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Indium Phthalocyanines with Different Axial Ligands: A Study of the Influence of the
Structure on the Photophysics and Optical Limiting Properties
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The photophysical properties of four axially substituted indium phthalocyanines, namely, 2,(3)-tetra-tert-
butyl-phthalocyaninato indium chloride (1), 2,(3)-tetra-[(3,5-di-tert-butyl)-phenyloxy]-phthalocyaninato indium
bromide (2), 2,(3)-tetra-[(3,5-di-tert-butyl)-phenyloxy]-phthalocyaninato indium iodide (3), and 2,3-octa-[(2-
hexyl)-ethyloxy]-phthalocyaninato indium trifluoroacetate (4), have been investigated, and their optical limiting
properties with nanosecond light pulses were evaluated. All complexes behave as reverse saturable absorbers
in the range of 400—625 nm due to a triplet—triplet excited-state transition. Excited-state absorption cross
sections and triplet state lifetimes are not significantly affected by the nature of the axial ligand. On the other
hand, remarkable differences in the variation of nonlinear transmittance are observed for 1—4 due to significantly
different intersystem crossing rates. Heavier axial ligands in phthalocyanines 2 and 3 produce the largest

variations of nonlinear transmission (heavy-atom effect). Complex 1 in polystyrene matrix shows reversible

nonlinear absorption when incident fluence does not exceed 0.025 J cm™.

Introduction

Phthalocyanines (Pcs) are highly symmetrical complexes with
Dy, symmetry, which possess an extended network of 44 conju-
gated sr-electrons. This combination of features imparts strong
optical absorption in the visible spectrum with molar extinction
coefficient (&) values as large as 10° M~! cm™! in correspondence
of the characteristic Q-band.! Beside that, Pcs can also achieve
fast, large, and reversible optical nonlinearities like reverse saturable
absorption (RSA).23 Occurrence of RSA via the mechanism of
excited-state absorption in Pcs has inspired several studies with
the aim of establishing systematic correlations between the Pc
structure and the corresponding value of excited-state absorption
cross section at the wavelength of analysis.* In doing so Pcs and
analogues have found a prominent place as active materials for
the important application of optical power limiting (OPL) in the
passive self-activated mode.?*> The reason for the large employ-
ment of Pcs is related to the possibility of varying the Pc structure
and, consequently, its electronic configuration in a controlled
fashion through peripheral substitution, variation of the central
atom, and modification of the axial ligand.® In some cases the
design and realization of Pcs has successfully led to the optimization
of their nonlinear optical properties with respect to reference
materials as far as OPL of nanosecond pulses in the visible
range was concerned.’>¢7 In particular, indium(IIl) phthalo-
cyanines®*¢#.7%.¢8 and naphthalocyanines’><f- showed relatively
higher efficiency as OPL materials in the wide spectral range of
390 < A < 1100 nm in comparison to analogous metal
complexes. 3040749410 The optimization of the nonlinear optical
properties of such Pc complexes for the limiting of nanosecond
pulses in the visible spectrum was achieved through the recognition
of a mechanism of sequential multiphoton absorption,!! which
involves highly absorbing excited triplet states with short time of
formation (in the order of 10~12—10~!" )’ and long lifetime (>200
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Figure 1. Jablonski diagram describing the mechanism of sequential
multiphoton absorption of intense pulsed light by indium phthalocya-
nines in the visible spectrum. Sy, Sy, and T}, indicate the ground state,
first excited singlet state, and first (second) excited triplet state,
respectively. 0y, 01, Tsi, T11, and 7r, are the ground-state absorption
cross section, excited triplet absorption cross section, lifetime of the
first excited singlet state, lifetime of the first excited triplet state, and
lifetime of the second excited triplet state, respectively. kisc represents
the intersystem crossing rate.

ns)*96110 in comparison to the duration of the laser pulse (10
ns). The highly absorbing excited triplet state T; is generated via
a step of intersystem crossing (ISC), i.e., upon decay of the first
excited singlet state S; which has been populated through the
absorption of the first photon from the ground-state Sy (Figure
1).49611b The isc step is particularly accelerated in indium and lead
complexes due to the heavy-atom effect generated by these central
metals.?>’!1 Moreover, quantum yield of triplet formation results
increased by the presence of these metals in the sequential multi-
photon absorption process of their phthalo- and naphthalo-
cyaninates.”>19 The first excited triplet state of these complexes is
not directly populated by the alternative one-photon transition Sy
— T,49611b and second photon absorption takes place via the
excited triplet states transition Ty — T, (Figure 1).4758a£9bf11b
This sequence of events implies the involvement of four levels®
in the model that accounts for the nonlinear optical behavior of
indium phthalo- and naphthalocyanines upon excitation with
nanosecond laser pulses.

Additionally, it has been demonstrated that OPL from PcInXs
can be further increased through appropriate variations of the
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Figure 2. Differently substituted indium phthalocyanines 1—4 for
nonlinear optical transmission (NLO) studies with nanosecond laser
pulses.

axial ligand X which is coordinated by central indium.?*7%! In
fact, favorable effects on the OPL of PcInXs are produced by
axial ligands with high atomic number,’® high electronic
polarizability,’>d large sterical hindrance,’®*! and large dipole
moments having perpendicular orientation with respect to the
plane of the Pc ring.>>!2 Such structural modifications bring
about the reduction of intermolecular interactions and the
consequent quenching of excitation, the increase of the transition
dipole moment in the processes of excited-state absorption,
additional heavy-atom effect, and increase of higher order
hyperpolarizabilities.*¢ Since axial substitution in PcInXs con-
stitutes one of the most effective approaches for the improve-
ment of OPL properties in these complexes, we tackled the
preparation of four different axially substituted PcInXs, namely
2,(3)-tetra-tert-butyl-phthalocyaninato indium chloride (#-
BuyPcInCl, 1)3¢ 2 (3)-tetra-[(3,5-di-tert-butyl)-phenyloxy]-
phthalocyaninato indium bromide [(+-Bu,PhO)4PcInBr, 2], 2,(3)-
tetra-[(3,5-di-tert-butyl)-phenyloxy]-phthalocyaninato indium
iodide [(#-Bu,PhO)4Pclnl, 3], and 2,3-octa-[(2-hexyl)-ethyloxy]-
phthalocyaninato indium trifluoroacetate (EHOgPcInTFA, 4)3f
(Figure 2) taking advantage of the easiness of preparation for
this type of indium complexes. Similar to our precedent study
on axially halogenated indium naphthalocyanines,” the series
of phthalocyanines 1—4 has been prepared with the aim of
analyzing the influence of the axial ligand on nonlinear
transmission properties at 532 nm, excited-state spectra, and
dynamics in solution. Moreover, the nonlinear transmission
properties of the indium phthalocyanine 1 have been also
determined when included in polystyrene thin solid film.d

Experimental Section

Synthesis. The preparation of -BusPcInCl (1) has been
accomplished following the synthetic procedures reported in refs
3 and 13. Dispersion of indium phthalocyanine 1 in polystyrene
film has been realized according to the method described in ref
9d.

(t-BuyPhO) PcInBr, 2. The precursor 4-[(3,5-di-tert-butyl)-
phenoxy]-phthalonitrile (5) was prepared upon condensation of
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4-nitro-phthalonitrile!* with 3,5-di-tert-butyl-phenol'® in mild
basic conditions.'® Dinitrile 5 (1.66 g, 5 mmol) and InBr3 (580.0
mg, 1.65 mmol) were mixed in 1-chloronaphthalene (1.5 mL)
and heated to 180 °C for 2.5 h. After cooling the reaction
mixture was poured into methanol (100 mL) and stirred. The
precipitate was collected and washed with hot methanol to give
2 as a dark yellow-green solid (0.76 g, yield: 40%). '3C NMR
(250 MHz; THF-ds; Mes-Si): 6 = 31.3, 34.9, 112.6, 113.8,
117.3, 134.3, 150.4, 152.4, 154.4, 155.2, 156.9 ppm. 'H NMR
(250 MHz; THF-ds; Mey-Si): 6 = 1.25 (s, 72 H), 7.05 (s, 8 H),
7.17 (s, 4 H), 7.64 (d, 4 H), 8.95 (s broad, 8 H) ppm. MS (FD):
mlz 1513.1 [M*] (molecular peak: 1512.41 Da). Elemental
analysis: found 71.5% C (theoretical 69.89% C); found 7.7%
N (theoretical 7.41% N); found 5.9% H (theoretical 5.60% H).

(t-BuyPhO)Pclnl, 3. Dinitrile 54716 (1.66 g, 5 mmol) and
Inl3 (820.0 mg, 1.65 mmol) were mixed in 1-chloronaphthalene
(1.5 mL) and heated to 180 °C for 2.5 h. After cooling the
reaction mixture was poured into methanol (100 mL) and stirred.
The precipitate was collected and washed with hot methanol to
give 3 as a dark yellow-green solid (0.82 g, yield: 42%). 13C
NMR (250 MHz; THF-dg; Mes-Si): 6 = 31.3,34.9,112.9, 113.7,
117.3, 134.4, 1504, 152.4, 154.6, 155.3, 156.8 ppm. 'H NMR
(250 MHz; THF-dg; Mey-Si): & = 1.25 (s, 72 H), 7.08 (s, 8 H),
7.19 (s,4 H), 7.66 (d, 4 H), 8.99 (s broad, 8 H) ppm. MS (FD):
mlz 1560.2 [M™] (molecular peak: 1559.41 Da). Elemental
analysis: found 68.5% C (theoretical 67.78% C); found 7.5%
N (theoretical 7.19% N); found 5.7% H (theoretical 5.43% H).

EHOgsPcInTFA, 4. The synthesis of the phthalocyaninato
indium triflouroacetate 4 has been previously reported in ref
3f.

Photophysical Measurements. Optical spectra were recorded
with a Varian Cary 5 UV—vis—NIR spectrophotometer in 2
mm thick cells. Fluorescence spectra of phthalocyanine solutions
were obtained with a Perkin-Elmer LS 50B spectrometer using
10 mm Suprasil quartz cells.

Nonlinear Optical Transmission Measurements. Nonlinear
optical transmission measurements were carried out with 9 ns
pulses at 532 nm from a doubled Nd:YAG laser (Quantel
YGI80E). Transmitted energies were measured with a pyro-
electric detector (Scientech model SPHD25) by averaging 10
measurements at 1 Hz in the open-aperture configuration.
Intensity of the incident pulses was controlled with a 1/2 wave
plate and a polarizing cube beam splitter. The illuminated spot
on the sample had an area of about 6 mm? in order to minimize
the influence of border effects which can be present, for
example, using smaller areas as in Z-scan measurements. The
length of the optical path within the sample was 2 mm.

Pump and Probe Experiments. Pump and probe measure-
ments were obtained with the same pulses used for the optical
limiting measurements. In these experiments the sample was
excited at 532 nm with 9 ns pulses at the frequency of 5 Hz.
The excitation fluence was in the range of 0.2—0.4 J cm~2 per
single pulse. Probing of nonlinear absorption of phthalocyanines
1—4 was accomplished by means of the white light generated
by a stabilized 250 W tungsten lamp. A Jobin-Yvon Horiba
TRIAX 320 spectrometer, equipped with 600 and 300 groove
mm ™! gratings, and a Hamamatsu R2257 phototube with rise
time 2.6 ns, have been used to record the probe signal. The
time variations of phototube response have been recorded at
every wavelength with a 1 GHz digital oscilloscope (LeCroy
LC564A). Averaging of 100 signals was used for obtaining a
better signal-to-noise ratio.
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Figure 3. Molar extinction coefficient, &, for toluene solutions of
t-BugPcInCl (1), (-Bu,PhO)4PcInBr (2), (--Bu,PhO),PcInl (3), and
EHOgPcInTFA (4).

Results and Discussion

UV—Vis Absorption. The UV—vis absorption spectra of
indium phthalocyanines 1—4 are presented in Figure 3.

Absorption spectra are characteristic of Pcs'®® in solution with
the Q-bands centered at 696, 702, 702, and 695 nm for 1, 2, 3,
and 4, respectively. The small differences between these values
can be mostly related to the variation of the extent of electronic
conjugation from the peripheral substituents of the Pc ring’®
rather than a direct consequence of the variation of axial ligand
in Pcs 1—4 (Figure 2).7t Shoulders of the Q-bands are recognized
to be of vibronic nature.! B-bands are located at 365, 368, 376,
and 369 nm for 1, 2, 3, and 4, respectively. Also in this case
one finds a scarce influence of the axial ligand nature on the
location of B-bands for Pcs 1—4. Pcs concentrations of the
solutions used to record the UV —vis spectra of 1—4 (Figure 3)
ranged in the interval 1075—10"* M. At these concentrations
no spectral evidence of molecular aggregation'” in solution was
found.

Emission. Emission and excitation spectra of indium phtha-
locyanines 1—4 in toluene are shown together with their
absorption profiles in Figure 4. Maxima of emission spectra have
been normalized with respect to the height of the Q-band
absorption.

Emission profiles of PcInXs 1—4 (open circles in Figure 4)
have been obtained upon excitation at the wavelengths of B-band
absorption (Figure 3), which corresponds to the transition
HOMO(—1)—LUMO.! Emission curves have a typical mirror
image with respect to the absorption curves and generally display
a Stoke shift of the main emission band.'® Emission maxima
are located at 718, 722, 723, and 702 nm for PcInXs 1, 2, 3,
and 4, respectively. One observes larger Stoke shifts for the
halogenated systems 1—3!° with respect to EHOgPcInTFA (4)
(Figure 4). The small shifts and the lack of dependence of the
emissions from the presence of oxygen show that they originate
from fluorescence.

Excitation spectra (gray lines in Figure 4) were recorded at
the wavelengths of Pcs maximum emission. In these profiles
two main groups of excitation can be recognized: one deriving
from the B-band, the second from the Q-band with its vibronic
structure, as usually found for this class of compounds.®®!8 In
case of halogenated PcInXs 1—3 one recognizes two broad
peaks centered at about 635 and 660 nm (Figure 4a—c). The
relative heights of these two excitation peaks change within the
halogenated series, in particular, when passing from 1 to 2,
whereas 2 and 3 present very similar profiles. Different from
halogenated systems 1—3, the excitation spectrum of
EHOgPcInTFA (4) is dominated by the sole peak at about 630
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Figure 4. Absorption (black trace), emission (open circles), and
excitation (gray trace) spectra of (a) 7-BusPcInCl (1), (b) (-
Bu,PhO)4PcInBr (2), (¢) (--BuyPhO)4PcInl (3), and (d) EHOsPcInTFA
(4) in toluene. Emission spectra have been generated upon excitation
at (a) 364, (b) 368, (c) 375, and (d) 370 nm. Excitation spectra of Pcs
1—4 have been determined recording the emission at (a) 718, (b) 722,
(c) 723, and (d) 702 nm.
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Figure 5. Nonlinear transmittance at 532 nm, 7s3,, for PcInXs 1—4
in toluene. -BusPcInCl (1), (-Bu,PhO)4PcInBr (2), (£-Bu,PhO)4PcInl
(3), and EHOgPcInTFA (4) were excited at 532 nm with nanosecond
pulses. Cuvette thickness: 2 mm.

nm (Figure 4d). In fact, B-band excitation produces relatively
little emission in comparison to 630 nm excitation in 4.

Nonlinear Optical Transmission. Indium phthalocyanines
1—4 behave as reverse saturable absorbers? to nanosecond pulses
at 532 nm since a reversible decrease of optical transmission,
Ts32, is observed upon increase of the incident fluence, Fi,
(Figure 5).
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TABLE 1: Values of Limiting Threshold at 532 nm
[F1im(532)] for the Toluene Solutions of PcInXs 1—4

compound Fiim(532)/J cm™2
t-BuyPcInCl (1) 0.25
(t-Bu,PhO)4PcInBr (2) 0.09
(t-Bu,PhO),PcInl (3) 0.09
EHOgPcInTFA (4) 0.66

TABLE 2: Lifetimes of the First Excited Triplet State, 711,
of Pcs 1—4 as Determined through a Monoexponential Fit of
the Profiles in Figure 6

compound Tri/Us
t-BuyPcInCl (1) 0.57
(t-Bu,PhO)4PcInBr (2) 0.72
(t-Bu,PhO)4PcInl (3) 0.69
EHOgPcInTFA (4) 0.84

From the nonlinear transmission profiles of Figure 5 we
extrapolated the values of limiting threshold (Table 1), Fiim, i.e.,
the fluence at which the transmittance becomes half the linear
one, Ty (Ty = 0.84 for all the solutions).20

Comparison of Fjy, values indicates that complexes with axial
bromide and iodide have the lowest values (<0.1 J cm™2),
whereas EHOgPcInTFA (4) presents the highest one (>0.6 J
cm™2). In terms of OPL performance, the lower the value of
Fiin, the higher the limiting effectiveness of the material.?
Therefore, complexes 2 and 3 result in the most useful examples
for OPL applications.

Occurrence of RSA to nanosecond pulses at 532 nm via a
mechanism of excited-state absorption (Figure 1) has several
implications about the excited states of PcInXs 1—4 which
generate it. First, excited triplet states T; of PcInXs 1—4 must
possess larger absorption cross sections, o; (Figure 1), with
respect to the ground state at the wavelength of irradiation.
Second, RSA of pulsed radiations indicates that lifetimes of T
states for indium phthalocyanines 1—4 are of the same order
of magnitude or larger than the pulse width (laser pulses have
fwhm = 9 ns).!%" Another consequence of RSA by PcInXs
1—4 concerns the rising times of T; excited states. These are
bound to excitation width since the time necessary to form
excited triplet states T; via intersystem crossing (Figure 1) has
to be shorter than light pulse duration.3¢822!

Triplet Excited-State Characterization. Time-resolved varia-
tions of differential absorbance between triplet excited state and
ground state, AOD, have been recorded at different wavelengths
for PcInXs 1—4 in deaerated toluene solutions (Figure 6).

From the temporal variations of differential absorbance the
lifetimes 7, of the excited triplet states T; were determined
for indium phthalocyanines 1—4 (see Table 2).

Computed values of 7zp; are in the order of fractions of
microseconds and do not show a strong dependence on axial
ligand. The transient spectra associated to the transition T; —
T, (see Figure 1) are shown in Figure 7 at different times from
the laser pulse. The spectra are characteristic of the triplet excited
states of Pcs**3" and show that PcInXs triplet states, in the
spectral range of 400—625 nm, have larger absorption cross
section than the ground states. This is the spectral range where
the ground states of 1—4 show an absorption minimum.

Determination of Kinetic Parameters of the Multiphoton
Absorption Process. It is well-known that RSA of nanosecond
pulses by PcInXs solutions is based on sequential two-photon
absorption>?? which involves a T; — T, transition®!? (Figure
1).3" Such a model allows the fitting of nonlinear transmission
data (Figure 5) by the following set of differential equations
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Figure 6. Temporal variations of differential absorbance, AOD, at
515 nm for (a) #BuyPcInCl (1), (b) (-Bu,PhO).PcInBr (2), (d)
EHOgPcInTFA (4), and 500 nm for (¢) (+-Bu,PhO),PcInl (3). PcInXs
1—4 were dissolved in toluene and excited at 532 nm with nanosecond
pulses being Fi, = (a) 0.37, (b) 0.28, (c) 1.31, and (d) 0.37 J cm™2.
Monoexponential fits are indicated with the red line.

which describe the dynamics of ground-state and excited-state
populations during the process of multiphoton absorption (Figure
1):8

dNso _ Ng; Ny
“ar —0oNgotiy T ONg #j, + — + - (1a)
1 TI
dN51 Nsi
O'0‘]\150 in OONSI in leCN (lb)
Ts)
N.
T1 T2
dt =kiseNs = 0\Npy 1y, + 0\ Npo iy, — T_Tl + T_Tz (Ic)
dN;, Ny,
dr =0 Nq i, — O\Nppty, — T_Tz
(1d)

In eqsla—1d Nso, Nsi, Nti, and Nt represent the population
densities of the (singlet) ground state, first excited singlet state,
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Figure 7. Transient visible spectra of (a) 7-BusPcInCl (1), (b)
(+-Bu,PhO)4PcInBr (2), (¢) (+-Bu,PhO)sPclnl (3), and (d) EHOgPcInTFA

(4) in toluene at different times from excitation (r = 0 s). Fi, = (a)
0.37, (b) 0.28, (¢) 1.31, and (d) 0.37 J cm™2.

first excited triplet state, and second excited triplet state,
respectively. oo, 01, kisc, Tsi, and 71, are the ground-state
absorption cross section, excited triplet state absorption cross
section, intersystem crossing rate, lifetime of the first excited
singlet state, and lifetime of the second excited triplet state,
respectively. I, indicates the input intensity (in photons cm™2
s™1) of the pulses with a Gaussian temporal profile and a top
hat spatial profile, as experimentally found. The optimization
of the fitting parameters, not available from experiments, i.e.,
01, kisc, Tsi, and 7y (Figure 1), has been accomplished
numerically.>® Experimental data of nonlinear transmittance
(Figure 5) have been fitted (Figure 8) with the parameters values
listed in Table 3.

The same experimental data and their fitting curves are
reported in Figure 8, parts a and b, as transmittance T (= Fou/
Fiy) versus log(Fin) and Foy versus Fip, respectively. The double
representation of nonlinear transmission data is useful since
Figure 8, parts a and b, shows better the quality of the fitting in
the low and high fluence regimes, respectively. The fitting shows
that the sequential two-photon model is valid for the interpreta-
tion of the nonlinear transmittance data of 1—4. In the sole case
of 4 the lack of overlap with the sequential two-photon model
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Figure 8. Fitting of (a) Ts3; vs Fi, and (b) Fou Vs Fiy for +-BusPcInCl
(1), (+-Bu,PhO),4PcInBr (2), (--Bu,PhO)4PcInl (3), and EHOgPcInTFA
(4) in toluene irradiated with nanosecond pulses at 532 nm. Fitting
curves (continuous gray lines) have been calculated with the multipho-
ton absorption model depicted in Figure 1 using the values of parameters
reported in Table 3.
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Figure 9. Optical density (OD) of +-BusPcInCl (1) in polystyrene (film
thickness: 0.4 mm).

at high fluences (see Figure 8b) indicates that some other
mechanisms are active for this molecule above 0.6 J cm™2.
Usually, more than one-photon absorption from excited states
becomes active at high fluences in those cases where nonlinear
absorption is low.2!2 Further experiments are needed to under-
stand if this is actually the case for phthalocyanine 4. On the
other hand, the discrepancy between calculated values and
experimental points in the high-fluence regime of the complex
2 with axial bromide can be related to some degradation of this
highly absorbing compound. From Table 3 one finds that the
triplet excited-state cross sections of the halogenated axial
ligands do not show a strong dependence on the nature of the
halogen, and a relatively larger value is found for the nonha-
logenated system 4. More remarkable and important is the
variation of the intersystem crossing rate constant kisc which
determines the triplet population and, consequently, the absorp-
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TABLE 3: Values of Excited Triplet State Absorption Cross Section at 532 nm [¢1(532)], Intersystem Crossing Rate (kisc),
Lifetime of the First Excited Singlet State (zs;), and Lifetime of the Second Excited Triplet State (71;) for Indium Pcs 1—4 in

Toluene
compound 01(532)/cm? kisc/s™! Ts1/s T1o/s
t-BugPcInCl (1) 1.49 x 1071° 4.3 x 101 5.1 x 1078 1.0 x 10713
(-BuyPhO)4PcInBr (2) 1.3 x 10716 2.2 x 10'2 8.0 x 10713 1.0 x 1071
(-BuyPhO)4Pclnl (3) 1.33 x 107'° 2.2 x 10'2 8.0x 10713 1.0 x 1071
EHOgPcInTFA (4) 7.15 x 1071° 6.0 x 1010 2.1 x 1078 1.1 x 107

tion activity of this state. The intersystem crossing rates kisc
(Table 3) obtained from the fittings are comprised in the range
of 0.6 < kigc < 22 x 10" s7! for Pcs 1—4. These values are
very close to those experimentally found for similar indium
complexes in analogous conditions.’®#.7¢ The highest rates
(~10'? s71) are found with compounds 2 and 3, i.e., those
complexes that possess axial ligands with the highest mass,
namely, Br and I. This is a clear consequence of the heavy-
atom effect which accelerates the transfer of excitation from
the singlet to the triplet manifold.>* Therefore, we find a direct
correlation between Fjin, i.€. a parameter of OPL effectiveness
(Table 1), and the rate of intersystem crossing (Table 3) within
the series of complexes 1—4. Under these circumstances it
appears much more critical the capability of populating the
excited triplet state T; with respect to the magnitude of excited
triplet absorption cross section o) for the determination of the
OPL properties in PcInXs 1—4.

Photophysical Properties of 1 in Polystyrene. The inclusion
of OPL-active materials in solid matrices®°%25 is very important
for the realization of OPL devices useful for practical
applications.?® We have dispersed 7-BusPcInCI (1) in polystyrene
(PS) by codissolution in chloroform. Upon solvent removal at
a controlled evaporation rate an optically homogeneous and
uniform film can be obtained.”® The absorption spectrum of
t-BuyPcInCl (1) in PS (0.4 mm thick film) is shown in Figure
917

The film with PcInX 1 was irradiated with nanosecond laser
pulses at 532 nm in order to observe possible nonlinear optical
phenomena. The induced changes of optical transmittance for
1 in PS are shown in Figure 10.

Nonlinear transmission of Pc 1 in PS (Figure 10) is character-
ized by a fast decrease when incident fluence is lower than 0.025
J em™2. Above this threshold nonlinear transmission changes
at a slower rate and shows a quasi stationary behavior. These
two different regimes of nonlinear transmission can be attributed
to the excited-state absorption of ~-BusPcInCl (1) when Fj, <
0.025 J cm™2, and to the light-induced modification of polymer
for Fi, > 0.025 J cm™2. In the high-fluence regime, i.e., Fi, >
0.025 J cm™2, the increase of Fj, leads to the formation of
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Figure 10. Nonlinear transmittance at 532 nm, 7T5s3,, for #~-BusPcInCl
(1) in polystyrene (film thickness: 0.4 mm). Fiiyn: 0.025 J cm™2 Pc 1
was excited at 532 nm with nanosecond pulses.

opaque spots with a milky appearance in correspondence of the
irradiated area. Probably, this derives from local overheating
due to the nonlinear optical absorption of Pc 1. These spots are
surrounded by radial crevices of the PS film, and onset of pits
formation can be observed with the progress of the experiment.
The limiting threshold of Pc 1 in PS is approximately 0.025 J
cm~2 almost in correspondence of the onset of sample degrada-
tion. Fitting of the nonlinear transmission curve preceding film
damage (Figure 11) has been attempted with the same model
used for the description of the nonlinear optical behavior of
PcInXs 1—4 in solution (Figure 1, eqs la—1d), using 0p(532)
= 3.1 x 10718 ¢m? (Table 2) for +~BuyPcInCl (1) also in PS.
The calculated curve (Figure 11) has been produced with the
following values of free parameters: 0; = 6.36 x 1071 cm?;
kiie = 3.55 x 10" s71; g = 3.51 x 1073 s; 71y = 3.33 x
1075 s; 712 = 3.33 x 107'* s. The fitting and the parameter
values show that the absorption from the excited triplet state is
a good model also for 1 in PS although the dynamics of the
polymer, which is evident above 0.025 J cm™2, could have some
influence also below this fluence.
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Figure 11. Fitting of (a) Ts32 vs Fiy and (b) Foy VS Fi, for +-BusPcInCl
(1) in PS film (thickness: 0.4 mm). Polymeric sample was irradiated
with nanosecond pulses at 532 nm. Fit (continuous lines) has been
created with the multiphoton absorption model depicted in Figure 1.
Values of parameters are reported in the text.
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Axially Substituted Indium Phthalocyanines

Conclusions

Axially substituted indium phthalocyanines 2,(3)-tetra-tert-
butyl-phthalocyaninato indium chloride (1), 2,(3)-tetra-[(3,5-di-
tert-butyl)-phenyloxy]-phthalocyaninato indium bromide (2),
2,(3)-tetra-[(3,5-di-tert-butyl)-phenyloxy]-phthalocyaninato in-
dium iodide (3), and 2,3-octa-[(2-hexyl)-ethyloxy]-phthalocya-
ninato indium trifluoroacetate (4) have been synthesized in order
to determine the influence of the axial ligand on the relevant
photophysical properties (linear absorption, emission, nonlinear
transmission of nanosecond light pulses, excited-state spectrum)
of these indium complexes. Phthalocyanines 1—4 exhibit similar
linear absorption properties and analogous features of fluorescent
emission. However, relevant differences have been observed
for their nonlinear absorption properties using nanosecond pulses
at 532 nm. Model interpretation of the nonlinear transmission
data showed that axial ligands mainly affect the kinetics of
excited (triplet) state formation and, in much less extent, its
lifetime and spectral properties. We also found that heavier axial
ligands (Br and I in complexes 2 and 3, respectively) induce
the larger triplet population and, therefore, the larger variations
of nonlinear transmission down to very low values. Nonlinear
transmission properties of 1 in PS film have been also evaluated
at 532 nm. We found that the model for the dynamic of excited
states is always that of a sequential two-photon absorption
involving the triplet state, but the dynamic range of the thin
film sample is limited by the stability of the host matrix.
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