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Optical Properties and Thin Film Processing of Nickel Phthalocyanine

Nanoparticles Prepared by Laser Ablation in Liquid
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Nickel phthalocyanine (NiPc) nanoparticles were synthesized by laser ablation in liquid (LAL).
The particle size, morphology, and optical properties were controlled by adjusting the laser fluence
and irradiation time. SEM and DLS analyses indicated that higher laser fluence and irradiation time
promoted the formation of smaller and more uniform nanoparticles. UV-Vis spectroscopy confirmed
that the characteristic Q-band absorption of NiPc remained after laser processing, indicating that the
molecular structure remained stable. The nanoparticles were transferred into chloroform and depos-
ited as thin films by spin coating. Film thickness and optical absorbance increased with deposition
volume, while surface morphology remained consistent. This work demonstrates a controllable, sur-
factant-free approach to producing NiPc nanoparticle thin films with stable optical properties, offering

potential for future solution-processed optoelectronic applications.
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1. Introduction

Organic semiconductors have attracted significant atten-

tion due to their structural tunability, solution processability,
and optoelectronic properties %, Among organic semicon-
ductors, phthalocyanines (Pc) are a family of two-dimen-
sional, macrocyclic compounds consisting of four isoindole
groups connected by nitrogen atoms and containing an ex-
tended m-conjugated system. Coordination of different metal
ions creates metallophthalocyanines (MPcs), which affect
their properties and enable the tuning of material perfor-
mance for various applications (%1, Pc-based thin films have
been studied in a wide range of fields, including chemical
sensing [, nonlinear optics '), electrocatalysis 1, biomedi-
cal imaging P!, and optoelectronic devices such as photovol-
taics and field-effect transistors X1, owing to their strong
visible-NIR absorption, high thermal and chemical stability,
and good carrier transport abilities #1121,
Despite these benefits, the practical application of phthalo-
cyanines in solution processing is currently limited. Their
low solubility in most traditional solvents, coupled with a
high tendency to aggregate, inhibits stability of dispersion
and makes film deposition difficult 24, As a result, all
these problems limit the applicability in solution-based de-
vice fabrication.

To overcome these limitations, the conversion of phthal-
ocyanines into nanoparticles has become one of the promis-
ing methods of enhancing dispersion stability and processa-
bility. Particle size reduction enhances colloidal stability and
helps in the development of uniform films [°1, Several routes
have also been investigated for phthalocyanine nanoparticle
synthesis, i.e., precipitation, surfactant-assisted assembly,
and solvent-based techniques. Most of the reported tech-
niques, however, incorporate complicated processing

protocols or the use of chemical additives, which compro-
mise the material's quality and compatibility in device pro-
cessing [16-181,

Laser ablation in liquid (LAL) provides a high-quality,
top-down, and surfactant-free approach for the synthesis of
nanoparticles. In this method, a pulsed laser is irradiated
onto a solid or powdered target suspended in a liquid me-
dium, and the rapid localized heating and ablation of mate-
rial form nanoparticles. During the synthesis process, parti-
cle morphology and optical properties can be controlled by
adjusting laser fluence and irradiation time (221, The prep-
aration of surfactant-free nickel phthalocyanine nanoparti-
cles by LAL could offer a solution to stable dispersion and
film-quality issues while preserving the optoelectronic prop-
erties of the material.

In this study, NiPc nanoparticles were synthesized by
LAL and characterized for their morphology and optical
properties. The nanoparticles were then deposited into thin
films by the spin-coating method, and the effects of spin-
coating parameters on film quality were investigated. This
work presents a surfactant-free, controllable method to pro-
duce NiPc nanoparticles and the corresponding thin films for
future photovoltaic applications.

2. Experimental Procedures

Nickel Phthalocyanine (NiPc) nanoparticles were syn-
thesized by Laser Ablation in Liquid. NiPc powder (Sigma-
Aldrich) was dispersed in 20 mL of deionized water by son-
icating for 10 min to get uniform dispersion. The dispersion
was placed in a square glass bottle on a magnetic stirrer ro-
tating at 500 rpm to ensure even exposure during laser irra-
diation. The pulsed Nd:YAG laser (532 nm, 13 ns, 10 Hz)
was irradiated horizontally into the liquid with a beam spot
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size of approximately 0.5 cm2 The laser generated localized
heating, which fragmented the NiPc into nanoparticles. Alt-
hough NiPc exhibits stronger absorption at shorter wave-
lengths, laser ablation in liquid is not only induced by linear
optical absorption. Under the high fluence conditions used
in this study, nonlinear processes such as multiphoton ab-
sorption can imduce effective material fragmentation at 532
nm. The preservation of the characteristic Q-band in the
UV-Vis spectra also indicates that the molecular structure re-
mains stable after laser irradiation. After laser ablation, the
dispersion was centrifuged (3000 rpm, 20 min) to remove
large unablated fragments and aggregated particles, ensuring
a more homogeneous and stable dispersion for characteriza-
tion and thin film fabrication. It should be noted that centrif-
ugation can influence the particle size distribution. There-
fore, the DLS results mainly represent the size of the stable
colloidal particles rather than the entire sample prepared by
LAL. Since all samples were processed under the same cen-
trifugation conditions, the observed trends are still meaning-
ful for comparing the effects of laser fluence and irradiation
time. No surfactants or stabilizers were used in this process,
ensuring the purity of the nanoparticles for further analysis
and thin film deposition.

To investigate the effect of laser conditions on particle
properties, the laser fluence was varied from 125 to 500
mJ/cmz2 and irradiation time from 15 to 60 minutes. The mor-
phology, particle size distributions, and optical properties of
the produced nanoparticle dispersions were examined by
scanning electron microscopy (SEM), dynamic light scatter-
ing (DLS), and UV-Vis spectroscopy, respectively. The op-
timized nanoparticle dispersions were then used to produce
thin films.

To determine a suitable solvent for film processing, the
solubility of unprocessed NiPc powders was tested in chlo-
roform, hexane, and toluene. Chloroform had the highest
solubility and was therefore chosen as the solvent for the
spin-coating test. After laser ablation, the NiPc nanoparticle
supernatant was collected by centrifugation and the mixture
was stirred overnight using the solvent exchange method to
transfer the nanoparticles from the water phase to the chlo-
roform phase. The chloroform-based nanoparticle dispersion
was spin-coated onto a glass substrate previously washed
with deionized water, ethanol, and isopropanol to fabricate
thin films. The spinning speed and duration were always
kept constant (1000 rpm, 60 s)while the volume of the dis-
persion varied between 0.1 and 0.3 mL. The light absorption,
surface morphology, and thickness of the films were evalu-
ated using UV-Vis spectroscopy, atomic force microscopy
(AFM), and Dektak profilometer, respectively, to determine
the quality and properties of the films.

3. Results and Discussion

Scanning electron microscopy (SEM) was used to ob-
serve the morphology of nanoparticles synthesized by the la-
ser ablation in liquid (LAL) method under different laser
conditions. As shown in Figure 1, most particles exhibit ir-
regular shapes at lower laser fluence and shorter irradiation
times. However, with increasing fluence and irradiation time,
an increasing number of particles show more rounded shapes
with smoother edges and more uniform outlines. This phe-
nomenon can be explained by the laser melting in liquid
(LML), in which local heating by laser irradiation caused the

melting of the material fragments. Surface tension reshapes
the melting particle to a round or spherical shape with mini-
mum surface energy. [23-25] The coexistence of irregular
and more rounded particles may be caused by the combined
effects of laser-induced fragmentation and localized thermal
processes during nanosecond pulsed irradiation. In this pro-
cess, the energy distribution within the laser spot is not per-
fectly uniform, which may lead to different morphologies of
the particles, resulting in the simultaneous formation of frag-
mented and partially reshaped particles. At the lower fluence
(125 mJ/cm?) and shorter irradiation time (15 minutes),
many large, irregular, unablated raw material remained in
the sample, indicating incomplete ablation. As the fluence
increased to 500 mJ/cm?, and the irradiation time extended
to 60 minutes, the SEM images showed more nanoparticles
with round shapes, and the remaining large fragments were
significantly reduced. These observations indicate that both
laser fluence and irradiation time play an important role in
controlling particle morphology through a combination of
thermal ablation and melting dynamics.

Dynamic light scattering (DLS) was used to evaluate the
secondary particle size. DLS measurements were performed

Fig. 1 SEM images of NiPc nanoparticles synthesized under
varying laser parameters. (a—d) Fluence-dependent
morphology at a fixed irradiation time of 30 minutes
(125, 250, 350, and 500 mJ/cm?, respectively). (e-h) Ir-
radiation time-dependent morphology at a constant flu-
ence of 500 mJ/cm? (15, 30, 45, and 60 minutes, respec-
tively).

at 25 °C. The samples were measured after centrifugation
without further modification, using standard automatic ac-
quisition settings. Since all samples were subjected to iden-
tical centrifugation conditions, the DLS results mainly re-
flect the stable colloidal fraction after removal of large ag-
gregates and unablated fragments. As shown in Figure 2, the
secondary particle size decreased with increasing laser
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fluence, the size distribution also became narrower, indicat-
ing improved size uniformity at higher fluences. A similar
tendency was observed when the irradiation time increased
at a fixed fluence of 500 mJ/cm2. When the irradiation time
was extended from 15 to 60 minutes, the particle size de-
creased. These results suggest that both laser energy and du-
ration contribute to more efficient particle fragmentation.
Complete DLS size distributions for all fluence and irradia-
tion time conditions are provided in Supplementary Figure
S1.
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Fig. 2 Secondary particle size of NiPc nanoparticles as a func-
tion of (a) laser fluence and (b) irradiation time, meas-

ured by DLS.
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Fig. 3 (a) UV-Vis spectra of NiPc nanoparticles at fluences of
125-500 mJ/cm? (60 minutes);(b) Peak absorbance at
618 nm vs. fluence;(c) UV-Vis spectra at irradiation
times of 15-60 minutes (500 mJ/cm?);(d) Peak absorb-
ance at 618 nm vs. time.

Figure 3 presents the UV-Vis absorption spectra of NiPc
nanoparticle dispersions synthesized under various laser flu-
ence and irradiation times. All the samples showed a charac-
teristic splitting Q-band with two absorption peaks at around
618 nm and 668 nm. These peaks correspond to n—r* tran-
sitions within the phthalocyanine ring structure and are con-
sistent with spectral features of NiPc in literature. [26,27]
With increasing laser fluence from 125 to 500 mJ/cm?, the
absorbance increases significantly, indicating enhanced ab-
lation and a higher yield of nanoparticles. A similar trend is
observed with increasing irradiation time from 15 to 60
minutes, where longer irradiation time leads to higher ab-
sorbance. This increase in absorbance is mainly attributed to
a higher concentration of NiPc dispersed in the colloidal
phase, resulting from more efficient laser ablation. This be-
havior reflects the total energy input of the laser process,
which promotes more effective ablation and dispersion of
NiPc into smaller, colloidally stable particles. The position

and shape of the peaks remain stable under all laser condi-
tions, indicating that the LAL process did not change the op-
tical properties of NiPc. No significant peak shifting was ob-
served, indicating that no major chemical reaction or degra-
dation occurred during the laser ablation process.
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Fig. 4 (a) UV-Vis absorption spectra of NiPc thin films spin-
coated using 0.1, 0.2, and 0.3 mL of dispersion. (b)
Tauc plot of the 0.3 mL NiPc thin film.

Figure 4a shows the UV-Vis absorption spectra of NiPc
films prepared by spin-coating 0.1, 0.2, and 0.3 mL chloro-
form dispersions of NiPc nanoparticles on glass substrates.
All the samples show the splitting Q-band peaks at around
618 nm and 668 nm, and B-band below 400 nm. Increasing
the deposition volume leads to an increase in absorbance,
which indicates improved coverage and thickness of the
films. These results suggest that adjusting the spin-coating
volume directly affects the absorbance and thickness of the
resulting NiPc films, which is crucial for photovoltaic appli-
cations. To estimate the optical band gap, a Tauc plot based
on a direct allowed transition model was constructed using
the absorption data from the 0.3 mL film. (Figure 4b) The
estimated band gap values were 1.57 eV for the Q-band and
2.98 eV for the B-band. These values are consistent with
those reported for other metallophthalocyanines. [27-29]
The presence of both Q- and B-band absorption confirmed
that the electronic structure of NiPc maintained stability, and
the resulting band gap energies placed the material among
the class of low band gap organic semiconductors. These
findings support the potential of laser-synthesized NiPc na-
noparticles for optoelectronic thin film applications.

The surface morphology of NiPc films prepared using dif-
ferent deposition volumes (0.1, 0.2 and 0.3 mL) was charac-
terized by atomic force microscopy (AFM). The AFM im-
ages in Figure 5 show consistent grain features across all
samples, indicating that thin films were formed by densely
packed NiPc nanoparticles. The 2D and 3D AFM images
show relatively similar surface textures across the samples,
indicating that changes in deposition amount have a minor
effect on the nanoscale surface roughness. Film thickness
was tested by Dektak profilometer. The average thicknesses
of the films prepared with 0.1, 0.2, and 0.3 mL were 115.0
nm, 131.5 nm, and 173.5 nm, respectively. The thickness in-
creased with increasing deposition sample volume, which
correlated with the absorbance intensity observed in the UV-
Vis spectra. These results indicate that although the mor-
phology and surface structure of the nanoparticles remain
consistent, the film thickness can be effectively controlled
by adjusting the spin-coating volume.

4. Conclusion
In this work, nickel phthalocyanine (NiPc) nanoparticles
were successfully prepared by laser ablation in liquid (LAL)
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method. By changing laser fluence and irradiation time, the

an
o
(=]
=
3
200
Fig. 5 (d) n-coated
! persions.
150 B <tak pro-
= ®
: ¢«
$ 100
£
£
504
o] T T T 1
0.0 01 0.2 0.3 04
Volume (ml)

morphology and optical properties of nanoparticles could be
controlled. SEM and DLS analysis indicated that higher la-
ser fluence and longer irradiation time promoted the for-
mation of smaller nanoparticles with higher yield. UV-Vis
spectroscopy showed the characteristic splitting Q-band ab-
sorption peaks of NiPc after laser processing, indicating that
the molecular structure remained stable. The prepared nano-
particles were transferred to chloroform and used to fabri-
cate thin films by spin coating. Film quality was evaluated
through UV-Vis spectroscopy, AFM, and Dektak profilome-
try, showing that film thickness and optical density could be
controlled by changing deposition volume. These results in-
dicate that the LAL method achieved controllable synthesis
and thin-film integration of NiPc nanoparticles without
chemical additives.

This work shows promise for the potential of phthalocy-
anine nanoparticles prepared by LAL for future use in solu-
tion-processable optoelectronic devices. Future work will
focus on device fabrication and functional performance
evaluation.
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