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sec correspond to overlap of one of the two lines
in the spectrum of the radiator with one of the
components of the hyperfine structure in the spec-
trum of the absorber.

Such an interpretation of the result is confirmed
by measurements with an absorber in the form of
an alloy SnNbg (30 mg/ cm?), the results of which
are shown in the lower part of the figure. The
SnNbj crystal has a crystal lattice similar to the
lattice of B tungsten, which is very close to cubic;®
this gives grounds for assuming the absence of
hyperfine structure of the 23.8-kev level of Sn'!?
in such a crystal. At zero source velocity there
is no resonance absorption, since the unsplit ab-
sorption line in SnNby does not coincide with the
split line of the source. For source velocities of
+0.73 mm/sec an overlap occurs of one of the
components of the hyperfine structure of the radi-
ated line with the line of the absorber, which cor-
responds to the two absorption maxima in the fig-
ure. The separation A = (eQ/2)82V/9z2 between
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the components of the hyperfine structure of the
23.8-kev level was equal to (1.15 + 0.25) x 1077 ev.
The size of the quadrupole moment of the 23.8 kev
level cannot be determined since we do not know
the electric field gradient in the tin crystal.
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AN electronic paramagnetic resonance (EPR)
spectrum was observed in single-crystal rutile
(TiO,), containing 0.01% vanadium. The spec-
trum consists of two lines with characteristic hy-
perfine structure, corresponding to the isotope
V®! with nuclear spin %,

Each line (group of eight hfs components) be-
longs to its own system of non-equivalent vanadium
ions, which are isomorphic substitutions for the
Ti%* ions in the crystal lattice of rutile.

The crystallography of rutile was described
in detail by Grant.! A unit cell contains two titan-
ium ions differing in the placement of the six neigh-
boring oxygen ions, which produce an electric field
of rhombic symmetry. When the crystal is rotated
90° about the tetragonal axis, one system of non-
equivalent ions goes into the other. Accordingly,
when the crystal is rotated about a tetragonal axis

oriented perpendicular to the direction of the ex-
ternal magnetic field, the overall appearance of
the vanadium spectrum is repeated every 90°. A
similar picture is observed also for Cr? ions in-
troduced into rutile.?

The EPR spectrum of vanadium can be set in
correspondence with the following spin Hamiltonian
(8= 1="%):

H=gpBHS,+ g, BH,S, + gBH.S,
—}— AX?X Sx + Ayiygy + Azizgz'

where S and I are the electron and nuclear spin
operators, g is the anisotropic factor of spectro-
scopic splitting, A is the hfs constant, and B is
the Bohr magneton. The axes are chosen as fol-
lows: the z axis coincides with the tetragonal
axis, while the x and y axes are parallel to the
[110] and [110] directions for one system of non-
equivalent ions; the x and y axes are interchanged
for the second system.

The constants of the Hamiltonian, determined
at T="77°K and 9800 Mcs, are:

A, = 1415 40,07,
A, =3.0940.03,
A, =4.4140,03,

g, = 1.955 4 0.001,
g, = 1.913 4 0.001
g, = 1.912 £ 0.001,

The values of A are given in units of 107 cm™.

Experiments carried out at 37,500 Mcs at T
= 77°K have shown that the constants of the Hamil-
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tonian are independent of the frequency, while
measurements at T =4.2°K (v = 9800 Mcs) have
shown that they do not change noticeably with the
temperature.

No vanadium EPR ions were observed in rutile
at room temperature. When the sample is cooled
to approximately 135°K, broad lines appear, which
gradually narrow down with further decrease in
temperature. At T = 90°K the lines reach a width
of 3.5 oe. There is no further reduction in the
width of the line. This width is probably due to
the spin-spin interaction of the paramagnetic ions
of vanadium. This is also confirmed by the shape
of the line, which corresponds exactly to the Lo-
rentz curve. A line of this shape is expected for
magnetically-dilute systems with a concentration
of paramagnetic ions less than 1%.3

The continuous saturation method was used to
measure the spin-lattice relaxation times of the
vanadium ion in rutile: 74 =2 X 107! sec at T
=4.2° and 7, =6x10"%sec at T =90°.

Line broadening was observed at T = 90°K
upon saturation, thus confirming again the as-
sumed nature of the observed line width.
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The totality of the experimental facts gives
grounds for assuming that the vanadium enters
the rutile lattice in the form of the ion V**.

We note that the broadening of the V** line
when heating to temperature above 90°K cannot
be due to spin-lattice interaction, since the meas-
urement of T; by the saturation method yields
an order of 107% sec at these temperatures. More
detailed investigations of this effect are now in
progress.

The authors are grateful to R. P. Bashuk and
A. S. Bebchuk for furnishing the samples of rutile
with vanadium.
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