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In s ti tu te  fo r  A tom ic R e s e a rc h  and D e p a rtm e n t of M e ta llu rg y  

Iow a S ta te  U n iv e rs i ty , A m e s, Iowa

Ab s tr a c t - —E le c t r ic a l  m e a s u re m e n ts  have been  m ade  on 

C aB ^ , S rB ^ , B aB ^, YB^, YB4 , YB^» and Y B [2 fo r the  p u rp o se  

of te s tin g  m o d e ls  of the e le c tro n ic  s t r u c tu r e  of the b o ro n  a to m s 

in  the  fo u r b o rid e  ty p es  r e p r e s e n te d .  T he co m p o u n d s C aB ^, 

S rB fc, and  BaB ^ w e re  found to  be s e m ic o n d u c to r s .  T he H all 

c o e f f ic ie n ts  of YB2, Y B^, and Y B 12 w e re  m e a s u re d  and found 

to c o r re s p o n d  to one f r e e  e le c tro n  p e r  y ttr iu m  a to m  in e ach  

com pound . The H all c o e ff ic ie n t of YB^ w as a ls o  m e a s u re d , 

but cou ld  no t be in te r p r e te d  b e c a u se  the  f r e e  e le c tro n  th e o ry  

d o es  not p ro v id e  a th e o re tic a l  va lue  fo r  c o m p a r is o n  w ith  e x p e r i 

m en t. T he r e s u l t s  a r e  in a g re e m e n t  w ith  th e  m o d e ls  p ro p o se d .

INTRODUCTION

The study  of e le c tro n -d e f ic ie n t  b o ro n  h y d r id e s  h a s  b e n e fite d  g re a t ly  

f ro m  the a p p lic a tio n  of the  m eth o d  of l in e a r  c o m b in a tio n  of a to m ic  

o . b ita le  (LCAO) to  the  stu d y  of the  bonds w ith in  th e  m o le c u le s .  The 

in c r e a s e  in  u n d e rs ta n d in g  has e n ab led  m an y  s tr a n g e  v a r ie t ie s  of s t r u c 

tu re  to  be v iew ed w ith in  a c o h e re n t f ra m e w o rk  of one th e o ry , and a llow ed

facsim ile f r ie s  i  
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n#w com pounds to  be p re d ic te d , m any  of w hich w e re  l a t e r  found to e x is t .  * 

Many of the known b o r id e s  a re  e le c tro n -d e f ic ie n t  in the sam e  se n se  a s  

a r e  the bo ron  h y d r id e s ,  but a r e  not a s  w ell u n d e rs to od  a s  the l a t t e r .

The s t r u c tu r e  ty p e s  w h ich  a re  e le c tro n -d e f ic ie n t  a r e  M B^, MB( , M B [2 , 

som e re p o r te d  b o r id e s  of unknown s t r u c tu r e  such  a s  YB^Q, 2 and the 

v a r io u s  fo rm s  of e lem en ta l  bo ron . LCAO s tu d ie s  have been  pub lish ed  

fo r MB^, M B j 2*^ e lem en ta l bo ron . The r e c e n t  d is c u s s io n

by L ip scom b  and B r it te n ^  c o v e red  a ll of the above b o rid e  types  ex cep t 

fo r  YB^q , and \n  add ition  inc luded  MB^, fo r w hich a bonding sch em e  

w as su g g e s ted .

The p r e s e n t  w ork  w as  in it ia te d  in o r d e r  to  p rov id e  e x p e r im en ta l  

ev idence  w ith  w hich  to  e v a lu a te  the  m od e ls  fo r the  e le c tro n ic  s t r u c tu r e  of 

the b o rid e  ty # es  MB^, M B^, MB^, and M B ^*  (The m ode ls  th em se lv e s  

w ill be d e s c r ib e d  l a t e r . )  The m e thod s fo r  e x p e r im en ta lly  te s tin g  the 

LCAO mode s fo r  the  b o r id e s  d if fe r  in p r in c ip le  f rom  tho se  which a r e  

u se fu l fo r  b o ron  h y d r id e s .  All of the  e le c t ro n s  in bo ron  h yd rid e  m o le cu le s  

a r e  c o n s id e re d  to  take  p a r t  in the c o -v a le n t  bonding, and a  know ledge of 

the  com po s itio n  and s t r u c tu r e  u su a lly  a llow s a f a i r  te s t  of the th e o re tic a l  

m odel to  be m ad e . F o r  the  b o r id e s , m e ta ls  of d if fe re n t  v a lence  o ften  can  

fo rm  the sam e  b o rid e  ty p e , so th a t one canno t a s sum e  th a t a ll  v a lence  

e le c tro n s  a re  u sed  fo r bonding in  each  c a s e .  The a ssum p tio n  th a t the  

b o rid e  fo rm ed  f rom  the m e ta l of low est v a lence  is  the  one fo r w hich  a ll  

of the  m e ta l » tom  e le c t ro n s  a r e  n eeded  fo r  B -B  bond s, is  a lso  open to 

q u es tio n  u n le s s  r e in fo rc e d  w ith o th e r  in fo rm a tio n , b e c au se  an  is o -  

m o rphou s  bo id s  of a m e ta l  of yet low e r v a lence  m ay  e x is t  but be

r
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u n d isc o v e re d . In the p re s e n t  w ork  the  m ethod  used  fo r  judging the p r o 

posed  m o d e ls  is  to  find out w h e th e r  the b o ro n  a to m s  have the  r e q u is ite  

n u m b er of e le c tro n s  su g g e s te d  by the th e o ry . It is  im p lie d  in  the 

th e o ry  th a t the e le c tro n s  p a r t ic ip a tin g  in  B -fi bonds a r e  bound, and 

unab le  to  m ove u n d e r the in flu en ce  of an  e le c t r ic  f ie ld  u n le s s  som ehow  

e x c ite d  (by th e rm a l  e n e rg y  fo r  in s ta n c e ) , and any m e ta ll ic  p r o p e r t ie s  

a r e  to  be a cc o u n te d  fo r by the  p re s e n c e  of m o re  v a len ce  e le c tro n s  than  

a re  r e q u ir e d  by the  b o ron  a to m s . E x p e r im e n ta lly  it i s  p o s s ib le  to 

d e te rm in e  w h e th e r  a ll  of the v a len ce  e le c t r o n s  a r e  bound, and if som e 

a r e  not bound it  i s  often  p o ss ib le  to  d e te rm in e  the n u m b er of ’f r e e ' 

e le c tro n s  p e r  a to m . The fo rm e r  c o n d itio n  c o r r e s p o n d s  to  sem iconducting  

b e h a v io r , w hick i s  re f le c te d  in the  e le c t r i c a l  r e s i s ta n c e - te m p e r a tu r e  

re la tio n sh ip . In the l a t te r  c a s e  the f r e e  e le c tro n  c o n c e n tra tio n  is  often  

ob ta in ed  d i r e c t ly  f ro m  the H all c o e ff ic ie n t. A cco rd in g ly , th e se  two 

ty p e s  of e le c t r i c a l  p ro p e r t ie s  w e re  c h o sen  fo r m e a s u re m e n t  on su ita b le  

b o r id e s . The p ro p o se d  m o d e ls^  a r e  such  th a t any of the  fo u r b o rid e  

ty p es  w ould be ex p ec ted  to be a s e m ic o n d u c to r  i f  m ade fro m  an a lk a lin e  

e a r th  m e ta l .  P re v io u s  e x p e r ie n c e  had show n th a t a ll  but the a lk a lin e  

e a r th  h e x a b o r id e s  w ould be v e ry  d iff ic u lt to  p re p a re  in a  fo rm  n e c e s s a ry  

fo r m e a s u r in g  e le c t r ic a l  p r o p e r t ie s ,  so  only  the a lk a lin e  e a r th  h e x a b o rid e s  

w e re  in v e s tig a te d  fo r  se m ic o n d u c tiv ity . T he y ttr iu m  b o r id e s  w e re  ch o sen  

fo r  H all c o e ff ic ie n t m e a s u re m e n t s in c e  the  m o d e ls  fo r e ac h  in d ic a te d  the 

p re s e n c e  of one f r e e  e le c tro n  p e r  y ttr iu m  a to m . Y ttriu m  w as ch o sen  

b e c a u se  it  is  t r iv a le n t ,  fo rm s  the fo u r b o r id e  ty p e s  to  be in v e s tig a te d , 

and b e c a u se  in fo rm a tio n  on the y ttr iu m  - bo ron  p h ase  d ia g ra m ^  w as a v a i la 

ble (se e  F ig . 1).
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The p re p a ra t io n  ol b o rid e  te m p le s  fo r H all e ffe c t m e a s u re m e n t 

Is  d iff ic u lt b e c a u se  of th e ir  v e ry  high  m e ltin g  p o in ts , e x tre m e  b r i t t l e 

n e s s ,  and e a s e  w ith  w hich  they  a r e  c o n ta m in a te d  a t te m p e r a tu re s  re q u ire d
N

in th e ir  p re p a ra t io n . S ingle  c r y s t a l s  w e re  p r e f e r r e d  fo r  s a m p le s  to be 

c h ec k ed  fo r  se m ic o n d u c tiv ity , and  w e re  e s s e n t ia l  fo r  H all c o e ff ic ie n t 

m e a s u re m e n ts  on non -cu b ic  b o r id e s .  It w as n e c e s s a r y  to d ev e lo p  a new 

m eth o d  fo r  flo a tin g  sone m e ltin g  in  o r d e r  to ob ta in  m a te r ia l  of su ita b le  

fo rm  and  p u r i ty . The d e ta i l s  of th a t m ethod  a r e  be ing  p u b lish ed  s e p a 

r a te ly ,  and  only the  d a ta  o b ta in ed  f ro m  the s a m p le s  w ill be d e s c r ib e d  

h e re .

E X P E R IM E N T A L  D ETA ILS 

S am ple P r e p a r a t io n

T he m ethod  c h o sen  fo r  the p r e p a ra t io n  of the y t tr iu m  b o r id e s  w as 

flo a tin g  seme m e ltin g . Som e of the  a d v a n ta g e s  to  be ga ined  by i ts  u se  

w e re : a) No c ru c ib le  i s  re q u ire d ;  b) Slow r a te s  of so lid if ic a tio n  cou ld  be 

a ch ie v e d  by c o n tro llin g  the  t r a v e r s e  r a te  of the  sone a long  the rod ; 

c) M ason  and C ook7 re c e n tly  show ed th a t s in g le  p h ase  bulk s a m p le s  of 

p e r i te c t ic  com pounds cou ld  be p re p a re d  by a s lig h t m o d ifica tio n  of the 

so n s  m e ltin g  p ro c e d u re . {YBfc and YB^ ^ * r « p e r i te c t ic  c o m p o u n d s .) 

C ond ition  b) i s  lik e ly  to  r e s u l t  in la r g e  g ra in s  f ro m  w hich  s in g le  

c r y s t a l s  m ig h t be c u t. T he only  p re v io u s ly  d e s c r ib e d  h ea t s o u rc e  fo r 

f lo a tin g  to n e  m e ltin g  a t the  n e c e s e a ry  te m p e r a tu re s  (se e  F ig . 1) is  

e le c tro n  b o m b a rd m e n t, w hich w as ru le d  out in th is  c a s e  by the  fac t th a t 

in  the  vacuum  n e c e s s a r y  fo r  i ts  o p e ra tio n  the  b o r id e s  change co m p o s itio n
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«t t e m p e r a tu r e *  n e a r  th e i r  m elt in g  p o in ts .  The m ethod  that w as deve loped  

in  o r d e r  to  a t ta in  the n e c e a e a ry  t e m p e r a t u r e s  in an a rg o n  a tm o s p h e r e  u sed  

an induction  co il  coup led  w ith a sp e c ia l  type of RF s tep -d o w n  t r a n s f o r m e r  

c a l le d  an  eddy c u r r e n t  c o n c e n t r a to r .

The y t t r iu m  b o r id e s  w e re  sy n th e s iz e d  f ro m  y t tr iu m  m e t a.’ (<»9.9%) 

and b o ro n  p ie c e s  (99. 0%) of a v e ra g e  d ia m e te r  3 m m . The n e c e s s a r y  

q u a n t i t ie s  of th e se  e le m e n ts  w e re  m e l te d  to g e th e r  in an a r c  m e l t e r  u n der  

s r g o n  to  fo rm  'b u t to n s "  weighing about 25 g. The bu ttons  w e re  r e m e l te d  

nto a  t ro u g h  in the w a te r - c o o le d  co p p er  p la te  to fo rm  ro d s  about 1/4  in. 

in d i a m e te r  and 4 in . long, of n e a r ly  c i r c u l a r  c r o s s  se c t io n .

F o r  e a c h  run , M ason  and C o o k '* 7 sone leve ling  techn ique  w as  e m 

p loyed . T h is  m ethod  d i f f e r s  f ro m  o rd in a r y  sone m e lt in g  in th a t  the l a t t e r  

h a s  a  m o lte n  sone of the c o m n o s it io n  of the com pound r e q u i r e d  and at 

a t e m p e r a tu r e  above i ts  m e l t in g  po in t, w hile  the f o r m e r  u s e s  a  sone having 

a  c o m p o s i t io n  and t e m p e r a tu r e  c o r r e s p o n d in g  to a point on an a d ja c e n t  

l iq u id u s  l in e .  In sone lev e lin g ,  m o v em en t of the sone c a u s e s  the com pound  

in q u e s t io n  to p r e c ip i ta te  out of so lu tion ; in o rd in a r y  sone m e l t in g ,  

so l id if ic a t io n  is  by n o rm a l  f r e e s in g .  If the r a te  of sone t r a v e l  i s  low 

enough, the  com pound  will co m e  out of so lu tion  on c r y s t a l s  a l r e a d y  

p r e s e n t  in s te a d  of p re c ip i ta t in g  a s  s e p a r a te  c r y s t a l s ,  and allow a s ing le  

p h ase  bulk  s a m p le  of the com pound to be g row n. The sone  will m a in ta in  

i t s  c o m p o s it io n  a s  it m o v e s ,  s ince  the m a te r i a l  going in to  so lu tion  a t one 

l iq u id - s o l id  in te r f a c e  has the sa m e  c o m p o s it io n  a s  the com pound  co m in g

out of so lu t io n  a t  the o th e r  in te r f a c e .  The e m p lo y m en t of sone  leve ling
*

b r in g s  s e v e r a l  a d v a n ta g e s :  f i r s t ,  if the l iq u id u s  l ine  in q u e s t io n  is
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r e la t iv e ly  s te e p ,  i t  is  m uch  r a s t e r  to m a in ta in  c o n s ta n t  t e m p e r a tu r e  and 

■one leng th ; se co n d , p e r i t e c t ic  com pounds can  be p r e p a r e d  by sone l e v e l 

ing but not by o r d in a r y  rone  m e l t in g ;  th i rd ,  a com pound which e x is ts  

o v e r  a  range  of co m p o s it io n  will be p ro d u ced  w ith u n ifo rm  c imposition 

by sone lev e lin g ,  but not n e c e s s a r i l y  by o rd in a ry  sone m e lt in g .

The d e s i r e d  s is e  and shape  of a s a m p le  fo r  Hall e ffec t m e a s u r e m e n t  

w as tha t of a  f la t  r e c ta n g u la r  s la b  of leng th , w id th , and th ic k n e s s  a p p ro x i 

m a te ly  1. 1, 0. 3 and  0. 1 cm  re s p e c t iv e ly .  The n e c e s s a r y  cu tting  w as 

done very  s a t i s f a c to r i ly  with a  S e rv o m e t  s p a r k c u t t e r  (M anufac tu red  by

M e ta ls  R e s e a rc h  Ltd. , C a m b r id g e ,  England). In the c a s e s  of YB^, and
#

YB^ c r y s t a l s  cou ld  be p a r te d  by c le a v a g e  a long 00! p la n e s ,  and the shaping  

f in ish ed  by sp a rk c u t t in g .

P r e p a r a t io n  of C a B fe, S rB fc and BaB^

If a m a te r i a l  is  to be c h e c k e d  fo r  the sem ico n d u c tin g  p ro p e r ty  by 

the u sua l m ethod  of m e a s u r in g  the change  of e le c t r i c a l  r e s i s t iv i t y  with 

t s m p e r a t u r s ,  the sa m p le  shou ld  be a s ing le  c r y s t a l .  In tha t c a s e  the 

p o s s ib i l i ty  of s t r a n g e  e l e c t r i c a l  e f fe c ts  due to g r a in  b o u n d a r ie s  need  not 

be c o n s id e r e d .  The sa m p le  m u s t  be v e ry  p u re ,  s ince  m o s t  im p u r i t ie s  

d r a s t i c a l l y  a ffec t  the e l e c t r i c a l  b e h a v io r  of s e m ic o n d u c to r s .  On the 

o th e r  hand, the s i s e  and ahape of the c r y s t a l  a r e  not c r i t i c a l .  It is  

n e c e s s a r y  only to be ab le  to m ak e  fou r s e p a r a te  e l e c t r i c a l  c o n ta c ts  to 

i t .

It i s  not p o ss ib le  to s y n th e s i s e  the a lk a lin e  e a r th  h e x a b o r id e s  in an 

a r c  m e l t e r  b e c a u se  the v apo r  p r e s s u r e s  of the m e ta l s  a r e  too h igh . The

o
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r e a c t i o n s  e s n  be b e t t e r  c a r r i e d  o u t  i n  s e a l e d  » * n ta lu m  c r u c i b l e s ,  a l t h o u g h
d?

t h e  h i g h e s t  t e m p e r a t u r e  o b t a i n a b l e  t h e n  i s  l i m i t e d  by t h e  a b i l i t y  of  th e  

c r u c i b l e  to  w i t h s t a n d  i t s  i n t e r n a l  p r e s s u r e .  A c r u c i b l e  c o n t a i n i n g  m e t a l  

a n d  b o r o n  c o u l d  be  w e l d e d  sh u t  in a h e l i u m  a t m o s p h e r e  a t  nc* l e s s  t h a n  

1 / 2  -  1 /3  a t m  p r e s s u r e  w i th  the  a v a i l a b l e  e q u i p m e n t .  T h e  t r a p p e d  h e l i u m  

m a y  t h e n  e x e r t  tw o  a t m  of p r e s s u r e  n e a r  1S00*C a t  w h ic h  t e m p e r a t u r e  

t h e  m e t a l  i n s i d e  e x e r t s  a b o u t  or.e a t m  p r e s s u r e .  T h e  t e m p e r a t u r e  c h e  s e n  

f o r  a  g i v e n  s y n t h e s i s  w a s  th e  h i g h e s t  t e m p e r a t u r e  c o n s i d e r e d  s a f e  f o r  

t h e  c r u c i b l e  in  q u e s t i o n .  T h e  h e a a b o r i d e s  of c a l c i u m  an d  b a r i u m  w e r e  

p r e p a r e d  by  h e a t i n g  a  s e a l e d  t a n t a l u m  c r u c i b l e  a n d  r e a c t a n t s  a t  1 0 0 0 ’ C 

f o r  24  h r .  T h e  m e t a l  w a s  a t  the  b o t t o m  a n d  p o w d e r e d  “a m o r p h o u s ” h o t  on

w a s  c o n t a i n e d  in  a  s m a l l e r  c r u c i b l e  in th e  u p p e r  p a r t  of the  s e a l e d  

c r u c i b l e .  At th e  e n d  of  th e  r u n  the  p a r t i a l l y  s i n t e r e d  b o r i d e  p r o d u c '  

fo u n d  In th e  u p p e r  c r u c i b l e  w a s  c o n s o l i d a t e d  by a r c  m e l t i n g .  T h e  p r o d u c t  

o f  a r c  m e l t i n g  c o n t a i n e d  b o r o n  a s  w e l l  a s  the  h t x a b o r i d e ,  but t h e  l a t t e r

c o u l d  be  d i s t i n g u i s h e d  f r o m  th e  f o r m e r  by  i t s  m u c h  h i g h e r  e l e c t r b  a l  c o n 

d u c t i v i t y  a t  r o o m  t e m p e r a t u r e .  H e x a b o r i d e  s a m p l e s  w e r e  s e l e c t e d  f o r  

r e s i s t a n c e  v s  t e m p e r a t u r e  m e a s u r e m e n t  if the  e n t i r e  s u r f a c e  of a  f r »£.:** d  

of  a n  a r c  m e l t e d  “b u t t o n ” s h o w e d  e l e c t r i c a l  c o n d i v  t ; , . . / .  T h e s e  h e x a 

b o r i d e  s a m p l e s  w e r e  p o l y c r y s t » ! U « e .

S in g l e  c r y s t a l s  of S r w e r e  o b t a i n e d  by the  f o l l o w i n g  p r o c e d u r e :

S t r o n t i u m  m e t a l  in  e x c e s s  of th a t  r e q u i r e d  f o r  h e x a b o r i d e  f o r m a t i o n ,
' *  '

a n d  b o r o n  w h ic h  h a d  b e e n  a r c  m e l t e d  a n d  c r u s h e d  to  p o w d e r  w e r e  l o a d e d  

in to  a  t a n t a l u m  c r u c i b l e  w i t h  w a i l s  w h i c h  w a s  t h e r  w e l d e d  

s h u t  u n d e r  1 /2  a t m  h e l i u m  p r e s s u r e .  T h e  tu b e  w a s  put i n to  s  v a c u u m
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r e s i s t a n c e  f u r n a c e  a n d  h e l d  f o r  4  h r  w i t h  t h e  b o t t o m  o f  t h e  c r u c i b l e  

n e a r  l t » 0 0 * C  a n d  t h e  u p p e r  p a r t  n e a r  1 6 5 0 * .  T h e  m e c h a n i a m  o f  c r y s t a l  

g r o w t h  i s  t h e  t r a n s f e r  o f  S r B  f r o m  t h e  h o t t e r  r e g i o n  t o  t h e  c o o l e r ,  w h e r e  

I t  i s  l e s s  s o l u b l e  a n d  w i l l  p r e c i p i t a t e .  A f t e r  t h e  r u n ,  t h e  c r y s t a l s  w e r e  

♦r e e d  f r o m  t h e  e x c e s s  s t r o n t i u m  b y  d i s s o l v i n g  a w a y  t h e  l a t t e r  w i t h  

d i l u t e  a c i d .  A b o u t  s i x  c u b i c  s h a r  *d  c r y s t a l s  s e r e  o b t a i n e d ,  o f  a b o u t  

0 .  2  m m  o n  a n  e d g e .

C h e m i c a l  A n a l y s e s

S a m p l e s  o f  t h e  y t » r t u m  b o r i d e s  f o r  s p e c t r o f r a p h i c  a n a l y s i s  w e r e  

o b t a i n e d  f r o m  t h e  r o d s  f r o m  w h i c h  t h e  H a l l  e f f e c t  s a m p l e s  w e r e  c u t .

I n  t h e  c a t  o f  t h e  a l k a l i n e  e a r t h  h e x a b o r i d *  « ,  t h e  s a m p l e s  u s e d  l o r  

m e a s u r e m e n t  \  » r e  t h e n  s e l v e s  a n a l y z e d .  T h e  r e s u l t s  g i v e n  i n  T a b l e  1 

a r e  o f  a  s e m i q u a n t n a t i  v e  n a t u r e .  I t  i s  e s t i m a t e d  t h a t  t h e  t o t a l  i m p u r i -  

t i e s  i n  e a c h  c a s e  i s  l e s s  t n a n  1 0 0 ©  p p r n .

T A B L E  1 .  S p e c t r o g r a p h i c  a n a l y s e s .

S a m p l e C u r e M g S i T a T i W Z n Z r

Y . J V F T * v w F T V W V W F T W N D T

™ 4
N D T N D V F 1 N D T V F T N D F T

N D T V F T  N D N D V F T  N D N D F T

Y B U T F T N D VW N D VW T N D T

C a B  b V V T F T V W N D N D V W N D T

Sr\ T N D N D F T N D N D N D N D F T

B a B b T F T F T F T N D N D N D N D F T

‘ M e a n i n g bK>i s : W W e a k F T F a i n t  T r a c e

V W V e r y  W e a k V F T V e r y  F a i n t  T r a c e

T T r a c e N D N o t  D e t e c t e d

8*g

i t l

-
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M e a s u r e m e n t *

The Hal l  c o e f f i c i e n t s  w e r  / m e a s u r e d  by an  ac m e t h o d  v e r y  s im i l a r

supp ly  a 95 cpa  c u r r e n t  to t h e  s a m p le ;  bj a n a r r o w  band  a m p l i f i e r  which

a c c e s s o r i e s  such  a u a c o n s t a n t  c u r r e n t  s u p p ly  f o r  m e a s u r i n g  r e s i s t i v i t y ,  

and an o s c i l l o s c o p e  for  v ie w in g  th e  am p l i f i e d  H a l l  v o l t a g e .  This  m e th o d  

d i f f e r s  f r o m  that o f  R j a d  et s i .  in  t h a t  t h e y  m e a s u r e d  th e  Hai l  v o l t a g e  

d i r e c t l y ,  w h e r e * *  h e r t  th e  Hal!  vo! ag e  w a s  b a l a n c e d  a g a i n s t  p a r t  of 

the vo l t a g e  « rop a lo n g  the  s a m p l e ,  u s i n g  a d o u b l e  p r o b e  cm one  s id e  o( 

the .p ie  a n d  a H e l i p o t  p o t e n t i o m e t e r  fo r  b a l a n c i n g  In p r a c t i c e ,  a

H elipo t  s e t t in g  w a s  found c o r r e s p o n d i n g  to  m i n im u m  g a in  a t  s e r o  f i e ld .

A r ea d in g  w a s  taken  c o r r e s p o n d i n g  t o  a  n ew  nu l l  p o s i t i o n  w i th  an  a p p l i e d  

f i e ld .  The sh if t  in null  p o s i t i o n  i s  p r o p o r t i o n a l  to  t h e  Hal l  c o e f f i c i e n t ,

w h ic h  i s  g iv e n  by

w h e r e  t * t h i c k n e s s  of s la b

R » r e s i s t a n c e  of s a m p l e  b e tw e en  p o in t s  of the double  probe  

B * m a g n e t i c  f i e ld  s t r e n g t h .

The m a g n e t  w a s  c a l i b r a t e d  with a V artan  F l u n m e t e r ,  which  e m p l o y s  

the n u c leaz  m a g n e t i c  r e s o n a n c e  of  d e u t e r o n s .  T h i s  m e th o d  of  c a l i b r a t i o n  

i s  su c h  that the e r r o r  in B m a y  be n e g l e c t e d .

%

R - ( f r a c t i o n a l c h a  t in nu l l  po e t t ionUR
(I f

i



(
A p p a r a t u s  fo r  R e s i s t a n c e  vs  T e m p e r a t u r e  M e a s u r e m e n t  

T h e  a v a i l a b l e  s i n g l e  c r y s t a l s  of St B fo w e r e  n e a r l y  c u b i c  in s h a p e  

a n d  a b o u t  0 . 2  m m  cm ar, e d g e  A s a m p l e  h o l d e r  v a s  n e e d e d  w h ic h  c o u ld  

m a i n t a i n  f o u r  s e p a r a t e  e l e c t r i c a l  c o n t a c t s  a t  t e m p e r a t u r e s  up  to  1 2 0 0 * 0 .

A d e s i g n  w h ic h  p r o v e d  s u c c e s s f u l  c o n s i s t e d  of a  t h o r i a  d i s k  3 /8  in. in 

d i a m e t e r  a n d  1 / 8  in .  t h i c k ,  t h r o u g h  w h ic h  a n u m b e r  of s m a l l  h o l e s  w e r e  

d r i l l e d ,  F o u r  p i e c e s  of $ m i l  t a n t a l u m  w i r e  w e r e  s e c u r e d  to  t h e  d i s k  

by t h r e a d i n g  t h e m  s e v e r a l  t i m e s  t h r o u g h  the  h o l e s .  T w o  of t h e s e  w i r e s  

w e r e  u s e d  to s t r a p  the  c r y s t a l  to  *he c e n t e r  of th e  d i s k  a n d  s e r v e  a s  

p o t e n t i a l  l e a d s .  T h e  o t h e r  tw o  w e r e  b e n t  s o  a s  to  p u s h  a g a i n s t  o p p o s i t e  

s i d e s  o f  th e  c r y s t a l ,  a n d  w e r e  the  c u r r e n t  l e a d s .  T h e  o t h e r  e n d s  of th e  

f o u r  w i r e s  w e r e  t h e n  c o n n e c t e d  to  20 m i l  t a n t a l u m  w i r e s  w h i c h  led  t h r o u g h  

i n s u l a t e d  v a c u u m  s e a l s  to  th e  o u t s i d e  c»t the  v a c u u m  f u r n a c e .  When th e  

h o l d e r  w a s  m o u n t e d  in th e  f u r n a c e  .tie s a m p l e  w a s  a b o u t  1 / 2  in .  f r o m  

t h e  t ip  of t h e  P t - P t  1 1% Rh ' a e r m t w  o u p l e .

T h e  r e s i s t a n c e  f u r n a c e  u s e d  w a s  p a r t  of a  v a c u u m  s y s t e m  in w h i c h  

a  p r e s s u r e  l e s s  t h a n  5 a 10 ** T o r r  c o u l d  be m a i n t a i n e d  f o r  f u r n a c e  t e m 

p e r a t u r e s  l e s s  th a n  1 5 0 0 * C .  T h e  h e a t i n g  e l e m e n t  w a s  m a d e  f r o m  s t r i p s  

of 2. S m i l  t a n t a l u m  s h e e t ,  an d  w a s  s u r r o u n d e d  by  f o u r  c o n c e n t r i c  m o l y b 

d e n u m  r a d i a t i o n  s h i e l d s .  T h e  fu r n ac  e c o n t a i n e d  v e r y  l i t t l e  c e r a m i c  

m a t e r i a l  n e a r  the  ho* s o n e ,  s o  o u t g a s s m g  w a s  k e p t  to  a m i n i m u m .

R E S U L T S

. H a l i  C o e f f i c  e n t s  of th e  Y t t r i u m  B o r i d e s

In a s s e s s i n g  th e  t o t a l  p r o b a b l e  e r r o r  of th e  m e a s u r e d  H a l l  c o e f f i c i e n t s  

i t  i s  n e c e s s a r y  to  c o n s i d e r  e r r o r s  w h ic h  a r i s e  f r o m  th e  m e a s u r i n g  o p e r a t i o n

t
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and  e r r o r #  o r i g i n a t i n g  f r o m  th e  c o n d i t i o n  of th e  s a m p l e .  T h e  s t a n d a r d  

e r r o r s  l i s t e d  w i t h  the  c o e f f i c i e n t s  a r e  of the  f o r m e r  t y p e ,  and  w e r e  

c a l c u l a t e d  a c c o r d i n g  to  a  m e t h o d  d e s c r i b e d  by T o p p i n g , 9 u s i n g  th e  

e s t i m a t e d  p r o b a b l e  e r r o r s  in  e a c h  of t h e  t h r e e  q u a n t i t i e s  a p p e a r i n g  in 

the  n u m e r a t o r  of  E q .  (1) .  (T h e  p r o b a b l e  e r r o r  in  B i s  n e g l i g i b l e . )

S o u r c e s  of e r r o r  of  th e  s e c o n d  k ind  i n c l u d e  im p u r i t i e s  in s o l i d  s o l u t i o n ,  

s e c o n d  p h a s e s ,  p o r o s i t y ,  c r a c k s  a n d ,  in  t h e  c a s e  of c o m p o u n d s ,  d e p a r t u r e  

f r o m  th e  e x p e c t e d  s t o i c h i o m e t r y .  T h e  p o s s i b i l i t i e s  of o c c u r r e n c e  of s u c h  

c o n d i t i o n s  a r e  d i s c u s s e d  b e low  fo r  e a c h  s a m p l e .

T h e  f i r s t  s a m p l e  of YB^ t h a t  w a s  m e a s u r e d  g a v e  a v e r y  l a r g e  s t a n d a r d  

e r r o r  b e c a u s e  of i t s  i r r e g u l a r  t h i c k n e s s  a nd  a l s o  b e c a u s e  the  v a l u e  of the  

f r a c t i o n a l  c h a n g e  q u a n t i t y  w a s  s m a l l  a n d  t h e r e f o r e  p o o r l y  d e f i n e d  T h e  

v a l u e  of R h  found  f o r  i t  w a s  - 30 .  5 ±  11.  5 x I f *  1 A s e c o n d  s a m p l e  

o b t a i n e d  f r o m  th e  s a m e  r o d  w a s  b e t t e r  in bo th  r e s p e c t s ,  a nd  f o r  i t  

R h  * - 2 0 . 5  at 2 .  5 x 10 T h e  l a t t e r  s a m p l e  s h ow ed  no e v i d e n c e  of

s e c o n d  p h a s e s ,  p o r o s i t y  o r  c r a c k s .  T h e r e  i s  e v i d e n t l y  no  d e p a r t u r e  

f r o m  s t o i c h i o m e t r y  f o r  YB^, f o r  i t s  m e a s u r e d  d e n s i t y  i s  v e r y  c l o s e  to  

t h e  v a lu e  c a l c u l a t e d  f r o m  i t s  i d e a l  f o rm u l a  w e ig h t  a n d  l a t t i c e  c o n s t a n t s .  

B o th  of t h e  a b o v e  H a l l  c o e f f i c i e n t s  w e r e  o b t a i n e d  w i th  the  s am p l e  o r i e n t e d  

w i th  t h e  c a x i s  p a r a l l e l  to  the  m a g n e t i c  f i e l d .

O n e  s a m p l e  of YB^ w a s  m e a s u r e d  w i th  the  r e s u l t  t h a t  * - 2 1 3  ±  9 

x 10 T h e  c a x i s  of t h e  c r y s t a l  w a s  o r i e n t e d  p a r a l l e l  t o  t h e  m a g n e t i c

f i e l d  T h e  s a m p l e  w a s  of good  q u a l i t y ,  c o n t a i n i n g  no  c r a c k s ,  p o r o s i t y  o r  

s e c o n d  p h a s e s .



O n e  s a m p l e  of  Y B ^  w a s  m e a s u r e d  t w i c e ,  w i th  th e  s a m p l e  i n v e r t e d  

l o r  t h e  s e c o n d  r r e a s  u r e u i e n t .  T h e  v a l u e s  fo u n d  w e r e  - 4 4 .  7 ±  2 . 2  

* 10 * * a n d  - 4 4 .  fc ±  2.  4 x 10 * *. T h e  o n ly  s u s p e c t e d  e r r o r  d u e  to  

s a m p l e  c o n d i t i o n  w a s  t h a t  a d e f e c t  l a t t i c e  w a s  t h o u g h t  to  be  p o s s i b l e *  

s i n c e  t h e  s a m p l e  w a s  d e p o s i t e d  f r o m  a  b o r o n - r i c h  a o n e ,  an d  th e  c o m p o u n d  

L a B ^  i s  k n o w n  to  f o r m  a  d e f e c t  l a t t i c e .  H o w e v e r ,  Y B fc w a s  fo und  to  

h a v e  v e r y  n e a r l y  i d e a l  s t o i c h i o m e t r y .  T h i s  f a c t  w a s  d e t e r m i n e d  b y  p u t 

t i n g  th e  m e a s u r e d  d e n s i t y  of  th e  s a m p l e  a n d  t h e  l a t t i c e  c o n s t a n t  in to  

t h e  e q u a t i o n :

f o r m u l a  w « i , h .  p . r  u n i t  e *11 .  -1™ 1r, " f u n j ‘ "  k '

T h e  f o r m u l a  w e i g h t  c a l c u l a t e d  in  t h i s  w a y  w a s  1 5 2 . 9 6 ;  t h e  v a l u e  c o r 

r e s p o n d i n g  to  i d e a l  s t o i c h i o m e t r y  i s  1 5 3 . 8 4 .  T h e  d i f f e r e n c e  in th e  

tw o  v a l u e s  l i e s  w i t h i n  e x p e r i m e n t a l  e r r o r .

T h e  o n e  s a m p l e  of  Y B j ^  t h a t  w a s  m e a s u r e d  g a v e  a  v a l u e  of 

- 1 0 8  ±  15. 4 x 10* * *. In a d d i t i o n  to  a r a t h e r  l a r g e  e r r o r  in m e a s u r e 

m e n t ,  o t h e r  e r r o r s  a r e  u n d o u b t e d l y  d u e  to  t h e  c o n d i t i o n  of th e  s a m p l e .

In  t h e  f i r s t  p l a c e ,  i t  w a s  f o u n d  in t h e  p r e s e n t  w o r k  t h a t  Y B J2 d o e s  no t  

h a v e  t h e  c o m p o s i t i o n  to  be  e x p e c t e d  f r o m  i t s  f o r m u l a ,  b u t  f o r m s  a  d e f e c t  

l a t t i c e .  A c o r r e c t i o n  f o r  t h i s  s i t u a t i o n  i s  c o n s i d e r e d  l a t e r ,  A s e c o n d  

d i f f i c u l t y  i s  t h a t  a l t h o u g h  t h i s  c o m p o u n d  h a s  a  d e n s i t y  o f  3. 33 g / c m \  

t h e  d e n s i t y  of th e  s a m p l e  i t s e l f  w a s  f o u n d  to  b e  3. 11.  T h i s  i n d i c a t e s  

t h a t  t h e  s a m p l e  c o n t a i n s  a  l e s s  d e n s e  s e c o n d  p h a s e ,  o r  i s  p o r o u s ,  o r  

b o t h .  T h e  s e c o n d  p h a s e ,  if p r e s e n t ,  i s  t h a t  l a b e l e d  Y B ^ Q in  F ig . 1,
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a m  i s  n o n - c o n d u c t i n g  a t  r o o m  t e m p e r a t u r e .  S in c e  th e  e n t i r e  s a m p l e  

a p  w & r i  to  b e  e l e c t r i c a l l y  c o n d u c t i n g  w h e n  t e s t e d  w i th  a n  o h m m e t e r ,  

a n v  s e c o n d  p h a s e  t h a t  i s  p r e s e n t  m u s t  be  f i n e l y  d i v i d e d .  J u r e t  s c h k te  

e t  a l .  ** d e r i v e d  a  r e l a t i o n  w h i c h  c a n  be  u s e d  to  c o r r e c t  t h e  H a l l  c o e f -  

fi« i e n t  f o r  p o r o s i t y  o r  f o r  a  f i n e l y  d i v i d e d  n o n - c o n d u c t i n g  s e c o n d  p h a s e :

U  -  i / 4  P ) R

R * 
m T T

w h e r e  R * m e a s u r e d  H a l l  c o e f f i c i e n t  
m

R * c o r r e c t e d  H a l l  c o e f f i c i e n t
o

P  * p o ro sity .

If  t h e  d i i f e r e n c e  in  d e n s i t y  i s  d u e  to  p o r o s i t f  a l o n e ,  t h e  c o r r e c t e d  H al l  

c< e f f i c i e n t  b e c o m e s  - 1 0 3  a  10 If i t  i s  a s s u m e d  to  be d u e  e n t i r e l y

to  a  s e c o n d  p h a s e ,  the  c o r r e c t e d  v a l u e  i s  - 8 °  x 10 ** . A l th o u g h  th e  

n u m e r i c a l  a c c u r a c y  of t h i s  m e a s u r e m e n t  o f  Y B ^  i s  l e s s  t h a n  t h a t  of 

t h e  o t h e r  b o r i d e s ,  i t  n e v e r t h e l e s s  a l l o w s  a  c o n c l u s i o n  to  be  d r a w n  a b o u t  

th e  c o r r e c t n e s s  of the  t h e o r e t i c a l  m o d e l  p r o p o s e d  f o r  Y B j ^ .

R e s u l t s  of  R e s i s t a n c e  v s  T e m p e r a t u r e  M e a s u r e m e n t  of S r B fc, C a B ^  a n d  B a B  

T h e  f i r s t  few r u n s  on  S r B ^  w e r e  d o n e  in  a n  a t m o s p h e r e  of h e l i u m .

T h e  r e s u l t i n g  r e s i s t a n c e  v s  t e m p e r a t u r e  c u r v e s  e x h i b i t e d  o n l y  a  p o s i 

t i v e  s l o p e  f r o m  r o o m  t e m p e r a t u r e  t o  1 0 0 0 * C .  W hen  th e  r u n  w a s  r e 

p e a t e d  u n d e r  a  v a c u u m  a t  Z  x 10 ** T o r r ,  u s i n g  a  f r e s h  c r y s t a l ,  a  n e g a 

t i v e  s l o p e  w a s  o b s e r v e d  b e t w e e n  725 - 1185* ,  e v i d e n t l y  d u e  to  a b s e n c e  

o f  c o n t a m i n a t i o n  f r o m  t h e  h e l i u m .  It  i s  no t  k n ow n  w h e t h e r  th e  i m p u r i 

t i e s  w e r e  c o n t a i n e d  i n i t i a l l y  in  t h e  h e l i u m  o r  w e r e  p i c k e d  up  in  t r a n s 

f e r r i n g  i t  t o  th e  f u r n a c e .  P o l y c r y s t a l l i n e  s a m p l e s  of C a B fe a n d  B aB  ̂

6
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w e r e  r u n  u n d e r  h e l i u m ,  a n d  n e g a t i v e  s l o p e s  o b t a i n e d .  T h e s e  w e r e  

p r o b a b l y  l e s s  s u s c e p t a b l e  to  c o n t a m i n a t i o n  t h a n  t h e  S r B ^  s a m p l e  be* 

c a u s e  t h e y  w e r e  b o th  m u c h  l a r g e r  p i e c e s .

All  s e m i c o n d u c t i n g  m a t e r i a l s ,  i f  t h e y  a r e  p u r e  e n o u g h ,  h a v e  a  

t e m p e r a t u r e  r a n g e  in  w h i c h  th e  r e s i s t i v i t y  d e c r e a s e s  w i th  i n c r e a s i n g  

t e m p e r a t u r e  In t h i s  i n t r i n s i c  r a n g e  th e  r e s i s t i v i t y  p c a n  be  r e p r e 

s e n t e d  by  th e  e q u a t i o n

c

ITT
P » P 0P (4)

w h e r e  p * a  c o n s t a n t  
o

k * B o H s m a n ' s  c o n s t a n t  

T  » t e m p e r a t u r e ,  *K 

c a a c t i v a t i o n  e n e r g y .

T h e r e f o r e ,  a  p lo t  of  In p v s  l / T  s h o u l d  be  a  s t r a i g h t ,  l i n e  of s l o p e  c / k ; 

t h e  s a m e  s l o p e  w i l l  r e s u l t  if R ( r e s i s t a n c e )  v a l u e s  a r e  u s e d .  P l o t s  o f  

In R v s  l / T  a r e  s h o w n  in  F i g .  2 .  T h e  c v a l u e s  o b t a i n e d  f r o m  t h e  s l o p e  

a r e :  C a B fe, 0 . 2 0  e v ;  S r B ^ ,  0 . 1 9  c v ;  B a B ^ ,  0 . 0 6  e v .

O t h e r  Q u a n t i t i e s  M e a s u r e d  in  th e  P r e s e n t  S tudy

T h e  l a t t i c e  c o n s t a n t s  o f  m a n y  of  t h e  c o m p o u n d s  w e r e  r e m e a s u r e d

to  c h e c k  on  p u b l i s h e d  v a l u e s .  No s e r i o u s  d i s c r e p a n c i e s  w e r e  o b s e r v e d .

It  s h o u l d  be  m e n t i o n e d  t h a t  tw o  w i d e l y  d i f f e r e n t  s e t s  of l a t t i c e  c o n s t a n t s

2 12
h a v e  b e e n  r e p o r t e d  f o r  Y B ^ .  ' D e n s i t i e s  c a l c u l a t e d  f r o m  t h e s e  l a t t i c e  

c o n s t a n t s  i n d i c a t e d  t h e  s m a l l e r  s e t ^  to  be  c o r r e c t .  T h e  c o r r e c t  s e t  

o f  l a t t i c e  c o n s t a n t s  c a n  be  fo und  in  T a b l e  II .



F i g .  2 .  R e s i s t a n c e - t e m p e r a t u r e  b e h a v i o r  o f  t h e  a l k a l i n e  e a r t h  
Hexa  bo r i d e s .
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T A B L E  I I
M isce lla n eo u s data for the borid es studied .

—

C o m p o u n d S t r u c t u r e
L a t t i c e  c o n s t a n t s ,  A

a  c

R e s i s t i v i t y ,

n - c m

T y p e  o f  

r e s i s t i v i t y  

t e m p l e

C a B , S i m p l e  c v . b i c 4 . 1 5 2 4  ± . 0 0 7
0 .  1

P o l y c  r y s t a l l i n e

0

S r B 6 S i m p l e  c u b i c 4 . 1 9 7  i  . 0 0 1
0 . 2 1 6 S i n g l e  c r y s t a l

B a B ^ _ . m p l e  c u b i c 4 . 2 7 0 6  ± . 0 0 0 4

y

m m m
m  m m

T * i

H e x a g o n a l 3 . 2 9 8 3 .  8 4 3 *

3 9  ± 2 . 6 x l 0 ' 6

1

I n  b a s a l  p l a n e

V * 4

™ 4

T e t r a g o n a l 7 . 1 1 1
4 . 0 1 7 2 2 8 .  5  ±  1 .  3 x l 0 ‘ 6  

3 1 . 3  JL  1 * » ° ' 6

I n  b a s a l  p l a n e  

P a r a l l e l  t o  

c  a x i s

Y B , ,

S i m p l e  c u b i c  

F a c e  c e n t e r e d

4 . 1 0 3  ± . 0 0 1
4 0 . 5  t  1 . 6 x l 0 ’ b

P o l y c r y s t a l l i n e

1 2

c u b i c 7 . 5 0 0  ± . 0 0 1
9 4 .  8  ±  2 .  7 x 1 0 ' ° P o l y c  r y s t a l l i n e

|  j jw g g r - r  , . __ 3 4 _ _ _ _ _ _ _  w.

m 1

* ‘ i
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R e s is t iv i t ie s  ot m oat of the b o rid e s  a r e  a la o  lis te d  in T ab le  I. The 

v a lu es  fo r  the a lk a lin e  e a r th  h e x a b o r id e s  depend  e n tire ly  on the im p u r ity  

c o n te n ts  of the  s a m p le s . They a r e  only a p p ro x im a te  v a lu es  s in c e  the 

sa m p le  d im e n s io n s  w e re  qu ite  i r r e g u la r .  T he re la tiv e ly  high v a lu e s  

fo r th e s e  a r e  c h a r a c te r i s t i c  of s e m ic o n d u c to rs .

DISCUSSION

F o r  the p u rp o se  of in te rp re t in g  the r e s u l t s  of the H all c o e ff ic ie n t 

m e a s u re m e n ts ,  the  'T ree"  e le c t r o n s  in th e se  com pounds a re  a s su m e d  to 

behave in the sa m e  m a n n e r  a s  do the conduction  e le c tro n s  in a m e ta l ,  

a s  d e s c r ib e d  by Z im an . ^  In app ly ing  it to  the  b o r id e s ,  the re c ip ro c a l  

la t t ic e  and f i r s t  B rillo u in  io n s  is  c o n s tru c te d ,  and a s p h e r ic a l  F e rm i 

s u r fa c e  p laced  in the  c e n te r  of the so n e . The ra d iu s  of the sp h e re  

c o r re s p o n d s  to the  ex p ec ted  e le c t ro n  c o n c e n tra tio n . If it h ap p en s tha t 

the sp h e re  l ie s  c o m p le te ly  in the f i r s t  B rillo u in  sone then  the ex p ec ted  

H all c o e ff ic ie n t m ay be c a lc u la te d  by

w h e re  n * e le c tro n  c o n c e n tra tio n , i / m e t e r 5 

e * change  on the e le c t ro n ,  c o u lo m b s .

If s  la rg e  p a r t  of the sp h e re  f a l ls  in to  h ig h e r so n e e , th is  fo rm u la  doee 

not ap p ly , and  th e re  is  no s a t is f a c to r y  w ay to ob ta in  a c a lc u la te d  value 

of Rh  fo r  c o m p a r is o n  w ith  e x p e r im e n t , ex cep t in v e ry  sp e c ia l c a s e s .

If a  sm a ll  o v e rla p  in to  h ig h e r so n ee  is  in d ic a te d , the t ru e  F e rm i s u r 

face  m ay  not be r e p re s e n te d  by the  s p h e re ,  s in c e  such s  r e p r e s e n ta 

tion n e g le c ts  the  B rag g  re f le c t io n  of e le c tro n s  a t the sone  b o u n d ary , and
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t h e  m o r e  l i k e l y  s u r f a c e  i s  one  w h ic h  o v e r l a p s  m u c h  l e s s  t h a n  i n d i c a t e d ,  

o r  d o e s  no t  o  ' e r l a p  a t  a l l .  An e x am p l e  of s u c h  a  s i t u a t i o n  i s  found  w i th  

YB j*  a n d  i s  d i s c u s s e d  b e low .

MBg.  T h e  s t r u c t u r e  of YB ,  i s  s im p l e  h e x a g o n a l ,  w i th  one  y t t r i u m  

a t o m  a n d  two  b o r o n  a t o m s  p e r  un i t  c e l l .  E a c h  b o r o n  a t o m  h a s  t h r e e  

b o r o n  n e a r e s t  n e i g h b o r s  c o - p l a n a r  w i t h  i t  a t  1 . 9  A. A p l a n e  of borcm 

a t o m s  w ou ld  l o o k  l i k e  a  s h e e t  m a d e  up  of  h e x a g o n s ,  a s  i l l u s t r a t e d  in  

T i g .  3.

L i p s c o m b  an d  B r i t t o n ' s  m o d e l ^  f o r  t h e  d i b o r i d e s  i s  o n e  w h ic h  i s  

i s o e l e c t r o n i c  w i t h  g r a p h i t e .  T h u s  f o r  e a c h  b o r o n  a t o m  in  a  p l a n e  t h e r e  

a r e  f o u r  e l e c t r o n s  p r e s e n t  in the  B -B  b o n d s .  A d i b o r i d e  f o rm e d  f r o m  

a  d i v a l e n t  m e t a l  wou ld  h a v e  e r . a c t ly  t h e  n u m b e r  o f  e l e c t r o n s  r e q u i r e d  

f o r  t h e  B -B  b o n d s ,  a n d  YB^ s hou ld  h a v e  o ne  f r e e  e l e c t r o n  p e r  Y a t o m .

T h e  r e c i p r o c a l  l a t t i c e  a n d  B r i l l o u i n  s o n e  f o r  YB^ w a s  c o n s t r u c t e d ,  

a n d  d r a w n  to  s c a l e .  A c i r c l e  r e p r e s e n t i n g  th e  p r o j e c t i o n  of a F e r m i  

s p h e r e  c o r r e s p o n d i n g  to  one  e l e c t r o n  p e r  y t t r i u m  a t om  w a s  put i n t o  th e  

d r a w i n g .  T h e  c i r c l e  a s  d r a w n  b a r e l y  o v e r l a p p e d  the  s o n e  b o u n d a r i e s  

in  t h e  d i r e c t i o n  of th e  c a x i s .  A s s um i n g  th a t  t h e r e  ie  one  e l e c t r o n  

p e r  y t t r i u m  a t o m ,  f r e e  e l e c t r o n  t h e o r y  ie  not a b l e  to  p r e d i c t  w h e t h e r
I

o r  no t  o v e r l a p  w i l l  t a k e  p l a c e .  H ow e v e r  d w  t h e o r y  d o e s  i n d i c a t e  th e  

o r d e r  of  m a g n i t u d e  of t h e  H a l l  c o e f f i c i e n t  (fbr e a c h  p o s s i b i l i t y .  If 

o v e r l a p  o c c u r s ,  t h e  H a i l  c o e f f i c i e n t  s h o u ld  be  m u c h  h i g h e r  th a n  th a t  

g i v e n  by  E q .  (5 ) .  W i thou t  o v e r l a p  the  e x p e c t e d  v a lu e  i s  of  th e  s a m e  

o r d e r  a s  t h a t  g i v e n  by Eq .  (51. U s ing  E q .  (51 the c a l c u l a t e d  v a lu e  of

$

/
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F ig .  }. C r v i U i  s t r u t t u r e  of the four  b o r id e  t y p e s ,  p r o j e c t e d
on the p lan e *  in d ic a t e d .  Open c i r c l e s  r e p r e s e n t  bo ro n  
a to m  p o s i t i o n s , f i l led  c i r c l e s  m e t a l  a to m  p o s i t io n s .  
D ashed  l in e s  a r e  d raw n  be tw een  c o - v a l e n c y  bonded 
boron  a t o m s .  Fu l l  l in e s  e n c l o s e  one  face  of a uni t  c e l l .
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for one  e l e c t r o n  per  y t t r iu m  a ta m  is  - 2 2 .6 5  x !0  m e t e r  / c o u l o m b ;  

the m e a s u r e d  v a lu e  i s  -20 .  5 J; 2. 5 * 10*1J . T h i s  l e a d s  to the c h o i c e  of 

a n o n - o v e r l a p p i n g  F e r m i  s u r f a c e .

It w a s  s ta te d  e a r l i e r  that the s a m p l e  w a s  o r i e n t e d  with the c a x i s  

p a r a l l e l  to the m a g n e t i c  f i e l d .  With th is  o r i e n t a t i o n  the e i e c t r i c  and 

m a g n e t i c  f i e l d s  do not a c c e l e r a t e  the e l e c t r o n s  in the d i r e c t i o n  of the  

c a x i s .  If the e l e c t r o n s  had a c o m p o n e n t  of a c c e l e r a t i o n  ir, the* d i r e c t i o n  

s o m e  of th em  would  u n d e r g o  B r a g g  r e f l e c t i o n s  at the cone  bou ndary .

That added f e a t u r e  would  r e n d e r  the u s e  o f  Eq.  (5) v e r y  d u b io u s ,  in 

s p i t e  of n o n - o v e r l a p .  F o r  ths  o r i e n t a t i o n  c h o s e n ,  the q u es t io n  d o e s  

not a r i s e .

Having show n that the m e a u u r e d  Hall  c o e f f i c i e n t  of YB^ i s  c o n 

s i s t e n t  with a c h o i c e  of one e l e c t r o n  p er  y t t r iu m  a t o m ,  the e x p e c t e d  

r e s u l t  of a l t e r n a t i v e  m o d e l s  should  be in d ic a t e d .  The  m o s t  l i k e l y  

a l t e r n a t i v e  i s  a m o d e l  in w hich  e a c h  boron  a to m  n e e d s  only  t h r e e  

e l e c t r o n s  i n s t e a d  of fo u r ,  p ro v id in g  enough e l e c t r o n s  for  s in g le  c o - v a l e n t  

B - R  bonds .  In that c a s e  t h e r e  would  be t h r e e  f r e e  e l e c t r o n s  p e r  y t t r iu m  

a t o m .  The c o r r e s p o n d i n g  F e r m i  s u r f a c e  in t h i s  c a s e  w a s  found to 

c o m p l e t e l y  e n c l o s e  the f i r s t  b n l l o u i n  t o n e  and l i e  in h igher  s o n e s .  The  

Hall c o e f f i c i e n t  for  su ch  a s i tu a t io n  c o u ld  be that g iv e n  by Eq. (5) only  

by s h e e r  c o i n c i d e n c e .

One m o r e  p i e c e  of e v i d e n c e  i s  a v a i l a b l e  to su p p ort  the c o n c l u s i o n  

that the boron  l a y e r s  a r e  i s o e l e c t r o n i c  with  g r a p h i t e .  S i lv e r  and  

B r a y 14 m e a s u r e d  s o m e  n u c l e a r  m a g n e t i c  r e s o n a n c e  e f f e c t s  in T i B ,
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a n d  Z r B ^ .  w h i c h  a r e  i i o m o r p h o u *  w i th  Y B ^ .  T h e y  i n t e r p r e t  t h e i r  

r e s u l t *  s s  i n d i c a t i n g  s  c l e a r  p r e f e r e n c e  f o r  the  g r a p h i t e - l i k e  e l e c t r o n i c  

s t r u c t u r e  of th e  b o r o n  a t o m s  in t h e s e  c o m p o u n d s .

T h e  h e x a b o r i d e  c a s e  w i i l  no w  b e  t r e a t e d  i n s t e a d  of  t h a t  of 

t h e  t e t r a b o r i d e ,  b e c a u s e  a  d i s c u s s i o n  of t h e  l a t t e r  i s  e a s i e r  w i t h  the  

h e x a b o r i d e  r e s u l t s  in  m i n d .  T h e  h e x a b o r i d e  s t r u c t u r e  i l l u s t r a t e d  in  

F i g .  3 i s  s i m p l e  c u b i c .  At e a c h  c o r n e r  of t h e  u n i t  c e l l  a r e  s i x  b o r o n  

a t o m s  a r r a n g e d  a t  th e  v e r t i c e s  of  a  r e g u l a r  o c t a h e d r o n .  T h e  n e a r e s t  

d i s t a n c e  b e t w e e n  b o r o n  a t o m s  w i th in  a n  o c t a h e d r o n  i s  t h e  s a m e  a s  the  

d i s t a n c e  b e t w e e n  b o r o n  a t o m s  on  n e i g h b o r i n g  o c t a h e d r a ,  1 .7 1  X. T h e  

m e t a l  a t o m  i s  in  t h e  c e n t e r  of th e  u n i t  c e l l .

T h e o r e t i c a l  t r e a t m e n t s  by L o n g u e t - H i g g i n s  an d  R o b e r t s , *  E b e r h a r d t  

e t  s i .  '  a n d  Y a m a s a k i * *  a l l  r e s u l t  in t h e  c o n c l u s i o n  t h a t  e a c h  b o r o n  o c t a 

h e d r o n  r e q u i r e s  20 e l e c t r o n s ,  18 f r o m  th e  b o r o n  a t o m s  a n d  tw o  f r o m  

th e  m e t a l  a t o m .  O u t  of t h e  t o t a l  of 20  e l e c t r o n s ,  14 s u p p o s e d l y  f o r m  

b o n d s  w i t h i n  t h e  o c t a h e d r o n  a n d  s ix  go  i n t o  e x t e r n a l  t w o - e l e c t r o n  c o 

v a l e n t  b o n d s  to  n e i g h b o r i n g  o c t a h e d r a .

T h e  a b o v e  m o d e l  i s  s u p p o r t e d  by  th e  s e m i c o n d u c t i n g  n a t u r e  o f  the  

a l k a l i n e  e a r t h  h e x a b o r i d e s  e s t a b l i s h e d  in  t h e  p r e s e n t  w o r k .  S t r i c t l y  

s p e a k i n g  th e  p r o p e r t y  w a s  e s t a b l i s h e d  o n ly  f o r  S r B ^  b e c a u s e  th e  

m e a s u r e m e n t  w a s  d o n e  on  a  s i n g l e  c r y s t a l ;  h o w e v e r  t h e  d a t a  f o r  C a B ^  

a n d  B a B ^  a r e  s o  s i m i l a r  to  t h o s e  f o r  S r B fc t h a t  i t  w o u ld  a p p e a r  r e a s o n 

a b l e  to  r e g a r d  t h e s e  a s  s e m i c o n d u c t o r s  a l s o .  T h e r e  h a s  b e e n  o n e  

p r e v i o u s  r e p o r t  of s e m i c o n d u c t i n g  b e h a v i o r  of S r B fc, b y  E u b a n k  e t  a l .  **
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T h e  In R vs  l / T  c u r v e  p u b l i s h e d  by  t h e m  c o r r e s p o n d s  to  i  * . 51 e v .

(In t h e  p r e s e n t  w o r k ,  c i s  f o u n d  to  be . 19 e v .  ) T h e i r  r e s u l t s  a r e  h a r d  

t o  a s s e s s ,  s i n c e  t h e  s a m p l e  t h e y  u s e d  w a s  n o t  w e l l  c h a r a c t e r i s e d  w i th  

r e g a r d  to  p u r i t y .  T h e i r  s a m p l e  w a s  m a d e  by  r e d u c t i o n  of S r O  w i th  

b o r o n ,  a n d  if  t h e  r e a c t i o n  h a p p e n e d  to  be  i n c o m p l e t e ,  t h e  p r e s e n c e  of 

f r e e  b o r o n  w o u ld  h a v e  a  s t r o n g  i n f l u e n c e  on  th e  r e s i s t a n c e - t e m p e r a t u r e  

m e a s u r e m e n t ,  s i n c e  b o r o n  i t s e l f  i s  a s e m i c o n d u c t o r  w i th  c * 1 . 4 5  e v .

A F e r m i  s p h e r e  c o r r e s p o n d i n g  to  o n e  e l e c t r o n  p e r  y t t r i u m  a t o m  

l i e s  c o m p l e t e l y  w i t h i n  t h e  f i r s t  B r i l l o u i n  c o n e  o f  Y B fe a n d  we w o u ld  

t h e r e f o r e  e x p e c t  E q .  (5) to  be  v a l i d .  T h e  v a l u e  of R H t h u s  c a l c u l a t e d  

i s  - 4 3 . 2  x 10 11 m e t e r  ' / c o u l o m b ,  w h ic  h c o m p a r e s  w e l l  w i th  t h e  m e a s u r e d  

v a l u e  o f  - 4 4 .  7 ±  2 .  2 x 10 a n d  a d d s  m o r e  w e i g h t  t o  th e  e v i d e n c e  s u p 

p o r t i n g  t h e  p r o p o s e d  m o d e l .

M B  T h e  t e t r a b o r i d e s  c r y s t a l l i s e  in th e  t e t r a g o n a l  s y s t e m .

E a c h  u n i t  c e l l  c o n t a i n s  f o u r  m e t a l  a t o m s  a n d  lb  b o r o n  a t o m s .  T w e l v e  

b o r o n  a t o m s  a r e  p r e s e n t  a s  tw o  o c t a h e d r a l  c o n f i g u r a t i o n s , a s  a r e  found  

1”  * n<* r e m a i n i n g  f o u r  l i n k  o c t a h e d r a  t o g e t h e r  in th e  b a s a l  p l a n e ,

s u c h  t h a t  e a c h  of t h e s e  f o u r  h a s  t h r e e  b o r o n  n e a r e s t  n e i g h b o r s  ( s e e  F i g .  3). 

T w o  of th e  l a t t e r  n e a r e s t  n e i g h b o r s  b e l o n g  to  o c t a h e d r a .  In  the  c d i r e c 

t i o n ,  o c t a h e d r a  a r e  b o n d e d  d i r e c t l y  to  o n e  a n o t h e r ,  a s  in Y B . .

T h e  e l e c t r o n  r e q u i r e m e n t s  o f  t h e  b o r o n  a t o m s  in  t h i s  s t r u c t u r e  

w e r e  d e r i v e d  by  L i p s c o m b  a n d  B r i t t o n 5 a s  f o l l o w s :  T h e  tw o  o c t a h e d r a  

in  a  u n i t  c e l l  a r e  a s s u m e d  to  r e q u i r e  2C e l e c t r o n s  a p i e c e  a s  in  th e  h e x a -  

b o r i d e  c a s e .  If th e  f o u r  n o n - o c t a h e d r a l  b o r o n  a t o m s  f o r m e d  tw o -  

e l e c t r o n  b o n d s  w i th  t h e  n e a r e s t  n e i g h b o r s  in  o c t a h e d r a  a n d  a  f o u r -  

e l e c t r o n  bond  w i th  t h e  n o n - o c t a h e d r a l  n e a r e s t  n e i g h b o r ,  t h e n  e a c h  of
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t h e  f o u r  a t om *  in  q u e s t i o n  r e q u i r e  f o u r  e l e c t r o n * .  T h i*  a d d s  16

e l e c t r o n s  to  t h e  40 f r o m  o c t a h e d r a ,  m a k i n g  a  t o t a l  ot 56 e l e c t r o n s  p e r
»

un i t  c e i l .  Now i t  i s  e a s i l y  s e e n  t h a t  48  e l e c t r o n s  f r o m  t h e  b o r o n  a t om s  

l e a v e  two e l e c t r o n s  t o  be s u p p l i e d  by e a c h  m e t a l  a t om  to  m a k e  up  th e  

t o t a l  o f  56.

T h e  a b o v e  m o d e l  d e r i v e s  p a r t i a l  s u p p o r t  f r o m  t h e  f a c t  t h a t  C a B 4 l ° 

a n d  B e B ^ 17 h a v e  b e e n  r e p o r t e d  to  e x i s t  a n d  be  i s o m o r p b o u s  w i t h  a l l  

of t h e  o t h e r  t e t r a b o r i d e s .  MgB  ̂ h a s  a l s o  b e e n  r e p o r t e d  t o  e x i s t ,  i 7  

but  i.o s t r u c t u r e  d a t a  g i v e n .  If s e m i c o n d u c t i v i t y  w e r e  e s t a b l i s h e d  f o r  

o n e  of t h e s e  th e  m o d e l  g i v e n  a b o v e  w o u ld  be  c o n f i r m e d .

W hen  the  r e c i p r o *  <tl l a t t i c e  f o r  YB^ w a s  c o n s t r u c t e d  a n d  a  F e r m i  

s p h e r e  c o r r e s p o n d i n g  to  one  e l e c t r o n  p e r  y t t r i u m  a t o m  d r a w n  in ,  U 

w a s  fo u n d  th a t  t h e  s p h e r e  o v e r l a p p e d  i n to  f o u r  s o n e s .  O n e  w o u ld  t h e r e 

f o r *  no t  e x p e c t  E q .  (5) to  a p p l y .  C e r t a i n l y  t h e  n u m b e r  o b t a i n e d  f r o m  

E q .  (5 ) ,  - 3 1 . 8  x 10 **, d o e s  no t  e v e n  a p p r o x i m a t e  th e  e x p e r i m e n t a l  

v a l u e  of *213 A  * x 10 11 . T h e r e  i s  no  s t r a i g h t f o r w a r d  w a y  to  o b t a i n  

a  c a l c u l a t e d  v a l u e  f o r  f o r  c o m p a r i s o n  w i th  th e  e x p e r i m e n t a l  v a l u e .  

T h e  m o s t  t h a t  c a n  be  s a i d  i s  t h a t  t h e  F e r m i  r u r f a c e  a s  d r a w n  d o e s  

no t  c o n t r a d i c t  t h e  m e a s u r e d  v a l u e ,  ( l i  m i g h t ,  f o r  i n s t a n c e ,  if a l l  of 

th e  s o n e s  o c c u p i e d  w e r e  n e a r l y  f u l l ,  w h i c h  w o u ld  l e a d  o n e  to  e x p e c t

It s h o u l d  n o t  be  s u p p o s e d  t h a t  t h e  p r e s e n t  w o r k  l e n d s  no  s u p p o r t  

to  th e  p r o p o s e d  m o d e l  f o r  Y B ^ .  T h e  o c t a h e d r a l  b o r o n  c o n f i g u r a t i o n s  

w e r e  s h o w n  to  r e q u i r e  20 e l e c t r c n s  a p i v c e  in  th e  h e x a b o r i d e s  and  t h e r e
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i* no  r e a s o n  to  s u p p o s e  t h a t  t h e  s i t u a t i o n  w o u ld  be  d i f f e r e n t  t o r  t e t r a -  

b o r i d e s .  T h e  n o n - o c t a h e d r a l  b o r o n  a t o m s  a r e  s i m i l a r  to  t h o s e  in  YB^ 

in  t h a t  t h e y  h a v e  t h r e e  c o - p l a n a r  b o r o n  n e a r e s t  n e i g h b o r s .  T h i s  

s i m i l a r i t y  of e n v i r o n m e n t  o f  th e  a t o m s  in  th e  twc  s t r u c t u r e s  a r g u e s  in 

f a v o r  of  s i m i l a r  e l e c t r o n  r e q u i r e m e n t s ,  i .  e .  f o u r  e l e c t r o n s  p e r  a t o m .

If th e  a n a l o g i e s  d e s c r i b e d  h o ld  t r u e  t h e n  th e  e l e c t r o n i c  s t r u c t u r e  o f  the  

p r o p o s e d  m o d e l  w o u ld  a p p e a r  v a l i d .

M i j j .  T h e  B r a v a i s  l a t t i c e  of th e  d o d e c a b o r i d e s  i s  f a c e - c e n t e r e d  

c u b i c .  T h e  s t r u c t u r e  c a n  be  r e g a r d e d  a s  b e in g  bu i l t  up  of B j ^ u n i t s  

h a v i n g  b o r o n  a t o m s  a t  t h e  v e r t i c e s  of a  c u b e - o c t a h e d r o n  (a p o l y h e d r o n  

h a v i n g  s ix  s q u a r e  f a c e s  a n d  e i g h t  e q u i l a t e r a l  t r i a n g u l a r  f a c e s ,  a n d  

r e s e m b l i n g  a c u b e  w i th  t h e  c o r n e r s  c u t  o f f ) .  T h e  m e t a l  a t o m s  a r e  l o 

c a t e d  in  U r g e  i n t e r s t i c e s  f o r m e d  w h e n  th e  u n i t s  p a c k  t o g e t h e r .

T h e  e l e c t r o n  r e q u i r e m e n t s  c a l c u l a t e d  by L i p s c o m b  a n d  B r i t t o n *  

f o r  t h i s  s t r u c t u r e  a r e  t h e  f o l l o w i n g :  B ^ n d s  i n t e r n a l  to t h e  p o l y h e d r o n  

r e q u i r e  2t> e l e c t r o n s .  A l l  b o n d s  b e t w e e n  p o l y h e d r s  c o n t a i n  tw o  e l e c t r o n s  

a p i e c e ,  o n e  f r o m  e a c h  p o l y h e d r o n .  T h u s  38 e l e c t r o n s  a r e  r e q u i r e d ,  

a n d  s i n c e  t h e  b o r o r .  a t o m s  s u p p l y  o n l y  3fe of  t h e s e ,  the  r e m a i n i n g  tw o  

m u s t  c o m e  f r o m  t h e  m e t a l  a t o m .

O n e  w o u ld  e x p e c t  to  f in d  th a t  th e  c o m p o s i t i o n  of th e  Y B j  > w o u ld  be 

t h a t  c a l c u l a t e d  f r o m  th e  f o r m u l a .  In th e  p r e s e n t  w o r k ,  t h a t  w a s  fo u n d  

no t  to  be  t h e  c a s e ,  a s  t h e  t h e o r e t i c a l  d e n s i t y  of Y B ^  i s  1. 442  g / c c ;  

t h e  m e a s u r e d  v a l u e  i s  3. 33.  A b o r i d e  s a m p l e  of the  t h e o r e t i c a l  c o m p o 

s i t i o n  of  w a s  h e a t e d  to  j u s t  b e lo w  th e  p e r i t e c t i c  t e m p e r a t u r e  f o r
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an hour ,  a f t e r  which  on ly  two ph a se*  w e r e  p r e s e n t ,  YB^ and Y B ^ .  It i f  

r e a s o n ab l e  to  a s s u m e  that the true  c o m p o s i t i o n  i s  m o r e  b o r o n - r i c h  than  

the t h e o r e t i c a l  one  b e c a u s e  not a l l  of the p o s s i b l e  p o s i t i o n s  a r e  o c cup ie d  

by y t t r ium  a t o m s .  Th i s  i s  thought  to be r e l a t ed  to the f a c t s  that m e ta l  

a t o m s  l a r g e r  than y t t r ium  do not f o rm  a d od e c a b o r id e ,  and when  sm a l l e r  

m e ta l  a t om s  f o rm  th is  c ompound  the l a t t i c e  c on s tan t  i s  s m a l l e r .

(F o r  Y B j r  a  * 1 . 9 0 0  A, for Z r B ^ ,  a * 7 . 4 0 8  A. )  U the l a t t i c e  m u s t  

s t r e t c h  to a c c o m m o d a t e  the y t t r ium  a t o m s ,  then th e r e  m a y  be no en e rg y  

d i f f e r e n c e  in putting m  m o r e  than a c e r t a i n  num ber  of t h em ,  and no  

•d r iv in g  f o r c e ” for  a  r e a c t i o n .  On the a s s u m p t i o n  of a d e f e c t  l a t t i c e ,  

the f o rm u la  we igh t  per  unit c e l l  w a s  a l c u la t ed  f r om  the l a t t i c e  con s tan t

and m e a s u r e d  d e n s i t y  The  f o rm u la  we igh t  c o r r e s p o n d s  to 1 . 6 $  y t t r ium  

a tom s  per unit c e l l

A cco rd in g  to the p rop o s ed  m o d e l ,  if th e r e  w e r e  four  y t t r ium  a tom s  

per  unit c e l l ,  four  f r e e  e l e c t r o n s  per  unit c e l l  wou ld  be p r e s e n t .  The  

F e r m i  s p h e r e  c o r r e sp o n d in g  to that e l e c t r o n  c o n c en t r a t i o n  l i e s  e n t i r e l y  

with in  the f i r s t  B r i l l o u m  atone S in ce  th e r e  a r e  a c tu a l l y  f ew e r  e l e c t r o n s  

a v a i l a b l e ,  Eq. (S> should  s t i l l  be v a l id ,  A va lue  of 3 . 6 $  y t t r ium  a t om s  

per  unit t e l l  c o r r e s p o n d s  to an e l e c t r o n  c o n c en t r a t i o n  of J. 09  e l e c t r o n s  

per  unit c e l l .  The c a l c u la t e d  Hal l  c o e f f i c i e n t  in that c a a e  i s  - 8b .  9 * 10 1 . 

The e x p e r im e n t a l  va lue  had to  be c o r r e c t e d  for n on - c ondu c t in g  p o r o s i t y ,  

but s in c e  it i s  unknown whe ther  vo id s  or  a boron  pha se  i s  p r e s e n t ,  the  

c o r r e c t e d  va lue  cou ld  l i e  a n yw h er e  in the range  f r om  1 9*  10 11

to - 1 0 1  i  19 k  i 0 “ 11 . Th is  d e g r e e  of a g r e em e n t  b e tw een  o b s e r v e d  and 

c a l c u la t e d  Hall  c o e f f i c i e n t s  i s  s u f f i c i e n t  to v e r i f y  the  p r o p o s e d  mode l
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f o r  t h e  f o l l o w i n g  r e a s o n :  A n  a l t e r n a t e  m o d e l  o f  a  d i f f e r e n t  e l e c t r o n

r e q u i r e m e n t  w o u l d  h a v e  a t  t h e  v e r y  l e a s t  o n e  m o r e  o r  o n e  l e s s  e n e r g y  

l e v e l  p e r  p o l y h e d r o n  o f  1 2  b o r o n  a t o m s ,  o r  a  d i f f e r e n c e  r i  t w o  e l e c t r o n s .  

I f  i t  r e q u i r e d  t w o  m o r e ,  t h e n  t h e r e  w o u l d  n o t  b e  s u f f i c i e n t  v a l e n c e  e l e c 

t r o n s ;  i f  i t  r e q u i r e d  t w o  f e w e r  e l e c t r o n s ,  t h e r e  w o u l d  b e  1 1 . 0 5  f r e e  

e l e c t r o n s  p e r  u n i t  c e l l  i n s t e a d  o f  5 . 0 5 .  T h e  H a l l  c o e f f i c i e n t  c o r r e s p o n d 

i n g  t o  t h e  f o r m e r  n u m b e r  i s  - 2 b .  4  k  1 0  l * .

I t  h a s  b e e n  s h o w n  i n  t h e  p r e s e n t  w o r k  t h a t  t h e  m o d e l s  f o r  t h e  e l e c 

t r o n i c  s t r u c t u r e  o f  t h e  b o r o n  a t o m *  i n  M r i ^ ,  M B ^ ,  M B ,  a n d  M B  j  ^  a r e  

c o n s i s t e n t  w i t h  t h e  o b s e r v e d  e l e c t r i c a l  p r o p e r t i e s  o f  c e r t a i n  c o m p o u n d s  

r e p r e s e n t a t i v e  o f  t h e s e  t y p e s .  T h i s  o u t c o m e  j u s t i f i e s  a  g r e a t e r  c o n 

t o - v a l e n t  s t r u c t u r e s ,  a n d  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  a  w o r k a b l e  

t h e o r y  b a s e d  o n  t h e  L C A O  m e t h o d  m a y  b e  a t  h a n d  i n  t h e  n e a r  f u t u r e  

f o r  u n d e r s t a n d i n g  o t h e r  k i n d s  o f  r e f r a c t o r y  c o m p c u n d s  s u c h  a s  c a r 

b i d e s ,  n i t r i d e s ,  a n d  s i l i c  i d e s ,  i n  a d d i t i o n  t o  t h o s e  b a s e d  o n  b o r o n .

T h e  a u t h o r s  w i s h  t o  t h a n k  D r .  J .  F .  S m i t h  f o r  t h e  u s e  o f  t h e  H a i l  

E f f e c t  e q u i p m e n t ,  a n d  t o  a c k n o w l e d g e  t h e  h e l p  o f  m a n y  o f  o u r  a s s o c i a t e s  

f o r  d i s c u s s i o n s  o f  t h e o r y  a n d  e x p e r i m e n t a l  p r o c e d u r e s .

S U M M A R Y  .

f i d e n c e  i n  t h e  L C A O  m e t h o d  a s  a p p l i e d  t o  B - R  b o n d s  i n  t h e s e  a n d  o t h e r
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