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In recent years, discotic liquid crystals composed of flat 

rigid aromatic cores and flexile side chains have intensively 

been investigated for the applications as optical sensors, one

dimensional conductors, electrocatalysts etc.1-5 We have syn

thesized several discotic liquid crystalline porphyrin derivati

ves having eight long alkylester chains. They contain two 

different central metals and eight side chains with various 

lengths of alkylgroups. This enables us to have the know

ledge of transition temperatures from the crystalline phase 

to mesophase as well as structural changes between crystal

line phase and mesophase.

Scheme 1 depicts the route to synthesize liquid crystalline 

porphyrin derivatives. By the reaction of p-ketoester with 

aq. sodium nitrite, dimethyl-l,3-acetonedicarboxylate oxime 

1 was obtained. Methyl-3-acetyl-5-(methoxycarbonyl)-2-meth- 

ylpyrrole-4-acetate 2 was prepared from 2,4-pentanedione 

and oxime derivative 1 in 49% yield by Knorr method for 

pyrrole synthesis.6 After iodination of the acetyl terminal 

group of pyrrole 2, the resulting iodoacetyl pyrrole was reac

ted with trimethyl orthoformate/p-toluene sulfonic acid to 

get the dimethyl 5-(methoxycarbonyl)-2-methylpyrrole-3,4- 

diacetate 3 in 82% yield.6 Continually, by the oxidation of 

compound 3 using lead tetracetate in acetic anhydride/acetic 

acid, dimethyl 5-(methoxycarbonyl)-2-(acetoxy methyl) pyr- 

role-3,4-diacetate 4 was obtained in nearly quantitative yield 

by a standard procedure.7 Thereafter reactions were perfor

med in one reactor without is이ation of intermediates. In 

this reaction, the a-ester group of compound 4 was hydroly

zed firstly and then the ring-closure reaction for porphyrins 

was done using 5% sulfuric acid with alcoh이.In thi동 step, 

alkyl ester groups with different chain lengths were introdu-

R-CHjCOOCCHjXX 
(P3H-Q : n-3, X-O, M-Hj) 
(P4H : n-4, X-H, 네■用) 
(P4H-U : n-4, X-CX M-H,) 
(P4QY1 : i X-CU M-Cu) 
(P5H : n-5( X-H. M-H2) 
(P5Zn : o-S, X-H, M-Zn) 
(P6H-O : n-6, X-O, M-Hj) 
(PCOtCl : n-6, X-O, M-Cu)

Scheme 1.

ced using appropriate alcohols. Finally the metalloporphyrins 

were obtained by refluxing the corresponding porphyrins 

using metal acetate or chloride in dimethylformamide.9

Reaction intermediates and final products were characteri

zed by 'H NMR spectroscopy. Obtained structures were mat

ched with corresponding compounds. As representatives of 

this series, signals around —3.6 ppm and 10.3 ppm in 

NMR for metal-free butylester-attached porphyrin (P4H)10 

and chlorobutylester-attached porphyrin(P4H-Cl),“ indicate 

-NH and meso-CH of aromatic porphyrins, respectively. The 

strong absorption peak, so called Soret band, at 405 nm in 

a UV spectrum of P4H which indicates porphyrin ring forma

tion was also observed. When this porphyrin have no metal 

in the cavity, four weak absorption peaks appear at higher 

wavelength at 475, 523, 580 and 637 nm along with strong 

Soret band. However, in the case of metal complexation in 

the cavity, only two absorption peaks appeared. Such spectral 

features are already well known in porphyrin chemistry.8,12 

For other porphyrin derivatives similar spectral features 

were also observed.

The research on the resulting porphyrins focused on the 

possibility to contr어 liquid crystalline transition temperature 

by insertion of different metals in the porphyrin cavity, and 

by substitution of heavy atoms in the side chain terminal 

as well as by attaching different side chain lengths. The ans

wers to such objectives can be given in differential scanning
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Rgure 1. DSC curves obtained from first heating scan of por

phyrins; (a) P4H, (b) P4H-C1 and (c) 4Cu-Cl.

Table 2. Stuctur•지 Prameters of Porhyrin Derivatives*7

Porphyrins Crystal
Discotic Liquid Crystal

Phase
Melt

P5H, P5Zn Mono 시 inic Pseudo-hexagonal

a = 1.86 nm a = 2.32 nm 1.93 nm

b — 2.27 nm 

c=0.49 nm 

a = 114°

c ~ 0.46 nm 0.47 nm

P4Cu-Cl tri 이 inic pseudo-hexagonal

a = 1.93 nm a = 2.25 nm 1.94 nm

b = 2.27 nm 

c — 0.49 nm 

a = 90° 

8=114。

y = 97°

b = 0.46 nm 0.47 nm

P6Cu-Cl tri 이 inic pseudo-hexagonal

a = 1.93 nm 4 = 2.56 nm 2.56 nm

& = 2.61 nm 

c = 0.49 nm 

a = 90° 

p-114° 

y=97°

c = 0.46 nm 0.47 nm

Table 1. Thermal Transition Data of Liquid Crystalline Porphy

rin Derivatives0

Samples (t) T、CO
P3H-C1 250, 262 275

P4H 180, 200 225

P4H-C1 180 200

P4Cu-Cl 155 242

P5H 135 200

P5Zn 138 221

P6H-C1 ? 146

P6Cu-Cl 155 178

Transition temperatures were detected from first heating scan 

by DSC (heating rate 10 W /min). b Discotic mesophase tempera

ture. (Isotropic melting temperature 

calorimetry (DSC) through heating process. Figure 1 shows 

typical DSC thermograms for P4H, P4H-C1 and P4-Cu-Cl as 

the representatives. In the case of P4H which has no metal 

in the cavity and no heavy atom in side chain terminal, the 

porphyrin does not show discrete enthalpy change in liquid 

crystalline phase. However, the heavy atom in the side chain 

terminal exists, liquid crystalline endothermic peak at 180 

becomes stronger, and when two factors, i.e., metal and heavy 

atom are involved, a broad liquid crystalline range of 89 °C 

(7项=155 t, £=242 t) is observed. Such results are very 

helpful when we consider the use of porphyrin as opto-elec- 

tronic device materials.

Exothermic peaks of all porphyrin derivatives obtained in 

this work are summerized Table 1. The porphyrins with long

er side chains tend to melt at a lower temperature; P3H 

at 275 °C P4H-C1 at 200 °C and P6H-C1 at 146 °C, respectively. 

"The data were obtained from X-ray scattering and electron diff

raction experiments1314

However, mesophase transition temperatures seem to de

pend not on the side chain lengths (P4Cu-Cl at 155 and 

P6Cu-Cl at 155 t), but on the kind of metal ligands (P5H 

at 135 °C and P5Zn at 138 °C ) and the end atoms in the side 

아lains (P4H at 180 t and P4H-C1 at 180 °C). All porphyrin 

derivatives when examined under polarizing microscopy 

exhibit leaf-like textures indicative of discotic phases.

The struct나re of some porphyrin samples was investigated 

by X-ray13 and electron diffraction.14 The structural parame

ters are listed in Table 2. P5H and P5Zn have almost the 

same monoclinic structure with a = 1.86 nm, /> —2.27 nm, c — 

0.49 nm and 0=114° in crystalline phase at room tempera

ture. The b-axis dimension of P4Cu-Cl shows the same value 

with P5H, which may be resulted from the fact that they 

have the same side chain lengths because of the same Van 

der Waals radii for methyl groups and chlorine atoms. P4Cu- 

C1 and P6Cu-Cl have the triclinic structure with different 

b-axis dimensions depending on their side chain lengths. 

The c-dimensions are the same in all porphyrin derivatives. 

At higher temperatures they transform into discotic phase 

with pseudo-hexagonal symmetry with « = 2.25^-2.56 nm and 

c — 0.46 nm. Above isotropic melting temperatures, the diffrac

tion patterns show only broad peaks at the tZ-spacings of 

L93~2.56 nm and 0.47 nm. This may correspond to the 

interplanar spacings between planar porphyrin moieties and 

those between the side-by-side packing among the molecular 

columns, respectively.
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in a fine glass capillary to be irradiated by X-ray, and 

the capillary was set in the middle of the furnace. The 

incident X-ray was collimated with a pin-hol slit, and 

the diffraction pattern were recorded on high sensitive 

Kodak DEF-5 film so as to minimize the exposure time.

14. For electron microscopy, the specimen was solved in 

ethanol-chloroform mixture (3 : 1) and a drop of the so
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Enhanced surface photochemistry of molecules adsorbed 

on surfaces capable of producing surface-enhanced Raman 

has been known.1-4 Photochemistry at surfaces may be enha

nced by the same field enhancement responsible for surface- 

enhanced Raman scattering (SERS).

SERS spectroscopy in principle provides a powerful means 

for the study of surface chemical reactions, because these 

reactions directly results in the changes in SERS spectra 

of adsorbed molecules.5,6

Recently, Suh et al, have studied the kinetics of the photo

decomposition of 2-pyrazinecarboxylic acid adsorbed on sil

ver colloid surfaces using SERS as a probe.7 They have used 

a capillary as the sample cell to increase the effect of irradia

tion. Both photochemistry and surface-enhanced Raman were 

monitored by focused Ar ion laser light traversing the capil

lary containing a sample solution, without flowing. In this 

case, it is possible to use SERS as a probe because the rate 

of the photodecomposition is relatively slow. If the rate of 

photochemical decomposition of a molecule adsorbed on sil

ver colloid surfaces is relativ이y fast, it is almost impossible 

to use SERS as a probe to study the kinetics of photochemis

try since SERS signal should be accumulated for a certain 

period to obtain reasonable signal-to-noise ratios. For a fast 

photochemistry, the accumulation time of Raman signal to 

get reasonable signal-to-noise ratio may be much longer than 

its photochemical reaction time.

In this communication, we report that the flow method 

designed to investigate the relatively fast photochemical reac

tions of molecules adsorbed on Ag colloid surfaces using 

SERS as a probe.

The schematic diagram of the flow system used is shown 

in Figure 1. The flow cell was a modified graduated cylinder. 

A stop cock was attached to the cut-out bottom of the gra

duated cylinder. A standard 1.5-1.8 mm Pyrex capillary tube 

was used as a Raman cell. To make the flow of the sample 

solution smooth, the tip of the outlet was dipped in a water 

solution whose water level was kept constant.

The driving force for the flow is the pressure difference 

between the outlet and the top of solution in the flow cell. 

Therefore, the flow rate can be written as8

F= -A&쓰 =cpgh

where Agc is the cell cross sectional area, h the height of 

solution with time, p the density, g the gravitational constant, 

and c a constant. Solving this differential equation gives the 

height of solution with time as

h = h0 exp( — 〃&)

where h0 is the height of solution at /=0 and r0 =Agc/cpg


