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Peripherally alpha(a)-substituted novel phthalocyanines
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Abstract

Two novel, nickel phthalocyanines bearing peripherally alpha(a)-substituents, namely octa(1,3-bis(dodecyloxy)propan-2-ol) and octa(1,3-
bis[2-(2-ethoxyethoxy)ethoxy]propan-2-ol) were synthesized by cyclotetramerisation of the corresponding nitriles. At room temperature, the
peripherally a-substituted Ni(II) phthalocyanine complexes exhibited a relatively viscous liquid state; their spectroscopic properties and aggre-
gation behaviour were investigated in different solvents and at different concentrations in chloroform. The two compounds showed Q-bands in
the near-IR region of the electronic spectrum and did not aggregate in all solvents and under a wide range of concentrations in chloroform.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Phthalocyanines, a family of aromatic macrocycles based on
an extensive delocalized 18-p electron system, are known not
only as classical dyes in practical use but also as modern func-
tional materials in scientific research [1,2]. There has been
growing interest in the use of phthalocyanines in a variety of
new high technology fields including semiconductor devices
[3,4], LangmuireBlodgett films [5], electrochromic display de-
vices [6], gas sensors [7e9], liquid crystals [10], non-linear op-
tics [11] and various catalytic processes [12]. The attractive
characteristics of phthalocyanines in these applications arise
from their great diversity, thermal and chemical stability,
redox versatility and intense colour. However, their insolubility
in common organic solvents causes difficulties for many appli-
cations, rendering the syntheses of soluble derivatives an
important task. Phthalocyanine derivatives of increased solubil-
ity have been obtained using substituents such as alkyl, alkoxy,
alkylthio chains and bulky groups. Whereas, peripheral

* Corresponding author. Gebze Institute of Technology, Department of

Chemistry, P.O. Box 141, Gebze 41400, Kocaeli, Turkey. Tel.: þ90 262 605

31 06; fax: þ90 262 653 84 90.

E-mail address: ahsen@gyte.edu.tr (V. Ahsen).
0143-7208/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.dyepig.2007.08.010
substitution with bulky groups or long alkyl, alkoxy or alkylthio
chains leads to phthalocyanine products soluble in apolar sol-
vents, sulfo or quaternary ammonium groups enhance solubility
in aqueous media over a wide pH range of aqueous solutions.
The size and the nature of the substituents are not the only crite-
ria for the solubility of the substituted phthalocyanines; the
change in symmetry caused by the substituents is also a key
point. Generally, tetra-substituted phthalocyanines are more sol-
uble than the symmetrically octa-substituted ones due to the for-
mation of four positional isomers in the case of tetra-substituted
analogues [13e15]. According to their substituent positions,
two types of substituted macrocycles which show significant
differences in their chemical and physical behaviour can be dis-
tinguished. Substitution at the more sterically crowded alpha(a)
position show reduced aggregation tendencies more than substi-
tution at b position [16,17]. It has been established that non-ag-
gregated phthalocyanines are extremely important. Molecular
aggregation of phthalocyanines, which is an intrinsic property
of these large p-conjugated systems, provides an efficient
non-radiative energy relaxation pathway. The nature of periph-
eral substituents influences the degree of aggregation, with
bulky groups reducing this phenomenon [18].

Addition of groups to the peripheral positions of MPc com-
plexes is known to influence the properties of the MPc to
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a large degree [19e23]. For instance, the peripheral substitu-
ents increase the distance between the planar macrocycle rings
carrying the p-electrons thereby making solvation easier. Sol-
vents also affect aggregation of phthalocyanine complexes.
Organic solvents are known to reduce aggregation whereas
aqueous medium results in highly aggregated complexes.
However, many phthalocyanine complexes remain aggregated
even in non-aqueous solutions [24e27]. Aromatic solvents
such as benzene or toluene are known to give narrow Q-bands
for phthalocyanines whereas broadening is observed in other
non-aromatic solvents [28].

Morphologically, phthalocyanine compounds have tradition-
ally been viewed as materials that have relatively high degrees of
order in both the solid and the liquid crystalline states and that
usually display melting points significantly above room temper-
ature. While these morphologies are very interesting for scien-
tific study and are useful in some applications, the existence of
small ordered domains that mainly cause optical scattering
can be an adversity. For applications requiring optical transpar-
ency and thin film processing, even a small amount of scattering
can be detrimental. Therefore, liquid phthalocyanine derivatives
have better properties than solid and liquid crystalline phthalo-
cyanine derivatives. For example, liquid phthalocyanine deriva-
tives are known to exhibit better non-linear optical properties
[29]. Although there are a lot of studies about solid and liquid
crystalline phthalocyanines, only a few studies described so
far about liquid phthalocyanines [29e31].

Phthalocyanine derivatives possessing substituents in the
1,4,8,11,15,18,22,25 (peripherally a-substituted) sites are at-
tractive for a number of reasons. First, alkyl and alkoxy sub-
stituents in these positions give rise to excellent solubility in
organic solvents. Second, the phthalocyanines are produced
as a single isomer due to the symmetry of the precursor. In ad-
dition, phthalocyanines with n-alkyl or n-alkyloxymethyl side
chains longer than pentyl are liquid crystalline [32e34]. How-
ever, substituents, particularly when located at the peripherally
a (1,4,8,11,15,18,22,25) sites of the macrocycle, can show
a much more marked effect leading to significant bathochro-
mic shifts. Indeed, examples of near infrared absorbing phtha-
locyanine dyes include derivatives bearing peripherally
a substituents linked through oxygen atoms (lmax ca.
760 nm) [35], and sulfur (lmax> 800 nm) [36].

In this work, we have synthesized peripherally alpha(a) 1,3-
bis(dodecyloxy)propan-2-ol and 1,3-bis[2-(2-ethoxyethoxy)
ethoxy]propan-2-ol octa-substituted new liquid nickel phthalo-
cyanine compounds (5a and 5b) for the first time. We report on
the effects of substituents on the spectroscopic and aggregation
properties of nickel phthalocyanine derivatives in different sol-
vents (toluene, dichloromethane, chloroform, THF, and DMSO)
and different concentrations in chloroform.

2. Experimental

2.1. Materials

Pyridine, n-hexanol, 1-propanol, dimethylsulphoxide (DMSO),
methanol, hexane, chloroform (CHCl3), dichloromethane (DCM),
tetrahydrofuran (THF), acetone, ethanol and dimethylformamide
(DMF) were dried as described in Perrin and Armarego [37] before
use. Dodecanol, 2,3-dicyanohydroquinone, K2CO3, NaOH, epi-
chlorohydrin, 2(2-ethoxyethoxy)ethanol, nickel(II) chloride,
CDCl3, toluene-4-sulfonyl chloride and 1,8-diazabicyclo[5.4.0]
undec-7-ene were purchased from Fluka. Column chromatogra-
phy was performed on silica gel 60 (Merck, 0.040e0.063 mm)
and preparative thin layer chromatography was performed on silica
gel 60 P F254. 1,3-Bis(dodecyloxy)propan-2-ol (1a) [38], 1,3-bis
(dodecyloxy)propan-2-tosylate (2a) [38], 1,3-bis[2-(2-ethoxye-
thoxy)ethoxy]propan-2-ol (1b) [39] and 1,3-bis[2-(2-ethoxyethoxy)
ethoxy] propan-2-tosylate(2b) [39] were synthesized and puri-
fied according to literature procedures.

2.2. Equipment

Elemental analyses were obtained with a Thermo Finnigan
Flash 1112 Instrument. Infrared spectra in sodium chloride
cells for oily compounds or KBr pellets for solid compounds
were recorded on a Bio-Rad FTS 175C FT-IR spectrophotom-
eter. Optical spectra in the UVevis region were recorded with
a Schimadzu 2001 UV Pc spectrophotometer using 1 cm path
length cuvettes at room temperature. The mass spectra were
acquired on a Bruker Daltonics (Bremen,Germany) MicrO-
TOF mass spectrometer equipped with an orthogonal electro-
spray ionization (ESI) source. The instrument was operated in
positive ion mode using a m/z range of 50e800. The capillary
voltage of the ion source was set at 6000 V and the capillary
exit at 190 V. The nebulizer gas flow was 3 bar and drying
gas flow 10 L/min. The drying temperature was set at
200 �C. 1H and 13C NMR spectra were recorded in CDCl3
solutions on a Varian 500 MHz spectrometer.

2.3. Synthesis

2.3.1. 3,6-Bis{2-(dodecyloxy)-1-[(dodecyloxy)
methyl]ethoxy}phthalonitrile (4a)

Under nitrogen stream, 1,3-bis(dodecyloxy)propan-2-tosylate(2a)
(7.97 g, 13.7 mmol) and 2,3-dicyanohydroquinone (3) (1.0 g,
6.24 mmol) were dissolved in dry DMF (30 mL) and the
mixture stirred at room temperature for 15 min. Thereafter,
finely ground K2CO3 (5.6 g, 41.1 mmol) was added portion-
wise over a period of 2 h and the reaction mixture left to stir
for a further 48 h at 70 �C. The reaction was worked up by filter-
ing the undissolved potassium carbonate, concentrating at re-
duced pressure to an approximate 2 mL volume and pouring
into 50 mL stirred distilled water. The mixture was extracted
with 3� 50 mL portions of CH2Cl2, the combined organic
phases were back extracted with 50 mL distilled water, and
the CH2Cl2 phase dried over Na2SO4. After filtering and con-
centrating, the crude product was purified through a silica gel
column with CH2Cl2/n-hexane (1:1) elution. Yield: 2.87 g
(47%). E.N.: 59 �C. IR [(KBr) nmax/cm�1]: 3084 (AreCH),
2927 and 2857 (CH2), 2234 (C^N), 1575 (C]C), 1479,
1377, 1276, 1120 (CeOeC), 796, 724. 1H NMR (CDCl3):
dH, ppm 0.89 (t, 12H, CH3), 1.29 (m, 72H, CH2), 1.56 (m,
8H, OCCH2), 3.47 (t, 8H, OCH2), 3.67 (d, 8H, OCH2), 4.50
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(m, 2H, CH), 7.41 (s, 2H, ArH). 13C NMR (APT) (CDCl3): dC,
ppm 14.09 (CH3), 22.87 (CH2), 26.05 (CH2), 29.36e29.62
(CH2), 31.91 (CH2), 70.63 (OCH2), 72.01 (OCH2eCHO),
81.37 (CH), 106.11 (ArC), 113.21 (C^N), 122.45 (ArCH),
156.16 (ArCO). Calc. for C62H112N2O6: C 75.87, H 11.50, N
2.85; found: C 75.52, H 11.63, N 2.98. MS (FAB-MS) m/z:
Calc. 980; found: 981.6 [MþH]þ.

2.3.2. 3,6-Bis(2-[2-(2-ethoxyethoxy)ethoxy]-1-{[2-
(2-ethoxyethoxy)ethoxy]methyl}ethoxy) phthalonitrile (4b)

Synthesis and purification was as outlined for 4a except 1,3-
bis[2-(2-ethoxyethoxy)ethoxy] propan-2-tosylate (2b) was em-
ployed instead of 1,3-bis(dodecyloxy)propan-2-tosylate (2a). The
amounts of the reagents employed were: 2b (6.6 g, 13.7 mmol),
2,3-dicyanohydroquinone (3) (1.0 g, 6.24 mmol) and K2CO3

(5.6 g, 41.1 mmol) in DMF (20 mL). Yield: 3.0 g (62%). IR
[(NaCl cell) nmax/cm�1]: 3089 (AreCH), 2974 and 2871 (CH2),
2233 (C^N), 1480, 1351, 1279, 1111 (CeOeC), 796, 724. 1H
NMR (CDCl3): dH, ppm 1.14 (t, 12H, CH3), 3.45e3.58 (m,
48H, CH2), 4.51 (m, 2H, CH), 7.42 (s, 2H, ArH). 13C NMR
(APT) (CDCl3): dC, ppm 15.36 (CH3), 66.79 (CH2), 69.96e
71.33 (CH2), 81.35 (CH), 106.13 (ArC), 113.51 (C^N),
122.86 (ArCH), 156.24 (ArCO). Calc. for C38H64N2O14: C
59.05, H 8.35, N 3.62; found: C 59.37, H 8.19, N 3.88. MS
(ES-MS) m/z: Calc. 772; found: 773.3 [MþH]þ.

2.3.3. 1,4-Octakis{(2-(dodecyloxy)-1-[(dodecyloxy)
methyl]ethoxyphthalocyaninato)} nickel(II) (5a)

A solution of 3,6-bis{2-(dodecyloxy)-1-[(dodecyloxy)
methyl]ethoxy}phthalonitrile (4a) (0.70 g, 0.71 mmol), anhydrous
NiCl2 (0.188 g, 1.45 mmol) and 1,8-diazabicylo[5,4,0]undec-7-
ene(DBU) (0.162 mL, 1.10 mmol) in 10 mL dry n-hexanol was
refluxed under argon atmosphere for 48 h, and then the solvent
was removed under reduced pressure. The crude product was
dissolved in CH2Cl2 and then filtered. After concentrating, the
dark green waxy product was purified by passing through a silica
gel column with CH2Cl2 elution. Furthermore this product was
purified with preparative thin layer chromatography (silica gel)
using CH2Cl2/n-hexane (5:2) solvent system. Yield: 0.45 g
(16%). IR [(NaCl cell) nmax/cm�1]: 3082 (AreCH), 2926
and 2855 (CH2), 1600 (C]N), 1496, 1465, 1377, 1263, 1120
(CeOeC), 1094, 747. 1H NMR (CDCl3): dH, ppm: 0.85
(t, 48H, CH3), 1.11 (m, 288H, CH2), 1.40 (m, 32H, OCeCH2),
3.39 (m, 32H, OCH2), 4.01 (br, 32H, OCH2), 4.75 (m, 8H,CH),
7.68 (s, 8H, ArH). 13C NMR (APT) (CDCl3): dC, ppm 14.05,
(CH3), 22.65 (CH2), 26.08 (CH2), 29.35e29.62 (CH2), 31.91
(CH2), 70.42 (OCH2), 71.61 (OCH2eCH2O), 81.95 (CH),
122.21 (ArCH), 127.64 (ArC), 145.56 (N]CeN), 150.62
(ArCO). UVevis (chloroform): lmax, nm (log 3): 732 (4.99),
657 (4.37), 340 (4.35), 300 (4.48). Calc. for C248H448N8O24Ni:
C 74.75, H 11.33, N 2.81; found: C 74.93, H 11.66, N 2.89. MS
(FAB-MS): m/z (%) Calc. 2984; found: 2985 [MþH]þ.

2.3.4. 1,4-Octakis{(2-[2-(2-ethoxyethoxy)ethoxy]-1-{[2-
(2-ethoxyethoxy)ethoxy]methyl}ethoxyphthalocyaninato)}
nickel(II) (5b)

Synthesis and purification was as outlined for 5a except 3,6-
bis(2-[2-(2-ethoxyethoxy)ethoxy]-1-{[2-(2-ethoxyethoxy)ethoxy]
methyl}ethoxy)phthalonitrile (4b) was employed instead of
3,6-bis{2-(dodecyloxy)-1-[(dodecyloxy)methyl]ethoxy}phtha-
lonitrile (4a). The amounts of the reagents employed were: 4b
(400 mg, 0.52 mmol), anhydrous NiCl2 (104 mg, 0.8 mmol)
and DBU (0.62 mL, 1.10 mmol) in n-hexanol (2.5 mL). Yield:
0.15 g (9%). IR [(NaCl cell) nmax/cm�1]: 3076 (AreCH),
2970 and 2867 (CH2), 1600 (C]N), 1495, 1465, 1377, 1263,
1120 (CeOeC), 1094, 747. 1H NMR (CDCl3): dH, ppm: 1.04
(t, 48H, CH3), 3.32e3.46 (m, 96H, CH2), 3.51e3.61 (m, 64H,
OCeCH2), 4.00 (m, 32H, OCH2), 4.69 (m, 8H, CH), 7.62 (s,
8H, ArH). 13C NMR (APT) (CDCl3): dC, ppm 14.10, (CH3),
65.49 (CH2), 68.70e69.80 (CH2), 80.70 (CH), 121.22
(ArCH), 126.65 (ArC), 144.48 (N]CeN), 149.44 (ArCO).
UVevis (chloroform): lmax, nm (log 3): 734 (5.18), 659
(4.56), 346 (4.57), 303 (4.69). Calc. for C152H256N8O56Ni: C
57.95, H 8.19, N 3.56; found: C 58.11, H 8.35, N 3.91. MS
(ES-MS): m/z (%) Calc. 3150; found: 3151.2 [MþH]þ.

3. Results and discussion

3.1. Synthesis and characterization

Phthalocyanines are prepared by cyclotetramerization of
phthalonitriles or 1,3-diimino-1H-isoindoles. 2,3,9,10,16,17,
23,24-Octa-substituted (peripherally b) phthalocyanines can
be synthesized from 4,5-disubstituted phthalonitriles [40]
while 1,4,8,11,15,18,22,25-octa-substituted (peripherally a)
phthalocyanines are obtained from 3,6-disubstituted phthalo-
nitriles [41]. In our case, the starting phthalonitriles are reac-
tive enough to obtain the expected phthalocyanines in
classical template conditions. The syntheses of the peripher-
ally alpha(a) octa-substituted phthalocyanines are achieved
through two different routes. (i) Peripherally alpha(a) alkyl
substituted phthalocyanines can be synthesized from the
corresponding 3,6-dialkylphthalonitrile precursors. 3,6-
Dialkylphthalonitrile precursors can be synthesized using
appropriately substituted compounds in a DielseAlder cyclo-
addition reaction. Two approaches satisfactorily exploited im-
ply the use of dialkylfurans or dialkylthiophene dioxides as
‘‘dienes’’, fumaronitrile being the dienophile [41]. (ii) Periph-
erally alpha(a) alkyloxy substituted phthalocyanines can be
synthesized from the corresponding 3,6-dialkyloxyphthaloni-
trile precursors. 3,6-Dialkyloxyphthalonitrile precursors are
obtained from appropriate alcohols and 2,3-dicyanohydroqui-
none [42]. 2,3-Dicyanohydroquinone (3) was used recently to
prepare 3,6-disubstituted phthalonitriles through base cata-
lyzed nucleophilic aromatic displacement [31,40,43]. The
same route was applied to prepare 3,6-bis{2-(dodecyloxy)-1-
[(dodecyloxy)methyl]ethoxy}phthalonitrile (4a) from 1,3-bis
(dodecyloxy)propan-2-tosylate (2a) and 2,3-dicyanohydroqui-
none (3) (Scheme 1). Similarly, the reaction of 3,6-bis{2-
(dodecyloxy)-1-[(dodecyloxy) methyl]ethoxy}phthalonitriles
(4a) under the same conditions with 2,3-dicyanohydroqui-
none (3) resulted in the expected compound 3,6-bis(2-[2-(2-
ethoxyethoxy)ethoxy]-1-{[2-(2-ethoxyethoxy)ethoxy]methyl}
ethoxy) phthalonitriles (4b) (Scheme 1). The reactions were
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Scheme 1. Synthesis of peripherally alpha(a) 1,3-bis(dodecyloxy)propan-2-ol and 1,3-bis[2-(2-ethoxyethoxy)ethoxy]propan-2-ol substituted nickel(II) phthalocy-

anine complexes. (i) p-MeC6H4SO2Cl, pyridine, room temperature; (ii) K2CO3, DMF; (iii) NiCl2, DBU, n-hexanol.
carried out in dry dimethylformamide at 50 �C and gave
yields 47% for 4a and 62% for 5a.

The preparation of phthalocyanine derivatives from the ar-
omatic nitriles occurred under different reaction conditions
[1]. A convenient high-yield synthesis requires for the further
considerations. For various substituted dinitriles, the reaction
is in the presence of strong non-nucleophilic bases such as
1,8-diazabicylo[5.4.0]undec-7-ene (DBU) or 1,5-diazabicy-
lo[4.3.0]non-5-ene (DBN) in 1-pentanol [44e46]. The cyclo-
tetramerization of dinitrile derivatives (4a and 4b) in
presence of anhydrous NiCl2 and DBU in 1-hexanol gave
the peripherally alpha(a) octa-substituted nickel(II) phthalocy-
anine derivatives (5a and 5b).

The substituents’ positions on the phthalocyanine ring
affect its melting point. Generally, peripherally alpha(a)-
substituted phthalocyanines have lower melting point than
the corresponding peripherally b-substituted phthalocya-
nines [2]. Therefore, synthesized peripherally alpha(a) octa-
substituted compounds (5a and 5b) are optically clear,
relatively viscous liquids at room temperature. When observed
under crossed polarizers by optical microscope, no
birefringence is observed. This enables us to be sure that the
phthalocyanines are really liquids and not exhibiting a low vis-
cous mesogenic state. This is fitting the observations of the
melting point lowering of peripherally alpha(a)-substituted
phthalocyanines.

Column and preparative thin layer chromatography with
silica gel were employed to purify the products from the reac-
tion mixtures. The intense green-blue relatively viscous prod-
ucts are very soluble in a number of solvents. They could thus
be thoroughly investigated by 1H and 13C NMR and UVevis
spectroscopy in solution. In addition to elemental analysis re-
sult, mass spectra of the new organic intermediate compounds
and phthalocyanines obtained by the FAB and ES-MS tech-
niques show molecular ion peaks.

FT-IR spectra were recorded on KBr pellet for solid com-
pound (4a) and NaCl cell for liquid compounds (4b, 5a,
5b), characteristic vibrations corresponding to ether groups
(CeOeC) at ca. 1110e1120 cm�1 and CH2 stretching at ca.
2927e2855 cm�1 for 4a and 5a, at ca. 2974e2867 cm�1 for
4b and 5b are common for the starting compounds (4a, 4b)
as well as for the phthalocyanines (5a, 5b). The sharp peak
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for the C^N vibrations 2234 cm�1 for 4a and 2233 cm�1 for
4b disappears after phthalocyanine formation.

NMR investigation of the compounds 4a and 4b have pro-
vided the characteristic chemical shifts for the structures as ex-
pected. In the 1H NMR analysis of all these compounds in
deuterated chloroform, the methyl protons appear as triplet
at 0.89 and 1.14 ppm integrating for 12 protons each, for
phthalonitrile compounds 4a and 4b, respectively. The CH2

protons appear as a multiplet at 1.29 ppm, a multiplet at
1.56 ppm, a triplet at 3.47 ppm and a doublet at 3.67 ppm in-
tegrating for 72, 8, 8, 8 protons each, making a total of 96 pro-
tons expected for compound 4a and appear as a multiplet
between 3.45 and 3.58 ppm integrating for a total of 48 pro-
tons as expected for compound 4b. The aliphatic CH protons
appear as multiplets at 4.50 and 4.51 ppm integrating for 2
protons each, for phthalonitrile compounds 4a and 4b, respec-
tively. The aromatic protons appear as singlets at 7.41 and
7.42 ppm integrating for 2 protons each, for compounds 4a
and 4b, respectively.

In the 13C NMR spectra of dinitrile (4a), methyl carbon
atoms show a signal at 14.09 ppm, the aliphatic CH2 carbon
atoms show different signals between 22.87 and 72.01 ppm,
the aliphatic CH carbon atoms show a signal at 81.37 ppm.
The aromatic carbon atoms of this compound were observed
at 106.11 for ArC carbon atoms, 122.45 ppm for ArCH carbon
atoms and 156.16 ppm for ArCO carbon atoms. The nitrile
carbon atoms were observed at 113.21 ppm. The 13C NMR
spectra of other dinitril (4b), methyl carbon atoms show a sig-
nal at 15.36 ppm, the aliphatic CH2 carbon atoms show differ-
ent signals between 66.79 and 71.33 ppm, the aliphatic CH
carbon atoms show a signal at 81.35 ppm. The aromatic car-
bon atoms of this compound were observed at 106.13 for
ArC carbon atoms, 122.86 ppm for ArCH carbon atoms and
156.24 ppm for ArCO carbon atoms. The nitrile carbon atoms
were observed at 113.51 ppm.

In the 1H NMR analysis of peripherally alpha(a) octa-
substituted nickel(II) phthalocyanine derivatives (5a and 5b)
in deuterated chloroform, Fig. 1 (using complex 5b as an ex-
ample in CDCl3), the methyl protons appear as triplet at
0.85 ppm and 1.04 ppm integrating for 48 protons each, for
phthalocyanine compounds 5a and 5b, respectively. The CH2

protons appear as a multiplet at 1.11 ppm, a multiplet at
1.40 ppm, a multiplet at 3.39 ppm and a broad peak at
4.01 ppm integrating for 288, 32, 32, 32 protons each, making
a total of 384 protons expected for compound 5a and appear as
a multiplet between 3.32 and 3.46 ppm, 3.51 and 3.61 ppm
and as a multiplet at 4.00 ppm integrating for 96, 64 and 32
protons each, making a total of 192 protons expected for com-
pound 5b. The aliphatic CH protons appear as multiplets at
4.75 and 4.69 ppm integrating for 8 protons each, for phthalo-
cyanine compounds 5a and 5b, respectively. Generally, the ar-
omatic protons of peripherally alpha(a) octa-substituted
phthalocyanines shift to upfield due to that the ring current ef-
fect is more shielded and comes into resonance at a stronger
applied field, when compared with peripheral octa-substituted
phthalocyanines [47,48]. A similar effect is seen for com-
pounds 5a and 5b. The aromatic protons appear as singlets
at 7.68 and 7.62 ppm integrating for 8 protons each, for com-
pounds 5a and 5b, respectively.

The high solubility of the phthalocyanines has enabled us to
obtain 13C NMR spectra. The 13C NMR spectra of the phtha-
locyanine derivatives are in agreement with the proposed
structures. The chemical shift values in these spectra closely
follow the empirically calculated ones [49]. The attached pro-
ton test (APT) technique was used for 13C NMR studies.

In the 13C NMR spectra of phthalocyanine compound (5a),
Fig. 2 (using complex 5b as an example in CDCl3), methyl car-
bon atoms show a signal at 14.05 ppm, the aliphatic CH2 carbon
atoms show different signals between 22.65 and 71.61 ppm, the
aliphatic CH carbon atoms show a signal at 81.95 ppm. The ar-
omatic carbon atoms of this compound were observed at
122.21 ppm for ArCH carbon atoms, 127.64 ppm for ArC car-
bon atoms and 150.62 ppm for ArCO carbon atoms. The 13C
NMR spectra of other phthalocyanine compound (5b), methyl
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carbon atoms show a signal at 14.10 ppm, the aliphatic CH2 car-
bon atoms show different signals between 65.49 and
69.80 ppm, the aliphatic CH carbon atoms show a signal at
80.70 ppm. The aromatic carbon atoms of this compound
were observed at 121.22 ppm for ArCH carbon atoms,
126.65 ppm for ArC carbon atoms and 149.44 ppm for ArCO
carbon atoms. In the 13C NMR spectra the carbon atoms of
the N]CeN group in the phthalocyanine core show at
145.56 and 144.48 ppm for compounds 5a and 5b, respectively.

A close investigation of the mass spectra of the phthalonitrile
derivatives (4a and 5a) and phthalocyanines (5a and 5b) con-
firmed the proposed structures, Fig. 3 (using complex 5b as an
example). The mass spectra of these compounds were obtained
by FAB and Electron Spray techniques. We observed the molec-
ular ion peaks at m/z: 981.6 and m/z: 773.3 for phthalonitriles 4a
and 4b, respectively. We observed the molecular ion peaks of
phthalocyanines at m/z: 2985.0 for 5a and m/z: 3151.2 for 5b.

3.2. Ground state electronic absorption and
aggregation behaviour

The ground state electronic absorption spectra showed mo-
nomeric behaviour evidenced by a single (narrow) Q-band,

Fig. 3. Mass spectrum of complex 5b.
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Fig. 4. Absorption spectra of phthalocyanine complexes (5a and 5b) in CHCl3.

Concentration¼ 4� 10�6 mol dm�3.
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typical of metallated phthalocyanine complexes, Fig. 4 [50].
The Q-bands were observed at: 732 (5a) and 734 (5b) in
DMSO, Table 1. The Q-bands of the a-substituted complexes
(5a and 5b) are red-shifted. The observed red spectral shift is
typical of phthalocyanines with substituents at the peripherally
alpha(a) positions and has been explained [51,52] to be due to
linear combinations of the atomic orbitals (LCAO) coefficients
at the peripherally alpha(a) positions of the HOMO being
greater than those at the peripherally b positions. As a result,
the HOMO level is destabilized more at the peripherally al-
pha(a) position that it is at the peripherally b position. Essen-
tially, the energy gap (DE ) between the HOMO and LUMO
becomes smaller, resulting in a bathochromic shift.

Aggregation is usually depicted as a coplanar association and
is dependent on the concentration, nature of the solvent, nature
of the substituents, complexed metal ions and temperature [53].
In the aggregated state, the electronic structure of the complexed
phthalocyanine rings is perturbed resulting in alternation of the
ground and excited state electronic structures [54]. In this study,
the aggregation behaviour of the phthalocyanine complexes (5a
and 5b) are investigated in different solvents (chloroform, di-
chloromethane, toluene and THF for complex 5a and chloro-
form, dichloromethane, DMF, DMSO, MeOH, toluene, THF
for complex 5b) (Fig. 5 for complex 5b). The complexes 5a
and 5b showed a single peak in all studied solvents. The

Table 1

UVevis spectral data of nickel(II) phthalocyanine complexes 5a and 5b in dif-

ferent solvents

Solventa Q-band/nm B-band/nm N-band/nm

5a

Toluene 731 348 300

DCM 732 344 302

THF 732 343 300

CHCl3 732 340 300

5b

Toluene 734 346 303

DCM 731 344 301

THF 734 351 303

CHCl3 734 346 303

DMSO 742 346 305

DMF 738 350 304

MeOH 734 351 304

a The compound 5a is not soluble in DMF, DMSO and MeOH.

0

0.4

0.8

1.2

300 400 500 600 700 800
Wavelength (nm)

A
b
s
o
r
b
a
n
c
e

Chloroform
DMF
DMSO
Metanol
Toluene
THF

Fig. 5. Absorption spectra of phthalocyanine complex 5b in different solvents.

Concentration¼ 6.5� 10�6 mol dm�3.
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Fig. 6. Absorption spectra of 5a in CHCl3 at different concentrations. 14� 10�6, 12� 10�6, 10� 10�6, 8� 10�6, 6� 10�6, 4� 10�6 mol dm�3.
aggregation behaviour of the phthalocyanine complexes (5a and
5b) were also investigated at different concentrations in chloro-
form. In chloroform, as the concentration was increased, the in-
tensity of absorption of the Q-band also increased and there
were no new bands (normally blue shifted) due to the aggregated
species for all complexes (5a and 5b) (Fig. 6 for complex 5a).
BeereLambert law was obeyed for all the compounds in the
concentrations ranging from 1.4� 10�5 to 4� 10�6 mol dm�3.
The BeereLambert relationship is shown as an inset for 5a in
Fig. 6.

4. Conclusions

In this study, we synthesized and characterized new periph-
erally alpha(a) alkyloxy and polyoxy octa-substituted nickel
phthalocyanine complexes. These Ni phthalocyanine com-
plexes showed red-shift in the Q-band region of the electronic
spectrum due to the peripherally alpha(a) substitution effect
on the phthalocyanine framework. This work has also pre-
sented a comprehensive investigation of solvent effects on
the aggregation of these octa-substituted nickel phthalocya-
nine complexes. The aggregation properties are studied for
complexes 5a in chloroform, dichloromethane, toluene and
THF and for complex 5b in chloroform, dichloromethane,
DMF, DMSO, MeOH, toluene and THF. All complexes did
not show aggregation in studied solvents (Fig. 5). And also,
for these complexes the effect of the concentration on the ag-
gregation properties was studied in chloroform. No aggrega-
tion was demonstrated in chloroform from concentration
between 1.4� 10�5 and 4� 10�6 mol dm�3 (Fig. 6). The ef-
fect of the branched alkoxy and polyoxy-ethylene chains on
aggregation is very similar, but if the solubility between the
two substituents is compared, the polyoxy-ethylene substituent
favours the solubility of the phthalocyanine complex in DMF,
DMSO and MeOH. As the concentration is increased up to
w5� 10�5 mol dm�3 in studied solvents, the phthalocyanine
complexes (5a and 5b) did not show any aggregation. This
non-aggregative behaviour and the peripherally alpha(a) sub-
stitution enable us to obtain Pc liquid at room temperature,
a promising property for many applications.
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