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PREPARATION AND PROPERTIES OF SINGLE CRYSTALS OF 
HYDROGEN BIS (PHTHALOCYANINATO 1 NEODYMIUM( 11 I 1 

B r i a n  W. S u l l i v a n ,  Raymond N. Dominey, J e f f r e y  H. 
H e l m s ,  Michael  Schwar t z ,  Leonard W. t e r  Haar, and 
W i l l i a m  E .  H a t f i e l d  
Department  of Chemis t ry ,  The U n i v e r s i t y  of  Nor th  
C a r o l i n a ,  Chapel H i l l ,  North C a r o l i n a  27514 

A b s t r a c t  S i n g l e  c r y s t a l s  of hydrogen b i s ( p h t h a 1 o -  
cyaninato)neodymium(III) have been  s y n t h e s i z e d  by 
e l e c t r o c h e m i c a l  means. The c r y s t a l s  are semi- 
c o n d u c t o r s  and f o l l o w  Curie-Weiss behav io r .  

I NTRODUCT ION 

P a r t i a l l y  o x i d i z e d  m e t a l l o m a c r o c y c l e s  y i e l d  low-dimensional  con- 

d u c t i n g  materials.  

c r y s t a l l i z e s  w i t h  t h e  f o r m a t i o n  of s t a c k e d ,  p l a n a r  NiPc u n i t s  and 

e x h i b i t s  m e t a l - l i k e  c o n d u c t i v i t y  p a r a l l e l  t o  t h e  s t a c k i n g  d i r e c -  

t i o n . '  

p h t h a l o c y a n i n e . 2  

cyaninato)neodymium(III), [ b i s ( P c ) N d ( I I I ) ] ,  and b i s ( P c ) N d ( I I I ) I  

( y  = 1 . 3  and 1 .8 )  e x h i b i t  semi-conduct ive b e h a v i o r  w i t h  room 

t e m p e r a t u r e  c o n d u c t i v i t i e s  of 4.5 x 10 , 6.4 x and 0 .8  x 

10-1 C2-l cm-l, r e ~ p e c t i v e l y . ~  

c r y s t a l s  of PcMPc 

can  be o b t a i n e d  v i a  e l e c t r o c h e m i c a l  o x i d a t i o n  of t h e  c o r r e s p o n d i n g  

hydrogen b i s  (phthalocyaninato)M(III) .4 
t h e  e l e c t r o c h e m i c a l  s y n t h e s i s ,  e l e c t r i c a l  c o n d u c t i v i t y ,  and 

magne t i c  b e h a v i o r  of s i n g l e  c r y s t a l s  of  b i s ( P c ) N d ( I I I ) .  

For example,  N i P c I l S 0  (Pc  = p h t h a l o c y a n i n e )  

Lan than ide  e l emen t s  form sandwich-type compounds w i t h  

P r e s s e d  p e l l e t  samples  of  hydrogen b i s ( p h t h a 1 o -  

Y 

-3 

I t  h a s  been r e p o r t e d  t h a t  s i n g l e  

(M = l a n t h a n i d e ( I I 1 )  and Pcox = [C32H16N8]-) ox 

I n  t h i s  p a p e r ,  we r e p o r t  

EXPERIMENTAL 

The s y n t h e s i s  and p u r i f i c a t i o n  of  b i s ( P c ) N d ( I I I )  was adop ted  from 

p r e v i o u s l y  d e s c r i b e d   method^.^ The growth of  s i n g l e  c r y s t a l s  was 
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434 B. W. SULLIVAN era/. 

achieved by e lec t rochemica l  means similar t o  t h a t  r e p o r t e d  f o r  t h e  

p r e p a r a t i o n  of PcNdPc To 10 m l  dimethylformamide and 0.1 m l  

hydrazine monohydrate was added 0.26 g b i s ( P c ) N d ( I I I ) .  Upon 

f i l t r a t i o n  of t h e  deep b lue  s o l u t i o n  i n t o  an e lec t rochemica l  c e l l  

f i t t e d  with a P t  w i r e  (anode) ,  g r a p h i t e  rod (auxiliary e l e c t r o d e ) ,  

and argon i n l e t  and cutlet tubes ,  a 0.150 V p o t e n t i a l  

corresponding t o  an i n i t i a l  anodic c u r r e n t  d e n s i t y  equal  t o  c i r c a .  

0.5 mA cm-* was appl ied .  

c r y s t a l s  were c o l l e c t e d  a t  t h e  P t  wi re  and were a l s o  f i l t e r e d  from 

s o l u t i o n .  

ox' 

Af te r  48 hours ,  dark b lue  PcNdPc 

Four probe c o n t a c t s  were used f o r  t h e s e  pre l iminary  conduc- 

t i v i t y  measurements. Gold wire  (0.1 mm d iameter )  l e a d s  were 

connected at  both ends of t h e  c r y s t a l s  w i t h  s i l v e r  p a s t e .  
-5 c u r r e n t  of approximately 10 A was used f o r  t h e  v a r i a b l e  

temperature  d a t a  s e t s .  

diode.  Ohmic behavior  was observed f o r  a l l  samples. 

A DC 

Temperatures were measured wi th  a s i l i c o n  

Magnetic s u s c e p t i b i l i t y  d a t a  between 77 and 300 K were c o l -  

l e c t e d  under helium us ing  a Faraday ba lance  f i t t e d  wi th  a Cahn 

2000 e l e c t r o n i c  balance.  C a l i b r a t i o n  was accomplished with 

Hg[Co(NCS) ] and diamagnetic c o r r e c t i o n s ,  except  f o r  N d ( I I I ) ,  were 

made by us ing  P a s c a l ' s  c o n s t a n t s .  Temperatures were measured wi th  

a s i l i c o n  diode. 

4 

Only t h e  e l e c t r i c a l  c o n d u c t i v i t y  a long t h e  long a x i s  of  each 

c r y s t a l ,  which presumably corresponds t o  t h e  s t a c k i n g  d i r e c t i o n  of 

PcNdPc, was measured. The observed room temperature  conduct iv i -  

t i es  of t h r e e  samples ranged from 0.008-0.04 R cm and 

var i a b  l e  temper a t u r  e r es i s t i v  i t y d a t a  i n d i c a t e d  s emi-c onduc t i v e  

behavior .  

temperature  (78-210 K) d a t a  were approximately l i n e a r  and cculd  be 

f i t  t o  the  thermally a c t i v a t e d  t r a n s p o r t  model 0 = u 0  exp(--/\/kT) 

-1 -1 

When l n p  was p l o t t e d  versus  tempera ture ,  t h e  low 
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HYDROGEN BIS(PHTHALOCYANINAT0) NEODYMIUM(II1.) 435 

where IJ i s  t h e  i n f i n i t e  temperature  c o n d u c t i v i t y ,  and A(0.031 eV 

per e l e c t r o n )  is t h e  energy of a c t i v a t i o n  i n  t h i s  reg ion .  

temperatures  g r e a t e r  than -210 K ,  marked d e v i a t i o n s  from l i n e a r i t y  

occur .  Most no tab ly ,  between 210 and 260 K ,  a s t e e p  ( -20  f o l d )  

r i s e  i n  c o n d u c t i v i t y  with i n c r e a s i n g  temperature  w a s  observed.  

Perhaps reminiscent of an exhaus t ive  r e g i o n  of a semi-conductor, 

t h i s  peak was followed by a r e g i o n  (260-285") i n  which 

c o n d u c t i v i t y  s i g n i f i c a n t l y  decreased w i t h  i n c r e a s i n g  tempera ture  

b e f o r e  t h e  e a r l i e r  temperature  dependent behavior  was resumed. 

A t  

Magnetic s u s c e p t i b i l i t y  d a t a  f o r  PcNdPc c l o s e l y  fo l lows  Curie-  

Weiss type behavior  [ x  = C/(T-t3)] .  Using a non-l inear  l e a s t  

squares  f i t t i n g  r o u t i n e ,  C and 8 were c a l c u l a t e d  t o  be  1.64 and 

-4.93 K r e s p e c t i v e l y .  

c l o s e  t o  t h e  va lue  of 3.62 p expected f o r  a Nd(1II)  s p e c i e s .  The 

v a l u e s  of p e f f  showed only  a minor dependence on t empera ture ;  a t  

80 K peff  is 3.52 p 

The magnetic moment of 3.61 pB a t  300 K i s  

B 

B' 

DISCUSSION 

4 
U t i l i z i n g  t h e  s y n t h e t i c  scheme descr ibed  above, Moskalev e t .  a l .  

r e p o r t e d  t h e  i s o l a t i o n  of c r y s t a l l i n e  PcNdPc The r e a c t i o n  was 

assumed t o  involve t h e  removal of an e l e c t r o n  from t h e  ? i -orb i ta l  

of  one phthalocyanine r i n g .  In  our hands,  however, c r y s t a l s  of 

HPcNdPc were obtained i n s t e a d .  While e x h i b i t i n g  v e r y  s i m i l a r  

i n f r a r e d  absorbances (874, 1053, 1108, 1213, 1351, and 1438 ern-') 
and l a t t i c e  parameters  ( t e t r a g o n a l ;  a = 13.85 A,  c = 6.62 A )  t o  

t h o s e  r e p o r t e d  f o r  t h e  oxid ized  complex, t h e  -. magnetic s u s c e p t i -  

b i l i t y  measurements (pef f  = 3.61 p ) a r e  c o n s i s t e n t  only wi th  t h e  

presence of Nd(1I I ) ;  no f u r t h e r  c o n t r i b u t i o n  from a Pcox 

s p e c i e s  was observed. 

ox' 

1- B 

Although s i n g l e  c r y s t a l s  of hydrogen b i s ( p h t h a l o c y a n i n a t 0 )  

Nd(II1)  d i s p l a y  increased  c o n d u c t i v i t i e s  r e l a t i v e  t o  pressed 

p e l l e t  samples, only semi-conductive behavior  was observed.  
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436 B. W. SULLIVAN el al. 

However, p a r t i a l  o x i d a t i o n  of t h e s e  c r y s t a l s  i s  expected t o  

i n c r e a s e  t h e  e l e c t r i c a l  c o n d u c t i v i t y  and perhaps make i t  m e t a l l i c .  

P re s sed  p e l l e t  samples of b i s ( P c ) N d ( I I I ) I  e x h i b i t  an 18-fold 

i n c r e a s e  i n  c o n d u c t i v i t y  on going from y = 0 to  y = 1.8.  

Likewise,  samples ( y  = 0) exposed t o  oxygen d i s p l a y  c o n d u c t i v i t i e s  

g r e a t e r  t h a n  t h o s e  kep t  under  hydrogen.6 

o x i d a t i o n  should be even more pronounced i n  s i n g l e  c r y s t a l s  where 

f u l l  advantage of t h e  one-dimensional s t a c k s  can  be taken.  I n  

t h i s  l i g h t ,  i t  may be noted t h a t  NiPcI i s  m e t a l l i c  on ly  i n  

c r y s t a l l i n e  form.' 

b i s (PC)Nd( I I I )  have been ob ta ined  and a r e  c u r r e n t l y  b e i n g  s t u d i e d .  

3 Y 

The e f f e c t  of  p a r t i a l  

1.0 
R e f l e c t i v e  s i n g l e  c r y s t a l s  of i o d i n a t e d  
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