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A novel family of metal-free and metal phthalocyanines con-
taining triarylamine moieties are synthesized. These compounds
are well soluble and readily form stable amorphous glasses with
high glass transition temperatures, as evidenced by differential
scanning calorimetry and X-ray diffraction, and constitute a new
class of amorphous molecular materials.

Actual applications usually require materials as solids.
Hence, the solid state morphology of candidate materials and con-
trol over it is of great interest in materials science. The inevitable
presence of grain boundaries in polycrystalline materials can
affect the performance of electronic and optoelectronic devices
due to possible electric short circuits or light scattering. By con-
trast, amorphous molecular materials have recently demonstrated
their suitability and versatility in a number of roles in organic
optoelectronic devices! We report here the creation of a novel
class of amorphous molecular materials containing phthalocya
nine cores. Phthaocyanines have seen more than sixty years of
active scientific pursuit and refinement from a class of smple pig-
ments into functional materials for a wide range of purposes.?
However, they are generaly crystalline and many are also insolu-
ble in organic solvents. It is therefore of both fundamental and
technological interest to develop soluble and amorphous glass-
forming phthalocyanines with high glass transition temperatures
(Tg)- To our best knowledge, known examples of such phthalo-
cyanines are very scarce and have comparatively low Ts. 8

In this study, four new, soluble phthal ocyanines that readily
form stable amorphous glasses with high Ts were synthesized,
comprising 2,3-tetrakis[4-(N-2-naphthyl-N-phenylamino)phen-
oxy]phthalocyanine 1, 2,3-tetrakis[4-(N-2-naphthyl-N-phenyl-
amino)phenoxy] phthal ocyaninato copper 2, 2,3-tetrakig[4-(N-2-
naphthyl-N-phenylamino) phenoxy] phthal ocyaninato titanium
oxide 3 and 2,3-tetrakig4-(N-2-naphthyl-N-phenylamino)phen-
oxy]phthalocyaninato bis(triisopropylsiloxy)silicon 4. These
compounds constitute a new class of phthalocyanines whose
molecular architecture differs significantly from that of previ-
ously reported ones.

1-4 were synthesized as shown in Scheme 1. N-Phenyl-2-
naphthylamine was treated with 4-iodoanisole in the presence of
potassium carbonate, 18-crown-6 ether and copper powder to give
N-(4-methoxyphenyl)-N-phenyl-2-naphthylamine 5, which was
deprotected to the free phenol 6 with boron tribromide in dry
dichloromethane under nitrogen at —78 °C, and subsequently
reacted with 4-nitrophthalonitrile in DM SO in the presence of
potassium carbonate to give the phthalocyanine precursor 7. 1-3
were synthesized directly from 7 in 1-pentanol catalyzed by 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU). For 2 and 3, anhydrous
copper chloride and titanium tetra-n-butoxide served as metal
sources. 1 aso forms as a by-product of 3 in low yield. For the

synthesis of 4, 7 was treated with ammonia in methanol to give
the isoindolenine 8, which was condensed to the corresponding
dichlorosilicon phthalocyanine with silicon tetrachloride in qui-
noline. After hydrolysis to its dihydroxy analogue, reaction with
triisopropylsilyl triflate in dichloromethane and pyridine gave 4.
1-4 were al obtained as mixtures of the four constitutional iso-
mers that normally form during synthesis of 2,3-tetrasubstituted
phthal ocyanines due to statistical orientation of the 4-substituted
precursor nitrile in yields shown in Table 1. Scheme 1 shows
only the most symmetrical C,, isomer. The isomers existence
alone generally does not prevent the formation of crystalline
solids despite contributing to solid state disorder.?
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Scheme 1.

1-4 were purified by silica-gel column chromatography.
Precipitation from dichloromethane with excess methanol gave
turquoise (1, 2) or green powders (3), while solvent evaporation to
dryness afforded dark blue or dark green flakes. 4 could not be
precipitated with methanol and was obtained as blue flakes with a
violet sheen. 14 were identified by various spectroscopic meth-
ods, mass spectrometry and elemental analysis.4

The four synthesized new phthalocyanines were obtained as
amorphous solids despite attempted crystallization from solu-
tion. Their amorphous glassy state was evidenced by polarized
light microscopy, X-ray diffraction (XRD) and differential scan-
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Table 1. Yields, glass transition temperatures and electronic absorption data of the synthesized phthalocyanine

Pc  Yield/%* T, /°C UV Maxima Amay /nm (Molar Extinction Coefficients & / 10° M~ cm™)"

1 31 128 280 (1.58)° 322(1.95)%° 608°, 641° 668 (1.73)', 702 (2.01)
2 60 149 280 (1.38)° 322 (1.50)>¢ 614° 682 (1.99)"

3 23 172 280 (1.39)%, 320 (1.49)° 348 (1.25)° 633° 704 (2.32)

4 24 122 281 (1.13)°, 322 (1.24)° 356 (1.14)° 615° 684 (2.33)

®Based on 7 for 1-3 and 8 for 4. ° All spectra were taken in dichloromethane. “Arylamine system (5: Amax 280 (0.29), 313 (0.29), 364
(0.03)). 9Soret band. °Vibronic satellite bands of the Q band. fQ band (for the metal-free 1, a split Q band is observed).

ning calorimetry (DSC). All samples showed only broad haloes
in their diffraction patterns, and exhibited defined, high Tgs in
their DSC thermograms (see Table 1). Upon further heating
above the Tgs, no crystallization was observed. They are well sol-
uble in organic solvents such as dichloromethane, chloroform,
toluene and THF, 4 aso in acetone. Amorphous thin films were
obtained easily by spin coating onto glass substrates from solu-
tion. The morphological stability of 3 was found to be greatly
improved over its polymorphic parent compound PcTiO, whose
vacuum deposited amorphous film swiftly crystallizes to its a-
phase under exposure to ethanol or THF vapors® 1-4 do not
show any morphological changes from exposure to solvent
Vapors.
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Figure 1. I) a: 2 in CH,Cl; b: spin-coated amorphous film of 2.
II) c: 4 in CH,Cl,; d: spin-coated amorphous film of 4.

All the synthesized compounds show electronic absorption
spectra composed of the characteristic Q (red region) and Soret
bands (blue region) of a phthalocyanine, the latter overlapping
with their quadruple arylamine chromophores absorption (see
aso Table 1). Figure 1 shows a comparison of the electronic
absorption spectra of 2 and 4 in solution and as amorphous spin
coated thin films. While 1, 2 and 3 show aggregation in the solid
state, visible in 2's spectrum (see Figure 1, Ib) as a broadening of
the Q band into the red region accompanied by a substantial
decrease in intendity, 4 is not aggregated and retains the absorp-
tion properties of the solution (see Figure 1, 11d).

Aggregation is a well-known phenomenon for phthalocyan-
ines whose cores are not kept apart by bulky peripheral or bis-
axial substituents, resulting from co-facial Tt interactions
between the macrocycle discs® It should be noted that in the case

of 1-3, the amorphous state demonstrably prevails over crys-
tallinity despite the aggregation. It can therefore be safely
assumed that there is only a short-range ordering into very likely
irregularly spaced, short stacks that lack the long-range order
required for crystal formation. By contrast, bisaxialy bulkily sub-
stituted 4 shows very clearly that it is not aggregated in the amor-
phous solid state, and retains the highly desirable optical proper-
ties of the isolated molecule asin solution.

In summary, we have synthesized a new class of well soluble
and amorphous phthalocyanines with high Tgs that readily form
stable, uniform amorphous thin films by spin coating and are of
high interest for their optical and electronic properties. They are
expected to find application in organic devices, into which
research is currently under way.
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