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NOVEL THERMOTROPIC PESOPHASES OF COPPER COMFLEXES WITH 
LONG-CHAIN ALIPHATIC M I N E S  

C .!I. PALEOS , G. MARGOPIENOU-LEONIDOPOULOU, 
J . D .  ANASTASSOPOULOU AND E .  PAPACONSTANTINOU 
N a t i o n a l  Research  C e n t e r  o f  P h y s i c a l  S c i e n c e s  
i 'Demokri tos ' i ,  153 10 Aghia P a r a s k e v i ,  A t t i k i ,  Greece  

A b s t r a c t  A n o v e l  c l a s s  o f  l i q u i d  c r y s t a l l i n e  complexes 
w a s  p r e p a r e d  by t h e  i n t e r a c t i o n  of  c o p p e r  n i t r a t e  w i t h  
l o n g - c h a i n  p r i m a r y  amines ( s u c h  as o c t y l - ,  d e c y l - ,  
dodecyl -  and o c t a d e c y l a m i n e )  o r  w i t h  t h e  s e c o n d a r y  
d idodecylamine .  A n a l y s i s  h a s  shown t h a t  p r i m a r y  amines 
form t e t r a c o o r d i n a t e d  complexes ,  w h e r e a s ,  w i t h  t h e  
s e c o n d a r y  one  t h e  r a t i o  of copper  t o  l i g a n d  w a s  1 : Z .  
The mesomorphic phase  b e h a v i o r  o f  t h e  complexes w a s  
e s t a b l i s h e d  by  o p t i c a l  microscopy a n d  d i f f e r e n t i a l  
s c a n n i n g  c a l o r i m e t r y  and i t  w a s  found t o  depend,  as 
e x p e c t e d ,  on t h e  amine employed f o r  t h e i r  s y n t h e s i s .  
F u r t h e r  work w i t h  x- ray  d i f f r a c t i o n  and o t h e r  t e c h n i q u e s  
i s  i n  p r o g r e s s  f o r  a more comple te  i d e n t i f i c a t i o n  o f  
t h e s e  new mesophases .  

I N T  RODUCT I ON 

A c r i t i c a l  i n v e s t i g a t i o n  o f  t h e  m o l e c u l a r  f e a t u r e s  o f  com- 

pounds e x h i b i t  i n g  thermot  r o p i c  l i q u i d  c r y s t a l l i n e  b e h a v i o r  

r e v e a l s  t h a t  i t  i s  n o t  o n l y  the  r i g i d  a n i s o t r o p i c  s t r u c t u r e  

t h a t  i n d u c e s  t h e i r  t h e r m o t r o p i c  mesomorphism. It  h a s ,  i n  

a d d i t i o n ,  b e e n e s t a b l i s h e d t h a t  a c r u c i a l  p a r a m e t e r  f o r  t h e  

compounds t o  show l i q u i d  c r y s t a l l i n i t y ,  and s p e c i f i c a l l y  

smectic p h a s e s ,  i s  t h e  e x i s t e n c e  o f  two d i s t i n c t  i m m i s c i b l e  

p o r t i o n s  i n  t h e i r  molecules .  T h i s  s t r u c t u r a l  f e a t u r e  i s  

f u l f i l l e d  i n  s u r f a c t a n t s  which have a p o l a r  head  and  a long  

a l i p h a t i c  c h a i n  o r  c h a i n s  and  t h e r e f o r e  t h e  f o r m a t i o n  o f  a 
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374 PALEOS ,PIARGOHENOU, ANASTASSOPOUI,OU, PAPACONSTANTINOU 

l a m e l l a r  s t r u c t u r e  by a l t e r n a t i n g  p o l a r  and l i p o p h i l i c  sub- 

l a y e r s  i s  achieved .  Thus smec t i c  behav io r  has  been e x h i b i t e d  

by meta l  c a r b o x y l a t e s  , n-alkylammonium h a l i  b i s ( n -  

alkylammonium) sal ts6 and q u a t e r n a r y  ammonium sal ts  

1-3 

7 9 8  . 
I n  t h i s  connec t ion  i t  h a s  a l s o  been found l a t e l y  t h a t  

i f  long  l i p o p h i l i c  c h a i n s  were f u n c t i o n a l i z i n g  a r i g i d  d i sk -  

l i k e  c o r e , l i q u i d  c r y s t a l s  c a l l e d  d i s c o t i c  were ob ta ined .  

Thus long-chain s u b s t i t u t e d  me ta l loph tha locyan ines  , 
dicopper12  o r  dirhodiuml’ 

b i t i n g  d i s c o t i c  mesophases have been prepared .  

9-11 

l o n g - a l i p h a t i c  c a r b o x y l a t e s  exhi -  

14 

of Cu(I1) (d  - conf igu ra t ion )  f a v o r s  t h e  fo rma t ion  of  squa re  

p l a n a r  amine complexes. I n  t h i s  c o n t e x t ,  and because  of  t h e  

p o t e n t i a l  o f  t h e s e  complexes f o r  forming l i q u i d  c r y s t a l l i n e  

phases  which could  show i n t e r e s t i n g  magnetic ground s t a t e s  

i n  a n  o rde red  a r r a y ,  t h e  p r e p a r a t i o n  of complexes of Cu( 11) 

wi th  long-chain pr imary  a l i p h a t i c  amines,  f o r  i n s t a n c e ,  

oc ty l - ,  decyl-,  dodecyl-, oc tadccylamine ,  as w e l l  a s  t h e  

secondary didodecylamine was under taken .  I n  t h e s e  f i r s t  

exper iments  t h e  mesomorphic behav io r  o f  t h e  complexes was 

i n v e s t i g a t e d  by o p t i c a l  microscopy and d i f f e r e n t i a l  s cann ing  

ca lo r ime t ry .  

I t  i s  well-known t h a t  s t r o n g  Jahn-Te l l e r  d i s t o r t i o n  
9 

EXPERIMENTAL 

Syn thes i s  of  Copper Complexes 

To 0.01 mole of  Cu(N0 ) 3H 0 d i s s o l v e d  i n  a c e t o n i t r i l e ,  0.04 

mole of oc ty lamine  ( o r  decyl - ,dodecyl  o r  oc tadecylamine)  

d i s s o l v e d  i n  the same s o l v e n t  were added. Immediate 

p r e c i p i t a t i o n  occur red  and t h e  mater ia l  w a s  c o l l e c t e d  by 

f i l t r a t i o n  and d r i e d .  When t h e  secondary  didodecylamine 

was used as l i g a n d  i t  w a s  d i s s o l v e d  i n  e t h c r  and  r e a c t e d  

3 2  2 
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NOVEL TIIERMOTROPIC ICESOPHASES OF COPPER COPfPLEXES 375 

w i t h  Cu(N03) *3H20, which was d i s s o l v e d  i n  t h e  minimum q u a n t i t y  

of  a c e t o n i t r i l e .  The molar r a t i o  of t h e  copper  s a l t  t o  amine 

w a s  t h e  same a s  t h e  one employed wi th  t h e  primary amines. 

The immediately p r e c i p i t a t e d  m a t e r i a l  w a s  i s o l a t e d  and d r i e d .  

A s  e s t a b l i s h e d  by e l e m e n t a l  a n a l y s i s , t e t r a c o o r d i n a t e d  comple- 

xes  (CuL ) w e r e  formed by t h e  i n t e r a c t i o n  of long-chain p r i -  

mary amines w i t h  copper n i t r a t e  wh i l e  w i t h  t h e  secondary  

didodecylamine a two coord ina ted  copper (11) complex (CuL ) 

w a s  formed,apparent ly  due t o  s t e r i c  h ind rance .  However w i t h  

C p r imary  amine, a n a l y s i s  f i t s  b e t t e r  t h e  formula  

CuL42H20. 

4 

2 

8 

O p t i c a l  microscopy s t u d i e s  w e r e  performed on a Re iche r t  

"The rnop an" p o l a r i z i n g  microscope . 
For the rma l  a n a l y s i s  a DuPont 910 D i f f e r e n t i a l  Scanning 

Ca lo r ime te r  w a s  employed. 

RESULTS AND DISCUSSION 

The complexes w i t h  t h e  pr imary  amines (CuL ) d i s s o l v e  i n  

d ime thy l su l fox ide  and i n  t h i s  s o l v e n t  t h e i r  s tep-wise  forna-  

t i o n  w a s  fo l lowed.  Thus i n  Fig .  1 a r e  shown t y p i c a l  s p e c t r a  

of  t h e  copper-complex fo rma t ion  wi th  oc ty l amine  f o r  Cu:L 

r a t i o s  1:l t o  1 : 4  and e x c e s s  l i g a n d .  The c h a r a c t e r i s t i c  b l u e  

s h i f t  o f  Cu-amine complexes w i t h  complexation i s  observed  . 
An analogous  experiment w i t h  d idodecylamine  complex (CuL ) w a s  

n o t  performed s i n c e  t h i s  compound i s  i n s o l u b l e  i n  most  

s o l v e n t s  i n c l u d i n g  d imethyl  s u l f o x i d e ,  i n  which it i s  

a lmost  i n s o l u b l e .  

4 

15 

2 

I n  Fig.  2-6 are shown mesomorphic t e x t u r e s  o f  t h e  

copper-amine complexes ob ta ined  under c o o l i n g .  A d i s t o r t i o n  

o f  t h e  long  a l i p h a t i c  c h a i n s  w i l l  be p o s s i b l y  r e q u i r e d  f o r  

t h e  l a y e r  s t r u c t u r e  of smectic-mesophases t o  be  formed. 

However, f o r  the complete i d e n t i f i c a t i o n  of  t h e  mesophases 
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100 

5 0  
C 
e 
L 
0 an 
D 
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n 

1 _.-L_ 

wovelength ( n m )  

0 t 
500 600 700 800 880 

FIGURE 1. Stepwise formation of CuLI, complex ( L = o c t y l  
amine) for C u : L  ratios; 1:1, a; 1 : 2 ,  b; 1:3, c; 1 : 4 ,  d ;  
1:8, e .  

F1GUP.E 2. flesonorphic texture of Cu-octylamine complex. 
See Color Plate V .  

o i  t he  complexes, X-ray difiraction s t u d i e s  will be per-  

formed.  The thermal stability of t h e s e  mesophases was 
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NOVEL TIIEPJIOTROPIC MESOPHASES OF COPPER COMPLEXES 377 

FIGURE 3 .  Mesomorphic t e x t u r e  o f  Cu-decylamine complex. 
See Color Plate VI. 

FIGURE 4 .  Mesomorphic t e x t u r e  o f  Cu-dodecylamine complex. 
See Color Plate VII. 
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378 PALEOS ,~IARGONENOU,ANASTASSOPOULOU,PAPACONSTANTINOU 

FIGURE 5. Plesomorphic t e x t u r e  o f  Cu-octadecylnmine 
complex. See Color Plate VIII. 

FIGURE 6. tIesomorphic t e x t u r e  o f  Cu-didodecylamine 
complex. See Color Plate IX. 
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NOVEL TIIERMOTROPIC MESOPHASES OF COPPER COMPLEXES 379 

enhanced wi th  t h e  l e n g t h  of  t h e  a l i p h a t i c  c h a i n s  of  t h e  

amines a s  w a s  s een  by hea t ing -coo l ing  c y c l e s .  It i s  a l s o  

i n t e r e s t i n g  t o  n o t i c e  t h a t  on h e a t i n g  t h e s e  compounds t h e  

mesomorphic t e x t u r e s  were no t  observed  immediately a f t e r  

t h e  f i r s t  t r a n s i t i o n ,  as determined by DSC. However, meso- 

morphic phases  do appear  by p r e s s i n g  t h e  cover  s l i p  a t  tempe- 

r a t u r e s  exceeding  t h e  f i r s t  t r a n s i t i o n  of  t h e  compounds. 

By ana logy  w i t h  t h e  smec t i c - l i ke  p r o p e r t i e s  of  amph iph i l i c  

compounds'', t h e  f i r s t  t r a n s i t i o n  i s  a t t r i b u t e d  t o  t h e  con- 

f o r m a t i o n a l  m e l t i n g  of t h e  l o n g - a l i p h a t i c  cha in  l e a d i n g  t o  

t h e  format ion  of  mesophases wh i l e  t h e  second t r a n s i t i o n  cor- 

responds t o  t h e  mesomorphic-isotropic t r a n s i t  i on .  

The the rmot rop ic  c h a r a c t e r  of  t h e s e  copper complexes 

was a l s o  e s t a b l i s h e d  by D i f f e r e n t i a l  Scanning Ca lo r ime t ry  

and i n  Fig.  7-11 a r e  shown t h e i r  DSC diagrams. 

FIGURE 7 .  DSC 

Tornporoture. OC 

diagram of Cu-octylamine complex. 

From DSC diagrams a c h a r a c t e r i s t i c  t r e n d  i s  observed  

Thus i n  compounds p repa red  from C8-, Cl0-  and C12-amine, t h e  
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380 PALEOS , MAKGOIENOU, ANASTASSOPOULOIJ, PAPACONSTANTINOU 

T m m r P t u r c  ,.c 

FTGURE 8. DSC diagram u f  Cu-drcylamine complex. 

1.111111111111111 
0 30 60 90 120 150 

Temperature, ' C  

F l G U K E  9 .  DSC diagram o f  Cu-dodecylamine complex. 

major  t r a n s i t i o n ,  cor responding  t o  a mesomorphic- i so t ropic  

t r a n s i t i o n ,  i s  t h e  breakage  of t h e  i o n i c  bonding among t h e  

complexes and fo l lows  t h e  minor t r a n s i t i o n  o f  the a l i p h a t i c  
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NOVEL THERMOTROPIC MESOPIIASES OF COPPER COMPLEXES 381 

0 25 50 75 1 0 0  125 150 
~ ~ p o r a t u  r c . Y  

FIGURE 10. DSC diagram of  Cu-octadecylamine complex. 

0 50 loo 1 5 0  
Tempemture, ' C  

FIGURE 11. DSC diagram of  Cu-didodecylamine complex. 
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382 PALEOS,IIAKGOMENOU,ANASTASSOPOULOU,PWACONSTANTINOU 

c h a i n s  me l t ing .  On t h e  con t r a ry ,  w i t h  C I 8  and secondary 

amine complexes t h e  m e l t i n g  o r  a l i p h a t i c  c h a i n s  i s  t h e  major 

t r a n s i t i o n .  It s e e m s  t h a t  i n  t h i s  l a t t e r  c a s e ,  t h e  s t r o n g  

van dc r  Waals f o r c e s  predominate ove r  t h e  ve ry  weak i o n i c  

bonding o f  t h e  p r i m a r i l y  " l i p o p h i l  i c "  complexes. T r a n s i t i o n  

tempera tures  as w e l l  as t h e  thermodynamic pa rame te r s  o f  t h e  

complexes a r e  shown i n  Table  I .  

TABLE I .  T r a n s i t i o n  t empera tu res  and thermodynamic 
parameters  o f  t h e  Copper (11)-amine complexes. 

Amine Ttr '  AH, k.J/mol AS, J / m o l  K 

360 0.6 
371 29.4 

1.8 
7 9 . 3  

3 14 0 . 9  2.9 
370 44.9 121.4 

315 
38 1 

3.2 
56.2 

10.0 
137.1 

333 93.1 297.7 

349 134.2 378.9 
b 

421  1.4 3.4 
5 2  

a: Primary Amine 
b :  Secondary Amine 

CONCLUSION 

The i n t e r a c t i o n  of long-chain a l i p h a t i c  amines w i t h  Cu(I1) 

n i t r a t e  r e s u l t s  i n  t h e  f a c i l e  i o rma t ion  o f  copper complexes 

which e x h i b i t  mesomorphic phases .  The type  o f  t h e  complexes 

as w e l l  as t h e i r  mesomorphic phase behav io r  (mesomorphic 

range ,  thermal  s t a b i l i t y )  are dependent ,  as expec ted ,  on 

t h e  amines employed. F u r t h e r  i d e n t i f i c a t i o n  of  t h e s e  nove l  

l i q u i d  c r y s t a l l i n e  phases  w i t h  X-ray s t u d i e s  i s  p lanned  as 

w e l l  as a d d i t i o n a l  i n v e s t i g a t i o n  w i t h  o t h e r  t echn iques .  
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