of calculation with the use of a high-
speed computer is described in detail in Refs. 1-6.
We note only that the phase shifts 1, necessary for the
calculation of Ap/c were found to be such that in the
chosen value of K’, which characterizes the depth of ¢
the potential well (or the height of the barrier) that ap-
proximates the impurity potential they satisfied the
Friedel sum rule:

9 &

N=;§ @) k), 6)
where N=AZ if we do not take into account distortions
of the lattice by the impurity atoms. Summation was
carried out over [ =0,1, 2, 3, 4; the remaining terms
could be disregarded because of the rapid convergence
of the series. The distortion of the lattice-matrix was
taken into account according to Blatt?! in the form of
some change in the excess charge AZ because of the re-
screening:

140 A
N=AZ——22% _Az-p. (6)
1—0 ac

Here 0 is Poisson’s ratio, equal to 0. 315 for sodium,
0. 350 for potassium, and 0.356 for rubidium and cesi-
um,? and Aa/ac is the relative change in the lattice pa-
rameter of the alloy (in per cent) for a 1 at. % of dis-
solved impurity.

The values of aa/ac for sodium alloys are not known
to us, but can be obtained from x-ray investigations of
binary alloys only for the impurities Li, K, and Tl, the
limit of solubility of which is sufficiently great (0. 3-
0.8 at.%)."* For the other impurities in sodium (see
Table II) it is not possible to obtain these data by the
most exact x-ray method because of the very small
(< 0.1%) value of their solubility. Therefore, for most
of the impurities (9 out of 12) in Table II, it is not pos-
sible even to expect to obtain the value of Aa/ac by the
x-ray method. Consequently, the correction for the
lattice distortion (according to Blatt) for sodium alloys
could be made only using the difference between the
atomic volumes of sodium and the impurity. In the case
of alloys based on K, Rb, and Cs, the values of Aa/ac
can be obtained in principle for all the impurities con-
sidered in Table III, since they form an unlimited se-
ries of solid solutions with the metal-matrices or have
a sufficiently large solubility (K+Na). However, in
connection with the experimental data on aa/ac, we, as
earlier,'” have taken Aa/ac to be equal to AV/3V,,,,
where AV ="V, = Vaat (Vig, and Vg, are the atomic
volumes of the impurity and matrix, respectively). The
values of B, calculated by means of AV, we have called
“theoretical.” They are shown in Tables II and III with
the corresponding values of the parameter K’.

It is seen from Table II that the values of (Ap/c) .
for sodium without account of lattice distortions are
much smaller than the experimental ones. Allowance -
for the distortion of the lattice made it possible first to
distinguish between impurities of the same valence, in-
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cluding homovalent ones; second, it essentially in-
creased the values of (Ap/c)c., bringing them closer to
the experimental. It is worthy of note that for homova-
lent impurities in sodium, the difference does not ex-
ceed 40%, something not observed earlier in polyvalent
matrices,!® where the difference, as a rule, was sev-
eralfold or even an order of magnitude. In the case of
impurities of valence 2-4 (with the exception of Sr), the
values of (Ap/c)ca . are as a rule smaller than the ex-
perimental, but this difference does not exceed ~2.5
times. Inalloys withthebase of K, Rb,and Cs and with
homovalent impurities (see Table III), the values of
(Ap/€).a1c turn out to be much smaller (by a factor of
1.8-4) than the experimental.!

As before,!™ we have found, by the method of least
squares, the value n =, at which (Ap/c). agrees
best with (Ap/c)e, for sodium and potassium alloys.
Such a calculation gives 74, =0.53 for sodium and 0. 44
for potassium. In the case of sodium alloys we have not
used in these calculations the value of ap/c for Sr,
since it is the least reliable. At such n,,, the difference
between the calculation and experiment naturally be-
comes smaller; however, the found 7., contradicts the
known (from the Hall effect) values n= 2n,, for pure so-
dium and potassium; therefore, the calculations at n
=mne¢¢ are not considered further.

We can thus assert that for the alloys of sodium and
potassium that we have considered the agreement of the
calculated values of Ap/c at n=1 with the experimental
is only barely satisfactory, i.e., similar to what was
observed for alloys with a lithium base. If we take it
into account that of all the alkali metals, the most an-
isotropic Fermi surfaces are possessed by lithium and
cesium, and for sodium and potassium the departure of
the Fermi surface from a sphere is very slight, then we
can make the important conclusion that the departure of
the real Fermi surface of the metal-matrix from a
sphere is not an important reason for the poor (or only
satisfactory) agreement of the calculated Ap/c with the
experimental for the given method of calculation.

One of the possible causes of such a wide difference
can in some measure be associated with the replace-
ment Aa/ac = V/3Vy,,; however, it is hardly the princi-

yi) /;/r, u2-cm/at. %

FIG. 6. Dependence of (Ap/c); on AZ? with account of the
distortion of the lattice for three metal-matrices: N, Cu,

Ag (for Cu, the scale is at the right). For the latter two met-
als, the ratio Aa/ac is taken from experimental investigations.
The black circles are experlmenta.l,19 the open circles, calcu-
lated.
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pal cause, since a similar insufficient effect of the Blatt
correction was observed according to Ref. 21 earlier on
magnesium alloys, where only the experimental value of
Aa/ac was used in the calculation.’ Evidently the prin-
cipal reason of such a great discrepancy between calcu-
lation and experiment is the imperfection of the em-
ployed theory and, in the first degree, the insufficiency,
and, in a number of cases, even the incorrectness of the
introduced Blatt correction for the distortion of the lat-
tice of the metal-matrix, in the form (6).>> An attempt
at checking the validity of a relation ap/c =f(aZ?) of the
type (2) or (3) for the values of Ap/c calculated with ac-
count of lattice distortion. (Without account of the lat-
tice distortion, the indicated relation does not hold. )
The results of such an attempt are shown in Fig. 6 for
alloys based on sodium with impurities of period V,
where, for comparison, we have put similar data for
alloys on the bases of copper and silver, with the use of
the experimental values of Aa/ac in the calculations.
The latter data were selected for comparison because it
is universally assumed that the calculation of Ap/c for
them with the Blatt correction?®! gives excellent agree-
ment with the experimental data.

It is seen from the graph that the calculated depen-
dences f(aZ?) for alloys of copper and silver are much
weaker than the experimental ones described by the
equation Ap/c =aaZ? at a=0. 40 for Cu and 0. 46 for
Ag.'® The nonobservance of a quadratic law (departure
from a straight line) appears very clearly for sodium
alloys, and its character (as we have verified) does not
change when ap/c is plotted not against aZ? but against
(6Z-1.1)% (see Ref. 19). A significant departure from
a straight line should be observed also for Se and Te
impurities (in Cu and Ag, respectively); however, ex-
perimental data for aa/ac for these impurities are
lacking. The deviation from a quadratic dependence,
which is clearly evident in the experimental data of
Ref. 19, is also additional proof of the imperfection of
the method of calculation with use of phase shifts.>

Thus, we can now say unambiguously (there is no fit-
ting parameter of the type ny4; as was the case earlier
in Refs. 1 and 6) that the theory of phase shifts with the
Blatt correction cannot give a good description of the
experimental results on ap/c for metallic matrices and
impurities of the B subgroup of the periodic table.

It was proposed in Ref. 19 on the basis of analysis of
empirical rules pertaining to purely experimental val-
ues of Ap/c that the lattice distortion of the metal-ma-
trix is not the only reason (besides the scattering of
electrons from the excess charge of the impurity) af-
fecting the value of ap/c of dilute alloys. The differ-
ence in the ionic composition of the matrix and the im-
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purity, which is not at all considered in the theory, can
be another possible reason.

Din these alloys, the calculation could be carried out only with
account taken of the distortion of the lattice.

2n a number of alloys (Ag+ Zn, Al, Ga, Tl; Au+ Zn, Al, Ga;
Mg+ Sn, Pb, Bi) it has been noticed that the Blatt correction
with use of Aa/ac does not decrease, but rather increases
the difference between the calculation and the experiment.

3 However, it should be noted (see Tables II and III) that, in
spite of the significant difference between (Ap/c),;, and
(Ap /c) o for each set of alloys, (Ap/c)y, just as (Ap/c)g,
undergoes practically no change upon interchange of places
of the matrix and the homovalent impurity (Na-K, K-Rb,
Cs-K, Cs-Rb).
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