VoLUME 20, NUMBER 26

PHYSICAL REVIEW LETTERS

24 JuNE 1968

orbit interaction and thereby induce spin-flip
scattering. The measured cross sections are of
the same magnitude as the cross section for Zn
in Li® as might be expected qualitatively since it
is the local change in spin-orbit interaction
which causes the scattering. The ‘“spin-orbit
hole” effect will be considered in more quantita-
tive detail in a subsequent publication.’

Using the above cross section for Si impuri-
ties, the experimental results of Fig. 1 for the
residual linewidth (AHR/C =72 G/% Si), vy =1.56
x10® cm/sec, and pg =0.16 states/eV atom in
Eq. (9) we obtain Vj32=1.1 eV? implying a level
width of 0.6 eV. The latter value is in good
agreement with other somewhat less direct mea-
surements of the virtual level width® for 34 im-
purities in metals. A similar calculation using
the data for Al impurities leads to the same val-
ues for V,® and the virtual level width.

We conclude that the spin resonance provides
detailed evidence of the extended nature of the
magnetic impurity wave functions in the metal
and allows a straightforward determination of the

s~d admixture Vg, ~1 eV.
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NOTE ON THE ORIGIN OF SOLVENT KNIGHT SHIFTS IN ALLOYS*

D. O. Van Ostenburg and L. C. R. Alfred
Argonne National Laboratory, Argonne, Illinois 60439
(Received 8 April 1968)

It is shown that the good agreement between theory and experiment which Watson,
Bennett, and Freeman claim in a recent paper on the origin of solvent Knight shifts in
alloys does not exist and that consequently one cannot conclude that their results per se
point to deficiencies in other methods of evaluating Knight shifts.

Watson, Bennett, and Freeman® (WBF) have
recently utilized a theory proposed by Townes, -
Herring, and Knight® to obtain estimates of the
relative Knight shifts in dilute nonmagnetic al-
loys. They claim (1) that a proper evaluation of
the Fermi contact term, Py, employing orthog-
onalized plane waves®™* leads to a vast improve-
ment on previous estimates, and (2) that esti-
mates of Knight shifts based on the Friedel oscil-
lations alone®:® are significantly in error. The
purpose of this note is to point out that the good
agreement between theory and experiment which
was claimed does not exist, and that consequent-
ly they do not have a firm basis on which to con-
clude that the model invoking only screening ef-
fects is deficient in the evaluation of Knight
shifts.

WBF give the following prescription for the ra-
tio of the Knight shift, K+ AK, in an alloy and
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that, K, in the solvent:

K+ AK Y4

=—pP y
Vg F

K

where y4 and yg are the specific heats in the al-
loy and in the pure solvent, respectively, and
AK is the change in the solvent Knight shift on al-
loying. If we adopt their values of P and the
values of y, /yg” from Ref. 11 of their paper, we
obtain the points shown in Fig. 1. Clearly, these
points cannot be related in any possible way to
the theory curve they present, where the devia-
tion from experiment has somehow been reduced
by a factor of 3 or more. We also find that for
the whole range of alloys considered by Rowland®
and by Odle and Flynn® the agreement between
experiment and estimates employing WBF’s
scheme with y 4 /yg obtained from the literature'®
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FIG. 1. Plot of (K+ AK/K) vs n¢, the electron-to-
atom ratio, for Ag in Ag-Cd and for Cu in liquid Cu-
Zn. The dotted lines represent experimental data
(Refs. 8 and 9). The dashed line is the theory curve
quoted by WBF. The crosses denote present estimates
employing WBF’s parameters. The dot-dashed line
represents estimates employing WBF’s P g and specif-
ic heats of the free~electron theory. The solid line is
a plot of results for a model (Ref. 6) based on screen-
ing effects.

or from free-electron theory is very poor in
comparison with that obtained in previous work.®
It is quite true that the WBF model, in spite of
its limitations, ***~** is more elaborate and ap-
pears, on the face of it, to contain more physics
than a model invoking only impurity screening.
However, judging from the unmatched success
of the latter,® and remembering that we are in-
terested here in the relative change in Knight
shifts on alloying rather than in an absolute val-
ue, it is quite possible that (as Odle and Flynn®
also suggest) the dominant feature in more so-
phisticated and comprehensive approaches to the
Knight-shift problem may prove to be simply the
screening field. A full-scale treatment assess-
ing properly the relative scope and utility of the
two schemes needs to be done, however, for a
definite answer. It is regrettable, though, that
a numerical error has led WBF to the erroneous

conclusion that “The rigid-band model. - - pre-
dicts the correct sign and magnitude for changes
in Knight shifts...,” and to the implication that
a rigid-band scheme can adequately deal with
these effects.

*Work performed under the auspices of the U. S.
Atomic Energy Commission.

IR. E. Watson, L. H. Bennett, and A. J. Freeman,
Phys. Rev. Letters 20, 653 (1968).

2C. H. Townes, C. Herring, and W. D. Knight, Phys.
Rev. 77, 852 (1950).

3M. Pomerantz and T. P. Das, Phys. Rev. 119, 70
(1960).

‘W. Schneider, L. Jansen, and L. Etienne-Amberg,
Physica 30, 84 (1964).

SA. Blandin and E. Daniel, J. Phys. Chem. Solids 10,
126 (1959).

L. C. R. Alfred and D. O. Van Ostenburg, Phys. Rev.
161, 569 (1967).

H. Montgomery, G. P. Pells, and E. M. Wray, Proc.
Roy. Soc. (London), Ser. A 301, 261 (1967); B. W. Veal
and J. A. Rayne, Phys. Rev. 130, 2156 (1963).

T. J. Rowland, Phys. Rev. 125, 459 (1962).

R. L. Odle and C. P. Flynn, Phil. Mag. 13, 699
(1966).

0T, B. Massalski and L. L. Isaacs, Phys. Rev. 138,
139 (1965); B. A. Green and H. V. Culbert, Phys. Rev.
137, 1168 (1965); B. A. Green, Phys. Rev. 149, 528
(1966); B. A. Green and A. A. Valladares, Phys. Rev.
142, 379 (1966); L. C. Clune and B. A. Green, Phys.
Rev. 144, 525 (1966); J. A. Rayne, Phys. Rev. 110,
606 (1958); and T. B. Massalski, G. A. Sargent, and
L. L. Isaacs, in Phase Stability in Metals and Alloys,
edited by P. S. Rudman et al. (McGraw-Hill Book Com-
pany, Inc., New York, 1967), p. 291,

UE, A. Stern, Phys. Rev. 157, 544 (1967); J. Calla-
way, Energy Band Theory (Academic Press, Inc., New
York, 1964), Chap. 2; W. M. Shyu, G. D. Gaspari, and
T. P. Das, Phys. Rev. 141, 603 (1966); and W. M.
Shyu, T. P. Das, and G. D. Gaspari, Phys. Rev. 152,
270 (1966).

121,, Kleinman, Phys. Rev. 146, 472 (1966); and
E. Brown, Phys. Rev. 126, 421 (1962).

BBR. D. Mattuck, Phys. Rev. 127, 738 (1962); and
T. J. Rowland, Phys. Rev. 119, 900 (1960).

145, F, Edwards, Advan. Phys. 16, 359 (1967); and
A. 1. Gubanov, Quantum Electron Theory of Amorphous
Conductors (Consultants Bureau, New York, 1965),
Chaps. V and X.

1485



