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20 A P S T P A C  T (( u’nhiriue on ravn,e -ur f~ It ,,ru - essarv arid lde nlsh- Ni- b loc k  , , i , r r r t , . r l

A s t udy  of l a t t i c e  d e f e c t  e q u i l i b r i a  in the KC 1:Eu cr y s t a l  K C . O I E C H 9 7 , produced
by the~ Harshaw Chemical Company as part of the AF?rU~ laser window development
pro gram’

~~ has been unde r t aken  us ing op t i ca l  a b s o r p t i o n , e l e c t r o n  spin resonance
and ion ic  conduc~4 v ity .  These t echnL~~ es reveal tha t  the p r e d o m i n a n t  -~pec i t ’  of

S the Eu ion is ELI , in the  f o r m  of Eu -4vacancy complexes at  room t e m per a t u r e .
The u l t r a v i o l e t  abso rp t ion  bands of Eu t h a t  occur at and 330 nm have l,ecn
used to  a I low a n o n — d e s t r u c t i v e  d e t e r m i n a t i o n  I I I  the Eu cont  ent  . The room
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temperature absorption coefficient of the 243 and 330 nm bands have been cali-
brated by polarographic and ionic conductivity , such ~~ at the rela tionsh ip
between the optical absorption coefficient , a, and Eu content is given by:

Mole % Eu~~ 4.3 x 1O~~ ~
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LI S T  OF I L L U S T R A T I O N S

F I G U R E

Op t i c a l  a b s o r p t i o n  d I ~~ r
~ t rum OP KC I :  Eu~~ at r I ( l S  P ~ -m ~~IU  l i t  li rE - .

Spec t rum H is f r o m  t h e  bee 1 sec t  ion and s p e c t r u m  ( ‘ i s  rum
the cone s e c t i o n  of sample KC.01ECU97.

2 C o n c e n t r a t i o n  vs.  c r y s t a l  locat  ion d e t e r m i n e d  us ing  a b s or p t  I i i
and p o l a r g r a ph  ic r e s u l t s , f r o m  r e f .  10. S l e m i  t I c  sd1 - I l u ll s  I t

hee l  and cone sh ow s~imj ) le b c  .i t i oiis  and g r a i n  m ’I l f l ~I ; A r i CS ( S O t  1 S I  
-

F i g .  3 ) .  1 >

3 Sec t  ion j og p l a n  f o r  h l a r s l i a w — g r o w n  i n g o t  EL .01  [C3i 1 i 7 .  ~;c - i F I L I I C u

2 f o r  spe c i f  I c  samp le  loca t ions  in  cone and  h~-t- 1 st - L i o n s  . l i

4 ion i c  C o n d u c t i v i ty  p l o t s  of pu re  K C I  arId K C I : E u  c r v s t  I s  f r o m
the heel and cone st~ct  ions  of I l a r s h a w — g r I r w i l  i n g o t  EL . O I E C U 9 7  .
Sample numbers  f r o m  F i g .  2 . 17

5 A b s o r p t i o n  c o e f fi c i e n t  of the  2 4 3  nm band v e r s I I .s LI )  CI IOI en—

t r a t i o n , as d e t e r m i n e d  by i on ic  c o n d u c t i v i ty .  The s l o pe , de t e r—
mined by least squares curve f i t t i n g ,  is O . 2 Y u ; t I t ~ s l o p e  i n ve r s e
gives proportionality constant in eq.  [ 5 ] .  i s

Same as Fig . I w i t h  a d d i t i o n  of p o i n t s  • , w i t i  cii r t p t  t S C O t  L I I

concentration determined by i on ic  c o n d u c t i v i ty  ( F I L .  5) comp ar ~-~I
to polargrap hic Eu—ion content. j 1 ~

7 Esr spectrum for K C I : E u  powder  a t  room temperature. — I

i i i
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Recen t adv .  n c e s  i n  i n  I r i  r od 1 - i  Sc r t ec_ h n I I  I ogv S i C  0 111-Il .  i n d o d  t l i e -

de v e l o p m e n t  II  a s u i t a b l e  w i n d o w  n i i t e - r i a l  l ou  t h e  h i L l  p u l W i _- i u - ( I  ( N ) ., gas

laser  sy s t em . The w i n d o w  m a t o r  i a l s  u n d e r  ~-ons  i d e r - i t i o n  a r e  p r i m l i r i  I v

a l k a l i h a l i d e s , w i t h  t i l e  most  p r o m i s i n g  o l  t h o ~~o ~~~~~ N O . :  1 , Kl lr , Noli r

and KC 1(1) . These a i ka  i i ha I i  dos i r o  pre ferrod i n  t h a t  L u - - - - h~i ve v e ry

low opt  I cal ab s or p t  ion coo i~ i c i o n  is  r y e  r . i  w i c  p o r t  i o n  ol t l i c -  i n  f r - i  red

s p e c t r u m .  However  t h e y  do h ivo  t h e  d r a w b a c k  t ~~r t  i n  t h e i r  s i n g le-  r r v s t  31

s t a t e  t h e Y  a r e -  q u i t e  w o d ~ . Th i e r o l o r e  i n  o r d o r  t o  use t h e s e -  a l k a l i

h a l i d e s  f o r  w i nd ow  m a t e r i a l s  i t  is i mp o r t a n t . t o  ln c r o . i s e  t h e i r  s t l o n : t l i

w i t h o u t  dec r e -as i ng t h e i r  t r I n sp - I  r on c v  . S 011 1 L I I  t h e -  st  r t -n g t  h en i n g

met h o d s  b e i n g  i n ve s t  i gat e d  ar e  r e - r\ ’ st  i l l  i z . I t i o n , i L l o v i n g  . 1 1 1 1 1  r . k i l . I t  1 011

h a r d e n i n g  ( 1) . In KC 1, one o f  t h e  m a i n  st  ro i l  g t lien I i i  1110 t I r  rd 1-’ 115t uI ill—

volves i i  l o v i n g  it wi t hi europ iulfl (Eu )

in  o rder  f o r  t h e  e l l u l I p  l o I n— d o p e d  E L I  ( E L I  : E u )  f l i t t e r  i a l  t o  he l I r d

in  a l aser  w i n d o w  sy s t e m , e i t h ~~r i n  s i i Ic lr - rv~~t , i 1 l  i n  3 1 1 n 1 V c r \ S 1 , I I  [n o

f o r m , it is i mp o r t a i ~t to  I i , i r . t c t e r i - ~u i t s  l a t t  t I e  J e t  e L t  st O t o  .Iiiu l  1

r e l a t e -  t h e  l a t t i c e  d e t e c t  s t r u ct u r e  te l t h e  opt i c . ~ I p r o [ l e - r t  [ u S  oh 1 1 1 k  111111 —

e r  iii 1 . T h i s  c - h r. i i -  t c - r i  z. It I on sile llil e1 i n c  I u d u  t i l t -  J et  e m  i l l - I t  1 1 1 1  0 t i l e

Eu i m p i r i t v  d i s t  r i  b u t  I on t h r o l i L h o u t  t h e  I -: ~ P 1 I , I he I - I t I I I  01 t h i ~ - u I i i I 00

and s t i L e  01 t i le Lu i m p u r i t y  (olI t elit . These 1 l V : - 1 1 1 1  1 - h i r l  t i l l / I t

gI l .Ils Ir e  t h e -  lI i-~ I s  01 t h u u - i  p r e -si -n t  Is rk  in  k ( I : i - n s i n y I o  u t y s t i l s .

_ _ _ _ _ _ _  - - - —~~~~ _- _ -_ - - —- - - _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- -H- 
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111(1

t , •- omponents 01 til e i t  ~~ 
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c r 1 1 1 O c l u l t  I e) f l , ~ i t  hi t h i o  I r I m u l he I I i i ~ I t  I i i

e n e rgy  ( 0 ) .  I h i d S e ’ h iii ~ls o c c u r  i t  ii I nm .i i i d  - it 1 30  0111. A L v p i  I I

t e mp or ~i t u m e -  l Ih s or p t  i on  s poc  t rum e t I  th e ELI: Lii  i s  i i l i r w i i  I n  I- i g .  I , wl i e- i I

the more j O t  0 1 1 50  • i i r y e  ( Ii) 1 5  I Fc~fl1 1110 [ i c r  I S d i t 1 0 1 1  111 1 t i l e  [ S I r u l i l  C e  ( I )

is I rom t lie c Of le  S e c t  j Oh I.t 1-511 1W EL 1:  I-N t c u t - s t  1 E L . ) ) !  [ 0 ) 1 17 .  [ I c  3 300 A

hand c o ns i s t s  of  t i  S t O i l O S e  i t  r t i c t i i r o  t b _ i t  . 1 1 1  h 1 p a r t  i a  l e - s u I y . - 1  i t

room t e m per a  t t i r e - ;  - I I  l ow t e’liI[l e 151 t t i t e s  I t i s  c omp o s e - eI - , I go i i t  L1 I ) ) ) , * I t )

0 0

and 36-uO A ( 7 )  . The 2400 A band r u i l  on Iv be Fts I v ed  i t  I i. I ompe  C i t  C I I

at  77 ° K i t  cons  ists of f i v e  m d  i v  i d u a  1 p e a k s  a t  ~ 
~~~~~ 

r~~~~~~~) 2 - i l l , 2 , 10 P i l l !

0

2580 A (7). A l  I o P  t h e  s a m p l e s  P r o m  o u r  0 0 1 : 1 - l i  - u v s t i I  sIn s- e -~ i t h o 1) 1 11

1 urn L I le s c e l i t r O l  01 - c 1111 COO I 0 1 1 5 1  i c  r ’ t  Lii 1,) —
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t h a t  i i ~~ ol j h l t e r c i - i t . l r o  I I  1) 11)) ~~~~~ - i l l ) i l l S  ~~i I , 1) A.  1 ) 1  t i l r . e , ( ho

0

ib s o up t  ion  i t  -~~r 5 0  A h a s  b oon  r e p o r t e d  is h -  in c  a bo u t  I is 1 . 1  05 m t  o l i so  I S  t i le -

I ) t h I e r S , whi i he’ t h e  p i - est -n c o  u r [ t h e  ~I h s c r r p t  I t~I I  I l l  1 1 110 \ 50. 111 1 [ l u St  1 rn i h l o .
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0
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- -H- - +-I-+ - +3 - -
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by S t o e be ’ and Sp r y  ( 1 0 )  nid i i i v  c han g e  i n  t u Lu c u l I l t r i l t  (~ 1 3 1111  g e l - I )

WOS S u b  I I  . i n u l  V i  r t n i  1 I v  i l l I c i t  L e O  I il  I e .  [ [ I t  I -  I s~ - I~ - I :  1 1 1 1 1 1 1  5111 :~~t 5  I t l i i l  t 0-

H-f
0 Onc  d l i i r at  i on  r h Lu is •

- I i l i j l  I l - I  I t i l e  t l I  1 1 l . U  c O l l e  c i i  t r at  i Ii  15  i i  i m b 1~
H-

1 1 0  O f) l I l 1 l  I l l h S u n i i h  1 i c l i i  0 l i d  1— d l  t i l e  l i i  ( 2  . .I 11111 tim d 330 on) , I

c a l  ib r a t e d ,  c~ i l l  ~m I I t s  I o r  Ii  n o n — d e s t r u c t  i t - 1 - e ! e t o l O i l j l h l t  [ c m i  i l l  t i l t - [ 1 1  
+ 

i r r i l t u i l l.

St  r n -he  l i t - p d  Sp I -v  ( h O )  c~i I i  h r 1 1 c - c[ t i l e r  pr -ak  ;ihsor [l t i l l - p  00)  I I c  j i l t  i t i l e

I urn b ind ;ig~i i n st  t h e  Eu c o n cen  L u l l  c 1i l  is 3 e t c  Hi j i i e -d [iv t i le  i i i  O V W C  I I

10 I u i r e l g r L I p h l i e - a i ia  vs  i s  ( 1 1 ) .  Th e  2 -)  1 i i i i h~mnd t~ i s  c h r O e l l  r - t h i o r  t I - p a n  I l i e

i) nrn h .mnel , 5 1 0 C C’ t r i l l l l  ( i .  1 , t I m e  2 .  1 11111 h i l i n c l  [i l l s  lo s s  St  r u c  L u r e  i t

room tempo cli  t l i r e’. A l i n e ~i r  r~- [ I I I  I OhlSll i I) W O O  d li) t i  l 110(1 O S I ol  I t~~S

m o l e  2~ Lii = - * . 2  X 10
1 [ 1 ]

wh ert - i 15 t i l e  pe~ik ih scirpt 1011 c e r e l t i c  I en t  of t I l e ’ 2 *  3 11 111 hand I l l  Il l

:it r r r n l t e - i i l p t r i i t u r o.  The re I I t  [ C o  r - l i i i [ r l I r  eson oi pt i c _ i  I ab s or p t  I I ’ l l  1 1 0 1  I t s

~tnd po larograp hi ic a n l  lv s  is us lug e q  ( I~ i s  shiown i i i  F ig .  2 [0 )

[ s i n g  po~u k  ab s o r p ti on  e i o l f i c i e ’li t s  l ine1 p o l i l o ) r : l p h i c  ( h a t - I , S t I r - h I

and Spry ( 1 0)  we’l~c ih I c  t e n  detc -rnli lie t h i c ’ i l l  l~~ [n lur I t y  d i  st  r i h u t  lo l l  i i i  t i l e

edge,  hee l and c e l l o  r e g i o n s  0)  t Ime E L I  :Eu  c rv s t l I K C . 0 I  - ;g[ [0 7 .  [ u -v  b u i l d

++
t h a t  t h i e  Eu ce l l - p l c - l i t  t l l l I r t i g u l  t h e  c u v o t  - P 1 gene  i i i  l v  i H 1 owed tho e \ [ r r l  t ceh

v a r i a t  ions  f r  an i m p u r i t Y  w i t h  i d i s t  r i h u t  [ Oil d~ O 1 t  f i c  m o o t  01 i l - i l  I l i o n

c O l d , e - x ce p t  t o m  t h e  : l i-ic- i n  e l r l c c i l t  r a t  ion ;l, - i r  t h e  S i t r l  b e .  t hie m n  1 1 1 0 1

Ii  co h it e i l t i n  t h e  m e l  t ts’ I S  IOi ) f i l ch i c  p [) 11I I h i s  dor  I u s e d  I 0 I l l e I  I t  r d

O O l i c O f l t  I l l  l ot -p s I n  t h e  c r vs t a  I on I [to I n l e l e l  u t  3 ) 1  1 1 1  he Ph1111 h O O F  P in 1

a nd  I I )  mole ~~~l1l I l I C  th lr lieo 1 , l i-i I~ ! l r ~ W 1l  I l l  h L ~~ . 2 .  l b  h r  l i t  i C r  j i l t  e l l

5 i t  id S  . r J  ah su n r p t  1 1 11111 ~ O F I c  . 1 i 1 so l i i i l O l l  • I l i t -  y j i  I a t  1 1 1 11 0) h- u 
l

celn i ent  P 1 0111 l i c e 1 ( h I )  t o  r ‘O r (0 )

~

- -- - - — —‘_--—-. .— -_ ~_ —-—--- .— -
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1 e ln i c  c o nd u c t  i V i  l v  i s  l i l t [ i o u  t o r h In i u [ u c  I b u s t  l i i . I V  bc i i o o d  t m  1 1 l \ r 1 . t  —

i ga te  l a tt i c ~ - d e t e c t  c e O l  i g ur a t  I c l I lO  and ei i v l i  i c u t  ( i  I r i v i l e n t )  ion  c i l n c c f l —

t rat  ions .  I o u i c  c O l i d U c t  i v i tv  data can t l iu i ~ p r o v  i d e  an o t h e r  011 1 i b r a t i o n

ch eck Ofl t h e  Eu~~~ con t e n t  -

A s i m p l e  t l t t - or v  01 b l u e o O u l d U r t I V i  I v , ‘ b i l i c l i  I S  Ode -u ~ I l _ I t c - f o r  I l I O S I

of our work , has been w e l l  s mmm a r 3 zed b~ L i d  i ar d  ( 1  2 )  ~nid Si i~ u t 1 15 1111(1

l e t  Icres (13) . Tlic mzi in  p o in t  I s t h a t  I lie v :i r [a t  [ el i -p  o f  t h e  c e f f i c e n t  IS t I l l

o f f r e e  cOt ion v I c l i l lc i e s  ~lS a f u n c t i o n  m l  t o m p er l i t u r c  f r l r  ( [o i l ed  I i v s t i i s

e n a b l e -s t h e  ca l e - u l ~i t i o n  o f  t h e  i m p u r i ty  c el nt o l i t .  ( i f  t he  t h r e e  p o s s ib  I c

Spee 1 0 5  of t h e  Eu— i on p r e se nt  i n  KG 1: Eu , on lv I l i e  Eiu ~~~ lun d  tile - Eu~~~~

can be d e te c t e d  by i o n i c  C O h l d U C t i V l t V , 5~~ f l c  0 o n l y  the ’se  two  l oll V i l e l i c e s

+
inc  r e 1 u s e  the  c o nce -u c r a t  ion e li  I roe c a t i o n  v i t c anc  t os . I t Eu is  cu t  r e n —

+
duced Lli t O t i le KG i [Ot t Lee to replace K , li en e x t r a  c - u t  io n  v l u l l l i c V  m s

needed to m a i n t a i n  c h a r g e  n e u t r i l i  t v  and hence Eu~ c a n n o t  be d e t o c  t e d  by

i o n i c  con eluc l iv  i iv . h owever , if Eu~~~ is jot r o d u c o d  [ ( i t ch  t i l e  KG 1

l I l t  1 1 ( 0  t e l rep  111cc K
+ 

I l l  e X  I ra c l i  t 1 011 V ll c illle -V i s  a l s m r  c r c - a t  ed I )  ma i n t o  I l l

c h a rn e - n e t m t r a l i t v , a c c o r d i n g  i i  t h e  e:h~irge  b a l a n c e  Oqibli t i elfl ,

+ - I t
2K ‘ Eu + 1 K 

[ 2 !

where  y
E 

i n d i c a te s  I) c at  ion v l l c l l l l c V .  TI l ls  e x t r a  c at  11 111 vac i l l c v  c a n  C r f l t  r i —

h u t e  to  ion I c cone luc  t i v i  It -  and a I lows d e te c  I ion of  Eu~~~ I enOS . I f  F l u
3

is  m t  roduced i n t o  the  KG 1 t o  r e p  111c c K
+

, 2 ext 151 e O t  Ion Vaeslnc los a r e

a iso cr e a t e d  t o  ma i n ta  in charge  neu t  r a i l  t v , Ic cor d  i ng t O  I lie c l i i go

ba ia uu e o e q u al  ion ,

+ ‘  -1-H-
3K ~- - Eu + [ I I

h ence  t h es e  c x i  1 1  c a L  ion  v m c 1 l h i c  105 c _ i l l  t l S r u c m n l l t l I b t i t I  I I  I r i l  I c  l - l r l I b m i c t —

4—H-
1V i t t  and II I low Jo t ed  [On 0)  t h o  LI I  I OIl

T o n i c  c riidtu c t [v i  t v  is u su a l  lv  p l O t t e  3 ~m s Lii I ( o hm -rn K )  Ve I llilS

For  m ’ O C  p U l ~~ u S 0 .  o n l y  l c u ~ Io n s I a n d  I i ~ i I lie cr u nu!ll c I i v  i t  V g I  n t



-

no~ ct [ r e  c i n l u s i d l e r ed .  in reglerli I the u l i e - i l i r i  1 1 1 1 1  u I  c l i i  i l l  V i -  1 1 1 -  [ e S

is y u v ( l l l o d  u n iv  ht - thIe t i l e - m u  S l i t  i s t u c s  I i  I [ I c -  [ i i  t i e- and  i s  ~ i i i t ~~

p o n e t e n t  r i  i b m  i l l p l u m — L I V  l u r p i l l I  l e v e l .  [ l u r - - i l ’ - p t -  ‘ I  t h e  I n  - F u— . I / I

p lot  L U  rc 1~io n I i s ( I i  /3  + Ii I - t h e i r  Ii i s  t i l e  S c u i u t t k v  o i c t~~ v l i
S iii 5

10010 1 l enn , d i l l [I is t he clicrg y 0 1 not  ~~u i 1  0 1 I I I  c l i i  l i i  t i
il l

[( c o l o n  i i  is k n o t s ~is t ile e x t r i n s i c  re - t i - li l i d  i t  W h e re- t ic-  c O f l C c 1 1

t I l l j I l l  c l i  cot  ioii V I e  I nc  105 i S  e U d  I t o  l it  0 - 110011 t r o t  io u h i  d i v ~i [ t i l l

im p u r  i t  ( O s ;  t i m e  ~ opo  in t h is m e g  ion i s  Ii F l u e  t e - m p e r 1 u  t mire-  i t
iii

whi ie i h r e g i o n s  I omi t [ 1  l n t e r s e c t  i s  known os t i l e  k n e e  t e m l n c r i l u u i  - - u n c i

~i t  t h i s  p o i n t  t i t e  c o n c en t r a t i o n  _ u )  i n t r i n s i c  cat  [on  Vac l i lc i e s  eIj L i O I S

t he  c o n d e n t r i t  ion 0)  e X t  rj n sj c  V i S n i c  [ m s  ( d en i S e -nt m i t  1cm d l  diva e i l t

i m p u r i t i e s ) .  ‘ l l i i i s  t i l e  de t e m n i t n a t i u rn 0)  t i c s l i C e  t u i u [ u c r i l  ii and  l [ l e

s lo [le- S 1 I~ r eg ions  I and I I  Ill l ows t i n -  d l  i cu  lil t l Oll II t h e  d I T h e d U t  I I I  t i l l

of d i v a  l e n t  i l l ipur  i t  ie -s p r e s e n t .

[ - i c c I r o n  sp i l l  reson lne - o (e s r )  i i i  L i  i s  b um- t r r  i nn e r  s l u r  11 ( - d i

e l e c t  runs  and s [ l o m u  Id  n u t  he m l  I u e -n c e d  to va led fl do O t l i l h i u l e s  I n c h  i r u v m l l v r

o u ter  s h e l l  (3d , O s)  C l ee lt r e l hi s .  E sr  m ill be m u s e d  t i  de’t e l n i l n c  Eui— l o l l

d i V  i r lnnlen ts , h owever  , eSpeC i i i  lv  I IS  r e l i i t e[ 1(1  th u e p r o s e - n c  c r 1 I Lu v ic~in c  t-

pa irs ( 2 , 3) . h e n c e  , c-s r  i s  one of the  g u i  ic i 
~~~~ 

ne t h m l d s  u sed  t m  101110 11—

-it r~l te  t ha t  Eu pa i r e d  w i t h  ou i c  V l i d l h i l d v  u s  t u e  p r e e t i r m i n i l t  etc I r i

p r e s e n t a t  room t e n ip er a  l u r e  in KG I : F l u .  

I~~t~~~e~~ 5~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~ 
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Fl ue [A I :Eu  c ry s t a l s  m i sc- ui i ll t h i s  St ic ; I re  i~~ - i ronu K C I : [ ; i  i n g o t

Ko o l E C I h 9 7  ( 1 1 ) ) ,  - i  1 7 — i n - h r  d i i m m - i e -r  hi -  7 — j u n - l i  h i g h  S l l i l ) e  i l V u i t i l  i r o W n

by t h e  I i l i - s i i utc El ie - m i c u  I u r i u j r h l i V  f u r  t h e  A V b N _ l u  o i l  -r c d  i l I u ; e r  s i o i [

[ e t c  1 -p in e-n t ; l u - ~ rg r iufl . ) h l m  — i r u  t i o n i  Ug  p l a n  - or t h i s  i u l g o t  i s  sh vii I l l

E l  e~ . 3. t h e  KG 1: Eu san p [c -5  i e  r r  L r k c - I  I ron l o c u t  I omu s -oiiown I ll O u l l

d e t a i l in  F i g .  2 ;  samp les f r 1 rn ~ t b ~ h e e l  (last part to s o l i d i t y )  o ur -

S l i r lWll  i l l  F i g .  2 ~ I C ) )  , os [ 2  1113 [ i -  • t o i  b e u- uiil [) l e u ~ I molt t iir r i l e  sOd  i on

( f i r s t  p a r t  t e l  so l i d i f y )  ore S [ i u Wil  i n  t - i g .  2 as i~~~ b U d  L -~ . u \ 1 s u

ava i l a b l e  were seve ra l Ha rsilaw— i rowhi Liuic t u p c - d  Ki I ~ i h g  [~ - c r v s  i - u s.

The t e - d i m i ques  u s O d  1(1 u l l O st  i g o te  I n c  c r - - s t  i t s  d o i l S I S l e d  u I

c u p  t i cs  1 1 b s o r pt  [ u ~~~, e l ec t  roi l p i r a n l a g n e  t i c  m r -s n~~n~~ ilnet  i on  i d d u u l l ( I  l id  I —

i v i t v .  Polar m r g r i [ d l i i c  m u  h -s i s  ol  t h e  t e l — l u l l  d e l l i t e i l t  1,015 m r b L u i n e d  b

l e u i i c ’ t u l l . I n c .  ( 1 1 )  on s lrii p los imni od ia te - I v  Id i d e i l t i -  t h o s e - used f o r

t i l e  c u r r e n t  s- rrk. The p o 1 i r ~~g r i p h i c  l n i i v s i s  r e s u l t s  f o r  hi- c- i  f u n d  d u l l i l

sc ans  l l o l l g  w i t h  t h e  e a r l i e r  o p t i c a l  i b s o r p t  [on  de t e r m i n a t i o n s  elI E n — i o n

c o n t e n t  have been shown in F i g .  2 .

The samp les  used f o r  o p t i c a l  lu b s o r p  L i  rn  m e a s i l r e n h c - l l t s  w e re  c I e l v e - ~I 1 1

l u  LcNlirSses 5 mm and I miii. Samp les w e r e  used in t l io  u n p o l i sh ed con d 1 1 1 0 1 1 ;

[howeve r , ca re was t a k e n  so t h a t  t h e  p a r t  of t h e  c r v s t i u i IU 1) 10 1)011111 dOl1

t a m ed no c l e l i v i g e  s t e p s .  Seine of  t i le  c r y s t  u s  t h a t  l , cr e  used in  t h e

u n p o l i s h e d  c o n d i t i o n  were Ilseu m e c h a u u i c a i l v  p o l i s h e d  i c  ~~fl O pt  i d I l  I i n ish

hus iug 0 .0  ~m u u l u m i n a  p c i  i s [u i u l g  pow eier  and d l l i lp i lred t b  m d a s l l r e u n e l l t  5 mache

iii t i m e  unpeb i ished cOlIc1  i t  i o n ;  no cli I I  e r c l u c e s  we r e  r[rse u t e r i  A l l  op t  i d a  I

abs orp  t i o n  measurements wore made on a L u  i v —  I s pec  t r o p i l u t  li l t cr  - i t  reb orn

t e mp e -r a t c i r e  amid tile e lp t i c u u l ah s o r p t i o u u  d I re ! I i c i c r n t  Is IS  c I l d m m l i t e ( 1  t r r n r n

-h-
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_ _ _ _ _ _ _  --

t he  optical density amid t u e  th ickness m u )  t h e  cmvsL ~il . The i - f )  c - c t  o f

re f lec tance  in KC 1 is a p p r o x i m a t e l y  3 • 5 u  and tiucrefore can be negle cted;

thus , - l can be d l  i o u  l~~tei d I ron t h e  peak  ~ b s u r p t  ion c l u e - I  ~ ic  l e n t  ( l 4 . u s i n g

the relation :

— 
1 .lO 3 (O.D.

— 
t [ ‘ + 1

Here t is t h e  samp ~c t h i c k ne s s  and 0.1). represe-ilt s the op t  l e a  I d e u i ~ i t v  - I

the sample .  O p t i c u l  a b s o r p t i o n  m easu remen t s  were a l so  made on a f e w  01

the  Har s ha w—gr own  undoped  Ed s ingle  c r y s t l b i s  f o r  c o m p a r a t i v e  purposes .

Ionic c o n d u c t i v i ty  measurements  were m a d e - u s i n g  an A . C .  m e t h o d  at

1592 Hz us ing  a Wa n e — K e r r  Un ive r sa l  B r i d g e  w h i c h  i i u e a s i b r c c :  b oth c o n d u u c  l ance

and capac i t ance  of the  samp le. C o n d u c t i v i t y  va lues  we-re  d e t e r m i n e  by

m u l t i p ly ing  the measured conduc tance  by L/A , w h e r e  L is  t he  l e n g t h  ob t i l l S

samp le and A IS the  cross s ec t iona l  area of the sample. Fiic c r y s t a l  was

coated w i t h  a col lo idal  g r a p h i t e  and then  moun ted  he-tuo e - c-ui Lw i l i c n c - l

e l ec t rodes  in the  c o n d u c t i v i t y  ~i g . (i 5) . The c on d u c t i v i t ’  ~ig was p la c ed

inside a h o r i z o n t a l  Vycor  tube  which  was he- ; i ted  by a M a r sh a l l  f u r s - i c e .

The f u r n a c e  t empera ture  of the  c r y s t a l  was m cbs urcu [ by means of a c h r o m e - I —

alunuel thermocouple  placed next  to the  c r v ; i a l  and connec ted  to ii i i c i t i !

volt  m e t e r .  Be fo re  making  the c o n d u c t i v i t y  m e a s u r e m e n t s , t h e  c r t - st ~u I s  weme-

annealed fo r  1 h r .  at 420 °C to  a l low f o r  sample l  e q u i l i b r i u m . D u r i n g  t h e

annea l ing  t r e a t m e n t  and the  c o n d u c t i v i t y  me i s u r e m e i l t s  t h e  f u r n a c e  was

c o n t i n u a l l y  f l u s h e d  w i t h  dry  h e l i u m  gas.  The c o n d u c t i v i ty  m e a s u r em e n t s

were made in equilibrium on heating f m o m  ~20 °C t o 750 °C a t  25°C intervals.

The electron spin resonance (esr) wenrk done was qualitative in nature.

The c-sr mearsurements were made at room t e m p e ra t u r e  ~r t  X—hand using a

V a r i a n  V — 4 5 0 2 — E P R  spc- - :trometi- r with 100 K ( f i e l d  m o d u l a t i o n . For t hus single

crystals the spectra were recorded with the ~i1 1r l jed magnetic ) b i d  a I i n n g  the

<1 10 - d i r e c t i o n s .  S p e c t r a  f r o m  a KC 1: Eu c ry s t a l  t h a t  had [ b e e n  c ru shed  and

g r o un d  t u r  a f i ne  powder  ( - 1 00mm) we is-  II i s )  rec r rm i  c u b  :11 rmroni I e -mp c-r m t nrc- 

~~~~~~~~~~~~~~~~~
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I o n i c  r - o m du e  t l v i  t v p l o t s  r f  the  KC 1: Eu cu t s t o  Is f rom sa mp 1 es l i d

(2 and L .  a r e- sa wn i i i  F i g .  ~ i~iuc - r u- t h e  i n t r i n s i c -  s l o pe  is d e t e h l u i i h l e -d I

t i  ~i t  o f t h e  I i  r sj i w c r y s t a ls .  The s l ope  :n reg ion  11 , II , i s  0 . 8 1 5 - V  I ron

cmVst i i  Cd ( l ~ u )  . T h u i . —i v a l u e -  seems b i ~~ l i compared  t o  i-ionic re c e n t  wc ii k (I 7~~1n )

h m u t  o g r e - c-s t c i r l v  y c - I l  w i t h  e a r l i e r  s t u d i e s  ( 2 0 — 2 2 ) .  From t h e  S l o p e  of -

r e g i o u u  1 and t h i s  v a l u e  12 ii , Ii t, i s  I I  c L I I I i i l ~~~(t  2 .  ~ eV. i l l S  l c t i-i
111 5

well w i t h  r e c e n t  w o r k .  U s i n g  t h u s v a l u e  and t h e -  E n c e -  t e i l bp e r l l t u r e - S , i b m

Eu comutent of these  KC 1: Eu c ry s t a l s  was t h e n  che t c - rmi u lc ’ e I .

- -f-I- - - - - - + 1Ass ignmen t  of a Eu c o n t e n t  I ron t h e above- u s  va I u d  o n l y  i t  1- p c i  L mi

contributes t o  the i o n i c  c o n d u c t i v i ty  da ta . Ag~ I in thue opt  i c o l  u i h s r r p i  i on

bands a t  5790 , 5260 , 4650 and 5960 A were checked f o r  i: i i
+3 .m h l i l r r ) t  i l l l S .

As w i t h  t h e  w m i r k  of S toebe  and Spry  (10)  , non e were  e b s c - r v e d .

The o p t i c a l  a b s o r p t i o n  c o e f f i c i e n t s  at rcrehn l tern p e rat m ur r - m r f r u t h  t I n -

243 ~und 330nm band were c a l c u l a t e d  fe - p r the  KC 1: E cu c m v l - i t I is Nd , U .  • Gd a b i m b  1 4 .

The o p t i c a l  a b sor p t  ion c o e f f i c i e n t  c - p t  t he  2 4 3  ium h a n d  is c a l i b r a t e d  a g i  i n s t

-f-f - . - - -th e Eu e - m l m l t e n t  d e t e r m i n e d  by i o n i c  c o n d u c t  m v i t v  u s i n g  a h e i s t  s q c m u l m c -s

a n a l y s i s , as showm i in  Fi g. 5. Thue r e s u l t  i n d i c a t e s  1 l i l l e - i r  S I l t  i r : u s l i i p

b e t w e e n  thlese- Lwo measurements suclu that:

- -4  -mole -  r Eu = - c .  I x I C

T h i s  resu  It  a g r e e - s  w e l l  w i  t h u  t h e  work  of SI  r e -he  am uel  S p r y  ( 1 0 )  and i s

p r o b a b i t -  l i on -  u m e l c u r m t r - t h a n  t h e i r  v a l u e .  T h i s  h r -s h i l l  mmiv - i  I s r r  i> ~ l u u i i u i l i h t Sd

t e l t h u-  ~~il I - u  r r r i ~ r ap h - p i c ;mna I t - s i  S mn t li e I d  a c e l l i  s um p I nn-i  as in i l g .  h - l i e

c o m p l i r  isohl a gr e e s  te l w i t  hi i n  i t )  I l l  t h r e - e u r [  t b - p c -  l u  a i i r n s  h u m )  c i t - i -s

i t  t i l e  t o t i r t h i  ( S a m p l e - i i  I .  l i i i -  r e - a n n u l s  I or t h i s  u l  i s -  i e [ b l i l r v ~u i ~ t l i i  c I l a i

I I  t i l e  [ l i  i i  I m h s u i r h )  t I on m r - I  t I c  I r n t  r u t  t l i t  1 h O ~u m b u n c h  i s

_ ri l_
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ca l i b r a t e d  a g a in s t  l - u ~~ c on t e iu t  d e t e - n lI i l i u t - u i  [my m l i i i  c oii duct ivil -
- , - i

linear relationsh i p exists as oliows:

H
mole  % Eu 4.5 x 10 i u ]

This compares w e l l  w i t h  the  c a l i b r a t io n  ol  t I l e S 2 --u i mli i i  h u i u u ~l i~~ c u  I i  i n  u - n ; .

The r e s u l t  in c m ; .  [ 3 ]  may a l s o  conup an e -  L u -  t i l e  r e - s u i t s  r i  S i l l  c - I  i .  ( 2 1 ) ,

-i -f
WulO u sed ~l L i u i I I i d  . i h s o m p t  i - l i  s [ lc t r e m s m m py  t o  I~l c i s t u i c t O t  b~ti u u i i p l m r  i l v

c c n t e u it .  C o m p a r e d  t o  t h e  opt i c _ u i  i l b o o r h u t l e r n  c u e - i l  i d i c O i d  ma t h e -  1- I urn

buum ud , Sill e t  ii. cu b t i i i u ed a p r e u p o r ~ i m r i u a l i l v  t u u c t i- H i - i t  w u s  8 I U I j . u r th ~ m :

that i t t  e l I .  [5 1. T h i s  may i n d i c a t e  t h e  p r e s e n c e -  u f  ~t eI c l b t  i e r n m l  l - u u  i n

their  c r v s t ~u l s , 01 ese-iul e it h er as Eu
+ 

mm in i sl a t e  u i  a g g I o n l e r ~u t  i on ,

n e i t h e r  of w h i c h  weiu le h be measured  u s i n g  io n i c  c o n d u c t i v i t y .  [ w e -ts r ,

this disc mo- p oncv iS  no t  seen in the pol~mn ogm p lu ~ aiu~ u ly s i  S I ou r  s ou p  h o ,

l imIted  ubove  . C a u s e s  f o r  thu  is d i s c  r e p h u l m v - i r e - be - i tu g I liv e s t I g i l  e l  u i r t  l i e  r

us i~ug the  O t i l e  r lo t  t i c e  d e f e c t  m m l v c s  t i go I ly e  t cc l i i i  i i l u u e ~S . -

h u e -  esr spec t rum when t h e  m a g n e t  i m ~ f i e l d  i s  u l e r m u g  - 100 - i s  q u i t e -

complex and a t  melon tenglerature c o n s i s t e d  c i i  168 l I n e s .  (cu lll [n ir I ll . t h e -

t e m p e r a t u r e  spec t r a  t i  t h o s e  in t h e  l i t e r a t u r e  ( i , 1 , 3- j ) , w h e r e -  s l iii I l u  I

spect ra were- s tud  bed in terms of a ca t ion  v;lc incv a t  a n e a r e s t  l i e  I I I i i b ’~
4-f -

S to  n ex t  t u - t lie Eu t o n , suggests that at room tempe r-it lure - t l ie-  h i m  l i i

- - ++
is  indeed t i u  t h e  t o r n  ci Eu — vu 1 c~i l id -v  d t p r i  i cs .

The esr  sp e c t  rum of  t h e  K C I : E u  powder  a t  roc im t eni p e ’ r u u t u r e  l s T h r~~ii

in Fi g.  7 . l’lme p owder  spec t r u m  shows u m u c h  r c c h c i c e e h  n u m n m h e m  I I i  n u s  i5 u t i p . i  I t

to  t i l e  s i n g l e  C h t O - , t i i l  5 g m - m t  h i ;  t h i s  is d I ~I h u c - m t e c h  he c i u b o c - in  t i l e  I n w i e  I l u -

spee - t r u  i s  a sump erpos i i  i i i  if  1 l i r g c - iu c u u i i h e m  i t  spe’ t  iou re sci l t i i i . ~ I m u m

- i l l  n i r s s jb l e  m l m i e n t u t i rma -i 11 t h i  a pp  I ie ml m i g u e l  Ic l i t  Id v i  thu u i-i is m t  t i m e

c r y — i t i i .  S i n ce t h e  p o wd et  i s  r - e u n m p m n s e d  ~I a l i l y  m i n d e m i i v  i i i  i l _ i _ i  u i - I t ’  - t m  I s .

t I l e  t i n t i l  spec - tr t m ru i i i  h i i e h m - p e n e l e i i t  ma I h i m - c l i  l O c t  i n n  r u t  t h l e  i -i l m l  [ t i c i d .

[ h u l l -  - I n n -  - i u l g i u  I - i t  1 c i i i  ci rm b ps I I I  i i i  I lie h i s u l  r i  5 i f l~~ I e - .



The observed pow der spect r unt con ta ins  12 1 h i e~~~. l i r e ~~~ r ’ I i i i o s  ar t-

probably due to  the huyperfine sp liLt hug of Eu l o u  i su L op e s  Eu ’ ~~ n i l  Eu 1

each with spin (1) equa l to 5/2. Further work is needed to dc-Le rmine t h e

poten t i a l  USe of powder esr spectra i n  d e f e c t  s t u d i e s  i n  KCI:Eu.

— 1 0 -  
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S E C T I O N  V

CONCLL ~S I ON~

The 2 43  and 330 urn absd r p t  iemn bands  ii M C I  : him , whie-n ii I i  h r u i t ~ -d

by p o [ u m r o g r a p h i c  a n a l y s i s  and  i o n i c - co nd u c t  l v i  t - ~ d a t i , r u i n  y ie l d

n o n — d e s t r u c t i v e  d e t e r m i n a t i o n  of Eu~~~ c o n t e - i u t  i n  KC 1: Eu laser w i n d o w

materials. The concentration of Eu~
3 

is neg l i g i b i e  when compared  to  th l e

total Eu concentration in th~ KC1:Eu samples studied . The results

also ind ica te  t h a t  at room temperature the Eu~~ is in the form of

Eu~~ —vacancy dipoles .

The d iscrepancy between the Eu con ten t  de te rmined  by po la ro-

graphic analys is, by atomic absorption and by ionic c o n d u c t i v i t y

may he due to cation vacancies that are t r ap p e d  by some type em1

complex tha t  would  not  a l low d e t e c t i o n  by i o n i c  c o n d u c t i v i ty , or

by the presence oi some of t he  Eu in the  fo rm of Eu + i ons . These

possibi l i t ies  are being inves t iga ted  f u r t h e r .

— I I —  
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