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R E V I E W  A R T I C L EO R I G I N A L  A R T I C L E

Photoluminescent gels based on han purple: new 
frontiers in biotechnology

Abstract: As a result of the increasing need for new biocompatible materials, polymer-based gels have 
become promising options. Lately, photoluminescent gels have shown potential for applications in 
biotechnology and non-invasive tracking due to their ability to emit light when temperature changes 
occur. This research investigates the incorporation of Han Purple (HP) pigment into a polyethylene 
glycol/Laponite matrix [92,5/7,5%] (P7LHP0%) to produce a 3D-printed gel. The gels were examined 
for possible use as smart sensors, focusing on their optical and thermal characteristics.  Formulations 
with HP concentrations of 0.0%, 0.5%, and 2.0% were prepared, followed by extrusion-based 3D printing. 
Characterization techniques included FTIR, SEM, and optical analyses (emission and excitation spectra). 
The findings showed 3D structures with good shape fidelity while FTIR indicated suitable compatibility 
between HP and the matrix. Optical analysis revealed fluorescence with an excitation band between 400 
and 700 nm, with a maximum at 620 nm, and an emission band at 830 - 1000 nm with a peak at 925 
nm. This study highlights the potential of HP as a promising material for fluorescent gels in 3D printing, 
creating new opportunities for biotechnology applications. 
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Introduction
The search for materials with innovative properties 

is crucial for the progress of science and technology, 
especially in areas such as biotechnology, 
biomedicine, and pharmacology [1]. Han Purple (HP), 
a pigment with both historical significance and 
promising functional characteristics, has recently 
sparked interest. Originally developed in ancient 
China around 700 BCE, HP exhibits a purple color 
and was widely used in embellishing various 
artifacts, including vases, bricks, and walls. However, 
beyond its artistic value, the physical and chemical 
characteristics of HP make it an appealing candidate 
for modern technological applications[2].

The chemical formula of HP is predominantly 
BaCuSi₂O₆, and it stands out not only for its relatively 
straightforward synthesis but also for its fluorescent 
properties, attributed to the presence of Cu²⁺ ions 
within its structure[2].  The synthesis process involves 
the combination of precursors such as barium 
carbonate (BaCO₃), silicon dioxide (SiO₂), and copper 
oxide (CuO) under precise thermal control[3,4].  These 
unique characteristics allow HP to emit fluorescence 
within the near-infrared spectrum (NIR), unlocking 
new possibilities for its application in biomedical 
sensors, fluorescent markers, and infrared imaging 
techniques [2,5].

In parallel, hydrogel-based biomaterials have 
become essential in tissue engineering due to their 
ability to absorb large volumes of water and simulate 
the conditions of the cellular environment. The 
development of three-dimensional scaffolds using 
additive manufacturing techniques, such as 3D 
printing, has facilitated the reproduction of complex 
structures that mimic the behavior of natural tissues.

Polyethylene glycol (PEG) stands out as 
a prominent polymer in this area due to its 
biocompatibility and versatility. Nevertheless, PEG 
by itself does not possess the necessary rheological 
properties to satisfy the requirements of 3D printing, 
limiting its direct applicability[6]. To overcome these 
limitations, rheological modifiers like Laponite 
XLG—a nanosilicate—are incorporated into the PEG 
matrix, forming a three-dimensional network that 
maintains structural integrity during the printing 
process [7,8]. This PEG/Laponite combination results 
in rheologically stable gels, ideal for fabricating 
complex structures suitable for a wide range of 
biomedical applications[9].

The current study aims to synthesize and 
characterize HP and incorporate it into gels based on 
a PEG/Laponite matrix, to create a NIR fluorescence 
and printable gel and explore the HP emissions in 
response to temperature variations[9,10]. By integrating 
this purpure pigment into hydrogels, this research 
not only seeks to expand the understanding of 

fluorescent material functionalization but also aims 
to open new opportunities for its application in 
biotechnology and regenerative medicine.

Experimental
Materials
This study utilized Polyethylene glycol-400 

(PEG) with a molecular weight range of 380–420 
g.mol-1 (Dinâmica) and Laponite XLG (Colormix). 
The reagents for the synthesis of Han Purple (HP) 
included barium carbonate (BaCO₃), silicon dioxide 
(SiO₂), and copper oxide (CuO), all sourced from 
Dinâmica.

Synthesis of HP
The HP pigment was produced by combining 

barium carbonate (BaCO₃), silicon dioxide (SiO₂), 
and copper oxide (CuO) in a 1:2:1 molar ratio, following 
the procedure described by McDaniel et al. (2014)[4]. 
The components were homogenized using a high-
speed mixer (SpeedMixer™ - Hauschild DAC 250), 
at 1100 rpm for 5 minutes. After homogenization, 
the carbonate-silica-oxide mixture was subjected 
to thermal sintering cycles. At first, the mixture 
was heated to 1000°C at a heating rate of 7°C/min. 
Following this step, the powder was deagglomerated 
and exposed to a second thermal cycle at 1050°C with 
a heating rate of 5°C/min. After high-temperature 
processing, the material gradually cooled to room 
temperature (25°C) [4]. The overall equation (Eq. 
1) describing the chemical reaction involves the 
decomposition of BaCO₃ and the subsequent 
formation of the fluorescent BaCuSi₂O₆ phase of HP:

BaCO
3(s)

 + 2SiO
2(s)

 + CuO
(s)

 → BaCuSi
2
O

6(s)
 + CO

2(g)               
 (1)

X-ray Diffraction (XRD)
X-ray diffraction measurements were performed 

using a Rigaku Miniflex 600. The X-ray source was 
set to 40 kV and 15 mA, employing the Kα (Cu) line. 
The setup included a Soller slit (inc) of 5.0°, IHS of 
5.0 mm, SS of 1.250°, DS of 1.250°, and RS of 0.3 mm. 
Data acquisition was carried out at a scanning rate of 
1.5°/min with a step size of 0.02°.

Scanning Electron Microscopy (SEM)
The synthesized HP powder was characterized 

using scanning electron microscopy (SEM) with 
a FEG-MIRA 3 (TESCAN) instrument to assess its 
superficial morphology. The samples were coated 
with a 10 nm gold-layer to ensure conductivity and 
were analyzed at a voltage of 4.5 kV.

Optical Characterizations
Optical Absorption
Optical absorption was measured at room 

temperature using a Perkin Elmer Lambda 1050 
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spectrophotometer. The spectra were recorded over 
the range of 300 to 1500 nm.  Diffuse reflectance 
measurements of powder samples were conducted 
using a 150 mm integrating sphere accessory. 

Temperature-Dependent Emission Spectra
Emission spectra as a function of temperature 

were collected using an Ocean Optics Maya Pro 
2000 spectrometer connected via an optical fiber. 
Measurements were conducted over the range of 200 
to 1100 nm. The samples were excited by a rhodamine 
6G dye laser at 612.76 nm with a power output of 2.0 
± 0.2 mW. To eliminate excitation interference, a 650 
nm long-pass filter was used during emission data 
collection. The sample temperature was controlled 
between 293 K and 343 K using a REX C100 controller 
and a type-K thermocouple.

Excitation-Emission Mapping
Excitation-emission maps were generated using 

a Horiba Instruments Duetta spectrometer. To 
acquire the emission spectra, excitation wavelengths 
ranging from 400 to 700 nm with an increment of 
5 nm were used. The integration time for emission 
signal acquisition was 4 seconds and excitation and 
emission slit widths were both set at 5 nm. Emission 
spectra were recorded from 715 nm to 1000 nm, with 
a 715 nm long-pass filter placed at the emission 
collection port to exclude excitation line interference.

Chemical Composition Analysis
The chemical composition of the gels was 

evaluated using a Perkin Elmer Spectrum 100 in 
attenuated total reflection (ATR) mode. Spectra were 
acquired over the range of 450 to 4500 cm⁻¹ with a 
resolution of 4 cm⁻¹, and each spectrum is an average 
of 16 consecutive acquisitions of the same sample.

VIS/NIR Microscopy
A HiView digital microscope was employed for 

optical imaging. The built-in microscope illumination 
was used to acquire visible images. For red excitation 
imaging, a 620 nm LED source (50.0 ± 0.5 mW) was 
applied. In near-infrared (NIR) imaging, only the 620 
nm excitation was maintained, with a 715 nm long-
pass filter placed at the microscope port to ensure 
that only the emission radiation from HP contributed 
to NIR image formation.

Preparation of HP-doped gels
The preparation of PEG-Laponite gels with 7.5 

wt% nanosilicate (referred to as P7LHP0%) followed the 
method described by Santos et al. (2022) [7]. Initially, a 
44 vol% PEG solution was mixed with Laponite using 
the SpeedMixer™ at a speed of 1000-1200 rpm for 2 
minutes[7]. The resulting gel was stored at 4-8°C for 

48 hours for the aging process.
After preparing the base P7LHP0% gel, Han Purple 

(HP) was incorporated at concentrations of 0%, 0.5%, 
and 2% (w/w), resulting in the formulations named 
P7LHP0% P7LHP0.5%, and P7LHP2% respectively, based on 
the total gel mass. 

To ensure optimal dispersion of HP particles, the 
gels were further homogenized in the SpeedMixer™ 
at 1000-1200 rpm for an additional 2-5 minutes. 
This ensured the thorough integration of HP into 
the P7LHP0% gel matrix. Figure 1 illustrates the entire 
process, from the synthesis of the pigment to its 
application in PEG-Laponite-based gels.

Qualitative Analysis of the Gels Before 3D Prin-
ting

Subsequently, the gels were kept refrigerated 
(6.0 ± 2.0 °C) until the 3D printing stage. Before 
printing tests, discs (2.5 ± 0.1 mm in height and 9.5± 
0.1 mm in diameter) were prepared and examined 
under an Olympus SZX16 stereomicroscope to 
verify the homogeneous dispersion of HP in the 
P7LHP0% matrix.

Although the properties of the P7LHP0% gels have 
been reported in previous studies, the addition of 
HP required a new qualitative analysis to assess 
potential changes in rheological properties, 
particularly those related to 3D printing. A platform 
model with known distances, ranging from (0.5, 1.5, 
2.0, and 2.5) cm, was used to evaluate the collapse 
of filaments. Additionally, the sol-gel transition over 
time was observed through the inversion test.

Printing of Scaffold
The BioScaffold v. 2.0 software was used to 

generate printing data for scaffolds with dimensions 
of 10 mm × 10 mm × 2 mm, consisting of 10 layers. 
The printing speed was set to 12 mm/s, and a 410 µm 
diameter nozzle (20G) was employed. The scaffolds 
were printed using a 593iCAN printer, equipped 
with a dual extrusion head system[11]. The whole 
process was carried out at room temperature (25°C). 
After printing, the scaffolds were photographed 
with a stereomicroscope.

The printability (Pr) index was calculated to 
assess the shape fidelity of the printed scaffolds. 
This helps evaluate how accurately the produced 
structures align with the intended design. The 
calculation follows Eq. 2 [12,13].

                                       (2) 
  

Where: (A) is the pore area, (L) is the pore perime-
ter, and (Pr) is the printability index.
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Results and Discussion
Analysis of Synthesized HP Powder
Figure 1 presents the micrograph of the HP 

powder following synthesis. Figure 2(a) confirms that 
the HP powder was successfully obtained, exhibiting 
the expected purple coloration, a characteristic 
attributed to the presence of barium carbonate in its 
composition[14]. The analysis of Figures 2(b) and 2(c) 
reveals that the particle distribution in the sample 
was less homogeneous than anticipated for this 
pigment. The images highlight that the HP particles 
display irregular shapes, and many aggregates 
were observed due to the absence of conventional 
treatment steps[3]. Furthermore, the thermal 
treatments applied resulted in larger particle sizes, 
indicating that high temperatures promoted stronger 
bonding between the particles, resulting in a more 
elongated shape[3,4].

In Figure 3, the synthesized HP powder exhibits 
purple coloration. The X-ray diffraction (XRD) pattern 
confirms the presence of the fluorescent phase 
associated with HP, with the molecular formula 
BaCuSi₂O₆. This phase exhibits fluorescence 
emission when excited in the red/NIR region [3,4]. 
Both the excitation and emission bands fall within 
the first transparency window of biological tissues, 
which enhances the potential of HP for non-invasive 
biomedical imaging applications[13].

From the synthesis of HP, it is difficult to predict 
the size of the formed inorganic particles, but it can 
be noted from the observations made by SEM that 
the distribution and morphological characteristics 
of the photoluminescent pigment have been 
verified and match the expected proportions. Can 
be observed in Figure 2(c) is that HP particles 
appear as agglomerates, which may obscure some 
phases that are by products of the synthesis, in 
this sense SEM micrographs only can show the 
orientation of the particles, while the XRD provides 
information about the preferred orientation of the 
crystals of this material. In the XRD diffractogram, 
there is no evidence indicating an additional phase 
or an alteration in the crystal structure; only the 
characteristic bands of HP are present in Figure 3.

Figure 4 presents the absorbance spectrum of the 
sintered HP powder over the range of 430 to 1200 nm. 
Two main absorption peaks are observed in the UV-
VIS-NIR region: one at 580 nm (a) and the other at 
765 nm (b), with the maximum absorption occurring 
at 580 nm. These absorption bands correspond to 
the 2B

1g➝ 
2E

g
 and 2B

1g➝ 
2B

2g transitions of Cu²⁺ ions 
present in the crystalline structure of the BaCuSi₂O₆ 
phase[1, 2, 14]. Therefore, laser excitation of the sample 
can be effectively performed using wavelengths near 
the maximum absorption, such as at 612.76 nm.

The emission spectra of HP at different tempe-

ratures, from 293 to 343 K, are shown in Figure 5, 
covering wavelengths from 750 to 1100 nm. Under 
excitation at 612.76 nm, an emission band in the ne-
ar-infrared (NIR) region of 800 to 1100 nm (2B

2g₂₂ 
2B

1g
 

transition) is detected. As the temperature increases, 
a suppression of fluorescence occurs due to the rise 
in the non-radiative decay rate of the 2B

2g 
emitting le-

vel. It is crucial to mention that the presence of two 
convoluted emission bands in the emission profile is 
due to the spectrometer’s spectral response [15]. This 
phenomenon is valuable for developing intensity ra-
tio-based fluorescent temperature sensors. Figure 6 
illustrates the ratio of emission areas at 893 nm and 
985 nm, which is useful for precise temperature mo-
nitoring. 

The intensity ratio (I
893

/I
985

) decreases nearly 
linearly as temperature increases. This behavior 
demonstrates that the system has the potential to 
be used as an optical temperature sensor with the 
Fluorescence Intensity Ratio (FIR) technique. To 
evaluate the sensor’s sensitivity, the data were fitted 
according to the FIR theory [16,17], which ∆ represents 
the intensity ratio. The theoretical framework is 
described in Eq. 3.

In FIR theory, I
i
 and I

j 
  represent the emission 

intensities of two energy levels of the ion of 
interest, g

ij
 is the degeneracy of the emitting level, 

σ
ij
 is the emission cross-section, and ω

ij
 is the 

angular frequency of the fluorescence transition 
from the higher level (i=2) to the lower level (i=1). 
Additionally, ∆E represents the energy difference 
between the thermally coupled levels, and k

B
 is the 

Boltzmann constant. For thermometric applications, 
it is crucial to calculate the sensitivity parameter 
of the technique for the levels being utilized. This 
sensitivity reflects how the fluorescence intensity 
ratio responds to changes in temperature Eq. 4 
presents the relative sensitivity parameter (S

r
)[18]:

The absolute sensitivity is calculated as the first-
order derivative of  with respect to temperature. 
However, to enable the comparison between 
different materials, the relative sensitivity (Eq. 4) 
is presented. In this case, S

r
 is the derivative of 

Eq. 3, which is normalized by the function ∆ itself 
and multiplied by 100 to express the values in 
[%/K] units. Figure 7 shows the relative sensitivity 
calculated from the data presented in Figure 5 for 
the same temperature range.

In Figure 7, it can be observed that sensitivity 
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decreases with increasing temperature, which is 
expected for FIR thermometers. The maximum 
sensitivity at 293 K was 0.3%/K. Although this 
sensitivity is considered low in the literature[19,20], 
it should be noted that both the excitation 
and emission wavelengths fall within the first 
transparency window of biological tissues[21], making 

it particularly attractive for biomedical applications. 
Another aspect of potential investigation in future 
research is the addition of impurities to enhance 
the fluorescence quenching effect. These impurities 
would aim to increase the phonon energy, further 
improving the material’s performance.

Figure 1 - Illustration of the pigment synthesis process, gel preparation, and sample printing. The 
images were created using the BioRender® visual tool. Source: Santos et al.

Figure 2 - Micrograph of HP powder after synthesis and morphology of its particles. Where (a) post-sin-
tering powders and (b and c) correspond to powder morphology. Source: Santos et al.
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Figure 3 - Diffractogram of the synthesized sample; peaks are characteristics of HP pigment. 
Source: Santos et al.

Figure 4 - Absorbance spectrum in the UV-VIS-NIR region for the synthesized 
HP sample. Source: Santos et al.

Figure 5 - HP emission at different temperatures, in the range of 293 to 343 
K. Source: Santos et al.
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Figure 6 - Intensity ratio for emissions centered at 893 and 985 nm (I
893

/I
985

). Source: 
Santos et al.

Figure 7 - Relative sensitivity (Sr) in the range of 293 to 343 K. Source: Santos et al.
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Analysis of HP-Doped Gels
To investigate the compositional details of the 

gels produced with and without the incorporation 
of the HP pigment, the compositions were analy-
zed using Fourier Transform Infrared Spectroscopy 
(FTIR), as shown in Figure 8. It is observed that all the 
curves in Figure 8 exhibit similarities, with slight dif-
ferences compared to the precursor gel P7LHP0%. The 
peaks corresponding to the P7LHP0% formulation was 
previously described by Daguano et al. (2022)[7]. The 
bands in the 3677–3012 cm⁻¹ region in the P7LHP0,5% 
and P7HP2% compositions are linked to the O-H stret-
ching, which comes from the PEG precursor solution. 
The peaks at 2963 cm⁻¹ and 2870 cm⁻¹ correspond 
to the C-H methylene stretching from the PEG pre-
cursor. Additionally, the peaks at 1532 cm⁻¹, 1463 cm⁻¹, 
and 1246 cm⁻¹are associated with C-H stretching 
from methyl groups[22].

The peaks at 994 and 980 cm⁻¹ can be attribu-
ted to the Si-O and Si-O-C bonds, respectively, due 
to the adsorption of the nanosilicate Laponite and 
silica present in HP, also detectable in the gel base 
[7,9]. The characteristic HP peaks (BaCuSi₂O₆), obser-
ved at 800 and 1100 cm⁻¹, are associated with Si-O 
antisymmetric stretching. It is suggested that the pe-
aks in the 670 cm⁻¹ region correspond to the Cu-O 

group, although they may be overlapping due to the 
presence of Laponite nanosilicates and HP silica. Fi-
nally, the formation of new peaks in the regions of 
1645 and 845 cm⁻¹ is observed in the compositions 
P7LHP0,5% and P7LHP2%. The peak at 845 cm⁻¹ can be 
attributed to the Cu-O group[2]. The peak at 1645 cm⁻¹ 
is related to the vibrations of the carbonyl group C=O 
which may be produced in the PEG polymer chain 
through oxidation, a structural change possibly in-
duced by HP presence. When the PEG gel is mixed 
with the inorganic HP and, if the photoluminescent 
compound could act as a photoactivator (generating 
free radicals) when exposed to UV/Vis light, these 
radicals can attack the PEG bonds and cause its pho-
to-oxidation, generating carbonyl groups, as eviden-
ced in the FTIR spectrum (peak at 1645 cm⁻¹) of the 
gels doped with HP[23]. This phenomenon appears to 
be independent of the HP concentration within the 
gel, relying instead on the mere presence of the pho-
toluminescent compound. As Illustrated in Figure 
10(c),  the photoactivation of HP particles by visible 
light suggests that this process is more likely to oc-
cur in environments where the preparation or use of 
these gels involves oxygen and intense light expo-
sure, or during their storage.

To assess the dispersion of HP particles, discs 

Figure 8 - FTIR analysis of P7LHP0.5% and P7LHP2% gels with HP content 
of 0.5 and 2% respectively. The P7LHP0% gel was used as a control due to 
the absence of pigments. Source: Santos et al.
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with a 10 mm-diameter were produced, as illustra-
ted in Figure 9. The addition of HP resulted in a color 
shift toward a bluish hue, with pigmentation intensi-
ty increasing proportionally to the HP concentration. 
Particle dispersion was considered satisfactory in all 
formulations; however, the P7LHP2% sample exhibited 
a more homogeneous distribution of particles. In the 
0.5% HP formulation, some noticeable particle ag-
glomerations were observed, more prominent than 
in the 2% HP discs.

Preliminary qualitative tests were carried out to 
assess the suitability of the photoluminescent gels 
for printing, as shown in Figure 10. In Figure 10(a), 

the gel-filled tubes were kept upside down for 24 
hours without any movement observed, indicating 
sufficient stability for the printing process. Previous 
studies by Santos and Daguano provided a detailed 
description of the rheological properties of the base 
gel PEG/Laponite (PL), offering a solid understan-
ding of the rheological properties of this gel [7,9]. In 
the case of gel formulations with HP, given their low 
percentage, it is possible that this does not generate 
substantial changes in its rheological behavior. The-
se tests also contributed to a better understanding of 
the gelation process, confirming promising characte-
ristics for printing[24,25]

Figure 9 - Tablets made from gels formulated with doping concentrations of: 0%, 0.5%, and 2% HP. 
Source: Santos et al.

Figure 10 - (a) The sol-gel transition of gels over time through inversion test 
(after 24 hr); (b) Filament collapse testing and (c) Images of the samples 
at visible light (VIS), under excitation with red light (lex 620 nm), and the 
fluorescence NIR image (NIR). Source: Santos et al.
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In the initial assessment, a manual extrusion pre-
-test of the gel filaments was carried out, depicted in 
Figure 10(b). This basic test aimed to evaluate how 
well the material can be printed and how filaments 
are formed [26,27]. After pushing the gels onto a surfa-
ce, uninterrupted rods were created. Nevertheless, a 
significant deflection of the rods was observed due 
to the weight of the material, its viscosity, rheological 
characteristics, gravity’s influence, and manual extru-
sion force. Despite this pronounced deflection, par-
ticularly over distances around 2.5 cm, no filament 
rupture occurred, ensuring that the material exhibi-
ted adequate elasticity and stability for subsequent 
gel printing.

In Figure 10(c), discs were molded from the gels to 
evaluate their luminescent properties. The samples 
were excited with monochromatic light at a central 
wavelength of 620 nm, close to the reported excita-
tion maximum for HP[3]. The P7LHP0.5% and P7LHP2% gels 
exhibited fluorescence, attributed exclusively to the 
presence of the HP pigment, as illustrated in the ima-
ge. Furthermore, the intensity of the NIR light emitted 
increased proportionally with the HP concentration 
in the discs. In contrast, the dark-field image reveals 

that the disc without HP (P7LHP0%) did not exhibit NIR 
fluorescence, demonstrating that the base gel alone 
lacks photoluminescent properties, which are enti-
rely dependent on the presence of HP [2,28].

Following the preliminary tests conducted with 
the gels, the extrusion-printed scaffolds are presen-
ted in Figure 11. During the printing process, the sam-
ples containing 2% HP particles encountered signifi-
cant challenges compared to the gels with 0.5% HP. 
These difficulties can be attributed to the high par-
ticle concentration and irregular morphology, which 
resulted in flow issues during printing. The irregula-
rity of the particles led to the formation of aggrega-
tes, hindering the flow of the gel through the 410 µm 
diameter syringe nozzle, complicating the extrusion 
of gels with higher pigment concentration. However, 
this issue could be mitigated by using nozzles with 
larger diameters. Despite these challenges, as illus-
trated in Figure 11, the printed scaffolds exhibited 
good shape fidelity, with Pr values of 0.92 ± 0.06, 
0.87 ± 0.01, and 0.89 ± 0.03 for the P7LHP0%, P7LHP0.5%, 
and P7LHP2% gels, respectively. These findings sug-
gest that the scaffolds closely resemble the inten-
ded design [26,27].

Figure 11 - Scaffolds obtained after printing gels containing HP at levels of 0.5% and 2% in their 
composition. Source: Santos et al.
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Excitation and Emission Spectroscopy – Map of 
Printed Gels

As demonstrated in Figures 8 and 10, the 
dispersion of HP pigment was more efficient at the 
2% concentration. For this reason, the intensity map 
of the scaffold was analyzed for this gel, as shown in 
Figure 12.

The excitation and emission map of the P7LHP2% 
sample displays a maximum emission photolumi-
nescence at 925 nm and maximum excitation at 625 

nm, which are values consistent with those reported 
in the literature[2,21]. This is likely due to the energy 
levels of copper (Cu²⁺), with the transitions selected 
for this optical thermometry analysis, indicating a 
potential application of this material in optical ther-
mometry. However, it was also observed that the flu-
orescence of the material could be affected by the 
lack of particle treatment, as is typically performed 
with Egyptian Blue (EB), a pigment like HP [4].

Figure 12 - Excitation versus emission map of the Scaffold produced with the 
P7LHP2% gel. Source: Santos et al.

Conclusion
In this study, we synthesized the HP pigment 

and explored its application in PEG-Laponite-
based gels with concentrations of 0.5% and 2%. 
The resulting formulations exhibited luminescent 
properties and demonstrated good feasibility 
for constructing three-dimensional structures. 
Characterization of the synthesized compound 
confirmed the successful production of HP, which 
appeared as elongated particles with heterogeneous 
distribution. Furthermore, the incorporation of HP 
at the tested concentrations resulted in adequate 
dispersion within the gel network, as evidenced by 
photographic images. FTIR analysis verified the 
interactions between the PEG-Laponite phases 
and HP, identifying both physical interactions 
and the formation of new functional groups. Even 
when dispersed in the polymer matrix, HP retained 
its fluorescent properties, albeit with reduced 
intensity. In addition, the formulations exhibited 

favorable extrusion characteristics during 3D 
printing, culminating in the successful fabrication 
of scaffolds with high shape fidelity. These findings 
indicate that the use of HP as a dispersed phase in 
polymeric gels offers a promising innovation, with 
potential applications in biotechnology, such as in 
temperature sensors, near-infrared (NIR) imaging, 
and photothermal applications.
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