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THE DISCOTIC PHASE OF URO-PORPHYRIN I OCTA-n-DODECYL ESTEl 

J. W. GOODBY, P. S .  ROBINSON, BOON-KENG TEO AND P. E. CLAD1 
Bell Laboratories 
Murray Hill, New Jersey 07974 USA 

(Submitted for publication March 27, 1980) 

Abstract: A number of materials which exhibit the 
relatively new discotic phase have recently been 
discovered. All of the materials known which show 
this type of phase have molecular structures that 
are flat and hexagonal in shape. In this current 
work, we have shown that a porphyrin compound, 
uro-porphyrin I octa-n-dodecyl ester, which has a 
flat, octagonally shaped molecular structure can 
also exhibit a discotic phase. This is the first 
report of the discotic liquid crystal phase being 
exhibited by porphyrin compounds. 

INTRODUCTION 

In recent years a number of new materials have been 
discovered that exhibit the discotic mesophase. 1-3 
majority of these compounds have molecular structures 
that consist of a flat central core structure with six 
terminal alkyl chains symmetrically placed around the 
outside edge of the core (for example, benzene-hexa-n- 
heptanoate ) . Recently, Lydon et al.4 have shown that 
diisobutylsilanediol also exhibits a discotic mesophase. 
In this case the central core structure has only four 
peripheral (branched) alky chains attached to it. 
Furthermore, results obtained by Goodby and Gray,’ for 
compounds with molecular structures that are flat and 
triangular in shape, have shown that it is very unlikely 
that materials with this type of structure will exhibit 
discotic phases. 

The 
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In  t h i s  p re sen t  s tudy w e  have attempted t o  produce 
a compound t h a t  has a l a r g e r  c e n t r a l  co re  s t r u c t u r e  than 
those previous ly  s tud ied ,  and which, t h e r e f o r e  can 
accommodate a l a r g e r  number of n-alkyl ,  pe r iphe ra l ,  
carbon-chains. For t h i s  purpose w e  chose t o  s tudy t h e  
melt ing behavior of t h e  octa-n-alkyl esters of uro- 
porphyrin I. I n  t h i s  i n v e s t i g a t i o n  we r e p o r t  t h e  pre- 
pa ra t ion ,  o p t i c a l ,  and thermal behavior of one member 
of t h i s  series, namely, uro-porphyrin I octa-n-dodecyl 
ester ( OCTUPOR-12) (A) 

(A) 
RESULTS AND DISCUSSION 

The mel t ing  behavior of uro-porphyrin I octa-n- 
dodecyl ester w a s  examined f i r s t l y  by o p t i c a l  microscopy. 
The t r a n s i t i o n  temperatures  obta ined  by thermal micro- 
scopic  i n v e s t i g a t i o n  were as fol lows : 

Crys ta l  -t I s o t r o p i c  Liquid -t Disco t i c  -t Crys ta l  
107  ' 96.8' 96.7' 

The phase exh ib i t ed ,  almost on t h e  p o i n t  of recry-  
s t a l l i z a t i o n ,  w a s  c l a s s i f i e d  as being of t h e  d i s c o t i c  
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type.  T h e  phase w a s  cha rac t e r i zed  by i n v e s t i g a t i o n  of 
i t s  microscopic t e x t u r e s ,  by m i s c i b i l i t y  experiments,  
and by d i f f e r e n t i a l  scanning ca lor imet ry .  

Op t i ca l  s t u d i e s  determined t h a t  t h e  compound melted 
d i r e c t l y  from the c r y s t a l  t o  t h e  i s o t r o p i c  l i q u i d .  
However, on coo l ing ,  a phase i n i t i a l l y  sepa ra t ed  from 
t h e  i s o t r o p i c  l i q u i d .  The phase separa ted  i n  a "fronded" 
type  of p a t t e r n  ( p l a t e  1) which developed t o  g ive  a mo- 
saic and pseudo-fan type  t e x t u r e .  On f u r t h e r  s l i g h t  
cool ing ,  t h e  phase nuc lea ted  c r y s t a l l i z a t i o n .  The 
exothermal hea t  of fus ion  of t h i s  process ,  e f f e c t i v e l y ,  
m e l t e d  the phase and c r y s t a l l i z a t i o n  took p l ace  d i r e c t l y  
from the l i q u i d .  However, t h e  microscopic t e x t u r e s  of 
t h e  phase were found t o  be s i m i l a r  t o  those  of t h e  d i s -  
c o t i c  phase. 

PLATE 1. The sepa ra t ion  of t h e  d i s c o t i c  phase from 
t h e  i s o t r o p i c  l i q u i d  f o r  uro-porphyrin I octa-n-dodecyl 
ester ( X 1 0 0 ) .  

The phase e x h i b i t e d  by uro-porphyrin I octa-n- 
dodecyl ester (OCTUPOR-12)  w a s  confirmed a s  being of 
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901 Ago 
W a a 

w DISCOTIC W 

B) URO-PORPHYRIN( 1)OCTA-n - 
DODECYLESTER 

4 0 ~  50!50 20 40 60 80 tO$O 

PERCENTAGE OF COMPOUND B IN 
A MIXTURE WITH COMPOUND A 

FIGURE 1. Miscibility diagram of state for mixtures 
(wt.%) of benzene-hexa-n-heptanoate (A) with uro-porphyrir 
I octa-n-dodecyl ester (B)  . 
the discotic type from miscibility experiments with 
materials known to show discotic phases. A typical 
miscibility diagram of state for binary mixtures of the 
test material with benzene-hexa-n-heptanoate as the stan- 
dard material is shown in Figure 1. In a similar way 
to the pure test material some of the mixtures recry- 
stallized at the same time as the transition from the 
isotropic liquid to the discotic phase. In an attempt 
to suppress the solidification process in binary mix- 
tures a miscibility experiment was carried out using 
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THE DISCOTIC PHASE OF OCTUPOR-12 307 

the con tac t  method. By al lowing t h e  i s o t r o p i c  l i q u i d s  
of t h e  two pure components t o  flow toge the r  t o  form a 
con tac t  a cons iderable  suppression of t h e  r e c r y s t a l l i -  
za t ion  temperatures  f o r  t h e  b inary  region w a s  obtained.  
In t h e  two component a r e a ,  a t  a temperature of 7 2 O ,  a 
continuous reg ion  of t h e  d i s c o t i c  phase was obtained 
( p l a t e  2 ) .  

PLATE 2 .  The con tac t  region between the d i s c o t i c  
phase of benzene-hexa-n-heptanoate ( top  l e f t )  and uro- 
porphyrin I octa-n-dodecyl ester (bottom r i g h t )  ( X 1 0 0 ) .  

F i n a l l y ,  d i f f e r e n t i a l  scanning ca lor imet ry  was 
used t o  confirm t h e  t r a n s i t i o n  temperature of uro- 
porphyrin I octa-n-dodecyl ester ( O C T U P O R - ~ ~  1.  The  

r e c r y s t a l l i z a t i o n  temperature was found t o  be lowered 
by f a s t  cool ing  rates ( lOO/Min.)  in comparison t o  those  
of slower cool ing  rates, t h u s  i n d i c a t i n g  that  it i s  
poss ib l e  t o  ob ta in  t h e  phase a t  lower temperatures by 
quenching the sample. The enthalpy a s soc ia t ed  wi th  t h e  
i s o t r o p i c  l i q u i d  t o  t h e  d i s c o t i c  phase t r a n s i t i o n  w a s  
found t o  be q u i t e  l a r g e  suggest ing t h a t  t h e  t r a n s i t i o n  
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is probably first order in nature. The values for the 
enthalpies of transition, in kcal mol-l, are given in 
Table 1. 

COI 

AH 
mP 

7.92 

ClLUSIO 

TABLE 1 

AHI-D AHRec 

1.01 7.51 

Uro-porphyrin I octa-n-dodecyl ester exhibits a well- 
defined discotic phase for a narrow temperature range. 
The fact that this compound exhibits a discotic phase 
suggests that systems having flat, octagonal shapes will 
also exhibit discotic phases. As the porphyrin ring 
system is a widely known structure in the life sciences, 
it may be used in order to produce new discotic materials. 

EXPERIMENTAL 

The uro-porphyrin I octa-n-dodecyl ester was prepared 
from uro-porphyrin I dihydrochloride (Strem) by acid- 
catalyzed esterification and chromatographed on silica 
eluting with chloroform. Its purity was confirmed by 
elemental analysis, UV-visible and infra-red spectroscopy. 
Microscopic investigations were made using a Zeiss 
Universal polarizing microscope in conjunction with a 
Mettler FP52 hot-stage and control unit. Differential 
Scanning Calorimetry was carried out using a Perkin Elmer 
DSC 2 thermal analyzer. 
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