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ABSTRACT 

The p r e p a r a t i o n ,  t h e  t h e r m a l  s t a b i l i t y  and t h e  x - r a y  d i f f r a c t l o ~  

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

w i t h  1 , 1 0 - p h e n a n t h r o l i n e  have  b e e n  r e p o r t e d .  

INTRODUCTION 

The c o m p l e x e s  fo rmed  by 1 ,10  - p h e n a n t h r o l l n e  and 2 , 2 '  b l p y r l d y l  

w i t h  t h e  n i t r a t e s  and t h e  s u l f a t e s  o f  t h e  l a n t h a n i d e s  a r e  known (1,  2 ,  3) 

b u t  no i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  r . e . e  c h l o r i d e  c o m p l e x e s  fo rmed  w i t h  

l ,  l O - p h e n a n t h r o l i n e  ( p h e n ) ,  e x c e p t  t h a t  r e p o r t e d  by R u s s i a n  w o r k e r s  (1,  2,  3) 

on t h e  non f o r m a t i o n  of  s u c h  c o m p l e x e s  w i t h  r . e . e  c h l o r i d e s .  The p r e s c m t  

p a p e r  d e a l s  w i t h  s u c h  c o m p l e x e s .  The r . e . e  c h l o r l d e s  r e a c t  w i t h  p h e n .  t o  Qive  

t h e  a n h y d r o u s  c o m p l e x e s  MC13.2 phen ,  where  M s t a n d s  f o r  Lanthanum, Europlump 

G a d o l l n l u m  and Y t t e r b i u m .  

EXPERIMENTAL 

BIs  ( p h e n a n t h r o l i n e )  Lanthanum t r i c h l o r l d e .  

1 .54  g of  p h e n . ,  d i s s o l v e d  i n  5 ml of  a l c o h o l ,  was added  t o  1 g 

of  LaC13.6 H20 i n  20 ml o f  a l c o h o l .  A f t e r  a b o u t  5 m i n u t e s ,  a w h i t e  m t c r o c r y a -  

t a l l i n e  p r e c i p i t a t e  began  t o  s e p a r a t e  and t h e  s o l u t i o n  was k e p t  f o r  2 - 3 

h r s .  f o r  c o m p l e t e  p r e c i p i t a t i o n .  The p r o d u c t  was f i l t e r e d  o f f  by s u c t i o n ,  

washed w i t h  a l c o h o l  and d r i e d  i n  an oven a t  80 - 90°C. 
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B l s  ( p h e n a n t h r o l t n e )  Europium c h l o r i d e .  

2 . 3  g of  Eu203 w•s  e v • p o r • t e d  t o  n e a r  d r y n e s s  w i t h a l  ml o f  

12 M HC1 few t i m e s ,  and t h e n  t h e  r e s u l t i n g  c h l o r i d e  was d i s s o l v e d  i n  10 ml 

o f  80 - 90 ~ • l c o h o l .  To t h i s  • l c o h o l i c  s o l u t i o n ,  was added  4 . 7  g o f  phen .  

d i s s o l v e d  i n  5 ml o f  a l c o h o l .  Soca • f t e r  m i x i n g  and • l i t t l e  h i t  o f  s t i r r i n g  

• s l i g h t l y  p4nk4sh  w h i t e  s o l i d  compound EuC13. 2 p h e n . ,  was o b t a i n e d .  The 

p r o d u c t  was f i l t e r e d  o f f ,  washed  w l t h  • l c o h o l  and d r i e d  i n  an oven a t  8 0 -  

90°C. 

B i s  ( p h e n a n t h r o l i u e )  G a d o l Z n i u m c h l o r i d e .  

I t  was p r e p a r e d  i n  • s ~ z i l • r  way a s  LaCI 3.  2 p h e n ,  s t a r t i n g  w i t h  

1 g o f  g • d o l i n i u m  t r i c h l o r i d e  and s t o i c h i o m e t r i c  amount o f  phen .  

B l s  ( p h e n a n t h r o l i n e )  ¥ t . t e rb lum c h l o r i d e .  

I t  was p r e p a r e d  i n  a s i m i l a r  way • s  EuC13, 

Yb203 • 

2 p h e n ,  s t a r t i n g  w i t h  

C h l o r i d e  and p h e n .  a n a l T s i s .  

The c h l o r i d e  was  d e t e r m i n e d  p o t e n t t o m e t r t c • l l y  u s i n g  Ag e l e c t r o d e  

• f t e r  t h e  d i s s o l u t i o n  o f  t h e  s amp le  i n  d i l u t e  HNO 3. 

Phen .  was a n a l y s e d  a c l d i m e t r i c a l l y  a f t e r  d i s s o l v i n g  t h e  s ample  

i n  an e x c e s s  HNO 3. By t l t r • t i n g  i t  w i t h  s o d a ,  t h e  f i r s t  e q u i v a l e n t  p o i n t  gave  

t h e  amount o f  e x c e s s  a c i d  and t h e  s e c o n d  e q u t v • l e n t  p o i n t  c o r r e s p o n d e d  t o  

t h e  n e u t r • l l z a t t o n  o f  o r t h o p h e n a n t h r o n t l i c  a c i d .  

T h e r m o g r • v i m e t r i c  a n a l y s i s .  

The t h e r m a l  p r o p e r t i e s  o f  t h e s e  c o m p l e x e s  were  s t u d i e d  u s i n g  a 

M e t t l e r  r e c o r d i n g  t h e r m o a n a l y z e r  o f  p r e c i s i o n  ~ 0 .05  mg. I t  c o n t i n u o u s l y  r e -  

c o r d s  t h e  c h a n g e s  i n  w e i g h t  and s i m u l t a n e o u s l y  e n t h • l p l c  e f f e c t s  o f  a s u b s -  

t a n c e  i n  r e l a t i o n  t o  t e m p e r a t u r e s  up t o  1600 °C. The r e s u l t s  • r e  f e d  t o  a 12 

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

TGA d i • g r a m  (1 s c a l e  d t v  = 1 mg),  t h e  exp an d ed  TGA d i a g r a m  ( i  s c a l e  d i v  

0 . 1  mg) and DTA c u r v e .  The s t a n d a r d  u s e d  was A1203, w h i ch ,  l i k e  t h e  t e s t  s p e -  

c imen ,  was p u t  i n  a p l a t l n u m  c r u c i b l e  ; 100 mg o f  m a t e r l a l  was u s e d .  The 

h e a t i n g  was a t  t h e  r a t e  o f  10 d e g / m t n o ,  and was c o n t i n u e d  u n t i l  d e c o m p o s i -  

t i o n  was c o m p l e t e ,  l e a v i n g  t h e  n e t a l  o x l d e  M203 as  t h e  f i n a l  p r o d u c t .  The 
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m e t a l  c o n t e n t  i n  t h e  c o m p l e x e s  was c a l c u l a t e d  f r o m  t h e  a b o v e  known w e t f h t  o f  

"~o 3 

X - r a ~  m e a s u r e m e n t s .  

X - r a y  d i f f r a c t i o n m s u r e m e n t s  w e r e ~ a d e  u s i n g  a wide  r a n g e  g o n t o -  

m e t e r  Model  PW/1050/25  i n  c o ~ l t m c t t u n w i t h p h l l t p s M o d e l  P 1 ~ - 1 3 2 0 x - r a y u n i t .  

The  d l f f r a c t r o m e t r i c  s p e c t r a  w e r e  a l l  t a k e n  w i t h  C u K  r m d i a t i o n  f i l t e r e d  

t h r o u g h  n i c k e l  f o i l .  

RESULTS AND DISCUSSIOW 

The a n a l y s e s  o f  t h e  c h l o r i d e ,  t h e  p h e n .  Imd t h e  m e t a l  a r e  s m -  

r i s e d  I n  T a b l e  I .  

TABLE I .  A n m l y t i e a l  R e s u l t s  o f  t h e  ComplemeSo 

o f  m o l s . / n o l ,  o f  comp lex  ~ m e t a l  compound 
p h e a .  c h l o r i d e  f o u n d  c a l c u l a t e d  

LaC13.2 phen. 1.95 2.94 23.06 22.94 

EuC13.2 phea, 1.86 2.85 24.48 24.57 

GdC13.2 phen. 1.97 2.89 25.05 25.1"/ 

YbC13 . 2 phen. 1.95 3.02 27.28 27.05 

The t h e ~ a v i m e t r i c  and  d i f f e r e n t i a l  h e l t t , I  c u r v e s  f o ~  c o l -  

p l e x e s  o f  t h e  r . e . e  c h l o r i d e s  w i t h  1 , 1 0  p h e n .  a r e  shown I n  F2E.  1.  F o r  t h e  

s a k e  o f  c l a r i t y  o n l y  one  DTA c u r v e  i s  shown i n  F I S .  1 ,  a s  t h e  o t h e r  

c u r v e s  a r e  s l | L t l a r  e x c e p t  t h e  s h i f t  i n  p e a k  p o s l t i c s s .  Theme c o I p l e x e s  do  

n o t  c o n t a 2 n  w a t e r  o f  c r y s t a l l i s a t t o n ,  a s  t h e  t h e z l m ~ r a v 2 m e t r i c  a n a l y s e s  

c o n ~ t r l l e d .  However ,  t h e s e  c o m p l e x e s  a r e  l i t t l e  b i t  h y g r o s c o p i c p  t h e y  a b s o r b  

m o i s t u r e  f r o m  a t m o s p h e r e  v a r y i n g  f r o m  1 t o  S ~ .  T h e r m o g r a v i m e t r i c  e x a m i n a -  

t i o n  o f  t h e s e  c o m p l e x e s  shows t h a t  t h e  d e c o m p o s i t i o n  s t a r t s  a t  a r o u a d  200°C,  

b u t  up  t o  (350  - 400°C) p h e n a n t h r o l i n e  i s  r e l e a s e d  v e r y  s l o w l y  end  l a t t e r  

more  r a p i d l y ,  a s  shown by  t h e  s t e e p  s l o p e  o f  t h e  d t f f e r e a t i a l  c u r v e  end  t h e  

more  r a p i d  l o s s  i n  w e i g h t .  A t  400°C and  a b o v e ,  t h e  e m d o t h e r l 2 c  e f f e c t s  due  

t o  t h e  l i b e r a t i o n  o f  p h e n .  and  t h e  i n s t a n t a n e o u s  exother lL~C e f f e c t s  due  t o  

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

and  t h e i r  i n t e r p r e t a t i o n  i s  n o t  p o s s i b l e .  On s u b s e q u e n t  h e a t 2 n g  t h e  c h a n g e  

i n  w e i g h t  on t h e  t h e ~ r a v t s m t r i c  c u r v e s  c o r r e s p o n d  t o  t h e  d e c o m p o s i t i o n  o f  
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?).DTA c u r v e  for Eu Cll:-2phen 

t h e  c h l o r i d e s  t o  o x y - c h l o r l d e s  e x c e p t  i n  t h e  c a s e  o f  YbC13.2 ])hen. The f u r t h e r  

d e c o m p o s i t i o n  l e a d s  t o  t h e  f o r m a t t o u  o f  t h e  r . e . e  o x i d e s  04203) ; t h i s  a g r e e s  

w i t h  t h e  p u b l i s h e d  r e s u l t s  (4j 5 ) . H o w e v e r ,  w i t h i n  t h e  s e n s i t i v i t y  r e g i o n  

u s e d  on our DTA, t h l s  e f f e c t  i s  n o t  r e f l e c t e d  on t h e  form o f  t h e  d i f f e r e n -  

t i a l  c u r v e .  In  g e h e r a l ,  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e s e  c o m p l e x e s  a g r e e s  

r a t h e r  w e l l  w i t h  t h a t  o f  c o m p l e x e s  o f  r . e . e ,  n i t r a t e s  w l t h  1 , 1 0  p h o u a n t h r o -  

l i n e  ( 6 ) .  The t h e r m o g r a v t m e t r t c  r e s u l t s  showlng  t h e  l o s s  i n  w e i g h t  d u r i n g  

o x y c h l o r l d e  f o r m a t i o n  and t h e  t o t a l  l o s s  i n  w e i g h t  d u r ~  t h e  f o r m a t l o u  o f  

M203 a r e  s u ~ m r t s e d  i n  T a b l e  I I .  

The t n t e r p l a n a r  s p a c i n g  d and t h e  o b s e r v e d  r o l s t l v o  | J a t ~ f t l e m .  

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

of  o r t h o p h o u a n t h r o l t n e  o b t a i n e d  i n  t h i s  way a g r e e d  w e l l  w i t h  t h e  d a t a  o~ASTt4 

powder d i f f r a c t i o n  f i l e  ( 7 ) .  
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TABLE I I .  T h e r m o g r a v l n e t r l c  R e s u l t s .  

T o t a l  l o s s  i n  w t .  I n  ~ .  t e l p e r a t u r e  / n  °C a t  

compound o b s e r v e d  c a l c u l a t e d  w h i c h  t h e s e  compounds  
w e r e  o b t a i n e d  

LaOCI 7 1 . 0  7 1 . 7  1000 

La203 76.3 7 6 . 4  1600 

EuOCI 77.5 78.1 700 

Eu203 83.4 83.3 1470 - 1600 

GdOC1 67.0 66.4 1170 

Gd203 7 0 . 9  7 0 . 8  1300 

Yb203 6 4 . 6  6 4 . 9  1350 

W i t h  o n l y  15 l i n e s  o r  s o ,  a l l  a t  v e r y  low a R g I e s ,  I t  l s  v e r y  

d i f f i c u l t  t o  d raw c o n c l u s i o n  r e g a r d i n g  t h e  c r y s t a l  s y R e t r y  and  c o n s e q u e n -  

t l y  t h e  l a t t i c e  p a r m t e r s .  We o b t a i n e d  many p o e d e r  l ~ a t t e r n s  a l s o  on  t h e s e  

c o m p l e x e s  bu tnone  o f  t hem show more  t h a n  15 - 20  l i n e s  a l l  a t  v e r y  low a n g l e s .  

Under these clrctuastances nothing definite can be sald reEardlng the crystal 

structure. 

TABLE III. Diffraction Data. 

LAC13.2 phen. EuCI3.2 phen. 

d (A °) I (obs) d (A ° ) I (obs) 

8 . 6 7  100 1 2 . 4 8  21 

7.93 58 8.93 68 

6 . 5 3  I 0 0  8 . 0 4  12 

5.90 47 6.51 100 

4 . 8 7  39 5 . 8 1  28  

4 . 6 2  49 4 . 5 8  29 

4 . 4 6  29 4 , 3 9  50 

4 . 2 1  29 4 , 2 7  20  

3 . 9 8  45 4 , 0 5  20 

3.71 26 3 .80  20 

3 . 3 0  50 3 . 6 2  18 

3 . 1 4  41 3 . 5 6  19 

2.81 30 3.51 30 

2.66 28 3.45 18 

2.98 21 

2.50 15 

GdCI3.2 phe=. YbCI3.2 phen. 

d(A ° ) I ( o b s )  d(A ° ) I (obs) 

8.88 I00 8 . 5 7  35 

7.83 55 7.82 I00 

7.35 58 7.08 36 

6 . 5 1  63 5.74 27 

5 . 6 8  64 5 . 5 0  28 

5 . 5 8  69 5.10 29 

5.O1 70 4.86 28 

4.81 63 4 . 3 2  80 

4 . 3 0  73 3.40 47 

4 .22  73 3 . 3 4  42 

4 . 0 4  71 3 . 2 4  35 

3 . 9 4  73 2 . 9 8  32 

3 . 7 6  64 2 . 7 3  33 

3 . 2 8  80 

3 . 2 2  74 

3.02 69 
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Al to t~h  we s t u d l e d  these  complexes wi th  La, Eu, Gd and Yb on ly ,  

t h e r e  i s  no reason  no t  t o  b e l l e v e  t h a t  the  r eBa tn lng  of  the  l a n t h a n t d e  e l e -  

a en t a  w i l l  behave a l i k e .  
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