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The resu l t s  a re  given of m e a s u r e m e n t s  of the t h e r m o - e m f  and of the reducibi l i ty  of pure  
and impure  s t ront ium fluoride on the bas i s  of which c h a r a c t e r i s t i c s  of ion t r a n s f e r  a re  ob- 
tained. 

Measur ing  t h e r m o e l e c t r i c  potentials  is one of the m o s t  impor tan t  methods of studying ion t r a n s f e r  
under  the influence of a t e m p e r a t u r e  gradient ,  since it  enables us to de te rmine  in ion-conducting m a t e r i a l s  
the main  cha rac t e r i s t i c s  of this p roce s s  -- the values of the t r a n s f e r  heat .  Here  what is of specia l  i n t e re s t  
is es tabl i sh ing the mutual  connection between the values of the t r a n s f e r  heats  and the p a r a m e t e r s  found as 
a r e su l t  of other  independent m e a s u r e m e n t s .  Among them, following [1], a re  the amounts of the act ivat ion 
mobi l i ty  energ ies  calculated f r o m  the conductivity.  In the p re sen t  study we give data on r e s e a r c h  into the 
t e m p e r a t u r e  dependences of the t h e r m o - e m f  coeff icient  and e lec t r ic  conductivity of S rF  2 and SrF  2 with 
impur i t i e s  NaF1YF3, and LuF3 in the range 550-1100~ The m e a s u r e m e n t s  were  made in accordance  with 
the methods desc r ibed  in [2]~ 

The r e s e a r c h e s  which have been c a r r i e d  out showed that, as  in CaF 2 [2-4], we obse rve  in SrF  2 with 
YF 3 and LuF 3 impur i ty  a breakdown in the inc rease  in conductivity with inc rease  in the content o f  the 
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Fig .  1. Conductivity of S rF  2 s a m p l e s  ve r sus  t e m p e r a t u r e .  
a): 1) pure ,  2) 0 . 0 0 1 M ~ Y F 3 ;  3) 0.03 M%YF3; 4) 0.1M% 
YF3; 5) 0.5 M%YF3; 6) 1 M~YF3;  7) 3 M%; 8) 0 . 0 3 M ~  
LuF3; 9) 0.1 M% LuF3; 10) 0.5 M~ LuF3; 11) 1 M~ LuF3; 
12) 3 M% LuF3 (r ight-hand scale  for  8-12); b): pure (1, 2) 
and admixture  (3, 4) samples  of SrF 2. 
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F i g .  2. T h e r m a l  emf a of S r F  2 c r y s t a l s :  a, 1) 
0 .5  Mg YFa; 2) 0.5 M% YF a LuFa; 3, 0.03 M% YFa; 
4, 0.001 M% YFa; 5, ca lcu la ted  value Gi /kT;  b) 1 
and 2, pure s a m p l e s ;  3, 1 m% NaF; 4, ca lcu la ted  
value Gi /kT;  c) 1 and 2, pure sample ;  3, 0.001 M% 
YFa; 4, 0.03 M% YFa; 5, and 6, ex t r apo la t ed  values 
of G v / k T - - G i / k T  and for  l o w - t e m p e r a t u r e  reg ion .  

impur i ty  (F ig .  l a ) .  However ,  this breakdown occurs  at  h igher  concent ra t ions  of the impur i ty  (0.5 M and 
higher)  than in the case  of CaF 2. If we a s s u m e ,  as in [4, 5], that  in s t ron t ium f luor ide ,  by analogy with 
CaF 2, the c h a r a c t e r i s t i c  defects  a r e  the a n t i - F r e n k e l  defec ts ,  then the in t roduct ion of YF 3 and LuF 3 wil l  
l ead  to the fo rma t ion  of i n t e r s t i t i a l  f luor ine  ions,  and the in t roduct ion of NaF wil l  l ead  to the fo rmat ion  of 
anion vacanc i e s .  Then the r e s u l t  obse rved  is p robab ly  caused  by m o r e  favorable  condit ions of f luor ine  ion 
d i s t r i bu t ion  in the oc t ahed ra l  i n t e r s t i c e s  in the S r F  2 because  there  is l e s s  l a t t i ce  de fo rmat ion  in the p laces  
where  the impur i ty  cen te r s  a r e  located;  a p a r t  f r om g e o m e t r i c a l  r e a s o n s  ( i nc rease  in the la t t i ce  constant  
and cat ion radi i )  an impor t an t  pa r t  in this  may  be p layed by the i n c r e a s e  ( compared  with Ca 2+) in the p o l a r -  
i zab i l i ty  of the S r  2+ ions.  A cons ide ra t ion  of the i s o t h e r m s  [c/a =f (e)] makes  i t  poss ib le  to d e s c r i b e  the 
mob i l i t y  of the i n t e r s t i t i a l  anions by means  of the e x p r e s s i o n  u i = B / T  exp ( - - 0 ,92 / kT) ,  cm 2 . v -1 �9 sec  -I , 
where  13 = 9.2  �9 103 (SrF~ + LuFa) and B = 6.6  �9 103 (SrF 2 + YFa). F o r  the binding ene rgy  of the complex  
Lu 3+ we have the value 2.77 k c a l / m o l e .  The ana lys i s  of the S r F  2 spec imens  with added NaF,  the content 
of which in the c r y s t a l s  grown d i f fe red  g r ea t l y  f rom the content in the in i t i a l  m a t e r i a l  (shown in F ig .  l b ) ,  
was c a r r i e d  out on the bas i s  of the conduct ivi ty  curves  aT =f(1/T) .  T r e a t i n g  the reg ion  of these curves  in 
f ront  of the s e c t o r  of i n t r in s i c  conduct ivi ty  % as .a reg ion  of impur i t y  deple t ion,  we obtain the ac t iva t ion  
energy  of the vacancy mobi l i ty  v v = 17.7  k c a l / m o l e ,  and the binding energy  of the Na+-vacancy  F -  11.5 
k c a l / m o l e .  The magni tude of the de fec t - fo rmat ion  ene rgy  AEf,  ca l cu la t ed  f rom % on the a s sumpt ion  that  

is constant  (~0 N 1) for  var ious  d i f fe ren t  T [4], is 50.7 k c a l / m o l e .  

The r e s u l t s  of the t h e r m o e l e c t r i c  m e a s u r e m e n t s  a r e  given in F i g .  2a, b, c .  In the reg ion  of impur i ty  
conduct ivi ty  for  spec imens  with YF 3 and LuF 3 a l i n e a r  i n c r e a s e  is obse rved  in the t h e r m o -  emf  coeff i -  
c ien t  ~ with an i n c r e a s e  in in a (F ig .  2a), and for  spec imens  with added NaF and "pure"  spec imens  a l i nea r  
d e c r e a s e  (F ig .  2b) in acco rdance  with the following r e l a t i onsh ips  [2]: 

eaT--teTln ~ = - - G  t (SrF~+YF a or  LuF~), 
O o 

O 
eaT 4- teT I n - -  = O v (SrF~ + NaF). 

U 0 

�9 * Ey F o r  the in t eg ra l  hea t  of t r a n s f e r  q = O i + Ov = ev + ei  + A we obtain 20 .7 - - 18 .4  k e a l / m o l e ,  which does 
$ 

not con t r ad ic t  the data on conduct ivi ty .  Assuming  that  the hea t  of t r a n s f e r  of the vacanc ies  is s v = --Vv, 
and the hea t  of t r a n s f e r  of the i n t e r s t i c e s  is  leVI << vi [1], we find for  q ~- AEf--Vv = 33 k e a l / m o l e .  In the 
reg ion  of i n t r i n s i c  conduct ivi ty (F ig .  2c, but here  values  of G v and Gi a r e  in t roduced which a r e  ex t r apo la t ed  
f rom the low t e m p e r a t u r e  region) the quanti ty c~ is de t e r m i ne d  by means  of the e x p r e s s i o n  ec, T = Gv--q(p 
/1 + ~0. This  fact  that  the e x p e r i m e n t a l l y  obse rved  values  of c~ a r e  c lose  to G v indica tes  that  ~0 < 1. 

NOTATION 

a, conduct ivi ty ,  ohm - i -  c m - i ;  c, admix ture  concent ra t ion ,  M%; u i, mobi l i ty  of i n t e r s t i t i a l  anions,  
em 2 �9 V -1 - s e c - i ;  a0, i n t r i n s i c  conduct ivi ty ,  ohm -1 �9 c m - i ;  vi,  ac t iva t ion  ene rgy  of vacanc ies  mobi l i ty ,  
k c a l / m o l ;  AEf. energy  of defect  fo rmat ion ,  kc a l / m o l e ;  ~9, r a t i o  of i n t e r s t i t i a [  mobi l i ty  of anions to vacan-  
c ies  mobi l i ty ;  T, absolute  t e m p e r a t u r e ,  ~ a ,  t h e r m o - e m f c o e f f i c i e n t , m V / d e g ;  k, Bo l t zmanncons tan t ,  
kca l / deg ;  e,  e l ec t ron  charge;  Gi, g e n e r a l i z e d  i n t e r s t i t i a l  hea t  of t r a n s f e r ,  kc a l / m o l e ;  Gv, g e n e r a l i z e d  
vacant  hea t  of t r a n s f e r ,  k c a l / m o l e ;  q, in t eg ra l  hea t  of t r a n s f e r ,  k c a l / m o l e ;  * a i, heat  of t r a n s f e r  of i n t e r -  
s t i t i a l ,  k c a l / m o l e ;  vi,  ene rgy  of ac t iva t ion  of i n t e r s t i t i a l  mobi l i ty ,  k c a l / m o l e ;  e~, vacant  hea t  of t r a n s f e r ,  
k c a l / m o l e .  
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