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Fabrication of Micro- and Nanoscale Crystals and Thin Films

of a Phthalocyanine

XIAOYU WANG,' LIAN LL,' HONG YE,” KE YANG,' YANPING WANG,' and DANIEL J. SANDMAN'
! Center for Advanced Materials, Department of Chemistry, University of Massachusetts Lowell, Lowell, MA

2The MathWorks, Inc., Natick, MA

Micro- and nanosized crystals of 1, 4, 8, 11, 15, 18, 22, 25—octabutoxy—29H, 31H—phthalocyanine (Pc) were successfully fabricated
through the reprecipitation approach followed by ultrasonication treatment from acetone solution. Phthalocyanine thin films were
prepared by vacuum sublimation, spin-coating and drop-cast methods, respectively. Field emission scanning electron microscopy
(FESEM), UV/VIS/NIR spectroscopy, polarizing optical microscopy and luminescence spectrometry were applied to study phthalocya-
nine crystal’s surface morphology, electronic absorption, birefringence and light emission properties accordingly. The electronic absorption
maximum of Pc nanocrystals shifts to longer wavelength compared to that in acetone solution. Birefringence phenomena exist for Pc
crystals with different sizes. Fluorescence is observed for both the Pc in acetone solution and thin film.

Keywords: phthalocyanines; reprecipitation method; nanocrystals

1 Introduction

The first synthesis of phthalocyanine (Pc) was reported by
Braun and Tcherniac in 1907 (1). The full study and elucida-
tion of the molecular structure of Pc and metal Pcs began
around 1930 (2—9), and the applications of Pc and metal
Pcs have also been studied extensively (10—12) because of
their many unique properties, such as high purity due to the
ease of crystallization and sublimation, extraordinary
thermal and chemical stability, attractive optical properties,
high strength, etc. Their classical applications include
serving as dyes and catalysts (13). More applications
recently in material science include organic semiconductors,
photoconductive Pcs, charge generating materials, nonlinear
optical (NLO) materials, photodynamic reagents for skin
cancer therapy and sensors (14—19). Phthalocyanines are
usually cyclotetramers of phthalonitrile monomers. The mol-
ecular structures of relevant phthalocyanines are given in
Figure 1.

For metal Pcs, there are about seventy different elemental
ions that can be placed in the central cavity of Pc, and the
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central metal cations strongly influence the metal Pc’s
physical properties (10). Normally, the Pc macrocycle exists
as a dianion (Pc””) even though it can be oxidized or reduced
to a different oxidation state. Many ions, such as Fe’™, Cu*t,
etc., are held so tightly that they can not be removed without
destroying Pc macrocycle, and most metal ions do not cause
a significant distortion of the Pc macrocycle, even though a
few of ions such as Pb*>" are too large to be accommodated
entirely in the cavity and thus lie above the plane of the Pc
ring. Some large lanthanide metal cations prefer to form a
complex that consists of two Pc rings. These complexes have
a sandwich-type structure which has very interesting physical
properties, especially electrochromism (20).

In this research, micron- and nanoscale crystals of 1,4, 8, 11,
15, 18, 22, 25—octabutoxy—29H, 31H—phthalocyanine were
fabricated, and its ultra thin films were also prepared by
vacuum sublimation and spin-coating and drop cast methods,
respectively. We used UV /VIS/NIR spectroscopy to evaluate
the phthalocyanines’ optical absorption, and applied field
emission scanning electron microscope (FESEM) to observe
and analyze their size and surface morphology directly. A polar-
izing microscope was used to evaluate 1, 4, 8, 11, 15, 18, 22,
25—octabutoxy—29H, 31H—Pc birefringence phenomena for
thin films fabricated by vacuum sublimation and spin-coating
methods, respectively. A luminescence spectrometer was used
to study the thin film’s light emission properties.
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M = metal(s), metalloid(s) => metallophthalocyanine
M = twao hydrogens => metal-free phthalocyanine

Fig. 1. General chemical structures of phthalocyanines.

2 Experimental

1, 4,8, 11, 15, 18, 22, 25—octabutoxy—29H, 3 1H—phthalo-
cyanine was purchased from Sigma-Aldrich and was recrys-
tallized from acetone. Its molecular structure is given in
Figure 2. The recrystallized 1, 4, 8, 11, 15, 18, 22, 25—octa-
butoxy—29H, 31H—phthalocyanine acetone solution with
concentration of 2 x 10~% M was prepared. 100 pl of this
solution was injected into 10 ml deionized Milli-Q water
under vigorous stirring. This is known as the reprecipitation
method (21, 22). Then the solution was treated for 15 min
using a VWR ultrasonic cleaner (1.9 L). The suspension
formed without any visible particles or precipitates and its
color is light green. FESEM samples were prepared by
dropping the above solution on clean ITO-coated glass sub-
strates and the samples were dried over 48 h before character-
ization by electron microscopy.

The recrystallized 1, 4, 8, 11, 15, 18, 22, 25—octabutoxy—
29H, 31H—Pc crystals were ground thoroughly with a mortar
and pestle for 10 min before they were put into the tungsten
crucible for vacuum sublimation. After the chamber pressure
reached 10 torr, the crystal samples were gradually heated,
then were evaporated and condensed on the glass substrates
and ITO-coated glass slides for UV/VIS/NIR spectroscopy,
polarizing microscopy, luminescence and FESEM study,
respectively. Thin films of 1, 4, 8, 11, 15, 18, 22, 25—octa-
butoxy—29H, 31H—Pc were also prepared from its acetone

ataee
g

= n- CHgO—

Fig. 2. Chemical structure of 1, 4, 8, 11, 15, 18, 22, 25—octabu-
toxy—29H, 3 1H—phthalocyanine.
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solution (2 x 10~* M) through spin-coating (rpm = 1000)
and drop-cast methods at room temperature.

A FESEM (JEOL Ltd, JSM-7410F) was operated under low
accelerating voltage (0.6~0.8 KeV) which can minimize
surface charging to obtain clear surface morphology and
images of phthalocyanine micron- and nanocrystals and ultra
thin films. A luminescence spectrometer (Perkin-Elmer Instru-
ments, LS 55) was used to explore whether there is fluorescence
for a phthalocyanine acetone solution and phthalocyanine thin
film and the emission peaks selection is based on the thin
films’ electronic absorption maxima obtained by UV/VIS/
NIR spectroscopy. A polarizing microscope (Fisher Scientific
Company, 12-561-METL) was used to study the birefringence
property of thin films and crystals of the Pc.

3 Results and Discussion

Micro- and nano-sized 1, 4, 8, 11, 15, 18, 22, 25—octabutoxy—
29H, 31H—phthalocyanine crystals were successfully prepared
using ultrasound (42 k Hz) treatment. Figure 3 (a) and (b)
show such phthalocyanine crystals image size and morphology
obtained by FESEM with different magnifications. It was

(b)

Fig.3. FESEM images of micro- and nanoscale 1,4, 8, 11, 15, 18,
22, 25—octabutoxy—29H, 31H—phthalocyanine crystals fabricated
by ultrasonication method under different magnification (a) X
10000, (b) X 20000.
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Fig. 4. Electronic absorption comparison.

found that the shape of most of these crystals is that of a
hexagon and the size range is 200 nm to 500 nm.
UV/VIS/NIR spectroscopy was used to study and
compare the electronic absorption spectra for micro-and
nano-sized phthalocyanine crystals in aqueous solution and
the phthalocyanine acetone solution. Figure 4 shows the elec-
tronic adsorption comparison for this phthalocyanine in
different forms. It was noticed that maximum absorption
wavelengths are 760 nm and 872 nm for phthalocyanine
acetone solution and microcrystalline form, respectively.
Thus, there is red a shift in the maximum of 0.21 eV for
micro-and nanoscale phthalocyanine crystals. Fox et al. (23)
also reported UV-VIS spectrum of 1, 4, 8, 11, 15, 18, 22,
25—octabutoxy—29H, 31H—Pc, in which the absorption
maximum is 760 nm. This is consistent with our results.
However, to the best of our knowledge, no one studied the
electronic spectra for micro- and nano-sized Pc crystals.
Phthalocyanine ultra thin films prepared by vacuum subli-
mation were characterized by FESEM shown in Figure 5. The
left upper area is conductive carbon paste used for decreasing
charging on the sample surface, the other area is a thin film,
which is very uniform and smooth under one thousand-fold
magnification. A polarizing microscope was used to study
the film’s birefringence properties. Figure 6 (a) and (b)
show phthalocyanine thin film images when the two

Fig. 5. SEM image of phthalocyanine ultra thin for (a) phthalo-
cyanine micro- and nanoscale film prepared by vacuum sublimation
(X 1000) crystals and (b) phthalocyanine acetone solution.
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(a) (b)

Fig. 6. Phthalocyanine ultra thin film optical images under (a)
parallel polarizers and, (b) crossed polarizer (X 200).

polarizers are parallel and perpendicular, respectively. We
observed that there is a color variation for the thin films
when two polarizers arrangement direction is changed for
0°C to 90°, which means that there is an orientation in the
thin film structure.

UV/VIS/NIR spectroscopy was used to study the elec-
tronic absorption spectrum of phthalocyanine ultra thin
films fabricated by vacuum sublimation and spin-coating
methods, respectively, and their absorption maxima are
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Fig. 7. Electronic absorption spectra for phthalocyanine (a) ultra
thin films fabricated by vacuum sublimation and (b) spin-coating
methods.
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Fig. 8. Emission spectra of phthalocyanine, (a) in acetone sol-
ution (2 x 10°¢ M), Agxcitation = 730 nm, (b) phthalocyanine thin
film fabricated by vacuum sublimation (Pressure = 10~ Torr),
AExcitation = 760 nm.
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(b)

Fig. 9. Optical images of phthalocyanine crystals prepared by
spin-coating under (a) parallel polarizers and (b) crossed polarizers
(X 200).

(b)

Fig. 10. Optical images of phthalocyanine crystals prepared by
drop casting under (a) parallel polarizers and (b) crossed polarizers
(X 200).
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782 nm and 861 nm, respectively. The spectra are shown in
Figure 7. There is an approximate shift of 0.15 eV for these
two kinds of thin films. This is due to the difference of Pc
crystals’ size and orientation for the two thin films.

Based on the obtained UV/VIS/NIR spectra (Figure 4
and Figure 7), a luminescence spectrometer was used to
detect fluorescence for the Pc acetone solution and Pc thin
film fabricated by vacuum sublimation method, respectively.
730 nm and 760 nm were set as excitation wavelengths for
Pc acetone solution and Pc thin film, respectively. Fluor-
escence was observed for both Pc acetone solution and Pc
thin film. The emission maximum wavelengths are 788 nm
and 819 nm, respectively. The results were shown in
Figure 8.

A polarizing microscope was also used to characterize
phthalocyanine thin films fabricated by spin-coating and
drop cast approaches, respectively. Figures 9 and 10 show
their images under parallel and perpendicular alignment of
the two polarizers. It was found there are obvious birefrin-
gence phenomena for the spin-coating and drop cast thin
films which consist of tiny crystals and tree-like crystals,
respectively.

4 Conclusions

Micron and nano-sized phthalocyanine (Pc) crystals were
successfully prepared by reprecipitation followed by ultraso-
nication and the shapes of these crystals are that of a hexagon.
The electronic absorption maximum of micro- and nanocrys-
tals of Pc shifts to longer wavelength (872 nm) compared to
that of its ultra thin film (782 nm—861 nm) and Pc acetone
solution (760 nm). There are birefringence phenomena for
Pc crystals with different sizes. Fluorescence is observed
for Pc acetone solution and Pc thin film.
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