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Spectra of non-stationary light absorption ∆D induced by femtosecond laser pulses in lead ph-
thalocyanine (PbPc) and chloro-aluminum-chloro-phthalocyanine (ClAlClPc) films have been
studied. The 210-nm PbPc and 270-nm ClAlClPc films were thermally evaporated in a
6.5-mPa vacuum onto quartz substrates. “Hot” absorption bands induced by electron tran-
sitions from non-zero vibronic bands of state S1 into the zero vibronic band of state Sm were
registered in the spectral interval of 2.04–2.37 eV. The dependences of the normalized kinet-
ics ∆Dn(t) were non-exponential for both films. The experimental curves ∆Dn(t) for PbPc
and ClAlClPc films are approximated by sums of two and three, respectively, exponents with
different relaxation times.
K e yw o r d s: Kohlrausch function (a “stretched” exponent), “pump–probe” technique, light
absorption, PbPc and ClAlClPc films, femtosecond laser pulses, “hot” bands, temporal kinetics.

1. Introduction

Parameters of solar cells fabricated on the ba-
sis of double-layer heterostructures phthalocya-
nine/fullerene (C60) are quoted in work [1]. In par-
ticular, for the heterostructure 20-nm PbPc/60-nm
C60, Voc = 0.45 V and η = 1.95% [2]. However, if
an interlayer (the mixture of PbPc and C60) is in-
troduced between the ZnPc p- and C60 n-layers, the
transformation efficiency for such p − n heterostruc-
tures, sensitive in a spectral range of 800–1050 nm,
increases to 2.3% [3]. Optoelectric properties of thin
ClAlClPc films were studied in works [4, 5]. In
ClAlClPc/C60 heterostructures with different compo-
nent thicknesses, the values of parameters Voc and η
change in the intervals of 0.64–0.84 V and 1.00–2.1%,
respectively [6–8].

c⃝ M.P. GORISHNYI, 2013

The literature data cited above testify that PbPc
and ClAlClPc are promising materials for their ap-
plication as sensitive elements in solar cells. The pa-
rameter optimization of those devices substantially
depends on the rate of optical response of phthalo-
cyanines. A number of the first researches in this do-
main were carried out by the authors of work [8,9] for
MgPc films and ClAlPc solutions in dichloromethane
[9, 10]. The two-beam “pump-probe” technique was
applied. The “pump” beam excites the electron sub-
system of researched objects, and the “probe” one,
which was delayed with respect to the former by var-
ious time intervals τd, “reads-out” the mesostates of
the electron subsystem till its complete relaxation.

This work is aimed at elucidating the origin of non-
stationary absorption bands induced with a femtosec-
ond laser in PbPc and ClAlClPc films in the prob-
ing interval of photon energies from 2.04 to 2.37 eV.
The time dependences of those bands were approxi-
mated by exponential functions with different relax-
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ation times τrn, which allowed the evolution of ex-
cited states in those films to be analyzed in more de-
tails. For today, the nature and the evolution of non-
stationary absorption bands in PbPc and ClAlClPc
films have not been studied yet.

2. Experimental Technique

Thin PbPc and ClAlClPc films 210 and 270 nm, re-
spectively, in thickness were deposited onto quartz
substrates using the thermal sputtering technique in
a vacuum of 6.5 mPa at room temperature. The
film thickness was measured with the help of a
quartz resonator.

The spectra of non-stationary absorption ∆D in
PbPc and ClAlClPc films were studied with the use
of the two-beam “pump-probe” technique [11]. The
measurement procedure consisted in the following.
The first laser pulse (with a pulse energy of 7.5 µJ,
a duration of 135–150 fs, a power of 5×10 W, and
an intensity of 1.5×107 W/cm2) excited the electron
subsystems of PbPc and ClAlClPc molecules. The
probe pulse delayed in time by τd with respect to
the pump one was used to study the dependences
∆D(E, τd), where E is the energy of photons in the
“white supercontinuum” of a probe pulse. The prob-
ing beam was focused on a cuvette with heavy water,
which provided the white radiation supercontinuum.
The maximum intensity of the supercontinuum was
observed at 1.55 eV. The energy of exciting photons
was Eex = 3.02 eV.

The mutual correlation function between the probe
pulse with a wavelength of 667 nm, a photon energy
of 1.859 eV, and a duration of 0.300 ps and the pump
pulse with a wavelength of 800 nm, a photon energy
of 1.55 eV, and a duration of 0.150 ps was measured.
It was found that this function was different from
zero within the time-delay, τd, interval from −0.50
to +0.50 ps. The limiting values of this interval cor-
responded to the beginning (−0.50 ps) and the ter-
mination (+0.50 ps) of the overlapping between the
pump and probe pulses in time, and their absolute
values are close to the sum of those pulse durations
(0.450 ps).

The values of time delay were varied discretely with
an increment of 0.1 ps for the ClAlClPc and 0.2 ps
for the PbPc films. In both cases, starting from the
thirtieth step, its magnitude increased in geometric
progression with a common ratio of about 1.2.

Fig. 1. Normalized absorption spectrum of a PbPc film (1 )
and photo-emf of the ITO/PbPc/C60/Ag heterostructure at
its illumination through the ITO electrode (2 ) (taken from
work [16]). Vertical arrows mark the positions of CT bands
[15]. Dashed curves correspond to the Gaussian components
and their sum

The linear absorption spectra of PbPc and
ClAlClPc films were measured on a Perkin Elmer
Lambda 25UV/vis spectrophotometer. All measure-
ments were carried out at room temperature.

3. Experimental Data

In Fig. 1, the normalized linear absorption spectrum
of a PbPc film 210 nm in thickness measured in the
spectral interval of 1.24–2.40 eV is depicted (curve 1 ).
This spectrum consists of a wide band Q, which is re-
solved into Gaussian-like components with maxima
at 1.519, 1.693, 1.874, 2.063, and 2.251 eV (dashed
curves). In PbPc films, the maximum of the fluores-
cence band was observed at 1.623 eV [12]. By its posi-
tion, it is close to the absorption band at 1.693 eV (the
Stokes shift amounts to 0.070 eV). The equidistantly
located absorption bands at 1.693, 1.874, 2.063, and
2.251 eV form an electron–vibration (vibronic) se-
ries with a frequency of intra-molecular vibrations of
1500 cm−1, which coincides with the vibration fre-
quency of bridge nitrogen atoms (mesoatoms –N=)
in MPc molecules (1500–1530) cm−1 [13].

The band at 1.519 eV was not observed in the spec-
tra of PbPc solutions. It can be considered as a com-
ponent of the Dadydov splitting [13, 14] or as the
band of a state with charge transfer (the CT state).
The intensities and the positions of the absorption
bands of CT states depend on the molecular packing
(α-, β-, and x-forms) and the lattice type (monoclinic
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Fig. 2. Normalized absorption spectrum of a ClAlClPc film
(1 ) and the photo-emf of the ITO/ClAlClPc/C60/Ni het-
erostructure at its illumination through the Ni electrode (2 )
(taken from work [16]). The photo-emf spectrum is shifted
upward by 0.2. All other notations are the same as in Fig. 1

Fig. 3. ∆D spectra of PbPc films 210 nm in thickness at
delay times of −0.43 (1 ), −0.23 (2 ), −0.03 (3 ), 0.17 (4 ), and
0.37 ps (5 )

and triclinic) of MPc crystallites [14]. In Fig. 1, the
positions of those bands at 1.302, 1.501, 1.567, 1.728,
1.939, and 2.181 eV for PbPc films [15] are marked by
vertical arrows. For example, in ITO/PbPc/C60/Ag
heterostructures, the CT states arise at the PbPc/C60

interface and give a contribution to the photo-emf
spectra (Fig. 1, curve 2 ) [16].

In ClAlClPc films 270 nm in thickness, the band
Q is shifted toward high photon energies (the hyp-
sochromic shift) in comparison with the spectra for
PbPc films (Fig. 2, curve 1 ). This band was de-
composed into Gaussian components with the max-

Fig. 4. The same as in Fig. 3, but for delay times of 0.37
(1 ), 0.77 (2 ), 1.57 (3 ), 3.57 (4 ), 8.76 (5 ), 57.78 (6 ), and
1472.34 ps (7 )

ima at 1.543, 1.711, 1.902, 2.084, and 2.275 eV with
the frequency of molecular vibrations of 1516 cm−1.
The relative intensity of the long-wave Gaussian com-
ponent at 1.543 eV is lower than the correspond-
ing value for PbPc films. The bands of CT states
also manifest themselves in the photo-emf spectra
of ITO/ClAlClPc/C60/Ni heterostructures (Fig. 2,
curve 2 ) [16].

In Fig. 3, the ∆D spectra of PbPc films in the
interval of (2.04–2.37) eV induced by a femtosecond
laser are shown. At τd = −0.43 ps, the PbPc films
demonstrate the bleaching (∆D < 0) in the photon
energy interval from 2.04 to 2.17 eV and the black-
ening (∆D > 0) in the interval from 2.28 to 2.37 eV.
The spectral interval of bleaching decreases as the
negative τd-value approaches zero (curves 1 to 3 ) and
disappears at τd = 0.17 ps (curve 4 ). At the same
time, a wide band in the ∆D spectrum is observed
in the interval from 2.12 to 2.37 eV (τd = −0.23 ps,
curve 2 ), which transforms into an asymmetric struc-
tural band at 2.287 eV with a shoulder on its low-
energy side (curve 3, τd = −0.23 ps). The contour
and the maximum position of this band permanently
change, being driven by the τd-value. For the val-
ues τd = 0.17 and 0.37 ps, their maxima are located
at 2.205 (curve 4 ) and 2.139 eV (curve 5 ), respec-
tively. The integral intensity of this band gradually
decreases, and its maximum hypsochromically shifts
as the τd-value grows within the interval from 0.37 to
1472 ps (Fig. 4, curves 1 to 7 ).
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Fig. 5. ∆D spectra of ClAlClPc films 270 nm in thickness at
delay times of −0.38 (1 ), −0.08 (2 ), 0.02 (3 ), 0.12 (4 ), 0.22
(5 ), 0.42 (6 ), and 0.52 ps (7 )

Similar changes are observed in the ∆D spectra
of ClAlClPc films (Fig. 5). When the value of τd
changes in the interval from –0.38 to 0.52 ps, the
structural band maximum shifts toward low photon
energies (the bathochromic shift) and is located at
2.337 (curve 3 ), 2.289 (curve 4 ), 2.238 (curve 5 ),
2.142 (curve 6 ), and 2.103 eV (curve 7 ) if τd = 0.02,
0.12, 0.22, 0.42, and 0.52 ps, respectively. A reduc-
tion of the integral ∆D-band intensity and a hyp-
sochromic shift of its maximum are also observed
when τd grows in the interval from 0.42 to 882 ps
(Fig. 6, curves 1 to 7 ).

The experimental data presented above were sta-
tistically treated to obtain the normalized ∆D de-
pendences on τd for given E values. In Fig. 7,
the typical kinetic curves ∆Dn(τd) for PbPc films
are shown in the delay-time intervals from −2.0 to
1472 ps (panel a) and from −2.0 to 10.0 ps (panel b)
for the energy of probing photons E = 2.195 eV.
The zero delay time corresponds to the ordinate
∆Dn = 0.5.

The curves of ∆D recession in time were approx-
imated as sums of simple exponential components
with different relaxation times,

∆Dn = ∆Dn0 +

k∑
n=1

An exp(−t/τrn), (1)

where ∆Dn and ∆Dn0 are the normalized current
and constant values of non-stationary absorption in
the PbPc and ClAlClPc films, An the preexponential

Fig. 6. The same as in Fig. 5, but for delay times of 0.52
(1 ), 0.82 (2 ), 3.00 (3 ), 11.517 (4 ), 69.11 (5 ), 295.76 (6 ), and
882.28 ps (7 )

Fig. 7. Dependences of the non-stationary absorption in PbPc
films 210 nm in thickness on the delay time τd for probing
photons with the energy E = 2.195 eV in the τd intervals from
−2.0 to 1472 ps (a) and from −2.0 to 10.0 ps (b). The values
of non-stationary absorption ∆D are normalized by the value
∆D0 = 0.05905

coefficients that characterize the contribution of the
n-th process with the relaxation time τrn to the gen-
eral relaxation kinetics, t is the difference between the
current τd-value and the τd-value for which ∆Dn = 1,
and k is the number of exponential terms. The exper-
imental curve ∆Dn(t) is better approximated for the
PbPc and ClAlClPc films by two (k = 2) and three
(k = 3) exponential terms, respectively.
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For the E-values chosen from the probing interval
of (2.04–2.37) eV and the time range of (0–1474) ps,
the values of parameter ∆Dn0 and An, as well as
the relaxation times τrn, were obtained for PbPc and
ClAlClPc films by averaging every ten points in the
kinetic dependence. For PbPc films, the ∆Dn0-value
decreases and the A1-value increases, as E decreases.
At the same time, the coefficient A2 grows firstly and
becomes maximal at E = 2.169 eV, and then it de-
creases together with E. This fact means that the
contribution of the first, quickest, component char-
acterized by the parameter τr1 grows, as the quan-
tity E decreases. The following average values of
relaxation times were obtained for the probing pho-
ton energy E = 2.195 eV: τr1 = 4.43 ± 0.13 ps, and
τr2 = 111.0± 8.7 ps.

For the ClAlClPc films measured in a time interval
of 0–882 ps, the coefficients ∆Dn0 and A3 decrease
and the coefficient A1 increases, as the E-value de-
creases. At the same time, the coefficient A2 firstly
increases to the maximum value at E = 2.213 eV
and then decreases. The following average values
of relaxation times were obtained for the energy of
probing photons E = 2.208 eV: τr1 = 1.12± 0.08 ps,
τr2 = 11.52± 1.59 ps, and τr3 = 95.8± 10.5 ps.

In both films, the corresponding values of τrn de-
crease, as the value of E diminishes.

The observed relaxation of the non-stationary ab-
sorption in PbPc and ClAlClPc films was also de-
scribed by the Kohlrausch function (the “stretched”
exponent) [17],

∆Dn = α exp(−(t/τr)
β), (2)

where t is the difference between the current τd-value
and the τd-value for which ∆Dn = 1, α and β are
some parameters, and τr and ∆Dn are the effective
relaxation time and the normalized current value of
non-stationary absorption, respectively. The corre-
sponding values of the parameters τd and β were
found to be identical in both films, τd = 14 ps and
β = 0.39. The value of τd turned out close to that of
τr2 for ClAlClPc films.

4. Discussion of Experimental Data

The PbPc molecule is nonplanar, because the Pb+

ion 0.12 nm in radius cannot fit into the phthalocya-
nine macroring and shifts with respect to its plane

[14]. The first Cl atom (the axial ligand) in the ClAl-
ClPc molecule forms a chemical bond with the cen-
tral Al3+ ion along the axis directed normally to the
macroring plane. The second Cl atom is located in
the macroring plane as a result of its binding to a
C atom of one of four peripheral benzene rings [5].
The both molecules are nonplanar. They have dif-
ferent geometries of macrorings [1], which results in
an insignificant hypsochromic shift of the absorption
band Q for ClAlClPc films in comparison with that
for PbPc ones.

The following molecular transitions were observed
in the non-stationary absorption spectra of ClAl-Pc-
OC4 solutions in dichloromethane (here, the notation
OC4 means four oxybutane linear chains, each at-
tached to one of four peripheral benzene rings in the
molecule to enhance the solubility of this phthalocya-
nine): S1 → Sm with energies of 2.152 and 2.719 eV
and T1 → Tn with 2.194 eV [10]. By their struc-
ture, the ClAl-Pc-OC4 and ClAlClPc molecules differ
only by the peripheral substituents: OC4 and Cl, re-
spectively. Their π-systems are identical. Therefore,
the above-mentioned S1 → Sm and T1 → Tn tran-
sitions must be observed in both molecules at the
same energies. When changing to ClAlClPc films,
those excitations transform into band-to-band tran-
sitions S1 → Sm and T1 → Tn. Their energies
can become lower in comparison with those for so-
lutions owing to the intermolecular interaction. It
should be noted that the bands of electron states
in films of organic materials are very narrow due
to a weak intermolecular interaction. The absorp-
tion spectra of the films and the solutions of those
substances are similar. The difference consists in
that the absorption bands in the films are wider and
bathochromically shifted with respect to their coun-
terparts in the solutions. In what follows, the term
“band” will be applied to an electron level broadened
in PbPc and ClAlClPc films owing to the intermolec-
ular interaction.

The positions of the zero vibronic bands of singlet
states S1 and S2 were estimated from the absorp-
tion spectra of PbPc and ClAlClPc films. They are
located by 1.693 and 3.542 eV higher in PbPc and
by 1.711 and 3.583 eV higher in ClAlClPc than the
zero vibronic band of state S0. The band energy dif-
ference between states S2 and S1 equals 1.849 eV
in PbPc and 1.872 eV in ClAlClPc. The molecu-
lar transition S1 → Sm with an energy of 2.152 eV
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in ClAlClPc can be classed as S1 → S2. In ClAl-
ClPc films, the energy of the transition S1 → S2

between the corresponding zero vibronic bands de-
creases by 0.280 eV in comparison with ClAlClPc so-
lutions. If one assumes that a similar reduction of
the energy is typical of other transitions, the energies
of band-to-band transitions S1 → Sm (m ≥ 3) and
T1 → Tn in ClAlClPc films should amount to 2.439
and 1.914 eV, which is rather close to the correspond-
ing values for PbPc films.

Under the action of laser radiation (Eex = 3.02 eV),
the electrons in those films transit from the vi-
bronic bands of state S0 to the vibronic bands of
state S1 and to the vibronic bands of state T1 ow-
ing to the S1 → T1 conversion. In addition, the
electron transitions become possible from the lower
filled state S1 onto the partially filled state S0, as
it takes place in C60 films [18]. Electrons return
to the vibronic bands of state S0 owing to the pro-
cesses of luminescence and radiationless transitions
from state S1. Moreover, the electron transitions
S1 → Sm and T1 → Tn become possible. These
transitions are conditionally divided into vibronic and
“hot” ones. The vibronic transitions occur from the
zero vibronic band, and the “hot” ones from non-zero
vibronic bands.

In the ∆D spectra of PbPc films (a probe interval
of (2.04–2.37) eV), the vibronic bands at 2.063 and
2.251 eV and a CT band at 2.181 eV (Fig. 1) can
emerge. in ClAlClPc films,the vibronic bands at 2.084
and 2.275 eV appear (Fig. 2). The band at 2.439 eV
corresponding to the transition S1 → Sm may appear
in the ∆D spectra of both films.

In the ∆D spectra of PbPc films (Fig. 3), the bands
at 2.139 (curve 5 ), 2.205 (curve 4 ), and 2.287 eV
(curve 3 ) were observed. The distance between the
maxima of the bands at 2.139 and 2.287 eV equals
0.148 eV (1194 cm−1), which is close to the fre-
quencies of in-plane deformation vibrations of C–
H bonds in the benzene rings of an MPc molecule
((1158–1167) cm−1) [13]. These oscillations do not
manifest itself in the linear spectra of PbPc films
(Fig. 1). The results of calculations showed that
the bands at 2.139 and 2.287 eV belong to “ hot”
ones, being associated with transitions from the sec-
ond or first non-zero vibronic band of state S1 formed
by intramolecular vibrations with a frequency of
1194 cm−1 into the zero vibronic band of state Sm.
For non-zero vibronic bands formed by intramolec-

ular vibrations with a frequency of 1500 cm−1, the
maxima of the “hot” bands must be observed at 2.064
and 2.250 eV. They coincide with the bands of vi-
bronic series in the linear absorption spectrum of
PbPc films (Fig. 1), being not well-pronounced in the
∆D spectra. A contribution to the band at 2.205
eV can be made by the CT band at 2.181 eV in
the linear absorption spectra of PbPc films (Fig. 1)
and the band at 2.210 eV of the triplet transition
T1 → Tn from the zero vibronic band into the sec-
ond vibronic band with a frequency of 1194 cm−1. A
drastic increase of the ∆D magnitude on the high-
energy side of the spectrum (Fig. 3, curve 2 ) is
connected with the transition between the zero vi-
bronic bands of S1 and Sm states (the S1 → Sm

transition).
In the ∆D spectra of ClAlClPc films (Fig. 5),

the bands at 2.103 (curve 7), 2.142 (curve 6), 2.238
(curve 5), 2.289 (curve 4), and 2.337 eV (curve 3)
were observed. The nature of bands at 2.142 and
2.289 eV is the same as that of bands at 2.139 and
2.287 eV in PbPc films. The distance between the
maxima of bands at 2.337 and 2.238 eV amounts to
0.099 eV (799 cm−1), which is close to the frequen-
cies of out-of-plane deformation vibrations of C–H
bonds in the MPc molecule ((720–770) cm−1) [13].
The results of calculations showed that those bands
are “hot”, being associated with the transitions from
the non-zero vibronic bands of state S1 formed by in-
tramolecular vibrations at a frequency of 799 cm−1

into the zero vibronic band of state Sm. The band at
2.103 eV can be classed as vibronic, because, by its
position, it is close to the vibronic band at 2.084 eV
in the linear absorption spectrum of ClAlClPc films
(Fig. 2). This band is associated with the electron
transition from the zero vibronic band of state S0

into the third non-zero vibronic band formed by vi-
brations with a frequency of 1516 cm−1. In addi-
tion, a contribution to the band at 2.103 eV can also
be made by the 2.102-eV band of the triplet transi-
tion T1 → Tn from the zero vibronic band into the
first vibronic band with a frequency of 1516 cm−1.
A drastic increase in the magnitude of ∆D on the
high-energy side of the spectrum (Fig. 5, curve 2 )
is induced by the transitions between the zero vi-
bronic bands of S1 and Sm states (the S1 → Sm

transition).
Hence, the absorption spectrum ∆D of PbPc and

ClAlClPc films in the interval from 2.04 to 2.37 eV
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can be formed by the bands of S1 → Sm and T1 → Tn

transitions and CT states. Their resolution is a very
difficult task that requires comprehensive researches
and will be a subject of further studies.

The beginning of photo-response ∆D was observed
at τd = −0.43 ps in the PbPc films (Fig. 3, curve 1 )
and at −0.38 ps in ClAlClPc ones (Fig. 5, curve 1 ).
The integral intensity of ∆D spectrum is maximal
at 0.37 ps in PbPc (Fig. 3, curve 5 ) and 0.42 ps
in ClAlClPc (Fig. 5, curve 6 ). The average values
of the beginning and the maximum of the photo-
response amount to −0.40 and 0.40 ps, respectively,
in both films. These τd-values fall within the lim-
its of indicated above interval of overlapping be-
tween the pump and probe pulses. At τd > 0.4 ps,
the changes in the ∆D spectra are mainly deter-
mined by the process of relaxation to the equilib-
rium state of electron subsystems in the molecules
of PbPc and ClAlClPc films. According to the
aforesaid, the ∆D spectra of films are formed by
the bands of electron transitions from the vibronic
bands of states S0 and S1. As the value of τd
grows in the interval from −0.40 to 0.40 ps, the
increase in the integral intensity of ∆D spectrum
is induced by the growth in the number of elec-
trons in those bands (Figs. 3 and 5). At τd >
> 0.4 ps, the intensity recession rate for low-energy
bands is higher than that for high-energy bands
(Figs. 4 and 6). For both films, such changes tes-
tify that the reduction in the non-stationary popu-
lation of higher non-zero vibronic bands with elec-
trons occurs at a higher rate in comparison with
the same process for the lower vibronic bands of
states S1.

The dependences ∆D(t) for both films are ap-
proximated well by the Kohlrausch function (for-
mula (2)) with the effective relaxation time τr =
= 14 ps, which is close to the value τr2 = 11.52 ps
for ClAlClPc films. This fact testifies to a non-
exponential character of the non-stationary photo-
response. The approximation by the sum of expo-
nents (formula (1)) allows the kinetics ∆Dn(t) to be
analyzed in more details. The data obtained con-
firm the conclusion drawn above that the rate of re-
duction of the non-stationary population of higher
non-zero vibronic bands with electrons is higher than
that for lower vibronic bands of states S1. For the
sake of comparison, the ∆Dn(t) kinetics for ClAl-
ClPc films is approximated by the sum of two expo-

nents with the relaxation times τr1 = 1.75 ± 0.13 ps
and τr2 = 44.8 ± 3.1 ps. These values consid-
erably differ from those obtained for PbPc films.
However, the explanation of such discrepancies be-
tween the approximation data for the ∆Dn(t) ki-
netics in PbPc and ClAlClPc films goes beyond the
scope of this work and will be a subject of further
researches.

5. Conclusions

The bands of the S1 → Sm and T1 → Tn transitions,
bands of CT states, and “hot” bands induced by the
electron transitions from the non-zero vibronic bands
of state S1 into the zero vibronic band of state Sm are
observed in the spectra of non-stationary absorption
∆D in PbPc and ClAlClPc films. The experimen-
tal curves ∆Dn(t) for PbPc and films are satisfac-
torily approximated by the sums of two and three
exponential functions with different relaxation times,
respectively.

The work was carried out in the framework of
themes No. 14 B/162 and 14 VTs/157 of the NAS
of Ukraine and with the use of methodical capabilities
of the “Femtosecond Laser Complex” Center for Col-
lective Use of the NAS of Ukraine at the Institute of
Physics of the NAS of Ukraine.

1. R. Pode, Adv. Mater. Lett. 2, 3 (2011).
2. J. Dai, X. Jiang, H. Wang, and D.Yan, Appl. Phys. Lett.

91, 253503 (2007).
3. M. Hiramoto, K. Kitada, K. Iketaki, and T. Kaji, Appl.

Phys. Lett. 98, 023302 (2011).
4. M.E. Azim-Araghi and A. Krier, Pure Appl. Opt. 6, 443

(1997).
5. C.S. Koshy and J. Menon, Nano-Electron. Phys. 3, 521

(2011).
6. R.F. Bailey-Salzman, B.P. Rand, and S.R Forrest., Appl.

Phys. Lett. 91, 013508 (2007).
7. H. Gommans, T. Aernouts, B. Verreet, P. Heremans,

A. Medina, C.G. Claessens, and T. Torres, Adv. Funct.
Mater. 19, 3435 (2009).

8. D.Y. Kim, F. So, and Y. Gao, Sol. Energ. Mat. Sol. C. 93,
1688 (2009).

9. J. Mi, L. Guo, Y. Liu, W. Liu, G. You, and S. Qian, Phys.
Lett. A 310, 486 (2003).

10. Q. Gan, S. Li, F. Morlet-Savary, S. Wang, S. Shen, H. Xu,
and G. Yang, Opt. Express 13, 5424 (2005).

324 ISSN 2071-0186. Ukr. J. Phys. 2013. Vol. 58, No. 4



Nature and Kinetics of Non-Stationary Light Absorption Induced

11. I.V. Blonskyi, M.S. Brodyn, and A.P. Shpak, Ukr. Fiz. Zh.
Ogl. 3, 93 (2006).

12. P. Kalugasalam, and S. Ganesan, Optoelectr. Adv. Mat. 4,
154 (2010).

13. A.V. Ziminov, S.M. Ramsh, I.G. Spiridonov, T.A. Yurre,
T.G. Butkhuzi, and A.M. Turiev, Vestn. S.-Peterburg.
Univ. 4, 94 (2009).

14. J. Simon and J.-J. André, Molecular Semiconductors
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ПРИРОДА I КIНЕТИКА
НЕСТАЦIОНАРНОГО ПОГЛИНАННЯ СВIТЛА
ПЛIВКАМИ ФТАЛОЦIАНIНУ СВИНЦЮ (PbPc)
I ХЛОРАЛЮМIНIЙХЛОРФТАЛОЦIАНIНУ (ClAlClPc),
IНДУКОВАНОГО ФЕМТОСЕКУНДНИМИ
ЛАЗЕРНИМИ IМПУЛЬСАМИ

Р е з ю м е

Дослiджено спектри нестацiонарного поглинання ∆D плi-
вок PbPc i ClAlClPc, iндукованих фемтосекундними лазер-
ними iмпульсами. Плiвки товщиною 210 нм (PbPc) i 270 нм
(ClAlClPc) нанесено на кварцовi пiдкладки термiчним на-
пиленням у вакуумi 6,5 мПа. У дiапазонi 2,04–2,37 еВ спо-
стережено “гарячi” смуги, зумовленi електронними пере-
ходами iз ненульових вiбронних зон стану S1 на нульову
вiбронну зону стану Sm. Залежностi нормованих кiнетик
∆Dn(t) для обох плiвок є неекспоненцiальними. Експери-
ментальнi кривi ∆Dn(t) для плiвок PbPc i ClAlClPc апро-
ксимовано сумою двох i трьох експонент iз рiзними часами
релаксацiї вiдповiдно.
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