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We measured the angular variation of the EPR linewidth of Ni2+ in CaO. The data is used to estimate 
the distribution of internal stresses in the sample.

The study of the linewidths and lineshapes of 

the electron param agnetic resonance (EPR) lines 

of im purities in crysta ls is  a powerful method 

for studying qualita tive ly  and quantitatively the 

distribution  of in terna l stresses in the host la t­

tice [1-3]. Because of the s im p lic ity  of its EPR 

spectra, N i^+ is one of the best ions for this 

purpose. In cubic crysta ls the spectra consist 

m ain ly  of one line (AJUS = 1) which can be 

described by the H am iltonian

9(c =g¡iH-S (1)

where g  = 2.32 for Ni^+r CaO [4] is the gyromag- 

netic factor, (1 the Bohr magneton, l i  the ex­

terna l magnetic fie ld  and the fictitious spin 5 = 1.

When the cubic sym m etry around the ions is 

removed an additional term  [2]

*nc (2)

is added to the Ham iltonian  of eq. (1) and the 

E PR  line splits in two. Sm all d istortions of the 

cubic symmetry could appear due to internal 

random stresses in the sample: crysta l im p u r i­

tie s , d islocations, etc. Because of the random 

character of these non cubic d istortions, each 

param agnetic ion w ill have a slightly different 

value of 2fnc of eq. (2) and the E PR  transition  

w ill be inhomogeneously broadened.

We nave m easured the angular dependence of 

the E P R  linewidths and lineshapes of N i^+ in 

CaO at 1.4 K and 9.3 GHz in the (110) plane; the 

sam ple contained about 0.1% of N i^+ and was 

supplied by Semi E lem ents Inc. U.S.A. The EPR  

lineshape was Lorentzian  and the observed lin e ­

widths A // j / 2 m easured between points of half
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intensity of the line are shown in  fig. (1). A good 

fit of the experim ental data is obtained with the 

function

A/7.
1/2

[a (1 -3F ) + /;F]’ /2 (3)

represented by a solid line in fig. (1), where 

F  - sin2fl - | sin^O ; a least square analysis 

gives (7=10.3 x 10^ gauss^, and /> = 8 .G x l0 4 

gauss^; 0 is the angle between the magnetic 

fie ld  and the | 001] ;ixis. Eq. (3) was obtained by 

Feher [2] assum ing that the broadening is due 

to a Gaussian distribution  of in ternal stresses. 

In our case, where a Lorentzian line-shape is 

observed, the sam e form ulation rem ains va lid  

when the second moment of the lin e 611^ is used. 

The ratio  where K= 8 '7 was

obtained using the experimental errors  as a 

crite rium  for the cut-off magnetic fie ld at the 

wings of the line and the form ulas given by 

Poole [ 51 for the cutt-off Lorentzian line.
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Fig. 1. Angular dependence of the EPH linewidth of 
Ni-+ in CaO measured a! 1 .1 K and 9.3 (111/ in the 
(110) plane. The solid line is the dependence predicted
by eq. (3) for a = 10.3 ■ 10t gauss- 

gauss-.
and h = s.K
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1 2  + f  13 + e23 ’ is ^oun,-l from  eq. (2 )

A // = 9  r 2 I 
16 11 001

) (l-3F) + 3c24(e2ii)F (4)

where the values for the spin- lattice coefficients 

= (110 ± 5) cm -'  and (7 4 4  = (42 ± 5) cm -1 have 

been reported [6 ] for N i^+ in CaO under the ap ­

proxim ation  that the elastic constants of the 

crysta l are not changed at the position of the 

im purity , (fgo i^  and ( e? i i )  should be understood 

as mean values taken over the distribution  of 

stra ins.

Com paring eqs. (3) and (4) we found 

= (4 .5 ± 0 .3 )x l0 * 4  ,
( ( f 0 0 1 >)c a 0

(<f2 »,/a 
l i r ' C a O

(4,0 ± 0 .5)x 10 ” 4  .

Sm alle r values of ((f  q q i > )  a n d  i ( c j i j ) ) 1 / / 2  

are  found for N i^+ in MgO using the values of 

the EPK linewidths of N i^ ' in MgO given by 

Lewis and Stoneham [7] for the {001 ] and [111] 

d irections, together with eq.(4):

, " , 2  

( c 001
1 / 2  

MgO 

n  2  ^ 1 / 2

( f 111 M g O

1 . 0 1  x 1 0
-4

= 0.6G x 10 -4

The orig in  of the differences in the strain  

distributions found in both lattices could be d is ­

cussed in term s of the theory given by Stoneham 

[3]; the Lorentzian lineehapc observed for N i ^  

in CaO suggest that the broadening is due to 

point defects or d islocations. Besides Ni2+f 

Mil and Fe im purities  were identified in our 

CaO sam ple and are  probably the orig in  of the 

inhomogeneous broadening. A precise analysis 

of the relative influence of the point and line 

.defects could be obtained only with a complete 

knowledge of die history and composition of the 

sample.
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