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The syntheses and characterization of 2,3-octakis-(3-pyridyloxyphthalocyaninato) indium(III) and qua-
ternized 2,3-octakis-(3-pyridyloxyphthalocyaninato) indium(III) are described. The ground state elec-
tronic absorption spectra, photophysics and photochemistry of both dyes in DMSO as well as that of the
quaternized compound in aqueous solution are also presented. A comparison of the photophysical and
photochemical parameters of the two dyes revealed that quaternized 2,3-octakis-(3-pyridyloxyph-
thalocyaninato) indium(III) was a better photosensitizer than its unquaternized counterpart. The
quantum yield values of fluorescence (FF), triplet state formation (FT) and singlet oxygen formation (FD)
for the cationic dye were found to be 0.03, 0.68 and 0.66 respectively in DMSO; these values were higher
than those for 2,3-octakis-(3-pyridyloxyphthalocyaninato) indium(III), which exhibited values of 0.02,
0.66 and 0.63, respectively in DMSO. The values for the cationic dye in aq. solution were 0.02, 0.59 and
0.56 respectively, suggesting that the water-soluble quaternized 2,3-octakis-(3-pyridyloxyph-
thalocyaninato) indium(III) offers potential as a photosensitizer in photodynamic therapy treatment.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Phthalocyanines (Pcs) are an interesting class of compounds
which exhibit both chemical and physical stabilities [1–3]. The Pc
macrocycle can engage most metal ions in its cavity; hence scores
of different metallophthalocyanines (MPcs) have been synthesized.
The nature of the metal ion encapsulated within the Pc cavity plays
a vital role in the properties, reactions and of course, applications of
the resulting MPc. MPcs exhibit a wide range of applications
ranging from industrial [4,5], technological [6–8] to medical [9,10].
MPc derivatives in which the central metal is diamagnetic and non-
transitional are photoactive, and are often employed in photosen-
sitization and energy conversion [11–13]. Worth emphasizing is the
Pcs’ application as photosensitizers (PSs) in the photodynamic
therapy (PDT) of tumours. The photophysics and photochemistry of
InPc derivatives are well documented [14–17]. Such studies reveal
that these complexes show great promise for photocatalytic and
photosensitizing applications [18,19]. However, studies on water-
soluble indium phthalocyanine (InPc) derivatives are scarce in the
þ27 46 6225109.

All rights reserved.
literature [20]. In PDT administration, the drug is injected into the
patient’s blood stream, and since the blood itself is a hydrophilic
system, water solubility becomes crucial for a potential PS in PDT.

The advantages of MPcs bearing cationic substituents over those
with neutral and anionic substituents are numerous [21], and
include the following: (i) they are able to improve water solubility
and prevent aggregation [22,23]; aggregation seriously compro-
mises the PDT value of the PS, (ii) they are more efficient as PDT
agents [24–26] and also improve cell uptake [27], (iii) they are
selectively localized in the cell mitochondria, which when impaired
induces apoptosis [28,29]. The advantages that go with cation-
substituted MPcs are too striking to overlook, hence our interest in
these complexes. In this work, the synthesis, photophysical and
photochemical studies on new water-soluble cationic octasub-
stituted indium phthalocyanine derivative (Scheme 1) are
presented.

During PDT, singlet oxygen is the predominant cytotoxic agent
produced. Singlet oxygen is produced when the PS undergoes
electronic excitation from a ground singlet (S0) state to an excited
singlet (S1) state; the S1 state is highly unstable, and rapidly
undergoes intersystem crossing to a longer-lived excited triplet (T1)
state. One of the few chemical species present in tissue is triplet
state oxygen. When the PS and an oxygen molecule are in
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Scheme 1. a: Synthesis of octa-3-pyridyloxy substituted (phthalocyaninato) indium(III). b: Synthesis of quaternized octa-3-pyridyloxy substituted (phthalocyaninato) indium(III).
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proximity, energy transfer can take place. It is this energy that is
responsible for the spin inversion in molecular oxygen. In the light
of this, a high yield of the PS’s triplet state (and a concomitant high
yield of singlet oxygen) is crucial for the choice of a PS in PDT. In
order to assess its compatibility with this technique, a thorough
photophysicochemical study on a potential PS is highly desirable.
Thus this work investigates important photophysical and photo-
chemical properties of the InPc derivatives, as shown in Scheme 1.

2. Experimental

2.1. Materials

Zinc(II) phthalocyanine (ZnPc), chlorophyll a, 1,3-diphenyliso-
benzofuran (DPBF) were purchased from Aldrich and zinc tetra-
sulfophthalocyanine (ZnPcS4) was synthesized according to
literature method [30]. Quinoline, dimethylsulphoxide (DMSO,
SAARCHEM) and dimethylformamide (DMF, SAARCHEM) were
dried as described by Perrin and Armarego [31] before use.
Methanol, n-hexane, chloroform (CHCl3), dichloromethane (DCM),
tetrahydrofuran (THF), acetone, ethanol were freshly distilled.
Indium(III) chloride, K2CO3, 3-hydroxypyridine, dimethylsulphate
(DMS) and Triton X-100 were purchased from Aldrich. 9,10-
Antracenediyl-bis(methylene)dimalonic acid (ADMA) was
purchased from Fluka. Preparative thin layer chromatography was
performed on silica gel 60 P F254. 4,5-Dichlorophthalonitrile (1) [32]
and 4,5-bis(3-pyridyloxy)phthalonitrile (2) [33] were synthesized
and purified according to literature procedures.

2.2. Equipment

UV–vis spectra were recorded on a Cary 500 UV–vis/NIR spec-
trophotometer. Fluorescence excitation and emission spectra were
recorded on a Varian Eclipse spectrofluoremeter using 1 cm path
length cuvettes at room temperature. Elemental analyses were
obtained with a Thermo Finnigan Flash 1112 Instrument. IR spectra
(KBr pellets) were recorded on a Bio-Rad FTS 175C FTIR spec-
trometer. 1H NMR spectra were recorded in DMSO-d6 solutions on
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a Varian 500 MHz spectrometer. Positive ion and linear mode
MALDI-MS of complexes were obtained in 1,8,9-anthracenetriol for
non-ionic complex (3) and dihydroxybenzoic acid for ionic complex
(4) as MALDI matrix using nitrogen laser accumulating 50 laser
shots using Bruker Microflex LT MALDI-TOF mass spectrometer.

Triplet absorption and decay kinetics were recorded on a laser
flash photolysis system; the excitation pulses were produced by
a Nd:YAG laser (Quanta-Ray, 1.5 J/8 ns) pumping a dye laser
(Lambda Physic FL 3002, Pyridin 1 in methanol). The analyzing
beam source was from a Thermo Oriel xenon arc lamp, and a pho-
tomultiplier tube was used as detector. Signals were recorded with
a two-channel digital real-time oscilloscope (Tektronix TDS 360);
the kinetic curves were averaged over 256 laser pulses. Triplet
lifetimes were determined by exponential fitting of the kinetic
curves using OriginPro 7.5 software. Fluorescence lifetimes were
determined using the program PhotochemCAD [34], and the
determination is based on the Strickler–Berg equation [35].

2.3. Synthesis

2.3.1. 2,3-Octakis-(3-pyridyloxyphthalocyaninato) indium(III) (3,
Scheme 1a)

A mixture of anhydrous indium(III) chloride (1.06 g, 4.77 mmol),
4,5-bis(3-pyridyloxy)phthalonitrile (2) (3.00 g, 9.55 mmol) and
quinoline (5 ml, doubly distilled over CaH2) was stirred at 180 �C for
7 h under nitrogen atmosphere. After cooling, the solution was
dropped in n-hexane. The green solid product was precipitated and
collected by filtration and washed with n-hexane. The crude
product was dissolved in DMF. After concentrating, the dark green
waxy product was precipitated with hot ethanol and washed with
ethanol, acetone, CHCl3, n-hexane and diethylether. Furthermore
this product was purified with preparative thin layer chromatog-
raphy (silica gel) using THF–MeOH (1:1) solvent system. Yield:
1.95 g (58%). UV–vis (DMSO): lmax nm (log 3) 359 (4.66), 619 (4.32),
691 (5.05). IR [(KBr) nmax/cm�1]: 3073 (Ar–CH), 1572 (C]C), 1477,
1433, 1393, 1259, 1099 (C–O–C), 995, 741, 705. 1H NMR (DMSO-d6):
d, ppm 9.30 (8H, br, Pyridyl-H), 9.16 (8H, s, Pyridyl-H), 8.93 (8H, s,
Pc-H), 8.23 (8H, d, Pyridyl-H), 7.95 (8H, d, Pyridyl-H). Calc. for
C72H40ClN16O8In: C 61.44, H 2.86, N 15.92; Found: C 60.92, H 2.74, N
16.49. MALDI-TOF-MS m/z: Calc. 1407.48; Found (MþNa) 1431.09.

2.3.2. Quaternized 2,3-octakis-(3-pyridyloxyphthalocyaninato)
indium (III) (4, Scheme 1b)

This complex was prepared according to the method previously
reported by Smith et al. [36]. Compound 3 (500 mg, 0.35 mmol) was
heated to 120 �C in freshly distilled DMF (5 ml) and excess dime-
thylsulphate (0.1 ml) was added dropwise. The mixture was stirred
at 120 �C for 12 h. After this time, the mixture was cooled to room
temperature and the product was precipitated with hot acetone and
collected by filtration. The green solid product was washed succes-
sively with hot ethanol, ethyl acetate, THF, chloroform, n-hexane and
diethylether. The resulting hygroscopic product was dried over
phosphorous pentoxide. Yield: 0.55 g (82%). UV–vis (DMSO): lmax

nm (log 3) 358 (4.35), 616 (4.01), 686 (4.71). IR [(KBr) nmax/cm�1]:
3057 (Ar–CH), 2960 (CH), 1589 (C]C), 1505, 1399, 1279 (S]O), 1194
(S]O), 743, 600 (S–O). 1H NMR (D2O): d, ppm 9.21–7.58 (40H, m, Pc-
H and Pyridyl-H), 4.24 (24H, s, CH3). Calc. for C80H72ClN16O28S4In
(þ4H2O): C 48.43, H 3.66, N 11.30; Found: C 48.11, H 3.24, N 11.98.
MALDI-TOF-MS m/z: Calc. 1910; Found (M� InCl) 1760.02.

2.4. Fluorescence quantum yields and lifetimes

Fluorescence quantum yields (FF) were determined by the
comparative method [37,38] (Equation (1)), using chlorophyll a in
ether (FF¼ 0.32) [39] as the reference.
FF ¼ FFðStdÞ Fx$AStd$n2
x

FStd$Ax$n2
Std

(1)

where Fx and FStd are the areas under the fluorescence emission
curves of the sample and standard, respectively. Ax and AStd, the
absorbances of the sample and standard, respectively; and nx and
nStd, the refractive indices of the solvents used for sample and
standard, respectively. Both the sample and the reference were
excited at the same wavelength. The absorbance of the solutions at
the excitation wavelength ranged between 0.04 and 0.05.
2.5. Triplet quantum yields and lifetimes

The solutions for triplet state quantum yields and lifetimes were
introduced into a 1 cm path length UV–vis spectrophotometric cell,
deaerated using nitrogen and irradiated at the Q band maxima.
Triplet state quantum yields (FT) were determined by triplet–
triplet absorption method. A comparative method [40] using ZnPc
(in DMSO; FStd

T ¼ 0.65 [41]) and ZnPcS4 (in H2O; FStd
T ¼ 0.56 [42]) as

standards, was employed for the calculations, Eq. (2).

FT ¼ FStd
T $

DAT$3Std
T

DAStd
T $3T

(2)

where DAT and DAStd
T are the changes in the triplet state absor-

bances of the InPc derivative and the standard respectively; 3T and
3Std

T , the triplet state molar extinction coefficients for the InPc
derivative and the standard respectively; 3T and 3Std

T were deter-
mined from the molar extinction coefficients of their respective
ground singlet states (3S and 3Std

S ) and the changes in absorbances of
the ground singlet states (DAS and DAStd

S ), according to Equation (3)
[43]:

3T ¼ 3S$
DAT

DAS
(3)

quantum yields of internal conversion (FIC) were obtained from
Equation (4), which assumes that only the three intrinsic processes
(fluorescence, intersystem crossing and internal conversion),
jointly deactivate the excited singlet state of an InPc molecule.

FIC ¼ 1� ðFF þ FTÞ (4)

2.6. Singlet oxygen and photodegradation quantum yields

Singlet oxygen and photodegradation quantum yields of the
InPc complexes were determined as previously explained in detail
[44–46]. Typically, a 2 ml reaction solution was introduced into the
cell and irradiated in the Q band region of the respective InPc
derivative with a General Electric Quartz line lamp (300 W). A
600 nm glass cut off filter (Schott) and a water filter were used to
filter off ultraviolet and infrared radiations. An interference filter
(Intor, 690 nm with a band width of 40 nm) was additionally placed
in the light path before the sample. Singlet oxygen quantum yields
(FD) were determined in air using the relative method with ZnPc
(in DMSO) and ZnTSPc (in water) as references; and DPBF and
ADMA respectively as chemical quenchers for singlet oxygen, using
Equation (5):

FD ¼ FStd
D $

RDPBF$IStd
abs

RStd
DPBF$Iabs

(5)

where FStd
D is the singlet oxygen quantum yield for the standard

{ZnTSPc (FStd
D ¼ 0:56 in aqueous solution [47]) and ZnPc

(FStd
D ¼ 0:67 in DMSO [48])}; R and RStd are the ADMA or DPBF
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photobleaching rates in the presence of the respective InPc deriv-
ative and standard, respectively; Iabs and IStd

Abs are the rates of light
absorption by the InPc derivative and standard, respectively. The
concentrations of ADMA and DPBF in the solutions were calculated
using the determined values of log 3¼ 4.10 at 380 nm (ADMA in
aqueous solution) and log 3¼ 4.36 at 417 nm (DPBF in DMSO). The
light intensity used for FD determinations was found to be
5.35�1015 photons s�1 cm�2 for both standards and samples. The
absorbance values of both standards and samples were also kept
the same.

For determination of photobleaching quantum yields, the usual
Equation (6) [49,50] was employed:

FPd ¼
ðC0 � CtÞ$V$NA

Iabs$S$t
(6)

where Co and Ct (mol dm�3) are the InPc derivatives’ concentrations
before and after irradiation respectively; V, the reaction volume; S,
the irradiated cell area (2.0 cm2); t, the irradiation time; NA, Avo-
gadro’s number and Iabs, the overlap integral of the radiation source
intensity and the absorption of the Pc (the action spectrum) in the
region of the interference filter transmittance.

At least three independent experiments were performed for the
quantum yield determinations, and the error in the determination
was w10%.
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Fig. 1. UV–vis absorption spectra of (a) 3 (1.93�10�5 M) and (b) 4 (8.95�10�6 M) in
DMSO.
3. Results and discussion

3.1. Syntheses and characterization

The preparation of phthalocyanine derivatives from the
aromatic nitriles occurs under different reaction conditions. The
synthesis of indium phthalocyanine complex (3) was achieved by
treatment of phthalonitrile 2 with anhydrous InCl3 in freshly
distilled quinoline (Scheme 1a). Because indium is a large atom,
high energy is required to insert the metal ion into the phthalo-
cyanine cavity ring, thus a high-boiling solvent (such as quinoline
or 1-chloronaphthalene) is used to achieve this purpose. Prepara-
tive thin layer chromatography with silica gel was employed to
obtain the pure products from the reaction mixtures.

Quaternizations of the indium phthalocyanine compound was
achieved by reaction with excess dimethylsulphate (DMS) as qua-
ternization agent in DMF at 120 �C. Yield of the product was 82% for
4. After reaction with DMS, the quaternized complex is very soluble
in water.

Generally, phthalocyanine complexes are insoluble in most
organic solvents and water; however introduction of substituents
on the ring increases the solubility. Complexes 3 and 4 exhibited
excellent solubility in DMF and DMSO. Quaternized complex (4) is
soluble in water as well. The new compounds were characterized
by UV–vis, IR and 1H NMR spectroscopies, MALDI-TOF mass spectra
and elemental analysis. The analyses are consistent with the pre-
dicted structures as shown in the Experimental section. The char-
acteristic vibrations corresponding to ether groups (C–O–C) at ca.
1099 cm�1, aromatic CH stretching at 3073–3057 cm�1 were
observed for all complexes. Aliphatic CH stretching at ca.
2960 cm�1, S]O stretching at 1279 cm�1 and 1194 cm�1, S–O
stretching at 600 cm�1 for 4 are indicative of quaternization
formation.

The complexes were found to be pure by 1H NMR with all the
substituents and ring protons observed in their respective regions.
The resonance belonging to ring protons was observed as a singlet
peak at 8.93 ppm for 3 integrating for 8 protons. The pyridyloxy
protons were observed as broad peaks at 9.30 ppm, as a singlet at
9.16 ppm and as doublets at 8.23 ppm and 7.95 ppm integrating for
8, 8, 8, 8 protons each, respectively, making a total of 32 protons as
expected. Although the presence of phthalocyanine aggregation at
the concentrations used for the NMR measurements may lead to
broadening of the aromatic signals [51], the observed spectra of the
complexes were relatively well resolved.

The NMR spectra of the quaternized phthalocyanine complex
(4) showed less resolved patterns compared to non-quaternized
derivatives. This complex (4) showed the phthalocyanine ring
protons and pyridyl group protons as unresolved multiplets
between 9.21 and 7.58 ppm integrating for a total of 40 protons. The
methyl protons which integrated for 24 protons were observed at
4.24 ppm for quaternized complex (4) as a singlet.

3.2. UV–vis absorption and fluorescence spectra

Fig. 1 shows the UV–vis absorption spectra of 3 and 4 in
DMSO; the well defined Q band maxima at 691 nm (3) and
686 nm (4) (Table 1) are usual for monomeric phthalocyanine
complexes [1]. The Soret bands of these complexes exist at
w357 nm (Fig. 1 inset), and are broad due to incomplete merging
of the B1 and B2 bands. The Q and B (Soret) bands both arise from
p–p* transitions and can be explained in terms of linear combi-
nation of transitions from a1u (Q) and a2u/b2u (B) HOMO orbitals
to the doubly degenerate eg (LUMO) orbitals. The slight broad-
ening of the Q bands of 3 and 4 may be attributed to steric effects
of the substituents at the peripheral positions, which results in
a slight deviation of the Pc skeleton from planarity [52]. Such
departure from planarity is common in tetraphenyl porphyrins
[52]. It is also known that the presence of eight phenyl groups on
the peripheral positions of the phthalocyanine ring results in high
distortion of the ring [53]. The Q band position of 3 in DMSO is
red-shifted by 5 nm relative to that of 4. The lone pair of the
tertiary nitrogen atom of the substituent in 3 is delocalized into
the ring, thereby raising the HOMO energy, and ultimately leading
to a red-shifting. However when this lone pair is engaged as in 4,
its mesomeric contribution to the ring electron density is lost,
which results in a slight lowering of the HOMO and an attendant
blue-shifting in the Q band position. In water, the absorption
spectrum of 4 shows cofacial aggregation, as evidenced by the
presence of two non-vibrational peaks in the Q band region,
Fig. 2(i), Table 1. The lower energy (red-shifted) band at 673 nm is
due to the monomeric species, while the higher energy (blue-
shifted) band at 640 nm is due to the aggregated species. Addition
of a drop of Triton X-100 to an aqueous solution of 4 brought
about considerable increase in intensity of the low energy side of



Table 1
Spectral parameters of 3 and 4 in DMSO and water.a

Solvent lQ-Abs/nm (log 3) lQ-Exc/nm lQ-Em/nm Dl (Stokes)/nm

3 DMSO 691 (5.05) 686 702 16
4 DMSO 686 (4.71) 685 703 18
4 Water 640 (4.47), 673 (4.32) 687 700 13
4 Waterþ Triton

X-100
685 (4.65) 687 700 13

a lQ-Abs, lQ-Exc and lQ-Em are the wavelengths of maximum absorption, excitation
and emission, respectively; and Dl, Stokes’ shift.
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Fig. 3. Fluorescence excitation (a), UV–vis absorption (b) and fluorescence emission (c)
spectra of 4 in DMSO.
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the Q band (Fig. 2(ii)), suggesting that addition of Triton X-100
breaks up the aggregates. However, some aggregated portions of
4 still remained in solution even after addition of Triton X-100, as
shown in Fig. 2. Aggregated MPcs exhibit limited applicability in
photocatalysis because the aggregates convert electronic excita-
tion energy into vibrational energy, due to the closeness of the
individual molecules; thereby reducing the excited state lifetimes
of the complexes. In this work, photophysical and photochemical
studies on 4 in aqueous solution were carried out in the presence
of Triton X-100 to hinder aggregation, as seen in Fig. 2(ii). The Q
band position of 4 in water (685 nm, in the presence of Triton X-
100) is almost the same as that in DMSO (Table 1), suggesting that
solvent effect on the spectral position of this complex is insig-
nificant. Fig. 3 shows the absorption (b), fluorescence excitation
(a) and fluorescence emission (c) spectra of 4 in DMSO. The
fluorescence excitation spectrum is slightly blue-shifted by 1 nm
relative to the absorption spectrum, this is an insignificant shift,
and could have been caused by different spectrometers (one used
for fluorescence versus the one used for absorption) and/or
different settings of the spectrometer slit widths. The absorption
and fluorescence excitation spectra of 3 in DMSO are similar
(figure not shown). Stokes’ shifts were calculated from the
absorption bands that populate the fluorescent state, i.e. excita-
tion wavelength. Stokes’ shift ranged from 13 to 18 nm, thus they
were very close to one another.

3.3. Photophysical parameters

3.3.1. Fluorescence quantum yields and lifetimes
The fluorescence quantum yields (FF) of 3 (in DMSO) and 4 (in

DMSO and water) are given in Table 2. The value for 3 (FF¼ 0.02) is
not too different from that for 4 considering experimental error
(�0.01). Excited singlet state lifetime refers to the average time
a molecule stays in its excited state. Any factor that shortens the
excited singlet state lifetime of a fluorophore indirectly reduces the
value of FF. Such factors include internal conversion and inter-
system crossing. As a result, the nature and the environment of
a fluorophore determine its excited singlet state lifetime. In DMSO,
0
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Fig. 2. UV–vis absorption spectra of 4 in water (i) and in water containing Triton X-100
(ii).
the sF value of 4 (sF¼ 0.75) is longer than that in water (sF¼ 0.44)
and that of 3 (sF¼ 0.41) in DMSO.

3.3.2. Triplet quantum yields and lifetimes
Fig. 4 shows the transient difference absorption spectrum of 3 in

DMSO. Each spectrum was recorded 10 ms after the flash. FT value
for 4 (FT¼ 0.68) is almost the same as that for 3 (FT¼ 0.66) in
DMSO within experimental error, implying that quaternization
slightly enhances intersystem crossing, as observed before [18]. In
DMSO, FT value for 4 (0.68) is larger than that in water (FT¼ 0.59),
which is attributed to increased intermolecular interaction in water
compared to that in DMSO. Even in the presence of Triton X-100,
some level of aggregation still exists in water, as shown above,
Fig. 2.

The triplet lifetimes of the complexes are listed in Table 2. The sT

value is longer for 4 (150 ms) than for 3 (80 ms) in DMSO. The triplet
lifetime of 4 is longer in DMSO (150 ms) than in water (10 ms), and
this is as well explained by remaining aggregation in water.

3.3.3. Singlet oxygen and photodegradation quantum yields
Singlet oxygen quantum yield (FD) is a measure of the efficiency

of singlet oxygen production. During singlet oxygen generation, the
triplet state of a PS is intercepted by ground state molecular oxygen
in the vicinity of the PS. It is therefore logical to interpret the trends
in the variation of FD values in terms of the population and lifetime
of the PS’s triplet state. The FD values for 3 (FD¼ 0.63) and 4
(FD¼ 0.66) in DMSO are almost identical within experimental error
(10%). This observation is not unexpected on grounds of closeness
in the respective values of FT. The slight disparity between these
values could be attributed to differences in triplet lifetimes of the
complexes. Comparing the FD values for 4 in DMSO (0.66) and
water (0.56), the smaller value in water is ascribed to the quenching
of singlet oxygen by water, as demonstrated in the shorter lifetime
of singlet oxygen in water (4.2 ms) [54] compared to that in DMSO
(30 ms) [55].

Photodegradation quantum yield is a measure of the efficiency
of degradation of an absorbing species as a result of photon
absorption. Photodegradation is known to be a singlet oxygen-
mediated process; hence it is not surprising that the variation of
FPd in Table 2 follows the same trend as that of FD, with FPd value
being greater for 4 than for 3 in DMSO, and higher in DMSO than in
water.
Table 2
Photophysical and photochemical parameters of 3 and 4 in DMSO and water.

FF FT FIC FD FPd/10�5 sF/ns sT/ms

3 (DMSO) 0.02 0.66 0.35 0.63 3.41 0.41 80
4 (DMSO) 0.03 0.68 0.31 0.66 40.0 0.75 150
4 (waterþ Triton X-100) 0.02 0.59 0.40 0.56 1.20 0.44 10
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4. Conclusions

In conclusion, this work has described the synthesis, spectral,
photophysical and photochemical properties of two new
substituted indium(III) phthalocyanine complexes. The effect of
quaternization on these properties is also presented. We have
shown that quaternization imparts water solubility and also
enhances the photophysical and photochemical parameters of the
InPc derivative. Solvent effect on the photophysical and photo-
chemical properties of the quaternized derivative is investigated.
Although, the photophysical and photochemical properties rele-
vant for photosensitization gave more attractive values in DMSO,
the values in water are still good enough for PDT applications. This
work will certainly enrich the hitherto scanty literature on the
potentials of cationic phthalocyanines as photosensitizers in PDT.
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