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A  phenomeno log i ca l  desc r i p t i on  o f  magne toe lec t r i - c  i n te rac t i ons  1n  sub -
s tances  possess ing  the  symmet ry  g roup  CrU  was  p roposed  ea r l i e r  w i t h  n i cke l -

i od ide  bo rac i t e  as  an  examp le .  I t  was  deemed  o f  i n te res t  t o  i nves t l ga te  t he
magne toe lec t r i c  e f f ec t  1n  subs tances  hav ing  the  same symmet ry  g roup .

W e  i n v e s t i g a t e d  s i n g l e - c r y s t a l  B a C o F 4 ,  w h i c h  h a s ,  a c c o r d i n g  t o  x - r a y  d a t a
1 2 1  e  s r z m m e t r . v  o p n r r n  f l r z  n r "  C r b  a - i . i ^  ^ - r - " 1 # ^ n c n r r s l r r  n i e z n c l e C t f i C .  T h i SL L J ,  a  D J l u r r s u r J  6 r - u u p  u 2 V  u I - u 2 V  4 r l u  r D  D r l u u f , u 4 r r s v u o r J  I J f , u a v e r s

makes  i t  poss ib le  t o  assume immed la te l y  t ha t  magne toe lec t r i c  i n te rac t j ons
s h o u l d  e x i s t  i n  i t  1 n  t h e  m a g n e t i c a l l y - o r d e r e d  s t a t e .
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r rhe  nnmnn"nd  Baco t r ' a  was  syn thes i zed  by  f us ing  s ing le -c rys ta l  BaFe  and
q ino ro -an r rq t r ' l  CoFz  i n  an  HF  a tmosphe re .  The  me l t i ng  t empera tu re  o f  BaCoFh  was
f o u n d  t o  b e  8 5 ?  !  1 0 o C .  T h e  u n l t  c e 1 1  p a r a m e t e r s  a r e  a  =  1 4 . 6 2  t  0 . 0 1  [ ,  b
=  4 . 2 0  t  0 . 0 1  3 , ,  a n d  c  =  5 . 8 5  r  0 . 0 1  E . -  T h e  B a C o F 4  s i n g l e - c r y s t a l  w a s  g r o w n
by  the  B r i - d .gman  me thod  us ing  a  se tup  d .esc r i bed  i n  i g l ,  i n  a  t r e t i um a tmoJphe re ,
inasmuch as our  observat ions have shown that  HF destroys th is  compound s low1y
a t  t empera tu res  be l -ow  abou t  4000C,  and  rap ld l y  a t  r oom tempera tu re  ( i n  t he
l a t t e r  c a s e ,  B a C o F 4 . 1 . 5 H F  i s  p r o d u c e d ) .

T h e  i n v e s t i g a t e d  s i n g l e  c r y s t a l  w a s  a b o u t  0 . L  c m 3  i n  s i z e ,  t r a n s p a r e n t ,
and dark-v io let  i -n  color .  The crysta l  was or iented in  accordance wl th x-ray
measu remen ts  wh l ch  made  i t  poss i "_ ! l - e  t o  sepa ra te  a  two fo l -d  ax i s ,  t he  d i rec t i on
o f  wh l ch  a lmos t  co inc ided  w i th  t ha t "de te rm ined  f rom the  ou te r  f l ace t i ng  o f  t he
c r y s t a l .

a  nna l im ina l " y  i nves t i ga t i on  o f  BaCoF+  by  the  Fa raday  me thod  i n  t he  t empera -
t u r e  i n t e r v a l  1 . 5  -  3 0 0 o K ,  u s i n g  a  t o r s i o n  b a l a n c e  w i t h  a  c r y o s t a t  [ 4 ] ,  n a s
shown  tha t ,  j udg ing  f rom the  fo rm o f  t he  magne t i za t i on  cu rves ,  t he  subs tance
has  magne t i c  o rde r i ng  a l ready  a t  r oom tempera tu re  i n  f i e fds  up  to  B  kOe .  The
magne t i za t i on  cu rves  a re  non l - i nea r  and  revea l -  no  no t i ceab le  hys te res i s .  I n
weak  f i e l ds ,  t he  magne t i za t i on  cu rves  pass  th rough  ze ro ,  a  f ac t  a t t r i bu tab l -e  t o
the  b reakdown  o f  t he  samp le  i n to  doma ins .

Tho  mqona toe lec t r i c  e f f ec t  was  obse rved  upon  appL i ca t i on  o f  an  aL te rna t i ng
e l e c t r l c  f i e l d  o f  f r e q u e n c y  1 0 u  H z  b y  a  m e t h o d  O e s c r i O e O  i n  t 5 ] .  F i g u r e  l -  s h o w s
p lo t s  o f  t he  t empera tu re  dependence  o f  t he  resu l t an t  a l t e rna t l ng  magne t i c  mo-
men t  i n  t he  basa l -  p l ane  o f  t he  c r ys ta l  f o l l ow ing  app l i ca t i on  o f  an  e lec t r i c
f i e l - d  a long  the  two fo ld  ax i s .  The  oceu r rance  o f  a  mu l t i doma ln  s ta te  causes  the
a l t e rna t i ng  magne t i c  momen t ,  i n  t he  case  o f  ze ro  ex te rna l  magne t i c  f i e l d ,  t o
k ^  ^ , , i + ^  - * ^ 1 1  -us  eu ree  D , t@r r  and  to  va ry  1 i t t l e  w i t h  t empera tu re  ( t he  H  =  0  cu rve ) .

W h e n  a  m a g n e t i c  f i e l - d  o f  i n t e n s l t y  u p  t o  5 0 0  O e ,  d i r e c t e d  p a r a l L e ]  t o  t h e
a l - t e rna t i ng  magne t i c  momen t  p roduced  i n  t he  e l -ec t r i c  f i e l d  i s  t u rned  on ,  t he
magne t i c  momen t  revea l s  a  sha rp  dependence  on  the  magne t i c  f i e l d  ( t he  cu rve
H  =  2 5 0  O e  a n d  1 1  =  ! Q 0  O e ) .
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T h e  s i s n  o f  t h e  m a g n e t o e l e c t r i c  m o m e n t ,  r e l a t i v e  t o  t h e  a p p l l e d  e l e c t r l c
f ie1d ,  reverses  when the  cons tan t  magnet ic  f le l -d  i s  reversed,  a  fac t  es tab-
l i shed by  phase measurements .  Th is  p roves  the  ex is tence o f  two d l f fe ren t  types
of  an t i - fe r romagnet ic  domains ,  each cor respond ing  to  a  de f in i te  s ign  o f  the
m a g n e t o e l e c t r l c  e f f e c t  t 6 l .  T h e  p o s s i b l l i t y  o f  o b t a i n i n g  a  d e f i n l t e  t y p e  o f
domains  by  on ly  a  magnet ic  f ie ld  i s  connected  w i th  the  presence in  the  sample
of a smal1 spontaneous moment in the ent j-re temperature range.

The temperature dependence of the magnetoelectr ic moment has a very com-
p l i ca ted  fo rm and ind ica tes  the  ex is tence o f  magnet ic  phase t rans i t ions  near
t  =  9 !oK and T  =  45oK,  wh ich  co inc ides  w i th  the  tempera tures  a t  wh ich  s ingu-
la r i t ies  a re  observed in  the  behav io r  o f  the  magnet i -c  suscept ib i l i t y .

A  ver i f i ca t ion  o f  the  dependence o f  the  s igna l  on  the  app l ied  e l -ec t r i c
f ie ld ,  up  to  3  kY/cm,  car r ied  ou t  a t  B0oK in  a  cons tan t  magnet ic  f ie l -d  o f  500
Oe,  has  i i rown tha t  the  e f fec t  i s  l lnear  w i th ln  the  l im i ts  o f  the  measurement
e r r o r s .

Measurements  o f  the  magnetoe fec t r i c  moment  m, ,  para11e1 to  the  e lec t r i c
f ie ld  app l ied  a long the  two io ld  ax is  o f  the  c rys ta l -  have shown tha t  th is  moment
is  a fso  s t rong ly  dependent  on  - the .ex terna l  f ie ld .  The magn l tude o f  the  moment
in  th is  d i rec t ion  i i  much s rsa-11er .  lhan  m,  (F ig '  2 )  '  Th is  makes the  messur€ ;
ments  very  d i f f i cu f t ,  bu t  i t  can  bb  ass [med tha t  the  observed magnet ic  moment
is  no t  connected .  w i th  inaccura te  o r ien ta t ion  o f  the  c rys ta l ,  inasmuch as  the
maxi_ma of the signals do not occur at the same temperature.

T n r r c s t i o e t i o n s  o f  t h e  r n g E n a i i n  n r n n e r t i e s  o f  B a C o F , *  n o w  i n  p f o g r e s s  w i l l
I l l  v u o  u 1 6 s v r v r r u  v r  v . r v  l r s b l r e  v t v  y 5  v y v '  v + v v

rnake i t  possible to determj-ne more accurately the features pf the magnetic
order ing  o f  th is  subs tance.
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