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Influence of molecular structure of new meso-substituted tetraphenylporphyrins with
substituents (-OC,Hy or —OC,gHz3) in para- or ortho-positions on their supramolecular
organization in the bulk samples and floating layers has been investigated. It is established
that only tetraphenylporphyrin substituted in ortho-position possess mesomorphic proper-
ties among all studied compounds with short terminal substituents (-OC4Hg). In contrast,
both investigated compounds are meso-morphic in the case of long substituents (~OC,gH55).

HccnemoBaHO BIUAHWE MOJEKYJSAPHON CTPYKTYPBI HOBBIX JMe30-3aMEIeHHBIX Terpade-
munnoppupuna ¢ samemenuem (—OC,Hg mmu —OC gHs3) B napa- unu opmo-nosunuax Ha
HaJMOJIEKYJSAPHYI0 OPraHW3amuio B 00beMe W ILIABAIOIIUX CJIOAX. ¥ CTAHOBJIEHO, YTO CPEIH
CoeVMHeHNY ¢ KOPOTKMMHU KoHIeBhIMu samecturenamu (—OC,Hg) mesomopdmele cBoiicTBa
MIPOABIAET TOJBKO TeTpad)eHUITOPMUPUH ¢ 3aMECTUTeIeM B 0Opmo-mojioskenuu. Hamporus, B
cryuae anuHHBIX 3aMectuTenei (—OC,gH,5) MesoMopdHEI 06a HccIefyeMbIX coeUHEHUA.

1. Introduction

When developing a new generation of
molecular devices, a topical issue is to ob-
tain structures with a regular molecular
resolution [1, 2], which is called "molecular
architecture”. The Langmuir-Blodgett (LB)
technique seems to be the most suitable
way to such structures [1]. It makes it pos-
sible not only to obtain regular single-com-
ponent layers with the molecular control of
their thickness, but also to create complex
structures including the desired combina-
tions of different materials. However, the
structure of Langmuir-Blodgett films de-
pends heavily on molecular self-organiza-
tion in floating layers forming the basis for
these films. That is why in the present
work, we aimed at the consideration of in-
fluence of discotic compound molecular
structure features on their mesomorphic
properties and supramolecular organization
in floating layers.

The structure of realized supramolecular
systems depends heavily on the chemical
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structure features of compounds forming
the systems. While the organization fea-
tures of phthalocyanine derivatives have
been studied in detail [8-7], for porphyrin
derivatives, data on the dependence of their
supramolecular organization in the bulk and
in thin films on the structure of specific
ligands and their metal complexes are
rather scarce. The urgency of study of por-
phyrin derivatives supramolecular organiza-
tion is due to the following points: their
supramolecular organization investigation
makes a great contribution to the under-
standing of formation of supramolecular as-
semblies depending on the structure of
these compounds widespread in wildlife,
which is very important for understanding
the functioning of living systems [8]. Along
with the fundamental importance, these
studies contribute greatly to the practical
use of porphyrin derivatives in engineering,
medicine, industry, ete. [9, 10].
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2. Experimental procedure

Four new compounds with meso-substi-
tuted were studied. Their synthesis was car-
ried out by the method described before
[11]. The phase state of compounds was in-
vestigated by polarizing optical microscopy
(Leitz Laborlux 12 Pol with a Mettler FP 82
hot stage). Modeling of compounds I (R=
OCgH33) and IV (R3=—0C,gH33) as well as
calculation of their geometric charac-
teristics (Table 1) were made in the Hyper-
Chem program version 7.5 (MM+ method).
Geometrical properties of modeling mono-
molecular packages of studied compounds
are represented in Fig. 2 and Table 1.

The Langmuir layers were formed using
a FSUE Langmuir trough ("SRC "NIOPIK",
Moscow, Russia). The solutions of com-
pound I (C=0.0245 %), 11 (C=
0.0445 %), III (C = 0.0249 %) and IV (C =
0.0296 %) in chloroform were spread on
deionized water at 20+1°C. The compression
rate was 55 cm?2/min. Initial extents of sur-
face coating were ¢ =19, 24, 30, 37, 45,
50, 63 %, c =45, 49, 59, 74, 83 %, c=
101, 114, 154, 183 % and ¢ = 63, 77, 96,
116, 130, 164, 178, 193, 212 %, respec-
tively.

The compression isotherms were analyzed
quantitatively using mA-n graphs. Every
linear section corresponds to a stable condi-
tion of the layer. The space per molecule
(4,,,) is equal to slope angle tangent of this
linear section. The layer structure is charac-
terized by the molecule slope angle in the
stack relative to the air-water interface (y).

3. Resultls and discussion

When studying the bulk samples, we
have revealed that alkoxysubstituted ligand
of tetraphenylporphyrin I (with substitution
in ortho-position of phenyl rings, Fig. 1)
possess mesomorphic properties (Table 2).
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I M=2H R,;=-OC4Hy

II M=2H

IV. M=2H

Rg =H R3 =H
Rl =H Rz =H R3 = -()C4H9
IIT M=2H Rl — -OC16H33 Rz =H R3 =H

R1=H

Rz =H R3 = -()C16H33

Ashadowpaz) = 1.0 nm?
U Ayz (mod) =3.38 nm?2
sz (mod = 0.96 nm2

Fig. 2. Types of mounting and geometry
characteristics of the molecules II.

Table 1. Types of molecular arrangements and
geometric characteristics of the molecules.

Compound | Molecular Area of Area in
arrangement shadow, descent
layer nm? package,
(projection) nm?
I yz 1.52 1.88
xz 1.09 1.06
II yz 2.00 3.38
xz 1.00 0.96
II1 yz 3.39 3.64
xz 2.76 3.36
Iv yz 3.93 5.29
xz 1.38 1.54

Probably, the short peripheral substituent
fits optimally in the free space between
phenyl fragments, providing the prereq-
uisites for good microsegregation of supra-
molecular ensemble at the same time. Such
behavior is not typical of related analogues
of phthalocyanine where mesophases are
formed by molecules with longer lateral
substituents.

The substitution in the para-position
(compound II) leads to the mesophase disap-
pearance (Table 2). It has been also found
that porphyrin derivatives with —OC,gH35
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Table 2. Phase transitions of the porphyrin derivatives

No. of Thermotropic mesomorphism Lyotropic
compound mesomorphism
I Cre237.7°C Iso (Is0e176.8°C Mese60.2°C G) Forms the glass state -
with the mesophase texture conservation
I Cre283.8°C Iso -
III Cre79.9°C Iso (Is0e53.3°C Mese25.0°C Cr) -
Iv Cre112.3°C Iso (Is0e93.1°C Mese59.0°C G) Forms the glass state with +
the mesophase texture conservation (toluene, benzene,
chloroform)

(Phase transitions during the cooling process) Iso — isotropic; Cr — crystalline phase; Mes — liquid
crystal phase; + — presence or absence of lyotropic mesomorphism.
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Fig. 3. mA—n plot for compound I (¢ =19 %).

substituents both in para- and ortho-posi-
tions (compounds III, IV) possess mesomor-
phic properties. Compound IV also forms
lyomesophases (in binary systems with sol-
vents like toluene, benzene, chloroform)
[12, 13].

The supramolecular organization in thin
films of compounds I-IV was investigated by
Langmuir method. Analysis of Langmuir
layer compression isotherms for the investi-
gated porphyrin derivatives allows to point
out several linear sections on the related
mA-n graphs corresponding to the stable
state of the layers (Fig. 3). The area per one
molecule (4,,,,) and pressure zone where the
current stable state is realized are marked
by dots on the graphs. For meso-alkyloxy
substituted tetraphenylporphyrin I with
substituent in ortho-position, A4, in all the
stable states is less than that in the densest
package corresponding to the yz projection
molecular arrangement (even in the zone of
low pressure at ¢ = 19 %). So, the structure
with yz projection arrangement in the stud-
ied range of coverage is not realized.

Comparison of A, ,;, and A, , in the dens-
est package for the specific compound
(Table 1) shows that the stable monolayer is
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Fig. 4. Structure of monolayers for com-
pound I (¢ = 19 %).

formed only at ¢=19 % for the studied
coverage range in the mentioned pressure
zone. Pressure increase (at ¢ =19 %) is ac-
companied by the monolayer transfer with
tilt angle y = 50° (Fig. 4) (according to our
calculations) into bilayer (y = 79°), and for
the larger coverage, by transfer of bilayer
into polylayer.

Meso-alkyloxy substituted tetra-
phenylporphine II shows 3D-aggregation in
Langmuir layers. Homogeneous layers start
to form only at ¢ =45 %. In all the stable
states, A, is less than that in the densest
package corresponding to the xz projection
molecular arrangement (even in the zone of
low pressure at ¢ = 45 %). So, the studied
compound does not form monolayer struc-
tures. Compound II is able only to form
bilayers for all the studied c¢. The coverage
increase is accompanied by increasing of the
molecule tilt angle relative to the water-air
interface from y = 48° (¢ = 45 %) to y = 90°
(c =83 %). The decreasing area A, , per
one molecule of compound I with the coverage
increase can be approximated as A, =
0.62 + 513-exp(—¢/2.63) + 1.86-exp(—c/15.3)
(Fig. 5a). The minimal possible area per one
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Fig. 5. A, , dependence on the initial cover-

age (a, for compound I; b, for II; ¢, for IV).

molecule under the specified experiment
conditions is 0.62 nm2. For compound II,
the corresponding dependence (in the range
of the investigation) is expressed by the
straight line (Fig. 5b) 4, , = 0.85—-0.004c.
As to compound IV, 4, , in all stable states
is less or equal to the area per one molecule
in the densest package corresponding to the
yz projection molecular arrangement. There-
fore, the structure with yz projection mo-
lecular arrangement is not realized in the
studied coverage range. Stable bilayers are
formed only for ¢ = 63 and 77 %. In other
cases, polylayer structures are generated. It
is established (Fig. 5¢) that the area A,
per one molecule of compound IV decreases
linearly as the ¢ rises (in the range of the
experiment) according to the expression
A =0.97-0.002-c. Meso-alkyloxy substi-
tuted tetraphenylporphyrin III tends to 3D
aggregation in Langmuir layers. Homogene-
ous polylayer structures start to form only
for the coverage of 101 %.

4. Conclusion

Influence of molecular structure charac-
teristics on supramolecular organization in
the bulk samples and thin layers has been
investigated taking four new meso-substi-
tuted ligands tetraphenylporphyrines with
substitution in the alkoxy groups (—OC4Hg,
—0OC,gH33) in para- or ortho-positions of
phenyl rings as examples. It has been found
that among compounds with short substi-
tuents (—OC4Hg), only compound with sub-
stituents in the ortho-positions of phenyl
rings shows mesomorphic properties. At the
same time, among compounds with substi-
tuents (—OC,gH33), both studied compounds
exhibit mesomorphic properties. Compound
IV also forms lyomesophases. The meso-
genic meso-alkyloxy substituted tetra-
phenylporphyrin with substituent in ortho-
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position (compound I) forms homogeneous
stable layers already at the initial coverage
of 19 %. In this case, the tilt angle to the
water-air interface in the first stable state
is y = 50°. The non-mesogenic meso-alky-
loxy substituted tetraphenylporphyrin with
substituent in para-position (compound II)
forms stable layers only starting from ¢ = 45 %
and is more inclined to 8D aggregation than
mesogenic compound I. In the range of
large initial coverages, both compounds
form stacks where molecules take up posi-
tions of close tilt angles to the surface: at ¢
=45 % y = 51° and y = 48° for compounds
I and II, respectively.

However, terminal substituent enlarge-
ment from —OC4H9 to —OC16H33 changes
cardinally the influence of their position on
supramolecular organization in Langmuir
layers. For example, compound II with sub-
stituents in para-position (Fig. 1) shows in-
clination to the 3D-aggregation for com-
pounds with short substituents —OC4H,,
however, for compounds with long substi-
tuents —OC4gH33, compound III with substi-
tuent (-OC,gH33) in ortho-position exhibits
the same inclination.
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HangmonexkynsapHa opraHizaimisg moxitHux mopdgipuny
B JICHTMIOPOBCBKHX Iapax

O.B.Ka3sax, H.B.Yconvyeéa

HocaigykeHo BIJIUB MOJIEKYJIAPHOI CTPYKTYPU HOBUX Me30-3aMimnieHUX TeTpadeHia-
nopdipuny is samimennam (—OC,Hg a6o —OC,gH33) y napa- a6o opmo-monoxeHHAX HA
HAAMOJIEKYIsIPHY opraxisarmiio B o6’emi Ta miaaBaoumx mapax. BCTaHOBJIEHO, IO ceper
cronyk 3 Koporkumu Kinnesumu samicamkamu (—OC4Hg) Mesomopdmri Bracrusocti npoasise
TinbKu TerpadeHinmopdipun i3 damicHMKOM B opmo-nososkeHHi. HaBmaku, y BUmagKy [IOB-
rux samicHuKiB (~OC,gH33) MesomMopdHi 06mABI cnONyKHM, IO ZOCHiMKYBATHCH.
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