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Langmuir-Blodgett thin films of the azo group-modified phthalocyanines are successfully prepared. The aggregated and acidichromic |

| properties of Langmuir-Blodgett films has been investigated.
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INTRODUCTION

Phthalocyanines (Pcs) are an important class of pigments
that have fascinated scientists for many years because of their
applications in various disciplines'. A wide range of methods
have recently been reported for modifying the supramolecular
architecture of aggregated dyes such as the symmetrical
phthalocyanines in both solutions and thin films formation®*.
Langmuir-Blodgett (LB) thin film deposition or solution casting
strategies are made possible by side chain modifications®.

We have reported on the preparation and spectral property
of the azo group-modified phthalocyanines containing shorter
Cr-alkyl chains on the periphery’. In order to have further
studies of this class of azo group-modified phthalocyanines,
we here present two new phthalocyanines with longer Ce-alkyl
chains on the periphery, tetrakis[4-(N,N-dihexylamino)
phenylazo]phthal ocyaninato copper (compound a) and
tetrakis[4-(N,N-dihexylamino)phenylazo]phthalocyanine
(compound b) (Scheme-I).

EXPERIMENTAL

Tetrakis[4-(N,N-dihexylamino) phenylazo]phthal
ocyaninato copper (compound a) and tetrakis[4-(N,N-dihexyl-
amino)phenylazo]phthalocyanine (compound b) prepared
following our procedure described previously’. Both of them
exhibit excellent solubility in most organic solvents, such as
dichloromethane, chloroform, THF and the like, which makes
possible the fabrication of their Langmuir-Blodgett films and
to have further study of the behaviour of their solid state.

RESULTS AND DISCUSSION

Fig. 1 shows the surface pressure-area isotherms for a
(solid line) and for b (dashed line) in the preparation of

a: M=Cu
b: M =2H

.

Langmuir-Blodgett thin films. Extrapolation of the linear part
of the isotherms to zero pressure give the limiting molecular
areas of 1.05 and 1.02 nm” per molecule for a and b, respec-
tively. Based on the SEM measurement of the molecule structure,
the radius of the molecular structure from the molecular center
to the most far periphery nitrogen atom is about 1.02 nm. And
considering of the C¢-alkyl chains on the periphery, the plane
of the phthalocyanines cannot be completely parallel to the
water surface, they should be stacked in edge-on arrangement
on the water surface. The limiting molecular area of metal-
phthalocyanine is larger than that of the metal-free phthalo-
cyanine which is similar to literature reports'’.

Scheme-1
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Fig. 1

These Langmuir-Blodgett thin films were found to show
a highly efficient acidichromic property. In the case of
Langmuir-Blodgett films, the degree of acidichromism can
be controlled by treatment of them with gaseous HCl and NHj,
alternately. Upon exposure of the Langmuir-Blodgett film to
HCI gas, its colour turned purple rapidly from brown. An
acidichromic transition for the Langmuir-Blodgett thin film
of a is shown in Fig. 2. Line 1 is the absorption spectrum of
the 20-layer Langmuir-Blodgett film deposited on the substrate
of quartz under an average surface-pressure of 30 mN. After
being subjected to gaseous HCI over 5 s, the colour of the thin
film changed thoroughly from brown to purple and the
absorption spectrum of the acidified thin film shows a signifi-
cant change (line 2): the absorption peak at 407 nm becomes
an absorption valley and a new absorption peak appears at
551 nm. The red-shift of the Q-band, though smaller, can also
be discerned. Lines 3-9 demonstrate a gradual transformation
of the absorption spectra of the acidified thin film when it
stood under ambient conditions and lost HCl molecules slowly.
Finally the spectrum of the acidichromic Langmuir-Blodgett
thin film returned to its original pattern. And also, such a
recovery process can be accelerated by exposure of the

acidified Langmuir-Blodgett film to gaseous NHs. In addition,
such a cycle of colour change can be repeated many times by
treatment of the Langmuir-Blodgett film with HCIl and NHs,
alternately. For instant, 20 cycles were realized for a 20-layer
Langmuir-Blodgett film of a, as shown in Fig. 2. These results
confirmed that this acidichromism is a reversible process.
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Fig. 2. UV-visible absorption spectra of the Langmuir-Blodgett thin film
of compound a showing the reversible acidichromism process

This property could result from rearrangement of the
molecular structure of the prolonged conjugated 7 system induced
by a proton-acidifying process. The acidichromic process may
be follow the mechanism as show in Scheme-II. The thorough
transformation of the absorption band of Am. 407 nm into the
band of Amix 551 nm after the proton-acidifying process, which
can be assigned to the prolonged periphery T system as path-
one show. And the Q-band become broader after the proton-
acidifying process, which can be assigned to the prolonged
conjugated 7 system of the central phthalocyanine' ring as
path-two show. Considering the excellent stability of the
central phthalocyanine' ring and together with the absorption
spectra as show in Fig. 2, the mechanism of the acidifying
process should be mainly followed the way of path-one.
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In order to provide a further understanding of this
acidichromism process, a controlled experiment with the
precursor ¢ (3,4-dicyno-4'-N, N-dihexylaminoazobenzene)
was carried out (Fig. 3). Fig. 3 shows the UV-VIS absorption
spectra of the proton-acidifying process of the 20-layer
Langmuir-Blodgett thin film of precursor ¢ deposited on the
substrate of quartz also under an average surface-pressure of
30 mN. Line 1 is the absorption spectrum of the Langmuir-
Blodgett thin film as prepared and line 2-7 shows the absorption
spectra of the acidified thin film at different times (0-90 min)
upon being set in air. Moreover, we found that its spectrum
can also not return to its original pattern even after exposing
the acidified thin film to gaseous NHj;, which indicates an
irreversible acidichromic process for the Langmuir-Blodgett
thin film of the precursor ¢. Therefore, it should be recognized
that the reversible acidichromism for a is closely related to its
molecular structure with phthalocyanine moiety. For compound
b, its Langmuir-Blodgett thin films also show a reversible
acidichromic behaviour similar to compound a.
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Fig. 3. UV-visible absorption spectra of the Langmuir-Blodgett film of the
precursor ¢ showing the irreversible acidichromism process

Conclusion

The Langmuir-Blodgett films of the azo group-modified
phthalocyanines bearing longer alkyl groups on the periphery
were successfully prepared. The acidichromism of the
Langmuir-Blodgett thin films of compound a, b and precursor
¢ has been studied and the current work indicates that the
phthalocyanine moiety in the molecule plays a very important
role in the reversible acidichromic process. The fabricatability
of them into Langmuir-Blodgett films makes it convenient for
them to be fabricated into devices and the new properties might
entrust some applications to these new phthalocyanines
derivatives, such as fabricated into chemical sensor as well.
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