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Wi th  V3+ and t r 'e2*  ln  an  A leOs la t t i ce  as  an  example ,  i t  was  shown tha t
aeoust i -c  paramagnet lc  resonance (APR)  is  an  e f fec t i ve  method o f  inves t lga t lng
the  sp in  sys tem o f  ions  w i th  an  even number  o f ,e lec t rons  [1 ] .  We repor t  here
the observat lon of the APR spectrum of the Mn3+ ion in corundum, which has a
s t rong sp in -phonon ln te rac t ion .

The exoerinental  condlt ions were as fol l -ows: The resonant absorpt ion and
d lspers ion  o f  a  long i tud ina l  hyperson ic  wave o f  ) .4  GHz f requency ,  p ropagat lng
in corundum along a twofold symmetry axls (x axis) was invest lgated at the
tempera ture  o f  l iqu id  he l ium (4 .2oK) .  The concent ra t ion  o f  the  manganese im-
nr r r . i t r r  - in  tho  .o rundum crys ta l  was  0 .0 I%.  The c rys ta l  had the  fo rm o f  a  cy l ln -
der  o f  2 .6  mm d iameter  and 15  mm length ,  w i th  op t lca l l y  f la t  and para l le l  end
faces  perpend icu far  to  the  x  ax is .  To  exc l te  the  hypersound,  a  CdS conver te r
f i lm wlth an al-uminum substrate was deposited on one of the end faces by vacuum
sput te r ing .  The ax is  o f  the  f1 lm tex tu re  was perpend ieu la r  to  the  subs t ra te .
The method o f  exc l t ing  and rece lv lng  the  hypersound,  lu i th  the  a id  o f  a  po in t -
l i ke  n lc rowave- f le ld  concent ra to r ,  was  descr ibed ear f ie r .

A  hvnerson i .c  in te r fe rometer  was deve loped fo r  the  measurement  o f  the  reso-
nant  absorp t ion  and d ispers ion  o f  the  hypersound ve loc i ty .  The in te r fe rometer
had two channe ls  o f  equa l  acous t ic  pa th  length .  The corundum crys ta f  w i th  the
manganese lmpurl ty was focated in the f i rst  measuring channel,  whereas 1n the
second, reference channel the hypersound propagated 1n corundum containing no
paranagnet ic impuri t ies. The corundum crystal  in the reference channel had the
iame form and. or ientat ion as the measurement crystal .  Owing to simultaneous
opt i -co-mechan lca l  f in ish ing  o f  these c rys ta ls ,  the i r  leng ths  d id  no t  d i f fe r  by
mbre  than 0 .5  U.  To  exc l -ude the  tempera ture  e f fec t  in  the  ve loc i ty  measure-
ments ,  bo th  c rys ta ls  were  mounted in  an  acous t ic  head hav ing  a  cons t ruc t lon
s imi la r  to  tha t  descr ibed in  [Z ] ,  and were  p laced in  l iqu id  he l lum.  The f i rs t
interferometer channel was us€d.. to measure the resonant absorpt lon of the
hypersound.  The in te rpre t t i t lon 'o f ,  the  hyperson ic  echo s igna ls  was by  the
p l i rea-puLse method i2 l .  The resonant  d ispers ion  was measured by  cornpar ing
tfre pfraies of the hypersonic echo signals Ln the reference and measurement
channels with passagb of the magnetic f le ld over the resonance 1ine. The
sens1t iv i t y  o f  the  in te r fe rometer  has  made i t  poss ib le  to  measure  re la f i ve
hypersound-veLoc i ty  changes Av" , /v "  <  l0 - ' .

T f  a  m r o n e f ; i c  f ie ld  H 1 t ;  f . l "  i "  d . l rec ted  a long the  th ree fo ld  sy rnmet ry
ax is  (z  ax is ) ,  a  b road reso [an t -absorp t ion  ] - ine  is  observed w i th  a  max imum at  a
i i " ra ' f r " - l -U . i  r .o "  and a  w id th  2 .2  koe (see the  f igure) .  bhe dev ia t lon  o f  the

dlrect ion of H from the z axls leads to an increase of the resonant f ie ld H,"

fo r  th is  1 ine ,  and when e  >  l -0o  there  appears  a  second resonance in  s t rong
f ie lds .  When-g  =  t5o ,  the  hypersound absorp t lon  has  max ima near  7  and 11  kOe.
The two resonances  co i lesce  L t  g  =  45o and H"  =  8 .9  koe.  Wl th  fu r ther  inc rease

of  0 ,  the  resonances  aga in  seqara te ,  bu t  the  magn i tude o f  the  absorp t lon  a t  the
max imum decreases .  When e  >  600 the  absorp t ion  exh ib i ts  a  monoton i -c  decrease
wi th  the  magnet lc  f ie ld ,  w i thout  any  resonances .  A t  0  =  90o,  no  dependence
of  the  absorp t ion  on  thq  magnet ic  f ie ld  i s  observed.  The resonant  absorp t ion
d.ecreases  when the  c rys ta l  i s  coo led  to  l .BoK.  For  0  =  0  we have
; " i 4 : i " t < ) / a " ( t . B " K )  =  5 . 5 .  T h e  r e s o n a n t  a b s o r p t i - o n  i s  a c c o m p a n i e d  b y  a  c h a n g e

of  the  phase ve loc l ty  o f  the  hypersound wave (see the  f igure) .  The d i f fe rence
b e t w e e n  t h e  r e s o n a n t  f i e l d s  f o r - A v " / v " ( H )  a n d  o " ( H ) ,  a n d  a l s o  t h e  r e l a t i v e

magnitude of the veloci tY change
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( k "  i s  t he  hype rsound  wave  vec to r )  ag ree

w i th  t he  t heo ry  o f  r esonan t  d i spe rs ion  i n
APR [3 ] .  The  absence  o f  a  sha rp  max imum
on  the  Av_ ,zv_  (H )  cu rve  i s  appa ren t l y  con -

S '  S '

nec ted  w i th  t he  i nhomogeneous  b roaden ing
of  the resonance l ine and the in f l_uence
o f  t h e  s e c o n d  r e s o n a n c e .

The  obse rved  b road  resonance  cu rve  o f
t he  hype rsound  abso rp t i on  and  the  l a rge
vaLue  o f  t he  abso rp t i on  a t  t he  max lmum o f
t h e  n t t r r r e  n n i  n t  1 -  n  i - h o  h F A < a h . a  n f  e  c n i  n -v r t u  y r  u o s l r v s  v t  4  o P r r r -

phonon coupl ing for the lmpuri ty paramag-
net ic  center .  Th is  a l lows us  to  s ta te
tha t  the  observed resonant  absorp t lon  is
due to  t rans i t lons  in  the  spec t rum o f  the
t r l va len t  manganese ,  s i nce  manganese  lmpur l t y  l ons  w i th  a  d i f f e ren t  va lence
(Mn ' *  o r  Mn" ' )  i n  co rundum,  wh i ch  have  p rev ious l y  been  i nves t i ga ted  by  t he  EPR
method  [4 ,  5 ] ,  have  na r row  abso rp t i on  l i nes  co r respond lng  to  K ramers  doub le t s
w i th  weak  sp in -phonon  coup l i ng .  The  Mn" r  en te r l ng  t he  co rundum l "a t t i ce  rq -
p laces  i sombrpn i ca l l y  t he  A l - ' *  i on .  The  g round  s ia te  o f  t he  f r ee  i on  l s  uD .

In  t he  cub l c  f l e l - d  o f  t he  oxygen  oc tahed ron ,  t h i s  s ta te_sp11 !s  l n to  t he  fower
s t a t e  s E -  a n d  a n  e x c i t e d  s t a t e  s T . -  l y i n g  f O O ^  =  2  x  l - 0 s  L m - t  h i g h e r .  A n  i m -
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po r tan t  f ac t  i - s  t ha t  t he  o rb l t a l  doub le t  "E . ,  i s  no t  sp l i t  by  t he  c r ys ta l  f i e l d

o

o f  cub le  and  t r i gona l  symmet ry  o f  t he  r l g l d  oxygen  oc tahed ron  i n  co rundum.
Such  a  s i t ua t i on  was  cons ide red  theo re t l ca l l y  i n  [ 6 ] .  T t  was  shown  tha t  i n  t he
case  o f  a  s t rong  sp in -phonon  coup l i ng  t he  degene racy  i s  l i f t ed  when  accoun t  i s
taken  o f  t he  v i b ra t i ons  o f  t he  l ons  o f  t he  oc tahed ron  ( t ne  dynamlc  Jahn -Te l l e r
e f f ec t ) .  0 f  lmpo r tance  i - n  l i f t i ng  t he  degene racy  a re  de fo rma t l ons  tha t  l ead  to
te t ragona l  o r  rhomb ic  d l s to r t l oha  o . f  t he  oc tahed ron  ( f o r  examp le ,  d i sp lacemen ts
1n  the  d i rec t i on  o f  t he  two fo ld . symr l re t r y  ax l s ) .  The  j o i n t  ac t l on  o f  t he  l a t -
t i ee  de fo rma t i on  and  o f  t he  sp {n -o rb l t ,  coup l l ng  l ead  to  a  sp l l t t l ng  o f  t he  l - 0 -
f o l d  degene ra te  o rb i t a l  1eve1  sEn .  On  the  bas l s  o f  t he  angu la r  and  tenpe ra tu re

dependences  o f  a "  i t  can  be  conc fuded  tha t  t he  resonan t  abso rp t i on  i s  due  to

t rans i t i ons  be tween  the  l - eve l - s  o f  t he  doub l -e t  w l t h  M"  =  11 .  S ince  c l r  dec reases

w i th  t empera tu re ,  t he  l ower  l eve l  l s  a  s l ng le t  l - eve f ,  and  the  l eve l - s  o f  t he
M^  =  +1  doub le t  a re  l - oca ted  a  d i s tance  D  away  f rom 1 t .  The  l n i t i a l  sp l i t t i ng

D  can  be  read i l y  de te rm lned  f rom the  tempera tu re  dependence  o f  t he  APR,  wh i ch
y i e l d s  D  =  5 . 7  c m - t .  T h e  p e c u l i a r  a n g u t a r  d e p e n d e n c e  o f  t h e  A P R  a n d  t h e  p r e s -
ence  o f  two  resonances  can  be  exp la lned  aq ,be ing  due  to  t he  p resence  i n  t he
c o r u n d u m  l a t t i c e  o f  t w o  n o n - e q u i v a t e n t  M n " ' 1 o n s ,  t h e  s p e c t r a  o f  w h i c h  i n t e r -
sec t  a t  0  =  45o .  The  measu red  va lues  o f  t he  abso rp t l on  coe f f l c l en t  and  o f  t he
w id th  o f  t he  resonance  l - i ne  make  1 t  poss ib le  t o  es t ima te  t he  e lemen ts  o f  t he
sp in -phonon  i n te rac t i on  t enso r  f o r  Mn3 ' l  i n  co rundum.  On  the  bas i s  o f  ca l - cu Ia -
t l o n s  a n a l o g o u s  t o  t h o s e  i n  [ 1 ] ,  w e  o b t a i n

r L r c r , r  -  G z z r r ) 2  ,  G l t t z l t z  > n . t 0 2 c m - t .
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The  non l l nea r  va lue  exceeds  by  2  x  102  t i -mes  the  co r respond ing  componen ts  o f
t he  tenso r "  G- ,  f o r  C r3 *  1n  co rundum.- i k l .m  -  " ^
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Resonant  absorp t ion  and d isper -
s ion  o f  the  hypersound ve loc i ty
a t  T  =  \ . z o K  a n d  0  =  0 .

*.o,

1:i
l,
1n
) i

1 ' 7 ?



The author  i s  g ra te fu l  to  A .N.  Cherve ts  fo r  ln te res t  in  the  work ,  to  Yu.M.
I . i h i n  f a r "  s u n n l l r i n o  t h a  n n n r r n r l r r m  n r . r r s f . e l s  w i t h  t h e  M n 3 +  i m p U f l t y ,  a n d  t O  A . Y a .u f  u  I r r  !  v r  o  u P I r  r J  f  1 1 6  u l r u

Neve lev  f o r  p repa r i ng  the  CdS conve r te rs .

t t l  E . M .  G a n a p o l r s k i l ,  F j - z .  T v e r d .  T e l a  1 1 ,  3 6 7 9  G 9 6 9 ) ,  L 2 ,  2 6 0 6  ( 1 9 7 0 )  [ S o v .
p h y s . - s o r 1 o  s r a r e  1 1 ,  2 9 3 8  ( 1 9 7 0 ) ;  1 Z - ( 1 9 7 1 )  l .

t 2 l  8 . 1 { .  G a n a p o l t s k l i ,  P r i b .  T e k h .  E k s p e r .  N o .  6 ,  2 l - 1 +  ( 1 9 6 9 ) .

t : j  E . H .  J a c o L s e n  a n d  K . W . H .  S t e v e n s ,  P h y s .  R e v .  l - 2 9 ,  2 0 3 6  ( 1 9 6 3 )  '

t 4 l  W .  L o w  a n d  J . T .  S u s s ,  P h y s .  R e v .  1 1 9 ,  ] - 3 2  ( 1 9 6 0 ) .
I l t  S .  G e s c h w l n d ,  P .  f i s i - i u t < ,  M . P .  K l e i n ,  J .  R e m e i k a ,  a n d  D . L .  W o o d ,  P h y s .  R e v .

1 2 6 ,  1 6 8 4  G g e z ) .
t 6 l  C .  g a t e s ,  J . M .  D i x o n ,  J . R .  F l e t c h e r ,  a n d  K . W . H .  S t e v e n s ,  J .  P h y s .  C .  l ,

8 5 9  ( 1 9 6 8 ) .


