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MESOGENIC ALUMINUM(II1) TETRAPHENYLPORPHYRINS: 
EFFECT OF MONOMER TO DlMER CONVERSION ON THE 
MESOMORPHIC PROPERTIES 

YO SHIMIZU,* JUN-YA MATSUNO~, KIMIKO NAKAO, KOJI OHTA, 
MASARU MIYAAND AKIRA NAGATA 
Department of Organic Materials, 
Osaka National Research Institute(ONRI), AIST, MlTl 
Midorigaoka, Ikeda, Osaka 563, Japan 

Abstract Hyd roxoalum in urn (I I I )  corn plex of tetrap hen y I porp hyri n with 
dodecyl chains at the p-site of the phenyl rings was found to show 
monomer to dimer conversion through the mesophase to isotropic 
phase transition, leading to drastic change of the phase transitiion 
sequence. 

INTRODUCTION 

Our recent studies on mesomorphic behaviour of metallotetraphenyl- 
porphyrins with square planar geometry(metal=Co, Ni, Cu, Zn, Pd, and Pt) 
revealed the mesophases appeared are of discotic lamellar(DL) type, neither 
hexagonal nor rectangular.’ 

Metallomesogens potentially have a feature of controlling structure of 
molecular assemblies with intermolecular specific interaction derived from 
the presence of the metal atom in a molecular unit, and it could be designed. 
Molecular shape and such interactions are quite essential for forming 

t In the graduate study course from Department of Solid State Electronics, 
Osaka Electro-Communication University, Neyagawa, Osaka 572, Japan. 
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492 Y. SHIMIZU ET AL. 

mesophases with some molecular arrangements related to supramolecular 
chemistry. 

Recently it was found that the hydroxoaluminum(l1l) complex of the 
long-chain tetraphenylporphyrin, hydroxo[5,10,15,20-tetrakis(4-n-dodecyl- 
phenyl)porphinato]aluminum(lII) abbreviated as Ci2TPPAI(OH) shows 
discotic hexagonal disordered(Dhd) mesophase and the phase transition 
sequence is not enantiotropic, implying the occurrence of the y-0x0 
dimerization in the fluid states2 

In this work, the p-0x0 dimer of C12TPPAI(OH), p-oxo-bis[5,10,15,20- 
tetrakis(4-n-dodecylphenyl)porphinatoaluminum(III)] abbreviated as 
(Ci 2TPPA1)20, was synthesized and investigated on the mesomorphic 
properties in relation to the monomer-to-dimer conversion. 

CnTPPAl(0H) (n=12) 

X. linkage group 

EXPERIMENTAL 

Synthesis 
The 1.1-0x0 dimer, (C12TPPA1)20 was synthesized according to the 

literature3 with slight modification. The monomer C i  2TPPAI(OH) was heated 
at 190 "C for 6 hours under reduced pressure to give the dimer. 
Spectroscopic analyses were carried out to confirm the dimer structure. 
vmadcrn-l(KBr disc): 1043(AIOAI); 6~(CDC13):0.92(t, 12H, CH3), 1.3[m, 56H, 
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493 MESOGENIC ALUMINUM(II1) ... 

(CH2)71, 1.57[m, 8H, C6H&H2)3CH2J, 1.65[m, 8H, C6H4(CH2)2CH2J, 
2.00[m, 8H, CsH4CH2mJ, 2.98(t, 8H, CsH4CH2), 7.36(d, 4H, the phenyl), 
7.52(d, 8H, the phenyl), 7.84(d, 4H, the phenyl), 8.40(s, 8H, 0 of the pyrrole); 
Elemental analysis(%): Found (283.88, H9.33, N:4.36;Required C:83.65, 
H:9.46, N:4.24. 

Measurements 
The phase transitions were detected by Differentiall Scanning 
Calorimeter(Mac Science DSC3200) and the texture observation using 
polarizing microscope(Olympus, BH-2) equipped with a hot stage(Mett1er 
FP80HT and FP82HT). X-Ray diffraction studies were carried out by Rigaku 
Geigerflex X-ray diffractometer(CuKa). 

RESULTS AND D I S C U S S I O N  

The monomer crystal, Ci2TPPAI(OH), was found to exhibit discotic 
hexagonal mesophase(Dhd)2 and the phase transition sequence, however, 
is not of enantiotropic, as shown in Figure 1. When the original crystal is 
heated above the clearing temperature, slight bubbling was observed, 
indicating the occurrence of p-0x0 dimerization reaction. The p-0x0 dirner 
formation was confirmed by spectroscopic measurements, in which 
disappearance of the absorption band at 3654 cm-l (OH stretching) and of 
the singlet signal of hydroxyl proton at -6.48 ppm for the IR and 'H-NMR 
spectra, respectively, was seen. 

2 C12TPPAI(OH) ( C I ~ T P P A I ) ~ ~  t H2O 

Figure 2 shows the phase transitions of the p-0x0 dimer, giving the 
coincidence of the phase transition sequence between the dimer and the 
monomer after isotropic melt. The phase transition temperatures for both the 
monomer and dimer are listed in Table I.  The p-0x0 dimer exhibits three 
highly viscous states, though the monomer shows only one mesophase. 

In X-ray diffraction measurements for the powder sample of 
(C12TPPA1)20 as seen in Figure 3, four marked reflection peaks appeared in 
the lower angle region for the higher two mesophases in temperature, of 
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MESOGENIC ALUMINUM(II1) ... 495 

Table I Phase transition temperatures of C i  2TPPAI(OH) 
and the dimer.') 

Ci2TPPAI(OH) Cryst. Dhd Iso. 
84 "C ca. 150 "C2) 

(Ci 2TPPA1)20 Cryst. M(?) DLI D L ~  Iso. 
-3 OC 10°C 69°C 148°C 

~~ ~ ~~ 

1)  Cryst.:crystal, M:mesophase, DLI and D~2:discotic lamellar phase, 

2) accompanied with conversion to the dimer. 
Iso.:isotropic liquid. 

which spacing ratio is 1 :1/2:1/3:1/4, indicating that these mesophases have 
lamellar type ordering as usually seen in square planar tetraphenylporphyrin 
metallomesogens.l A peak located at ca.20 "(4.7A) implies the columnar 
structure is present. This mesomorphism of the p-0x0 dimer is quite different 

from that of the monomer. 
The layer spacings of these two mesophases are 28.2A and 26.4A. 

The side length of molecular square for Ci2TPPAI(OH) is estimated to be 
ca.31A. It indicates that the presence of molecular tilt or interdigitated 
chains in these DL phases, whilst the another tetraphenylporphyrin 
metallomesogens with square planar geometry exhibit the comparable layer 
spacing of DL phase to the molecular length. Assuming that, for the dimer, 
two molecular planes stack to each other with discrepancy of the position of 
the phenyl rings around the axis as seen for the same type of pox0 dirner of 
Fe(II1) ~ o m p l e x , ~  it could be seen as a quasi-octasubstituted discotic 

molecule, which is a more favourable molecular shape to formation of Dh 
phase. However, the dimer structure seems to be less favourable to 
molecular free rotation around the column axis, homogeneous continuity of 
molecular stacking along the columnar axis and column undulation, which 
are important factors for Dh phase formation. It is interesting that these two 
complexes seem to have quite different condition for the occurrence of 
mesomorphic nature from that for Dh mesophase of the oxo-bridged 
polymers of mesogenic metallophthal~cyanines.~ 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
16

 1
8 

Fe
br

ua
ry

 2
01

3 



496 Y. SHIMIZU ET AL. 

40K 

2OX 

2 

4.73 A -A , 

281deg. 

3.5K dl00=26.4 8, 
/ 

1.75K 

I 

I 
10 

7 4.71 A 
I 

20 30 

20 30 

20ideg. 

40 

FIGURE 3 X-Ray diffraction patterns(powder) of (Ci 2TPPA1)20. 
a) at 130 "C and b) 50 "C.  
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MESOGENICALUMINUM(II1) ... 497 

CONCLUSION 

In this work, comparison of mesomorphic behaviour was carried out between 
a hydroxoaluminum tetarphenylporphyrin mesogen and the p-0x0 dimer to 
reveal that the drastic change of the mesomorphic properties occurred. 
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