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Summary. This paper presents the synthesis of ZnPc(COOH)4/Ch/Fe3O4 supramolecular 
architectures at various ZnPc(COOH)4 and Ch/Fe3O4 concentrations explored in the synthesis 
process. Ch/Fe3O4 composite was prepared by a simple solution mixing-evaporation method. 
The validation of the synthesis was achieved through FTIR analysis and UV-Vis spectroscopy. 
FTIR of composite indicated an interaction between chitosan and Fe3O4 NPs. The chemical in-
teraction of ZnPc(COOH)4 with Ch/F3O4 composite is confirmed by the shift of the signal from 
ν(C=O)) of protonated COOH groups in the FTIR spectrum of ZnPc(COOH)4, associated with 
spitting, to (νsym(COO)) and (νasym(COO)) that correspond to deprotonated carboxylic group. The 
absorption spectra of ZnPc(COOH)₄ revealed IR Q band with two subbands situated at 640 nm 
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700 nm. Also, the effect of various ZnPc(COOH) and Ch/Fe3O4 concentrations on absorbance of 
ZnPc(COOH)4/Ch/Fe3O4 supramolecular architecture is discussed.

Keywords: ZnPc(COOH)4 derivative, Ch/Fe3O4 composite, adsorption, self-assembly 
method.

Introduction

Currently, metal phthalocyanines (MPcs) and their derivatives are found wide ap-
plication in fabrication of light-emitting diodes, solar cells, transistors, materials for 
electrochromic displays and mediums for optical information registration [1-5]. The fea-
tures of the molecular structure of MPcs make it possible to use them as catalysts and 
photocatalysts in different reactions, as good systems to generate free radical and excited 
state species [6]. These compounds are chemically and thermally stable. MPcs attract 
the attention of researchers as models of various photophysical processes, as well as the 
basis of diagnostic, phototherapeutic and other medical products [7-10]. MPcs exhibit 
superior photoproperties that make them a surely attractive class of photosensitizers for 
photodynamic therapy of cancer. Thus, MPcs are an extensive class of macroheterocy-
clic compounds with great scientific interest and broad application in many areas of sci-
ence and technology. The purpose of this paper is to obtain water-soluble tetracarboxy 
zinc phthalocyanines (ZnPc(COOH)4) that conjugate to chitosan/Fe3O4 surface modified 
nanoparticles, studying their absorption properties. The self-association and hetero-asso-
ciation of the compounds using UV/Vis spectrophotometer is simple, fast and inexpen-
sive compared to other methods. Investigations of self-association of Fe3O4/Ch NP and 
their hetero-association with ZnPc(COOH)4 in aqueous solution are interesting from the 
pharmacological point of view, since self- and hetero- associates and competitive bind-
ing may influence the activity of drugs. 

Experimental

In a 250 mL flask, 1.0 g of chitosan dissolved in 200 mL of 2% acetic acid was pre-
pared. To this solution, 1 mL of 60% hydrogen peroxide (H₂O₂) was added to disrupt intra-
macromolecular and inter-chain hydrogen bonds, followed by stirring for 3 hours using a 
magnetic stirrer, at 60 ℃. For the functionalization of Fe₃O₄ nanoparticles with chitosan, 
40 mL of the resulting solution was taken and 100 mg of Fe₃O₄ nanoparticles were added. 
The mixture was stirred using a magnetic stirrer for 20 hours at a constant temperature of 
60 ℃. After completion of stirring, the solution was allowed to cool, then filtered to sepa-
rate the nanoparticles from any impurities. The water-soluble ZnPc(COOH)₄ was synthe-
sized following procedures described in the [11]. Zinc-tetracarboxy-phthalocyanine was 
obtained with a yield exceeding 82% using the melting method and basic hydrolysis. All 
reagents and solvents, purchased from Merck at commercial reagent grade, were used as 
received without further purification. To investigate the interaction between ZnPc(COOH)₄ 
and Ch/Fe₃O₄, experiments were conducted with varying amounts of both materials. Each 
experiment involved different quantities of ZnPc(COOH)₄ combined with Ch/Fe₃O₄ to as-
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sess how changes in Ch/Fe₃O₄ concentration influenced the absorption properties of the 
ZnPc(COOH)₄/Ch/Fe₃O₄ supramolecular architectures.

Absorption registration was conducted using the Cary 300 UV-VIS spectropho-
tometer, which recorded spectra ranging from 200 to 800 nm. Fourier Transform Infra-
red (FTIR) transmission spectra were recorded using the Bruker ALPHA Platinum-ATR 
spectrophotometer to investigate chemical composition and bond dynamics. Spectra 
were recorded from 4000 to 400 cm⁻¹ at a resolution of 4 cm⁻¹, averaging 24 scans for 
each measurement.

Results and Discussion

FTIR analysis
The FTIR spectrum of Fe3O4 is shown in Fig. 1(a). In this spectrum, a prominent 

peak at 528 cm-1 is observed, which can be attributed to the stretching vibration mode 
associated with Fe-O bonds in the Fe3O4 nanoparticles. This vibration mode, which is a 
characteristic feature of Fe3O4, is notably shifted to 485 cm-1 in the FTIR spectra of Ch/
Fe3O4 nanoparticles (NPs). This shift indicates some interaction or modification due to 
the presence of chitosan. The modifications in the main characteristic bands of chitosan 
in the FTIR spectrum of the Ch/Fe3O4 system further support the binding of chitosan to 
Fe3O4 NPs. Specifically, the stretching vibration of the C-O bond, initially at 1023 cm-1, 
shifts to 1030 cm-1. The bending vibration of the NH2 group shifts from 1643 cm-1 to 
1587 cm-1. The stretching vibrations of the O-H and C-H bonds, initially at 3291 cm-1 
and 2870 cm-1, respectively, shift to 3222 cm-1 and 2913 cm-1. These shifts indicate that 
the chitosan molecules are interacting with the Fe3O4 NPs, likely through various types 
of chemical bonds or interactions. 

Figure 1. The FTIR spectra of Ch, Fe3O4, Ch/Fe3O4 NPs (a) and ZnPc, ZnPc(COOH)4, 
ZnPc(COOH)4/Ch/Fe3O4 (b )

The FTIR spectra of ZnPc(COOH)4, presented in Fig. 1(b), show distinct bands that 
confirm the presence of specific functional groups. The band at 1703 cm-1 corresponds to 

 

Figure 1. The FTIR spectra of Ch, Fe3O4, Ch/Fe3O4 NPs (a) and ZnPc, ZnPc(COOH)4, 

ZnPc(COOH)4/Ch/Fe3O4 (b ). 

The FTIR spectra of ZnPc(COOH)4, presented in Fig. 1(b), show distinct bands that confirm the 

presence of specific functional groups. The band at 1703 cm-1 corresponds to the characteristic 

stretching vibration of the carboxy group’s carbonyl (C=O) bond. Another prominent band at 3455 cm-

1 is associated with the hydroxyl (O-H) group. These bands confirm the successful formation of 

ZnPc(COOH)4. Additionally, the FTIR spectra of ZnPc(COOH)4 exhibit adsorption bands at 1093 cm-1 

and within the 944–768 cm-1 region. These bands are attributed to the phthalocyanine ring skeleton, 

which is a key structural feature of ZnPc(COOH)4. The presence of these bands further corroborates the 

formation and structure of the ZnPc(COOH)4 compound. 

 

UV-Vis spectroscopy, 

The absorption spectra of ZnPc(COOH)4 in DMSO/H2O are presented in Fig. 2(a). The electronic 

absorption spectra are dominated by the broad Q band, which splits into two subbands at 640 nm and 

700 nm. This splitting of the Q-bands can be attributed to the splitting of the LUMOs due to the 

substitution of electron-withdrawing groups and the expansion of the π system by the carboxy groups. 

Compared to the spectral data of unsubstituted ZnPc (675 nm) in DMSO, the Q-band of ZnPc(COOH)4 

is bathochromically shifted by at least 25 nm. As shown in Fig. 2(b), the absorbance of both subbands 

at 640 nm and 700 nm increase with the concentration of ZnPc(COOH)4, indicating a linear 

relationship between absorbance and concentration (Fig. 2.b). 
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the characteristic stretching vibration of the carboxy group’s carbonyl (C=O) bond. An-
other prominent band at 3455 cm-1 is associated with the hydroxyl (O-H) group. These 
bands confirm the successful formation of ZnPc(COOH)4. Additionally, the FTIR spec-
tra of ZnPc(COOH)4 exhibit adsorption bands at 1093 cm-1 and within the 944–768 cm-1 
region. These bands are attributed to the phthalocyanine ring skeleton, which is a key 
structural feature of ZnPc(COOH)4. The presence of these bands further corroborates the 
formation and structure of the ZnPc(COOH)4 compound.

UV-Vis spectroscopy,
The absorption spectra of ZnPc(COOH)4 in DMSO/H2O are presented in Fig. 2(a). 

The electronic absorption spectra are dominated by the broad Q band, which splits into 
two subbands at 640 nm and 700 nm. This splitting of the Q-bands can be attributed to 
the splitting of the LUMOs due to the substitution of electron-withdrawing groups and 
the expansion of the π system by the carboxy groups. Compared to the spectral data of 
unsubstituted ZnPc (675 nm) in DMSO, the Q-band of ZnPc(COOH)4 is bathochromi-
cally shifted by at least 25 nm. As shown in Fig. 2(b), the absorbance of both subbands 
at 640 nm and 700 nm increase with the concentration of ZnPc(COOH)4, indicating a 
linear relationship between absorbance and concentration (Fig. 2.b).

Figure 2. Absorption spectra of ZnPc(COOH)4 in 1:1 ratio of DMSO/H2O (a) and the 
calibration curve of absorbance versus concentration of ZnPc(COOH)4 at λabs = 700 nm (b)

Figure 3(a) presents the UV-Vis spectra of chitosan (Ch), Fe₃O₄-NPs, and chitosan-
coated Fe₃O₄ nanoparticles (Ch/Fe₃O₄-NPs). As shown, all three components exhibit ab-
sorption in the UV region. The Fe₃O₄ nanoparticles display a distinct maximum absorp-
tion peak at 280 nm, indicating strong UV absorption. The spectrum of pure chitosan 
also shows absorption in the UV region, but with different characteristics compared 
to the Fe₃O₄-NPs. The spectrum of chitosan had a single UV peak that is positioned at 
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The Fe₃O₄ nanoparticles display a distinct maximum absorption peak at 280 nm, indicating strong UV 

absorption. The spectrum of pure chitosan also shows absorption in the UV region, but with different 

characteristics compared to the Fe₃O₄-NPs. The spectrum of chitosan had a single UV peak that is 

positioned at 280 nm. When Fe₃O₄ nanoparticles are coated with chitosan, forming the Ch/Fe₃O₄-NPs 

composite, the absorption spectrum combines features of both chitosan and Fe₃O₄ -NPs. This results in 

a modified absorption profile, demonstrating the presence and interaction of both components in the 

composite material. 

 

Figure 3. Absorption spectra of Ch, Fe3O4, Ch/Fe3O4 NPs (a) and ZnPc(COOH)4/Ch/Fe3O4 in 1:1 ratio 

of DMSO/H2O solvent (b) 
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280 nm. When Fe₃O₄ nanoparticles are coated with chitosan, forming the Ch/Fe₃O₄-NPs 
composite, the absorption spectrum combines features of both chitosan and Fe₃O₄ -NPs. 
This results in a modified absorption profile, demonstrating the presence and interaction 
of both components in the composite material.

Figure 3. Absorption spectra of Ch, Fe3O4, Ch/Fe3O4 NPs (a) and ZnPc(COOH)4/Ch/Fe3O4 in 
1:1 ratio of DMSO/H2O solvent (b)

Figure 3(b) presents the UV-Vis spectra of the ZnPc(COOH)₄/Ch compound, illus-
trating how the chitosan concentration, which varied from 0.16 × 10⁻³ mol/L to 1.24 × 
10⁻³ mol/L, affects the absorption properties. As one can see, the concentration increase 
of chitosan significantly influences the UV absorption band of the compound, while Q 
band is not affected. Specifically, as the chitosan concentration increases, there is a no-
ticeable enhancement in the UV absorbance peak situated at 280 nm. This enhancement 
can be attributed to the increased interaction and binding between the chitosan mol-
ecules and the ZnPc-(COOH)₄, leading to a more substantial self-assembly that exhibits 
stronger UV absorption.

Figure 4(a) presents UV-Vis spectra of the compound ZnPc(COOH)₄/Ch/Fe₃O₄ pre-
pared by mechanical mixing. The concentration of Ch/Fe₃O₄ was varied from 0.27 × 10⁻³ 
mol/L to 2.16 × 10⁻³ mol/L, while the concentration of ZnPc(COOH)₄ remained constant 
at CM[ZnPc-(COOH)₄]=0.21 × 10⁻⁴ mol/L. It is evident that increasing the concentration of Ch/
Fe₃O₄ results in an overall increase in absorbance across the entire spectrum, leading to 
a higher baseline. Figure 4(b) shows UV-Vis spectra of the compound ZnPc(COOH)₄/
Ch/Fe₃O₄, were the bond between the acetyl and nitrogen groups in Ch/Fe₃O₄ turns into 
an amine group (-NH2) by adding acetic acid and H2O2 solution to Ch/Fe₃O₄ mixture. 
Here, the concentration of Ch/Fe₃O₄ was varied from 0.10 × 10⁻³ mol/L to 1.93 × 10⁻³ 
mol/L, with the concentration of ZnPc(COOH)₄ held constant at CM[ZnPc-(COOH)₄]=0.21 × 
10⁻⁴ mol/L. The Q band (600-800 nm) of ZnPc(COOH)₄ remains unaffected by varying 
Ch/Fe₃O₄ concentration. However, decreasing Ch/Fe₃O₄ concentration leads to reduced 
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absorption in the 250-450 nm region, particularly at the peak around 280 nm. This reduc-
tion indicates that Ch/Fe₃O₄ components play a crucial role in modifying ZnPc(COOH)₄ 
properties in Uv-Vis spectral domain, potentially forming complexes or aggregates with 
distinct electronic transitions. The highest UV adsorption capacity value is found in the 
composite with 1.93 × 10⁻³ mol/L Ch/Fe₃O₄ component.

Figure 4. Absorption spectra of ZnPc(COOH)₄/Ch/Fe₃O₄ prepared by mechanical mixing (a) 
and through chemical bonding in 1:1 ratio of DMSO/H2O solvent (b)

Conclusions

The modification and shift of the main characteristic FTIR bands, stretching C-O at 
1021 cm-1, bending NH2 at 1648 cm-1, stretching O-H (3300 cm-1) and C-H (2864 cm-1‑)  
from chitosan in the IR spectrum of Ch/Fe₃O₄ system to 1073 and 1029 cm-1 (ν(C-O)), 1615 
cm-1 (δ(NH2)), 3431 cm-1 (ν(O-H)), 2935 and 2874 cm-1 (ν(C-H)) demonstrates the binding 
of chitosan to Fe3O4 nanoparticles. The absorption spectra of ZnPc(COOH)₄ revealed peak 
with maximum absorption in the IR region at 700 nm. ZnPc(COOH)₄/Ch/Fe₃O₄ supra-
molecular architecture produced from ZnPc(COOH)₄ derivative and Ch/Fe₃O₄ composite 
were manufactured by self-assembly in DMSO/H2O solvent. The Q-band ZnPc(COOH)₄/
Ch/Fe₃O₄ supramolecular architecture exhibited two peaks at λmax= 640 nm and 700 nm 
and UV band at 280 nm, that changes to the variation of  chitosan and Ch/Fe₃O₄ concentra-
tion due to the electrostatic interactions between NH3

+ and COO- bonds.
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