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ABSTRACT 

FAR I N FRARE D  PROPERT I ES OF FLUORAPATI TE 

N i k o l i c  P . M . , +Roys W . B . , B l a goj ev i c v .
I n s t i tu te o f  P hys i c s , E l e ctro te c h n i c a l  
Facu l ty B e l g rade  U n i v e rs i ty a nd +Depart­
ment  of  Phys i c s Nott i n g h am U n i vers i ty ,  
1 1 000 B e l grade , P . O . Box  5 7 , Y ugos l a v i a .  

Far i nfra red refl e c t i v i ty mea s u remen t s  for f l u o r a pa t i te h ave  
been  done  u s i ng po l a r i sed  l i g h t .  S i x  oicil l a tors  were  o b served i n  
the+range  between 40 and  400 cm- 1 for  Elc a n d  three o s c i l l a to r s  for
E l l e .  Th e  expe r i me n ta l  r e s u l ts have been  nume r i c a l l y  a n a l ysed  a n d  
t h e  o pt i c a l  pa rame ters o b ta i ned . 
1 .  I NTRODUCT I ON 

F l uorapa t i te ( FAPT } i s  a m i n e r a l  wi t h  the  c hemi c a l  formu l a
c a 5

( P04 )
3
F .  I ts s tructure be l on g s  to the  h exagona 1 1 > s pace  group

C�h . I on i c  force s  i n  FAPT a re domi na n t  a n d  c on s i s t  o f  c o n nected
d i s c rete i on s  o f  Ca , F  a n d  P04 . Four  Ca  i on s  ( Ca l }  h a v e  p o i n t  symme-
try c

3 wi th Po
4 

i on s  �,h i c h a re o r i e n ted i n  s u c h  a way t h a t  6 a toms
of  oxygen a re t h e  n e ares t ne i g hbours  o f  C a . Th e  fi fth C a  i on ( Ca l l }  
h a s  four O atoms and  one  F i o n  a s  the  n eares t ne i g h bours . The  f l uor­
i de i ons a re a l i gned p a r a l l e l to the c a x i s .

When Nd+3 i s  added t o  FAPT , t here i s  a wel l k nown l a s e rs e f­
fect . Bec a u s e  o f  th i s  effe c t  l a rge s i ng l e c ry s ta l s of  FAPT h ave  be­
en grown by  the  C z o c h ra l s k i  method 2 , 3 > .

The l a t t i ce  v i b ra t i on o f  FAPT h a s  a l ready been  i nv e s t i gated . 
Raman4 > and i nfra red a c t i ve modes 5 > were determi ned i n  the  range  be­
tween  1 00 a nd 1 1 00 a n d  400 - 1 1 00 cm - 1 , r e s pect i v e l y .  Arh i pe n k  e t  a 1 5 )

have compared t h e  exper i menta l  res u l ts  w i t h  a theoret i c a l  expres s i on 
wh i ch g i ves  a l l l a t t i ce  modes for ( P0

4 ) i on s  i n  the  cen tre o f  the
Bri l l ou i n  zone  

- 3  r ( P04
} = 6A9+ 3Au+ 389 + 6B u+ 3E 1 9+ 6E 1 u+ 6E

2 g+ 3E2u
I n  th i s  work  e x per iment a l  re s u l ts for  room tempera tu re refl e c ­

t i v i ty a re g i ve n  i n  t he  fa r i n fra red ra nge  f o r  na tu r a l  m i nera l a nd 
synthet i c s i ng l e c ry s ta l o f  FAPT . D ur i n g  t he  meas u reme n t s  po l a r i sed 
l i gh t  was  u s ed fo r both E l I �  and El! . 

2 .  E XPER I MENTAL 
M i n e ra l FAPT wh i c h was tran s pa re n t  b u t s l i g ��l y ye l l ow wa s 

u sed  for fa r i n fra red ref l ect i v i ty mea s u remen ts whe re a B ec kman  



Four i er  s pec trome ter ( FS 7 2 0 ) wa s emp l oyed . I n  f i gure 1 a nd 2 the s e  
refl ect i v i ty d i a g rams a re g i ve n  a s  a fun c t i o n  of  t h e  wavenumber for 

'± + + + 
two tlc a nd  E l  l e , r e spect i ve l y .  I t  i s  ob v i ou s  that  there  a re a t
l ea s t  s i x  a s c i l l ators  fo r t h e  f i r s t  c a s e  a n d  o n l y  t h ree  o s c i l l a tor s  
when  E l  i t . 

F5-?SJ 
F i g . 1 .  Far i nfra red te!l e c t i v i ty 
of tl uorapa t i te for Elc . 

.., • au m 

F i g . 2 . Fa r  i nfra red rJf l�c t i v i ty 
of tl uora p a tHe for E l  ! c .  

The expe r i me n ta l  res u l ts  were numer i ca l l y  a na l ysed  u s i n g a 
four  pa rame ter mod e l 6 , 7 ) w h i ch was  i n troduced  by Gerva i s  a n d  P i r i ou .
The compu t i n g  p rocedu re i s  ra ther  l o ng  a nd  comp l i c a ted  for Elt be­
cause  we  h ad  to f i t t h-e v a l u e s  o f  2 5  o pt i ca l  p a rame ters  ( fo u r  para­
meters for each  o s c i l l a tor ) p l u s  t he  i nf i n i ty d i e l e c tr i c con s ta n t .  
At  the be.g i n n i ng we .found  rou g h  a pprox i ma t i o n s  of  t h e  men t i oned  2 5  
pa rameters u s i�g  a mod i f i ed p rogram wh i ch wa s k i nd l y  g i ve n  t o  u s  by 
Gerva i s .  Then  a proper  f i t t i n g  p rocedure  of the refl e ct i v i ty c u rve 
was carri ed o u t . For t h i s  p urpo se  a mode l o f  the  S i mp l ex s u brou t i n e  
was u s ed a nd  t h e  deta i l s  o f  th i s  a re g i ve n  e l s e�here8 ) .

I n  tab l e  1 a re g i ve n  the  be s t  va l u e s  o f  the fi tted pa rameter s ­
- transvers e ( wT0 ) a nd l on g i tu d i n a l  ( wl0 ) o p t i c a l  modes  a n d  the i r d am­
p i ng  factors ( YTo a nd rl0 , re s p ect i ve l y ) .

The qua l i ty o f  t h i s  f i tt i n g  p rocedu re was  c hecked by p l o tt i ng 
together exper i men ta l a n d  t heoret i ca l  c u rves  i n  the s ame fi gure . T h i s 

+ + i s  done  for Elc i n  f i g u re 3 .
I n  f i g u re 4 the  cha nge o f  the  rea l  a n d  i ma g i n a ry p a rts  o f  t he. + .... 

comp l ex d i e l e c tr i c fu n c t i o n  for  Elc . a re g i ve n  



Ta b l e  1 .  O p t i c a l  p a rameter s  u s ed to f i t fa r i n fra red 
refl ect1 v i ty s pec tra  of f l u o rapa t i te .  F req uenc i e s a nd  
damp i ng factors  a re expre s s ed i n  u n i ts of  cm- 1 . 

.... r .. E c £.,. = 7 .  1 

O s c  (l)TO YTQ w LO  Y L O  

I 1 0 3 3 . 78 1 1 3 7 . 4 1 
I I 197 5 . 2 7 207  8 . 66 

I I  I 2 2 6  5 . 3 7 2 39 7 . 2 1 
I V  24 4  8 . 6 3 2 5 4  7 . 98 

V 274  1 6 .  2 297 9 .  1 6
V I 3 1 9  6 .  1 8  3 5 7 3 5 . 1
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F i g . 3 . Fa r i n fra red refl e c t i v i ty 
of f l uorapa t i te . Th e  s o l i d  l i ne 
w a s  c a l cu l a ted  u s i n g  t h e  os c i l l a t­
o r  pa rameters  g i v e n  i n  t a b l e 1 .
T h e  broken  l i ne rep resen ts�the
experi me n ta l res u l t s ,  for  tlc . 

E l  l e  5 . 3 £ = 

(l)TO rTo  w LO  YLO  

96  1 1 . 8 1 00 1 0 .  1 
2 6 4 1 0 . 4 2 7 7  4 1 .  9 
3 00 2 3 . 3 3 62  3 2 . 2
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F i g . 4 .  T h e  rea l 1
1 RE ( E P S ) (-) 11 a n d

1 ma g 1 n a ry 11 I M { E PS ) { - - ) 11 part s
of  the  comp l e x  d i e l ec tr i c f u n c ­
t i on for  Efl .

3 . ANALYS I S  A N D  D I SCUSS I ON OF  R ESU LTS 
U s i ng  the  l i te ra tu re d a ta 4 , 5 ) o ne  wo u l d  e x pect  n i ne a c t i v e

i n frared mode s  for  Po 4
3 i o ns  a t  the  cen tre  of  the  B r i l l ou i n zone .

U n for tu n a te l y  the  comp l e te factor  group  a n a l ys i s  o f  the  r po i n t 
l a t t i ce mode s fo r FAPT i s  n o t  c a l c u l a ted  ye t s o  i t  i s  n o t  p o s s i b l e  
to f i nd o u t  the  exa c t  n umber  o f  e i t her  R aman  o r  i n fra red  a c t i ve  
mode s . 

I n  o u r  c a s e  n i ne o s c i l l a to r s  were o b s e rved - s i x  fo r Elc a n d
t h ree fo r E l  l e ,  I n  a d d i t i o n , a c c o rd i ng to o u r  prev i o u s  repo rt9 ) t here

369 



a re a t  l ea s t- 5 mo re a c t i ve  i n frared modes  i n  t he  i nfra red ra n g e . 
U s i n g  o ur  e xper i ment a l  far  i nfrared  d a ta one cou l d  expect th a t  i o­
n i c r e so nance s  from Ca  a nd F i o n s  wo u l d  be i n  t he  fa r i nfrared  r a n ­
g e . 

I f  we con s i der  t he  way o f  c ha n ge o f  the  o pt i c a l  d i e l e c t r i c 
con s ta n t  i t  i s  p o s s i b l e t o  s ay t h a t  i on i c  force s  a r e  mu c h  greater  
p a ra l l e l to the  c a x i s compared wi t h  perpe n d i c u l a r  to the  c a x i s .  
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