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The relat ionship between s t ruc tura l  cha rac t e r i s t i c s  and thermal  conductivity of c rys ta l s  
is examined. Thermal  conductivity data are obtained for  s t ront ium fluoride crystals ,  
both pure and doped with YF 3 and LuF 3. 

The introduction of t r ivalent  impuri t ies  into s t ront ium fluoride leads to regula r  changes, typical 
of c rys ta l s  with point defects, in thermal  conductivity, and correspondingly,  thermal  res i s tance  (Fig. 1A, 
B). The thermal  res i s tance  of two pure specimens (Nos. 1, 2) differed insignificantly, and the additional 
thermal  res i s tance  of specimen No. 2 was connected with an uncontrolled impurity, evidently oxygen, in- 
t roduced in growth of the monocrys ta l  (data on the e lec t r ica l  conductivity of specimen No. 2 indicate strong 
hole conductivity; the most  probable impurity producing hole conduction in s tront ium fluoride is oxygen). 

The slope of the t empera tu re  curves  of thermal  res i s tance  of the pure and doped c rys ta l s  (to 0.5 
mole% impuri ty content) is constant at A 1 = 4.3.10 -4 m/W. At the same time the initial ordinate A 2 of the 
straight  lines A1T + A 2 sys temat ica l ly  inc reases  with increase in impurity content. It seems that the nega- 
tive A 2 values in pure SrF 2 specimens,  just as in CaF 2, are  related to part icipation in heat t ransfer  of op- 
tical branches,  developed in the complex fluorite s t ruc ture .  As a result ,  the net thermal conductivity is 
composed of two components, one of which is due to acoustic oscillations, scat ter ing through three phonon 
interactions [}'1 = (A1T)-I], while the other descr ibes  t rans fe r  by optical branches  formed basical ly  by four 
phonon interact ions (since three phonon scat ter ing is impeded by conservat ion laws [2]), so that ~-2 -~ A2 
(AIT) -2, The slope of the straight l ines W changes only at elevated impurity concentrat ions (A 1 = 3.8- 10 -4 
m/W at lmo le% and 2.4.10-4-2.64 �9 10 -4 at 3 mole%). However a l inear  relat ionship can be seen for the 
additional impurity res i s tance  WN = A2(N)--A2(0) [where A2(0) charac te r i zes  pure specimen No.l) for 
all impurity concentrat ions:  W N =6.46 "10 -2 ~= 0.48" 10 -2 NI% m .deg/W for specimens doped with Y, 
and W N = 5.5.10 -2 �9 0.48.10 -2 NI%, m . d e g / W  for specimens containing Lu. A reduction in A 1 contradicts  
known relat ionships descr ibing the thermal  conductivity of lat t ices with point defects [3]. This phenomenon 
is also observed at increased impurity concentrat ions in CaF 2 and can be explained by a cer tain readjus t -  
ment of the osc i l la tory  spectrum, upon which interaction of acoustic and optical phonons dec reases .  

The preserva t ion  of l inear i ty  in W N as a function of N (Fig. 2) makes possible the assumption that, 
as before, WN has a pure ly  defect origin even at high impurity concentrat ions .  In this case one may uti- 
l ize a l inear  representa t ion  of net thermal  res i s tance  for  c rys t a l s  with point defects, scat ter ing in which 
occu r s  according to the Rayleigh rule [3]. In the theoret ical  formulation WN proves  to be related to the 
propagation ra tes  of long wave phonons, the Debye temperature ,  the mean atomic (molecular) volume, and 
the logical de fo rma t ionpa rame te r .  All of these values a re  known for Ca F 2 [4]. Due to the lack of corresponding 
information for Sr F 2, we will define a theoret ical  value for WN, using Li ndeman's  rule for evaluation of @D and v, 
with a constant r e f e r r e d  to the s t ruc tura l ly  s imi la r  fluorite latt ice.  We obtain W N = 95.7.10-2-10.8.10 -2 NI%, m �9 
deg/W. For pure ly  isotopic dislocations the p a r a m e t e r  L 1 = (AM/~I) 2, where AM = Md-~I.  In the crys ta l  doped 
with Lu the theoret ical  descr ipt ion agrees  sa t i s fac tor i ly  with experiment,  if only the mass  defect is considered 
(L I ~ 0.7). However, in c rys ta l s  doped with Y the m a s s  defect is small  (LI -~ 0.02), and the additional thermal  r e s i s -  
tance apparently must  be ascr ibed  to deformation dis tor t ions.  The 1 ow degree of lattice deformation in the Lu- 
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Fig. 1 .Tempera tu re  (~K) dependence of thermal conductivity 
(W/re. deg) and thermal  res i s tance  (102 m.deg/W) of SrF 2 with 
additions of YF 3 (A) and LuF 3 (B): 1) SrF 2 No. 1; 2) SrF 2 No. 2; 
3) 0.03 mole%,4) 0.1 mole%;5) 0.5 mole%;6) 1 mole%;7) tool. 
~  

doped c rys ta l s  may be produced by the strong associat ive bond between the tr ivalent  substitution impurity 
(in the cation sublattice) and the compensat ing excess  charge of the fluorine ion (in the octahedral  in ter-  
stice).  Such a defect center  s t ructure  is known in the fluorite lat t ice f rom the studies [5, 6]. The asso-  
ciative bond between the ion y3+ and the interstit ial  anion is significantly weaker.  This was noted in the 
e lectr ical  conductivity measurements  per formed on the doped c rys ta l s  (the bonding energy difference is 
approximately 0.1-0.2 eV). Large  latt ice deformations are also established in CaF 2 c rys ta l s  doped with 
Y (the purely deformation portion of W N ~- 6.10 -2 NI%). On the whole, under the influence of a tr ivalent  
impurity, SrF 2 deforms l e ss  than CaF 2. Two possible causes  are  the higher polari ty of Sr 2+ ions, due 
to which displacement of the fluorine ion in the octahedral  interst ice is made easier ,  and the increase in 
the rat io of ionic radii of Sr 2+ on the one hand, and ya+, Lua+ on the other (especially for the la t ter) .  One 
more  observat ion must be made concerning the behavior of thermal conductivity in specimens with low 
impurity content (0.03 mole%). Although growth conditions for  these specimens and the oxygen contam- 
inated c rys ta l s  (No. 2) did not differ, never theless ,  the thermal  res i s tance  of the doped c rys ta l s  was below 
the W values  of the undoped No. 2 specimens .  Para l le l  measuremen t s  of e lect r ical  conductivity permit  
the assumption that at concentrat ions of the order  of 0.01 mole % Y or Lu compensation occurs  between the 
uncontrolled impuri ty producing mobite vacancies  in the anion sublattiee and the tr ivalent  metall ic imp,arity, 
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Fig.  2. Supplementary  impur i ty  r e s i s -  
tance (4.18 �9 102m. deg/W) v e r s u s  im-  
pur i ty  concentra t ion (mole %): 1) doped 
with YF3; 2) doped with LuF 3. 

which c r e a t e s  mobile  in te rs t i t ia l  anions in the la t t ice  (the ra t io  between vacancy  and inters t i t ia l  anion 
concent ra t ions  is regu la ted  by the effect ive m a s s  rule) .  If  it is a s sumed  that the oxygen concentra t ion 
in the doped c r y s t a l s  does not differ  f r o m  that in the pure  c r y s t a l s  (No. 2), then the compensat ion phenom-  
enon can lead to a reduct ion in t he rm a l  r e s i s t a n c e .  This  indicates  that the sca t t e r ing  section of the 
complex  cons is t ing  of the oxygen ion with vacancy  is g r e a t e r  than the sca t t e r ing  sect ion of the combina-  
tion of the in ters t i t ia l  ion (y3+ or  Lu 3+) and the oxygen ion. 

N O T A T I O N  

N I, mo la r  impur i ty  content, %; ~, t he rma l  conductivity;  W, the rmal  res i s t ance ;  v, propagat ion 
ve loc i ty  of longwave phonons; 0 D, Debye t empe ra tu r e ;  V 0, mean a tomic volume;  L I, local deformat ion 
p a r a m e t e r ;  M d, defect mass ;  M, mean  molecu la r  m a t r i x  m a s s .  
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