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ACOUSTIC PARAMAGNETIC RESONANCE
OF CHROMOUS IONS IN MAGNESIUM OXIDE
UNDER APPLIED STRESS*

V. W. RAMPTON,** 1. J. SHELLARD,** Nottingham

Acoustic paramagnetic resonance due to Cr** ions in MgO has been observed as
a function of applied uniaxial stress. The measured g value changes with stress. It is
found that Ag/Aeg =—1.05x10*. This enables a value of the ion-lattice coupling
coefficient to be found ae =8.600D, where D is the spin-orbit parameter.

AKYCTUWIECKMH NAPAMATHUTHBLIN PE3OHAHC HOHOB XPOMA
B OKHCH MATHMA
MOl AENCTBHEM IMPHIOXKEHHOIO HAIIPSKEHHMSA

B pabote npuBefeHb! PE3YILTATHI UCCACROBAHMHA AKYCTHMUECKOTO NAaPAMArHUTHOIO
pe30OHaHca B OKMCH Maruus, o0ycnosieHHoro vosamu xpoma Cr’*, B 3aBHCHMMOCTH
O NPUIOKEHHOrQ ONHOOCHOTO HampsKeHus. V3MepeHHOe 3HAYEHWE ¢ WIMEHHETCH
B 3aBMCMMOCTH OT M3MEHEHUs Hanpshkenus. Haiineno, 4to Ag/Aes = —1,05-107*. 3o
NO3BONSET ONPENEANUTL 3HAUCHHEe KOIPODUIMEHTA @, CBI3M UOHOB B peIllETKE. DTOT
ko3 uuueHT pasen a, = 8,600D, rpe D sBnseTcs CHUH-OPOHTANLHBIM MaPAMETPOM.

L. INTRODUCTION

The chromous ions in magnesium oxide has been investigated by a variety of
methods for a number of years. The ion is strongly coupled to the crystal lattice and
undergoes a Jahn—Teller effect. It gives strong acoustic paramagnetic resonance
[1] and strong ultrasonic relaxation absorption [2]. It produces a marked reduction
in thermal conductivity [3], [4] and scatters heat pulses [5]. The theory of the
chromous ion in magnesium oxide has been given by Fletcher and Stevens [6]
and by Ham [7]. In spite of all this work there is still no agreement on the
magnitudes of the parameters to be used in the theory. We have examined the
effects of an applied uniaxiat static stress on the acoustic paramagnetic resonance
(apr) spectrum and have been able to obtain an estimate of the ion-lattice coupling
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constants, ae, in the notation of Fletcher and Stevens [6], in terms of the
spin-orbit parameter D.

II. EXPERIMENTS

Samples of chromium doped MgO nominally containing 800 ppm of chromium
were cut and polished to allow ultrasonic propagation along the [010] direction.
Longitudinal ultrasonic waves at 9.5 GHz were generated by a quartz rod
transducer in a microwave resonant cavity and by using a pulse-echo technique the
ultrasonic attenuation could be measured as a function of the applied magnetic
field. The experiments were made in liquid helium at a temperature of 4.2 K.
A compressional stress could be applied to the sample by means of 2 rod down the
cryostat. The stress was applied in the [100] direction while the magnetic field
could be applied at directions in the (010) plane. The apr spectra were plotted for
the ‘as received’ crystal and when it had been heated at 1300 °C for 24 hours in
oxygen to reconvert all chromium to the Cr’* state followed by 2% hours in
hydrogen at 1300 °C to convert some Cr’* to Cr’*. The results obtained were
similar before and after heat treatment. .

IIl. RESULTS

Apr absorption were observed similar to those found by Marshall and
Rampton [1] having tetragonal symmetry. One resonance peak followed the
expression hv = g-H cos @, where @ is the angle between the magnetic field H
and the [001] direction. The value of g- was a function of applied compression.
Figure 1 shows the variation of g- with applied strain. The strain ee =

€ — 2(€x + e,,) was calculated from the applied stress and the elastic constants of
MigO [8].

IV. THEORY

The Cr’* ion in MgO undergoes a Jahn—Teller effect and the low-lying energy
levels consist of a group of 10 states and a group of 5 states of slightly higher energy
[6, 7]. The apr is due to transitions between two members of a triplet belonging to
the T, representation of the cubic group. The effect of a tetragonal strain at the
Cr’" ion site is to split this triplet into a singlet and doublet and also to admix some
of the other higher lying T, and T, states into it. The admixture gives a change in
the parameter g-. The change in g- for small strains is given by:
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where P=V(8/D — f.) + 4fs for B>0 and

g-=2(1-3sin’B>)—4V3 AnblmV to FIW ﬂ_a\ciﬂlovlwm a\bﬁd“

-8/D +3f,+Q 30°
where

Q=V(®/D+f)Y+4f: and tan2B,=2fD/(d+f.D) for B<O.

In these expressions O is the tunnelling splitting, B the anharmonic coupling
parameter, f;, f, are matrix elements as defined by Fletcherand Stevens [6].
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V. DISCUSSION

The expressions given above show g- as a function of ae/D and of §/D. We have
used the values of f, and f, given by Fletcher and Stevens [6] and computed the
change in f- for various values of /D in the range 2 to 100. Hence, we can find
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ae/D using the results shown in Fig. 1. The slope of the best fit line shown in Fig. 1
is Ag/Aee=—1.05x10"+0.12x 10*. There are several choices available for §
and D. Challis et al. [3] give /D =4 and D =4 cm™'. Using these values we
obtain ae = 14.800 cm ' if B>0 or ac =48.000 cm ™' if B<0. Lange [2] gives
8/D =8 and D =2.3 cm™'. Using these values we obtain ae = 10.400 cm™ ' if B>0
or a¢ =19.800 cm ' if B<0. A value of ag =17.000 cm™' has been found by
Rivallin et al. [4]. This suggests that using the values of 8§ and D given by Lange
and the case B <0 gives the best agreement with our results.

ACKNOWLEDGEMENTS

We should like to acknowledge the help of Dr J. R. Fletcher in the theoretical
part.

REFERENCES

{1] Marshall, F. G, Rampton, V. W.: Phys. C 1 (1968), 594.

[2] Lange, J.: Phys. Rev. B 8 (1973), 5999.

{3] Challis,L.J.,, De Goér, A. M., Guckelsberger, K., Slack, G. A.: Proc. Roy. Soc. Lond. A 330
(1972), 29. )

[4] Rivallin, J, Salce, B,, De Goér, A. M.: Solid State Comm. 19 (1976), 9.

(5] Patel, J. L., Wigmore, J, K.: J. Phys. C 10 (1977), 1829.

{6] Fietcher, J. R, Stevens, K. V. H.: J. Phys. C2 (1969), 444.

[7] Ham, F. S.: Phys. Rev. B4 (1971), 3854.

[8] Anderson, O.L.: Physical Acoustic 3 B, p. 43, ed. Mason, Academic Press, New York 1965.

Received October 19, 1978




