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Anomalously high splitting of the I = 1/2 spin state of a P*' nucleus is observed
in the optically-detected spectrum of KC1-PO,” magnetic resonance in weak
magnetic fields up to 500 Oe. The splitting is interpreted as a pseudonuclear
Zeeman effect which occurs when the nuclear and electron spins are coupled in
the second order perturbation theory.

PACS numbers: 33.25.Fs, 33.20.Kf

Anomalies in the hyperfine structure of the EPR spectra of rare-earth ions were
observed.'” Interpreted as a pseudonuclear Zeeman effects, these second-order correc-
tions involving adjacent excited electronic levels were considerably in excess of the
natural nuclear Zeeman splitting which occurs in the first order.

A similar phenomenon is possible in the molecular triplet state in which the role
of closely-spaced intermediate levels is played by the very splitting sublevels in the
zero field, the expected effect being much more intense due to the small separation
between the levels. In particular, in the presence of a single nucleus with spin 7 = 1/2
the hyperfine coupling (HFC) between the nucleus nuclear and electrons in a zero field
results only in a displacement of spin sublevels while Kramer’s double degeneracy is
removed in an external magnetic field.
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FIG. 1. ODMR spectra of KCI-PO,
crystal in magnetic fields H = 500
Oe(1) and 100 Oe(2) for orientation
H|(110), T=42 K.
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The foregoing situation exists in an impurity ion PO,~ which contains a P*' nucle-
us with spin /= 1/2. A KCI-PO, single crystal was used as a specimen,”” whose
phosphorescence spectra are characterized by a quasilinear structure typical of light
impurity molecules.?* Effect of a magnetic field of the spin subsystem of an impurity
center was studied by the method of optical detection of magnetic resonance (ODMR),
which provides a high sensitivity measurement (see, for example, Ref. 5).

The ODMR spectra were measured by means of an established procedure' in a
rapid transmission mode. The microwave field source consisted of oscillating frequen-
cy generators P2-11 (1.5-3 GHz) and XI-30 (0.2-1.5 GHz), which were synchronized
with the signal build-up cycle in the LP-4840 analyzer. An optical portion of the
helium cryostat was placed between the poles of a Takeda Riken 308 electromagnet.

In a zero field, KCL-PO,  exhibits strong ODMR resonance at 2.93 GHz,"”
corresponding to a transition between the 7, and T, sublevels of the triplet state *B,
(the y and z axes lie in the plane of molecule). We showed that this line splits into a
number of components (Fig. 1), even in very weak magnetic fields beginning with
H =20 Oe. Some splitting occurs as a result of nonequivalence of the various orienta-
tions of the impurity ion with respect to the field. For H ||(110), three nonequivalent
types of centers exist, for one of which H [jz. In this type of center, the T, — T,
transition frequency decreased to 400 MHz with field growth and was followed by
“anti-intersection” of levels (also identified for organic molecules'®'), We interpret the
four-component structure, consisting of lines a,b and c,d (Figs. 1 and 2) as hyperfine
splitting which has, in the weak fields, the nature of a pseudonuclear Zeeman effect.

The spin Hamiltonian for a triplet state in the presence of a single nucleus with
I=1/2 may be expressed as follows:
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FIG. 2. Dependence of line splitting of
T, — T. transition in ODMR spectrum of
KCI-PO, on magnetic field intensity,
H ||{110). Dotted lines indicate approxima-
tion by means of diagonalizing Eq. (2) ma-
trix for A, = 100, A.. =400, 4,, =250
Qe (small splitting of Z ' disregarded);
dash-dot lines-approximation by Eq. (3);
g=2and X — Y =4.6 GHz."" Below, lev-
el diagram for H ||z without allowance for
HFC.
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where X,Y,Z are zero-field energies without allowance for HFC and f and 8, are the
electron and nuclear magnetons; the g-tensor is considered to be isotropic. As base
functions we shall pick the following zero-field states; electron |x),|y),|z) and nuclear
| + 1/2); moreover, in the case H ||z, the latter may also be quantized in the z direc-
tion. Thus, a 6 X 6 matrix of 77, elements is decomposed into two 3 X 3 matrices

1

1
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2 2 2
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Allowing for second-order corrections, we get
1 2 2
1 (KBHZ t _2'_A2z> Axx
Yt =Y+ — gnByH, + + —, €))
2 ENPNT:
Yy-X 4«Y -2)
and, likewise, for X *. The splitting of the ¥ level in this approximation is
A(y)=<g By +2g8 A H . @
+ NPN Y - X> z

The foregoing clearly indicate that a second-order correction for HFC is similar
to the nuclear Zeeman term, i.e., it induces a pseudonuclear Zeeman splitting. As a
rule, g, 0y H, may be neglected in weak fields. The Z level undergoes HFC splitting in
higher orders, if 4, ,4,,7-0. For noncanonical orientations, I fails to quantize exactly
with respect to H and the formulas become more complex. A similar problem was also
considered in a strong—field approximation.'”’

The splitting observed in KCI-PO, is very small interpreted within the frame-
work of the treatment above. The HFC atomic parameters of the P*! nucleus are 4 ¥,
= 3460 Oe and 2B * = 206 Oe,"'” which indicate that substantial splitting may be
expected. The spacing between the doublets a,b and ¢,d (Fig. 2) corresponds to split-
ting of the Y-level into the Y* and Y - components, and the doublets themselves to the
splitting of the Z-level. The experimental data points for the centers H ||z are sufficient-
ly well described by the eigenvalues ¥ * and Z * of the matrix in Eq. (2) for 4,,
= 400 + 20 Oe; an exception to this is the splitting of the Z-level which exceeds the
expected magnitude for reasons explained by a nonideal orientation. We should note
that 4,, determines a value of H, for which a displacement of the Y~ level changes
sign. Study of the orientation relationships of the splitting diagram confirms the above
interpretation and yields the values 4,, ~100 Oe and 4,, =250 Oe. For H ||z non-
diagonal elements 4,, and 4,, play an important role in the intersection region, caus-
ing a repulsion (anti-intersection) of the Y*, Z - and Y -, Z * levels. The measured value of
repulsion ¥~ 300 MHz fully agrees with a value predicted on the basis of Eq. (2), and
requires no introduction of additional perturbations.

638 JETP Lett,, Vol. 29, No. 11, 5 June 1979 R.A. Avarmaa and A.P. Suisalu 638



The observed effect of pseudonuclear Zeeman splitting offers a means of investi-
gating HFC in weak magnetic fields which, in conjunction with ODMR, provides high
sensitivity in the structural study of impurity molecules.

The authors thank K.K. Rebane for interest in this work.
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