in yield is ~50% {2]. The difference can be attributed, in our opinion, to the stronger
scattering of the electrons in the substance, and in part also to the mosaic structure of the
film. Since in our case the peak amplitudes de-

[ a10? ia]  [si0] [100] [s1a]  [310] i creased with decreasing primary-electron energy, we
K ' ; ; | b can expect a slight growth with increasing energy.
25 L( J/[\%ﬁﬂ{/ﬁxxd/m\\/,'ﬂm It can be assumed that the difference between

a the electron and proton motions is caused also by
20+ the fact that as the protons move through the channel

195
they execute a certain number of oscillations during

L L da their travel. 1In the case of the electrons, ordered
motion takes place probably only during the first
0r o 145 quarter of the oscillation, i.e., until the electron

crosses the axis of the atom chain, after which the

L A L I TR 1 i

-25-20 15 10 =5 0 5 1015 20 25 electron, coming close to the next nucleus, is scat-
Angle of film rotation, deg

tered through a large angle. From this point of
view, a change in the number of electrons scattered into the rear hemisphere should lead to
a change in the yield of the secondary electron, i.e., the coefficient of secondary emission
from the side on which the beam enters should increase when the electron-motion direction co-
incides with a crystallographic axis. It is possible that this circumstance plays a certain
role in the nonmonotonic angular dependence of the yield of secondary electrons from MgO and
Ti single crystals, as observed in [3,4] and elsewhere. Tt must apparently be assumed that
since the electron approaching the atom chain during the course of focusing transfers to the
chain nuclei a momentum that increases continuously in magnitude, the focusing effeet is ac-
companied by excitation of phonons. This distinguishes focusing from diffraction, in which

the electron, interacting with the crystal as a whole, does not excite phonons.
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Investigations of galvanomagnetic effects yield, as is well known, valuable information
on the electronic structure of ferromagnetic metals. However, no measurements have been made

as yet on magnetooptical effects in strong magnetic fields, which have a similar physical

164



nature. We present below results of measurements of the equatorial Kerr effect 8 [1] in Fe,
Ni, and Co at an incident-light angle ¢ = 75°, made in magnetic fields up to Lo kOe. The
measurements have shown that the increase of the effect in the saturation region is anomalous-
ly large.

The experimental setup was assembled in accordance with the scheme described earlier
[1]. The degree of monochromatization of the beam, indicated in the table, was determined by
the employed optical filters and light receivers. For example, some of the obtained experi-
mental curves are shown in the figure. To illustrate the measurement error, which did not
exceed 0.5%, we present also measurements made at the s-component, when & = O. The table
lists values of 65 obtained by extrapolating the linear section of the 8(H) curves to a field
H = 0, as well as the values of (L/BS)(aS/BH) and the coefficients kg determined from the
relation (1/68)(86/8}1) = kg(l/IS)(BI/BH) (dI/3H = 1.3 x 107* (Fe), 1.1 x 107* (ni) [2]).

-—Ffe 4
3 i 38 a 3 {1 , p-component) bx10
» (1] 5, x 10 5 S (% k0e™?] kg &xu 0
s 10} )
NE ~—> 14
0.45 £ 0.19 6.9 0.20 26 4 1 (045 . 5-companent)
1 + 0.1 10.2 0.16 21 ;
Fe o 10| -6.7 0.23 30 §
" + 1.5 -1.95 0.37 48 . P
0.k5 + 0.15 0.6 0.58 26 2 c 12
it o 4
1 + 0.1 -3.5 0.16 T (1 , p=-component)
Ni s PO 0
12 o] -3.6 0.1k 6 0 v W 40 AR
L + 1., -0. 0. 1 -
5 7 30 3 s {-2
0.45 + 0.15] 0.4 0.17 4l 1-q
1 £0.1 1.8 0.10
Co —p L o — 4
2 to0.1| -0.72 0.10 § (2, pecomponent) i
L + 1.5 -1.8 0.15 1-3

The data obtained show that the increase of ® under the influence of the magnetic field
5 in the short-
wave region excludes the possibility of attributing the observed effect to additional mag-

greatly exceeds the corresponding increase of IS (kB >> 1). The increase of k

netization of the surface layer of the sample to saturation, or to the influence of the mag-
netic field on the carrier motion. As regards magnetooptic effects due to interband transi-
tions, their magnitude, according to [3], is determined by the magnetization of the sample,
by the details of the band structure, and by the value of the spin-orbit interaction. It is
necessary to bear in mind here that the equatorial Kerr effect & is a linear function of the
real and imaginary parts of the off-diagonal component €3, of the dielectric tensor.

The influence of the magnetic field on the behavior of ferromagnetic d-metals in the
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saturation region is usually related, directly or indirectly, to a decrease in the number of
spin waves, i,e., to the main cause of the dependence of the magnetization on the field. 1In
this case such an explanation is incorrect, since the direct influence of H on I is too small,
and the indirect-influence mechansims proposed for other effects (crystallographic anisotropy,
ferromagnetic Hall effect) are likewise inoperative. It can be assumed that we deal in this
case ﬁith the effect of the direct influence of the magnetic field on the energy band struc-
ture of the d-metal, which in turn leads to a change in the value of the spin-orbit interac-
tion. A special role may be played here by states disposed along the symmetry lines of the
Brillouin zone or near the Fermi surface, the degeneracy of which is lifted by the spin-orbit
interaction.

In connection with the foregoing, attention must be called to other possible manifesta-
tions of the influence of the magnetic field on spin-orbit interaction effects in ferromag-
netic d-metals. The available experimental data on the influence of H on the anisotropy con-
stant K, show that the value of (1/Ky)(9K,/OH) amounts to 0.5% kOel for Ni [4] and 0.2% koe?
for Fe [5], i.e., it is comparable with the value of (1/65)(86/8H). Attempts to attribute
the corresponding changes of Ky to the influence of the field on the number of spin waves
lead to a qualitative disagreement with experiment by a factor 2 - 3, and the influence of
pressure on X; cannot be explained at all [4,5].

The discussed influence of the magnetic field can lead also to a dependence of the
ferromagnetic Hall constant Rs on H, although this dependence is masked by the presence of
the ordinary Hall effect and by the influence of the magnetic field on RS, due to suppression
of the spin waves [6]. Nonetheless, if we assume that an essential part of the "ordinary"
Hall constant is due to the indicated RS(H) dependence, then we can explain in natural fashion
the following experimental facts: 1) when copper, iron, and cobalt is added to nickel, the
growth of R is accompanied by an increase in the "ordinary" Hall constant [7,8], 2) in
Fe-Ni alloys containing 32 - 40% Ni, when it can be assumed, in view of the exceptional growth
of Rs’ that the change in the Hall emf ES in the saturation region is due essentially to the

RS(H) dependence, we have

Eis s = 0.49 ko [8].

It is of great interest to investigate experimentally the physical effects connected
with the spin-orbit interaction in d-metals in stronger magnetic fields. Thus, for example,
if the linear increase continues, then the values of & (A = 0.45 u) and K; of nickel should
double at H = 200 kOe. It would also be of interest to investigate the influence of a strong
magnetic field on the orbital part of the g-factor.

We are grateful to Professor E. I. Kondorskii for a discussion of our results.

(1] G. S. Krinchik and R. D. Nuralieva, JETP 36, 1022 (1959), Soviet Phys. JETP 9, 72k

(1959).
(2] H. Danan, Comptes Rendus 246, 73, 401 (1958).

166



(31 P. N. Argyres, Phys. Rev. 97, 334 (1955); B. R. Cooper, ibid. 1394, 1504 (1965).

(41 J. Veerman, J. J. M. Franse, and G. W. Rathenau, J. Phys. Chem. Sol. 24, 947 (1963);
J. Veerman and G. W. Rathenau, Proc. Internat. Conf. on Magnetism, Nottingham, 737, 1965.

(5] H. P. Klein and E. Kneller, Phys. Rev. 14k, 372 (1966).

[6] E. I. Kondorskii, JETP 48, 506 (1965), Soviet Phys. JETP 21, 337 (1965).

[T] E. P. Beitel and E. M. Pugh, Phys. Rev. 112, 1516 (1958); E. R. Sanfrod, A. C. Ehrlich,
and E. M. Pugh, ibid. 123, 1947 (1961); R. Huguenin and D. Rivier, Helv. Phys. Acta 38,
900 (1965).

[8] W. Jellinghaus and M. P. Andres, Ann. d. Phys. 7, 187 (1960).

ELECTRONIC STRUCTURE OF LONG MOLECULES WITH CONJUGATED BONDS

I. A. Misurkin and A. A. Ovchinnikov

L. Ya. Karpov Physico-chemical Research Institute
Submitted 26 June 1966

ZhETF Pis'ma 4, No. 7, 248-252, 1 October 1966

It is usually assumed that when the length of a molecule with conjugated bonds in-
creases (we shall consider molecules of the type of polyene, (CH>2N) the distances between
the electronic levels vary like 1/N, so that for sufficiently large N the molecule becomes
& one-dimensional metal. The experimental data, however, contradict these notions. Indeed,
with increase in the length of the polyene chain the magnitude of the first electronic tran-
sition tends to a finite value ~2.2k eV [1,2] (see the figure).

The fact that the metal becomes a dielectric
at a sufficiently large electron repulsion was AL, ov
noted already by Mott [3]. For polyenes, how-
ever, Mott's arguments are not valid, since the
repulsion is actually not too large. It is known,
in particular, that graphite is a metal at the
same electronic parameters. The presence of a gap
in the spectrum might be attributed to the transi-
tion of the molecule into a state with alternating
bond lengths as N + « [4]. TFor real parameters of

the electron-phonon interaction [5], the gap is ! | ,
g g1 g2 43 1IN

one order of magnitude smaller than the experi-

mental value. Finally, Langmuir oscillations in a

First electronic transition of the
molecule ConHen vs. 1/N: -4- - experi-
and consequently cannot explain the observed ment, -e- - our calculations, --- -
electronic transition withoug allow-
ance for electron repulsion.

one-dimensional system have an acoustic character,
spectrum [6]. We propose below an explanation of

the indicated experimental fact, on the basis of an

allowance for the electron repulsion.
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