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Three novel unsymmetrical vanadyl dodecakis(2,2,2-trifluoroethoxy)phthalocyaninates with nitro,
amino or with no substitution were synthesized by a statistical condensation of 3,4,5,6-tetrakis(2,2,2-
trifluoroethoxy)phthalonitrile with 4-nitro, 4-amino or 4-unsubstituted phthalonitrile, and separated by
common column chromatography. These highly soluble phthalocyanines were characterized by elemental
analysis, ir and !H-nmr, uv-visible and fast-atom-bombardment mass spectroscopy. Their uv-visible
absorption spectra in solution and in doped poly(methyl methacrylate) films showed that they were less

aggregated unsymmetrical phthalocyanines.
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Introduction.

For many years, phthalocyanines have continuously
attracted great interests in various research fields such as
chemical sensors, electrochromism, batteries, semicon-
ductors, molecular metals, catalysts, photochemical hole
burning, liquid crystals and nonlinear optics [1-3].
Although a variety of symmetrical or pseudosymmetrical
tetra-, octa- and hexadecasubstituted phthalocyanines [1-3]
have been reported in the literatures up to now, there have
been few reports on unsymmetrically substituted phthalo-
cyanines, mainly because of their preparative difficulties.
Unsymmetrical phthalocyanines are expected to show
interesting properties in the areas like liquid crystals [4],
second-order nonlinear optics [5], photodynamic therapy
[6] and Langmuir-Blodgett film formation [7], and can be
used as intermediates for the synthesis of polymeric
phthalocyanines {4b,8]. They are also very important in
understanding the nature of phthalocyanines.

Generally speaking, unsymmetrical phthalocyanines can
be prepared by several strategies: the polymer support route
[9], the subphthalocyanine route [10], and the statistical
condensation route [11]. The polymer support route makes
the separation of unsymmetrical phthalocyanines possible
and comparatively easy, however, it usually takes more
steps, so this method is rather complicated. The
subphthalocyanine route has been considered to be the
most efficient way of obtaining unsymmetrical phthalo-
cyanines with identical substituents on three of the benzene
units and a different substituent on the fourth one, however,
its overall yield is not so satisfactory. Besides, this route is
not suitable for the preparation of alkoxy-substituted
phthalocyanines, as this method uses boron tribromide, an
ether-cleaving reagent. The statistical condensation route is
the most common method to synthesize unsymmetrical
phthalocyanines. Nevertheless, the mixed condensation of
two differently substituted phthalonitriles or corresponding
1,3-diiminoisoindolines usually gives statistical mixtures of
six constitutional isomers that can not be easily separated

by chromatographic methods. Recently, a procedure which
reduces the number of possible phthalocyanine isomers by
using a phthalonitrile bearing in 3,6-positions sterically
crowded groups such as phenyl as starting material has
been reported [12]. On the other hand, if two different
phthalonitriles with quite different solubility can be
condensed by the statistical condensation method, the sepa-
ration of unsymmetrical phthalocyanines may become
possible and easy, due to the different solubility of the
resulting different phthalocyanines.

In order to search for new second-order nonlinear optical
materials, we are interested in unsymmetrical phthalo-
cyanines with donors and acceptors. Previously we have
reported the synthesis and second-order nonlinear optical
properties of a novel unsymmetrical phthalocyanine with a
nitro group as an acceptor substituent and three rert-
butyl groups as donor groups [5b,5¢,11h]. Recently,
we succeeded in the preparation of new unsymmetrically
dodecakis(trifluoroethoxy)-substituted vanadylphthalo-
cyanines which have a different substituent like a nitro or an
amino group or the comparable position unsubstituted on
one of the benzene units (see Scheme 1). There are several
reasons why we designed and synthesized such unsymmet-
rical phthalocyanines. First, we introduced twelve trifluo-
roethoxy groups on three of the benzene units in order to
enhance the solubility and suppress the intermolecular
aggregation effect of the target phthalocyanines, because
the molecular aggregation has an important influence on
the linear and nonlinear optical properties of metallo-
phthalocyanine films [13]. Secondly, we selected vanadyl
as the central metal part, because in our previous research
we found out the vanadyl phthalocyanine films have large
third harmonic susceptibilities x)(-3®; ®,®,0) among
different metallophthalocyanine films [14]. Moreover,
twelve trifluoroethoxy groups can also serve as donor
groups stronger than ters-butyl groups, thus the target
unsymmetrical phthalocyanines are not only third order
nonlinear optical materials but also can be expected to have
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second-order nonlinear optical properties because of their
unsymmetrical structures. Finally, the target unsymmetrical
phthalocyanines can be expected to have high thermal sta-
bility. In this paper, the synthesis, characterization and
aggregation properties of these novel unsymmetrical
phthalocyanines are reported.
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Reagents and conditions: i, potassium carbonate/N,N-dimethylfor-
marnide, room temperature, 12 hours; ii, urea, 180-200°, 2-5 hours; iii,
Ht/water, reflux, 2-6 hours.

EXPERIMENTAL

The ir spectra were recorded on a Shimadzu FTIR-4100 Fourier
transform infrared spectrophotometer, using potassium bromide
pellets of solid. The !H-nmr and !3C-nmr spectra with tetramethyl-
silane as the internal standard were recorded on a JEOL
JNM-EX270 Fourier transform nuclear magnetic resonance spec-
trometer (270 MHz). Electron ionization mass spectra were
recorded on a Hitachi M-80A mass spectrometer. Fast-atom-bom-
bardment mass spectra with m-nitrobenzyl alcohol as a matrix were
recorded on a JEOL JMS-HX110 mass spectrometer. Elemental
analyses were carried out by the Microanalysis Laboratory of our
institute. The uv-visible absorption spectra were measured on a
Shimadzu UV-3100 spectrophotometer in a quartz cell of path
length 10 mm. Column chromatography was performed using silica
gel of particle size 63-200 pm which was produced by Merck
Company. 3,4,5,6-Tetrafluorophthalonitrile (98%), 4-nitroph-
thalonitrile (98%), 4-aminophthalonitrile (98%) and phthalonitrile
(95%) were purchased from Tokyo Kasei Kogyo Co., Ltd. and used
without further purification. The films of poly(methyl meth-
acrylate) doped with various concentrations of compound 2 or 3
were prepared by spin coating on indium-tin-oxide glass substrates.
Typical weight concentration ranges from 0.1 to 10%.
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3,4,5,6-Tetrakis(2,2,2-trifluoroethoxy)phthalonitrile (1).

To a stirred solution of 3,4,5,6-tetrafluorophthalonitrile (5.70
g, 28.5 mmoles) in 2,2,2-trifluoroethanol (30.0 g, 300 mmoles)
and N,N-dimethylformamide (50 ml), was added anhydrous
potassium carbonate (20.0 g, 145 mmoles). The resulting mixture
was exothermic for half an hour, and then was stirred at room
temperature for 12 hours. The tlc analysis showed the disappear-
ance of the starting material. Then 200 ml of water and 300 ml of
diethyl ether were added to the resulting product mixture, and the
solution was stirred for 10 minutes. The organic layer was sepa-
rated and the aqueous layer was extracted with ether (3 x 50 ml).
The combined ethereal extracts were washed with water and
dried over anhydrous sodium sulfate. The solvent was removed
under reduced pressure and the residue was purified by column
chromatography on silica gel with hexane/ethyl acetate (3:1,
velume ratio) as an eluent to give a pale-yellow solid, which was
recrystallized from methanol to yield white needle crystals of 1,
14.0 g (94%), mp 131-132°; ir: v, 2965 (CH,), 2236 (CN),
1636, 1628 and 1574 (C=C ring), 1466 and 1456 (CH,), 1283
(C-0), 1175 (C-F), 1071, 1059, 1011 and 955 (C-O), 854 (CH,)
cm}; 1H nmr (dimethyl sulfoxide-dg): 6 4.92 (q, J = 8.58 Hz, 4H,
3,6-(OCH,),), 4.93 (q, J = 8.58 Hz, 4H, 4,5-(0OCH,),); 13C nmr
(dimethyl sulfoxide-dg): & 150.7 (s, 3,6-(Caromatic)2)» 148.6 (s,
4,5(Cyomaic)2)» 123.2 (q, J =278.3 Hz, CF,), 111.8 (s, CN), 105.0
(s, 1,2-(Cyromatic-CN),), 70.0 (q, J = 35.4 Hz, 3,6-(OCH,),), 69.7
(g, J = 35.4 Hz, 4,5-(0OCH,),); ms: electron ionization m/z 520
(M+, 100), 437 M+ -CF;CH,, 68.9).

Anal. Calcd. for C;gHgN,F[,0, (520.23): C, 36.94; H, 1.55;
N, 5.38; F, 43.82. Found: C, 37.00; H, 1.51; N, 5.38; F, 44.12.

Vanadyl 23-Nitro-1,2,3,4,8,9,10,11,15,16,17,18-dodecakis(2,2,2-
trifluoroethoxy)phthalocyaninate (2).

In a 300-ml round-bottomed three-neck flask equipped with a
nitrogen gas inlet, a reflux condenser and a magnetic stirring
bar, was placed a mixture of 3,4,5,6-tetra(2,2,2-trifluo-
roethoxy)phthalonitrile (3.12 g, 6.0 mmoles), 4-nitrophthaloni-
trile (5.19 g, 30 mmoles), vanadium trichloride (3.60 g, 22.9
mmoles) and dry urea (45 g). The mixture was stirred and
heated under dry nitrogen gas. At about 150°, the mixture
melted to form a liquid mixture. On further heating at a temper-
ature of 190-200° for 5.0 hours, a black-green solid was formed.
The reaction mixture was then cooled to room temperature.
After the addition of 10% aqueous hydrochloric acid (180 ml),
the resulting mixture was refluxed for 6 hours, and then cooled
to room temperature, and neutralized with 5% aqueous sodium
hydroxide solution. The black-green precipitate was filtered and
washed with water, air dried. Then the crude product was
dissolved in ethyl acetate, and the solution was filtered to
remove the insoluble precipitate. The filtrate was condensed
and the resulting residue was purified by column chromatog-
raphy on silica gel with hexane/ethyl acetate (3:1, volume ratio)
as an eluent to give the first fraction of symmetrically hexa-
deca(2,2,2-trifluoroethoxy)-substituted vanadylphthalo-
cyaninate, and the second fraction of 2. The crude unsymmet-
rical product was further purified by column chromatography
on silica gel with hexane/ethyl acetate (3:1, volume ratio) as an
eluent (twice) to give a dark green solid. Recrystallization from
ethyl acetate-hexane (1:18, three times) yielded a dark green
microcrystalline solid, 588 mg (16%); ir: v, 3010 (=CH),
2905 (CH,), 1636, 1620 (C=C ring), 1516 (NO,), 1495 (C=C
ring), 1456, 1429 (CH,), 1339 (NO,), 1275, 1246 (C-0O), 1159
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(C-F), 1111 (ring), 1065, 1013, 972 (C-0O), 856 (CH,), 834,
764 cm1; 'H nmr (acetone-dg): § 5.28 (m, 18H, OCH,),
5.50-6.50 (br m, 6H, OCH,), 9.33-9.75 (br, H,op,); ms: fast-
atom-bombardment m/z 1800.9 (M+, 100), 1718.0 (M*
-CF5CH,, 25.4); uv/visible (1,4-dioxane): Ap,/nm [log e/dm3
mol-! em-1] 730.0 (5.23), 655.5 (4.58), 347.0 (4.76), 267.0
(4.52), 234.0 (4.73).

Anal. Caled. for CsgHy7NgF360;5V (1800.77): C, 37.35; H,
1.51; N, 7.00; F, 37.98. Found: C, 37.45; H, 1.49; N, 701; F,
37.79.

Vanadyl 23-Amino-1,2,3,4,8,9,10,11,15,16,17,18-dode-
cakis(2,2,2-trifluoroethoxy)phthalocyaninate (3).

To a mixture of 3,4,5,6-tetra(2,2,2-trifluoroethoxy)phthalonitrile
(3.12 g, 6.0 mmoles), 4-aminophthalonitrile (6.15 g, 42.1 mmoles)
and vanadium trichloride (3.50 g, 22.3 mmoles), was added dry
urea (50 g). The resulting mixture was heated at 135° for 40
minutes in an atmosphere of dry nitrogen gas, and then heated to
180°, stirred at 180-190° for 1 hour, and then at a temperature of
190-200° for 2 hours. A dark black-green solid was formed in the
process of heating. The reaction mixture was then cooled to room
temperature, and refluxed with 300 ml of water for 2 hours, and
then cooled to room temperature. The resulting black-green
precipitate was filtered and washed with water, then air-dried. The
crude product was dissolved in ethyl acetate, and the solution was
filtered to remove the insoluble precipitate, which was washed
with ethyl acetate. The filtrate was condensed and the resulting
residue was purified by column chromatography on silica gel
using a 10-cm-diameter column and 3:1 (volume ratio)
hexane/ethyl acetate as an eluent to give the first fraction of sym-
metrically hexadeca(2,2,2-trifluoroethoxy)-substituted vanadyl
phthalocyaninate and the second fraction consisting largely of 3.
The unsymmetrical fraction was further purified by column
chromatography on silica gel with hexane/ethyl acetate (volume
ratio 3:1, three times) as an eluent to give a dark purple solid.
Recrystallization from ethyl acetate-hexane (1:40, twice) yielded a
dark purple microcrystalline solid, 130 mg (3.7%); ir: vy, 3434
(NH), 2910 (CH,), 1636, 1626, 1489 (C=C ring), 1455, 1426
(CH,), 1277, 1246 (C-O), 1159 (C-F), 1126 (ring), 1067, 1010,
972 (C-0), 854 (CH,), 833, 760 cmr!; !H nmr (chloroform-d): &
4.55 (m, NH,), 5.00 (m, 18H, OCHj,), 5.30-6.30 (br m, 6H,
OCH,), 7.70-8.30 (m, H,,y,; ms: fast-atom-bombardment m/z
1771.1 (M+, 100), 1688.1 (M* -CF3CH,, 20.9), 1605.1 ( M* -2 x
CF,CH,, 5.5); uv/visible (1,4-dioxane): A, /nm [log £/dm3 mol!
cmrl] 739.0 (5.08), 667.5 (4.52), 544.0 (4.10), 471.0 (3.90), 354.0
(4.80), 270.0 (4.41), 233.0 (4.67).

Anal. Caled. for Cs¢H,oNF10,3V (1770.78): C, 37.98; H,
1.65; N, 7.12; F, 38.62. Found: C, 37.95; H, 1.61; N, 6.89; F,
39.21.

Vanadyl 1,2,3,4,8,9,10,11,15,16,17,18-Dodecakis(2,2,2-trifluo-
roethoxy)phthalocyaninate (4).

To a mixture of 3,4,5,6-tetra(2,2,2-trifluoroethoxy)phthaloni-
trile (520 mg, 1.0 mmole) and phthalonitrile (680 mg, 5 mmoles),
under dry nitrogen gas, were added vanadium trichloride (500
mg, 3.2 mmoles) and dry urea (7.0 g). The resulting mixture was
heated at 110° for 2 hours in an atmosphere of dry nitrogen gas,
and then heated to 180°, stirred at 180-185° for 2 hours. A dark
blue solid was formed in the process of heating. The reaction
mixture was then cooled to room temperature, and refluxed with
50 ml of 5% aqueous hydrochloric acid for 2 hours and then
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cooled to room temperature. The resulting dark blue precipitate
was filtered and washed with water, then air-dried. The crude
product was dissolved in ethy! acetate, and the solution was fil-
tered to remove the insoluble precipitate, which was washed
with ethyl acetate until the filtrate became clear. The combined
filtrates were condensed and the resulting dark-green residue
was purified by column chromatography on silica gel using 3:1
(volume ratio) hexane/ethyl acetate as an eluent. The first green
fraction was collected, condensed and then further purified by
column chromatography on silica gel with hexane/ethyl acetate
(volume ratio 3:1, twice) as eluent to give a solid which was
checked by mass spectroscopy to be 4. Recrystallization from
ethyl acetate-hexane (1:50) yielded a green solid, 60 mg (10%);
ir: Vgax 3027 (=C-H), 2905 (CH,), 1636, 1624, 1487 (C=C
ring), 1456, 1431 (CH,), 1329, 1277, 1248 (C-0), 1172, 1157
(C-F), 1127 (ring), 1069, 1011, 972 (C-O), 855 (CH,), 833, 760
cmrl; 'H nmr (acetone-dg): 8 5.27 (m, 18H, OCH,), 5.50-6.50
(br m, 6H, OCH,), 7.50-9.50 (br, H,,); ms: fast-atom-bom-
bardment m/z 1756.0 (M+, 100), 1673.0 (M* -CF;CHj,, 35.1),
1589.8 (M*- 2xCF3CH,, 12.1); uv/visible (1,4-dioxane):
Amax/nm [loge/dm3 mol-! ecm-1] 729.0 (5.22), 653.5 (4.55),
349.0 (4.78), 266.0 (4.42), 228.0 (4.93).

Anal. Caled. for CsgHogNgF36015V (1755.77): C, 38.31; H,
1.61; N, 6.38; F, 38.95. Found: C, 38.34; H, 1.55; N, 6.36; F,
39.21.

Results and Discussion.

The desired novel unsymmetrical phthalocyanines 2, 3
and 4 were prepared according to the route shown in
Scheme 1. 3,4,5,6-Tetrakis(2,2,2-trifluoroethoxy)phthalo-
nitrile (1) was prepared by a modification of the reference
method [15]. The nucleophilic substitution reaction of
3,4,5,6-tetrafluorophthalonitrile with 2,2,2-trifluoroethanol
in N,N-dimethylformamide using potassium carbonate as a
base at room temperature for 12 hours gave 1 in 94%
yield. The vanadium trichloride-mediated statistical
condensation of the two corresponding phthalonitriles with
urea as a solvent and co-reactant produced the desired
unsymmetrical metallophthalocyanines, and the reaction
conditions including feed ratio, temperature and time were
varied in order to give an optimal yield of target product.
The mixed condensation of a 1:5 molar ratio of compound
1 and 4-nitrophthalonitrile in the presence of an excess of
vanadium trichloride and dry urea at 180-190° yielded
vanadyl 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexa-
decakis(2,2,2-trifluoroethoxy)phthalocyaninate, 2 and
other statistical mixtures. Because of the large difference
in solubility between compound 1 and 4-nitro-
phthalonitrile, the Ry values of these different product
moieties on thin layer chromatography (tic) (silica gel;
hexane/ethyl acetate, 3:1, v: v) were in the order of
vanadyl hexadecakis(2,2,2-trifluoroethoxy)phthalo-
cyaninate > 2 > other statistical mixtures. Thus unsymmet-
rical phthalocyanine 2 could be relatively easily separated
by common column chromatography using hexane/ethyl
acetate as eluent and obtained in 16% yield. Similarly,
compound 3 was prepared by a statistical condensation of
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a 1:7 molar ratio of 1 and 4-aminophthalonitrile at
180-200°, and obtained in 3.7% yield after purification.
Compound 4 was also synthesized by a similar mixed con-
densation of a 1:5 molar ratio of 1 and phthalonitrile in
10% yield. However, different from 2 and 3, compound 4
was eluted first in the first-round separation by column
chromatography. The fact that the yield of unsymmetrical
phthalocyanine differs with the different substituent can be
attributed to the different reactivity of 4-substituted
phthalonitrile, which is related to the melting point tem-
perature and the electron-density of the benzene ring of
4-substituted phthalonitrile.

We have also tried to synthesize the target compound 2
by mixed condensation of the two corresponding 1,3-diimi-
noisoindolines, but this method was not successful because
3.4,5,6-tetrakis(2,2,2-trifluoroethexy)phthalonitrile could
not be smoothly converted to the corresponding 1,3-diimi-
noisoindoline when reacted with ammonia gas in the
presence of sodium methoxide in methanol or other
alcohols [16].

All the pure final products were obtained after purified by
column chromatography on silica gel for several times and
then recrystallized from ethyl acetate-hexane. They were
characterized by !H-nmy, ir and fast-atom-bombardment ms
spectroscopic methods, as well as by elemental analysis. All
the analytical and spectra data are consistent with the
predicted structures. It should be noted that the IH nmr
spectra of these unsymmetrical vanadylphthalocyanines are
extremely broad because of the presence of the paramag-
netic vanadium atom and the constitutional isomers [17].
Owing to the broad 'H nmr spectra of these unsymmetrical
phthalocyanines, the aromatic protons can not be expected
to be clearly resolved. Attempts to record the well-resolved
I3C nmr spectra of these unsymmetrical vanadylphthalo-
cyanines were not successful.

All unsymmetrical phthalocyanines 2, 3 and 4 show
good solubility in common organic solvents such as
diethyl ether, tetrahydrofuran, ethyl acetate and acetone.
However, among these unsymmetrical phthalocyanines, 3
shows the best solubility in less polar solvent such as
toluene and chloroform.

The uv/visible absorption spectra of compounds 2, 3 and 4
in 1,4-dioxane are given in Figure 1. All three new unsym-
metrical phthalocyanines show characteristic absorptions in
the Q-band region of around 730 nm without splitting.
Compared with nitro-substituted compound 2, compound 3
shows a slightly red-shifted Q-band, due to the different
contribution of electron-donating amino and electron-with-
drawing nitro group to the phthalocyanine ring wt-conjuga-
tion, while compound 4 shows an absorption spectrum quite
similar to that of compound 2. However, compound 3 was
demonstrated to be more aggregated in 1,4-dioxane than
compounds 2 and 4 not only by the broadening of the
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Q-band with a shoulder on the longer wavelength side but
also by the absorption in the window region between 450
and 600 nm. The latter phenomenon is quite unique because
tris(tert-butyl) or hexakis(n-hexyloxy)-substituted mono-
amino unsymmetrical phthalocyanines do not show such
kind of behavior in the optical window region [6d,6f]. These
interesting facts might be attributed to the existence of
strong intermolecular aggregation of compound 3 in polar
solvent like 1,4-dioxane. The amino group may interact with
the fluorine atoms of 2,2,2-trifluoroethoxyl group through
hydrogen-bonding, which causes the strong aggregation
between compound 3 molecules. This result may account for
the broadening of Q-band and the absorption in the window

region between 450 and 600 nm.
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Figure 1. Ultraviolet-visible absorption spectra of vanadyl 23-nitro-
1,2,3,4,8,9,10,11,15,16,17,18-dodeca(2,2,2-trifluoro-
ethoxy)phthalocyaninate 2 (~-++), vanadyl 23-amino-1,2,3,4,8,9,10,11,-
15,16,17,18-dodeca(2,2,2-trifluoroethoxy)phthalocyaninate 3 (- ~ — -)
and vanadyl 1,2,3,4,8,9,10,11,15,16, 17,18-dodeca(2,2,2-trifluoro-
ethoxy)phthalocyaninate 4 (—-) in 1,4-dioxane.

Figures 2 and 3 show the absorption spectra for
poly(methyl methacrylate) films doped with various
concentrations of compound 2 or 3 normalized by the
peak value. Mononuclear phthalocyanine generally
shows no sign of intermolecular aggregation in common
solvents at concentration below 1 x 10-5 M at room
temperature [18). At higher concentration, however,
intermolecular aggregation can occur. In Figures 2 and
3, the concentration in chloroform solution of compound
2 or 3 is lower than 1 x 10-3 M and then the spectrum for
chloroform solution represents non-aggregated or
"monomeric" state. On the other hand, pure film
obtained by spin-coating of chloroform solution without
poly(methyl methacrylate) shows the fully aggregated
state. Both compounds 2 and 3 showed aggregation
effect to some extent in solid state, and the aggregation
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effect grows slightly with the increase of doped concen-
tration. However, compared with tetrakis(zert-butyl)
metal free phthalocyanine [19], neither 2 nor 3 showed
significant blue-shift of Q-band with the concentration
in solid state increased. This result can be explained
from the dodecakis(2,2,2-trifluoroethoxy)-substitution of
phthalocyanine ring. The strong repulsion effect of
fluoro atoms reduces the possibility of the severe aggre-
gation between phthalocyanine molecules in solid state.
The aggregation properties of compound 4 in the solid
state was similar to compound 2, just as demonstrated in
1,4-dioxane solution.
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Figure 2. Ultraviolet-visible absorption spectra of vanadyl 23-nitro-
1,2,3,4,8,9,10,11,15,16,17,18-dodeca(2,2,2-trifluoroethox y)phthalo-
cyaninate 2 in solution and in doped poly(methyl methacrylate) films:
a, neat film without polymer; b, doped concentration 10% (weight); c,
doped concentration 1% (weight); d, doped concentration 0.1%
(weight); e, chloroform solution.
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Figure 3. Ultraviolet-visible absorption spectra of vanadyl 23-amino-
1,2,3,4,8,9,10,11,15,16,17,18-dodeca(2,2,2-trifluoroethoxy)-
phthalocyaninate 3 in solution and in doped poly(methyl methacrylate)
films: i, neat film without polymer; ii, doped concentration 10%
(weight); iii, doped concentration 1% (weight); iv, doped concentration
0.1% (weight); v, chloroform solution.
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In summary, three novel unsymmetrical dodecakis(2,2,2-
trifluoroethoxy)vanadylphthalocyanines with 23-nitro or
23-amino substituents as well as with the 23-position unsub-
stituted were synthesized by a statistical condensation reac-
tion, separated by common column chromatography and
fully characterized. Besides, their uv-visible absorption
spectra in solution and in doped polymer films showed that
they were less aggregated phthalocyanines. The introduction
of poly 2,2,2-trifluoroethoxy groups enhances the solubility
of these new unsymmetrical phthalocyanines, makes the
separation more easy, and suppresses the intermolecular
aggregation effect. The study of their photoconductive, non-
linear optical and other physical and chemical properties is
now in progress and the results will be published elsewhere.
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