
BRITISH . 69734
ACCIUSTICAL um

I SOCIETY writiiiaw

_ Acoustic Paramagnetio Resonanoa of VI“. in M30
' ' 2+ s

and Cr in A1203.

w. Hampton

mesm-

Th9 Edutqu 01' 30mm“: Pummetie resonance (3.1!.2‘.) is '
especially useful for studying thelov lying energy levels arm

magnetic ions which are stroneg coupled to thztaost mafia; lattice.

Among such ions we havestudied by a.p.).'. are + and . A. . -

extensive investigation or Cr2+ in M is dossribod'by Fletcher et.
51. (1966) and Marshall and Hampton 1968). We have extended this
work by us 0:2}. in A120}. . I shall. describe some results or 3.17.13
studies on * in MO. (Broth-mun and Rampton 1969). These two
ions in these host crystals give strong s.p.r. absorptions but can-

not be observed by oonventionsl electron paramagnetic resonance

(e.p.x~.) because of the different-selection rules for s.p.r. and
e.p.r. absorptions. '

Exgeriment s

The. experiments were made using e pulse-echo method with long-

itudinal ultrasonic waves at about 9.4 (Elsi The pulses were 0.5 Base

long and at a repetition rate of 1000 sec' . Quartz transducers were

used bonded to the paramagnetic specimens by Areldite. The exper-

. imente were made in the temperature range l.5°K to 20°K.

Results

(1) \73+ in Mg.

Speoimena have been used in which-the ultnsonio waves

' travelled along a <Loo> direction and another specimen in which the
waves travelled along a <110> direction. The results can be fitted

by an effective spin Hamiltonian '

2 1y - 31133555 + ntsz - 3 s(s + 1)] + AI‘SZ

where the e-exie is taken along a <100> direc ion and the total

effective spin 5 e 1. total nuclear gym I - . The experiment

gives ' an - 0.69 - 010; _1
D a 10.2 m' - $.03 on _1
IA] — 0.0042 cm-1 - 0.0001 em

The magnitude o! the resonance absorptions enables the syin-

;lstti¢:e coupling to be estimated. Using the definition or Dohrov

{(1964) W “5‘ Mr. - G. I 3 lees e."
la” / < so «6" .  



 

er2+ ions are formed in chromium doped corundium from Cry

ions during X-Wtim‘l.

Specimens have beenout o! irradiated chromium doped A1203

in which 'the ultrasonic waves couldpropagate along the c-axis and

specimens for'vhioh the ultrasound travelled at right angles to the

c-axis. along the )1 axis at riyit angles to the died axis of the

lattice.
- -.

For propagation along the o-axis no resonance absorptions

are observed.- For propogation at right angles to the c-axie strong

resonance absorptions are found. 'lhese have no't been accounted for

in detail yet as. their behaviour in complex as the orientation of -

the applied magnetic field is varied. "In the figures show-n we plot -

the-magnetic field at the peak of an Absorption line as a function

of its directiqn.‘ Figure l shove the resonances as the field is

rotated thread! an angle 9 away fromthe c-axia tannins the' dir-

action of ultrasonic propagation. Piano 2 shows the resonances as

the field is rotated throws“ 3n “519 9 5-way £3301“ “‘9 0-8313 and

always perpendicular to the direction of ultrasonic, propagation.

‘ t. 3 shows the resonances if we maintain the field at an angle

at 15° to the c-axia and rotate about the c-axis. .

Discussion

flame.
The a.p.r. spectrum shows axial symmetry showing that the V3+

ions must be at tetragonally distorted sites, this is presumably

because they are associated with another defect required to neut-

ralise the excess positive charge of the V3+ ion. It may be nec-

' aaasry to invoke the Jami-Taller effect to explain the large

difference in magnitude between IGn - 612‘ and {6651.

2 I .

Cr + in A1203 is subject to a dynamic Jahn-Teller effect and

the energ level chemo is complex. We have not yet been able to

definitely assign the observed resonances to transitions of the

ion. It is likely that Cr2+ is very'sensitive to small local

strains in the specimen crystal and these may have to be taken into

account. . ' .
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