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A B S T R A C T   

UV-curable polymeric adsorbent was prepared using a diacrylate-functionalized hydrazone-oxime monomer 
(DAFHOM), trimethylolpropane triacrylate (TMPTA), and trimethylolpropane tris(3-mercaptopropionate) 
(TMPTP) through UV-initiated thiol-ene click reaction. Initially, a novel hydrazone-oxime-based Schiff base 
ligand was synthesized and modified with diacrylate functionality to prepare the UV-curable polymeric adsor
bent. The structures of DAFHOM and the resulting polymeric adsorbent were confirmed using Fourier Transform 
Infrared Spectroscopy (FTIR) analysis. Additionally, the thermal behavior of the UV-cured adsorbent was 
investigated through thermal gravimetric analysis (TGA), which revealed that the adsorbent exhibited good 
stability and did not degrade at room temperature. The adsorption performance of the UV-curable polymeric 
adsorbent for Au(III) from aqueous solutions was studied under various experimental conditions, including pH, 
contact time, and initial metal concentration. The UV-curable polymeric adsorbent demonstrated effective and 
selective Au(III) adsorption from aqueous solutions. The findings indicated that removing Au(III) from water 
solutions positively correlated with pH, particularly within the pH range of 0.5–2.5. However, the efficiency 
declined when the pH exceeded 1.5. Among the various adsorption isotherm models investigated, the Langmuir 
model was found to be the most suitable for describing the behavior of the adsorbent. The maximum adsorption 
capacity of the adsorbent for Au(III) was determined to be 30.06 mg/g. In batch experiments, the UV-curable 
adsorbent displayed promising selectivity towards Au(III), even in the presence of competitive ions such as Cu 
(II), Pb(II), and Cd(II).   

1. Introduction 

Schiff base compounds offer a wide range of reaction conditions from 
0◦ to 100◦C. The synthesis of Schiff base products does not require a 
catalyst, and the resulting products are the desired compounds and 
water, with no additional by-products. These compounds possess several 
notable characteristics, including high thermal stability, flame retard
ancy, and degradability. Consequently, they have found extensive ap
plications in catalyst development, gas separation, and drug release 
industries [1–3]. 

Hydrazone-oxime compounds, containing the functional groups –C 
(O)–NH–N = –CH– and C––N–OH, belong to a class of Schiff Bases [4,5]. 

These compounds find various applications in the pharmaceutical, 
analytical, and chemical fields [6]. Hydrazone-oxime Schiff Bases 
possess multiple potential bonding sites, including carbonyl, imine, and 
azomethine groups, making them potential chelating ligands [7,8]. 
Oxygen and nitrogen donor atoms arranged in suitable positions enable 
these compounds to readily coordinate with metal ions of varying 
oxidation states [9,10]. Extensive research has been conducted on the 
coordination complexes of various ligands [7,8]. These ligands belong to 
two distinct classes of chromogenic chemicals frequently utilized in 
determining metal ions using derivative spectrophotometry [11]. They 
serve as significant organic analytical reagents and have been employed 
to quantify metal ions in actual and simulated samples using 
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spectrophotometry [12]. 
Several analytical techniques are available for quantifying metal ions 

at micro levels, including Fluorescence spectroscopy, inductively 
coupled plasma atomic emission spectroscopy (ICP-AES), and atomic 
absorption spectrophotometry (AAS). Flame Atomic Absorption Spec
troscopy (AAS) is a widely employed analytical technique for quanti
fying trace metal concentrations in various materials due to its cost- 
effectiveness and straightforward and user-friendly nature [13–15]. 
This approach enables the development of both sequential and simul
taneous methods to accurately determine numerous elements with 
exceptional sensitivity and effective background correction. It enables 
high-throughput, quantitative analysis of metal content in solid and 
liquid samples, making it suitable for various applications [16–18]. This 
method is known to be rapid, sensitive, selective, reproducible, and free 
from interference by many common metal ions [19]. 

Gold is a valuable metal with a wide range of applications. From the 
perspective of global resource sustainability, the recycling of gold from 
wastewater holds significant importance. Wastewater from mining, 
jewelry manufacturing, and electronic waste recycling contains trace 
amounts of gold. Recovering gold from these wastewater streams helps 
minimize the loss or disposal of this valuable metal [20–22]. 

However, the separation and recovery of Au(III) from wastewater is 
not straightforward due to low concentrations, extreme acidity, and 
complex matrices. Various methods, such as solvent extraction, elec
trochemical separation, membrane filtration, and adsorption, have been 
developed to extract Au(III) from aqueous matrices. Among these 
methods, adsorption is the most suitable and effective technology due to 
its simplicity, high efficiency, low-cost setup, and minimal secondary 
waste [18,22]. 

Different polymeric adsorbent studies are prepared for determining 
Au(III) in the literature [23–25]. However, such studies have disad
vantages, such as toxic solvents, complex procedures, undesirable 
by-product formation, expensive materials, and time-consuming pro
cedures. Therefore, in this study, we preferred to use click reactions, 
which have become prominent in materials science in recent years, to 
prepare the adsorbent. Click reactions offer numerous advantages 
compared to other methods. They have a broad scope, high efficiency, 
and generate only harmless by-products that can be easily removed 
without chromatography. Click reactions are also stereospecific, simple 
to perform, and do not require high energy or solvents that are difficult 
to remove [26,27]. Several reactions fulfill the criteria for click chem
istry, including thiol-ene and Diels-Alder chemistry, as well as 
carbonyl-condensations involving oxime, imine, and hydrazone func
tionalities. These click reactions exhibit desirable properties such as 
high efficiency, specificity, ease of synthesis, and straightforward puri
fication, making them attractive alternatives to conventional methods’ 
complex, costly, and time-consuming procedures [28,29]. Materials 
with superior performance can be achieved by employing highly effi
cient click chemistry instead of traditional chemical reactions. 

Recently, the applications of carbonyl click chemistry, specifically 
imine, hydrazone, and oxime reactions, have gained popularity in 
polymer/materials science due to their exceptional efficiency, bio
rthogonal nature, and dynamic covalent properties. Both imine and 
hydrazone reactions have been utilized for polymer synthesis and 
functionalization and developing self-healing and degradable materials 
[30–32]. However, the potential of the oxime click reaction in polymer 
science remains largely unexplored. The favorable characteristics of 
oxime bond formation, including high efficiency, chemo selectivity, 
compatibility with aqueous solvents, and water as the sole by-product, 
provide significant advantages for its utilization in various applica
tions. The thiol-ene click reaction was used for the first time in the 
literature to form a metal adsorbent by integrating the hydrazone-oxime 
ligand into a cross-linked network structure. 

The present study aimed to prepare a UV-curable polymeric adsor
bent that can selectively and efficiently adsorb Au(III) ions in aqueous 
solutions. The UV-curable polymeric adsorbent was prepared from 

Schiff base-containing diacrylate-functionalized hydrazone-oxime 
monomer, trimethylolpropane triacrylate, and trimethylolpropane tris 
(3-mercaptopropionate) by UV initiated thiol-ene click reaction. The 
adsorbent was prepared for the first time in the literature by using thiol- 
acrylate and hydrazone-oxime click reactions together. This way, flex
ible, cross-linked adsorbents were obtained quickly without toxic sol
vents. Additionally, the nitrogen atoms of oxime and azomethine groups 
on the surface of the obtained UV-curable adsorbent can selectively 
combine with Au(III) ions. When compared to the adsorptions of Cd(II), 
Pb(II), or Cu(II), the adsorbent exhibited approximately 60 times greater 
selectivity. 

2. Experimental section 

2.1. Materials and apparatus 

Acetophenone (Fluka), isopentyl nitrite (Fluka), metallic sodium 
(Fluka), 4-Hydroxybenzoylhydrazine (Merck), glacial acetic acid 
(Sigma-Aldrich), absolute ethanol (Sigma-Aldrich) was used in the 
synthesis of isonitrosoacetophenone 4-hydroxybenzoylhydrazone 
(inafhbH2) without further purification. 2-Isocyanatoethyl methacry
late (IEM) (Sigma-Aldrich) was used in the modification of iso
nitrosoacetophenone hydroxybenzoylhydrazone (inafhbH2). 
Trimethylolpropane triacrylate (TMPTA) (Sigma-Aldrich), trimethylol
propane tris(3-mercaptopropionate) (TMPTP) (Sigma-Aldrich), 2-hy
droxy-2-methyl-1-phenyl-propan-1-one (Irg 2022, photoinitiator) 
(Sigma-Aldrich) were used in the synthesis of UV-curable polymeric 
adsorbent. 

2.2. Synthesis of the inafhbH2 

Isonitrosoacetophenone was synthesized following the procedure 
described in the literature [33]. Isonitrosoacetophenone (2 mmol, 0.304 
g) and 4-hydroxy benzoyl hydrazine (2 mmol, 0.298 g) were dissolved in 
30 mL of absolute ethanol and then refluxed for 10 h with the addition of 
eight drops of glacial acetic acid. Subsequently, 60 mL of distilled water 
was introduced to the reaction mixture, and the mixture was refriger
ated overnight. The resulting white precipitate was filtered and washed 
successively with water, ethanol, and diethyl ether. Scheme 1 illustrates 
the synthesis of inafhbH2. Yield: 75%, Melting point: 201 ℃, Elemental 
analysis of CHN (C15H13N3O3: 283.29 g mol− 1): Found (Calcd.)(%): 
C:62.99 (63.60), H:5.01 (4.63), N:15.01 (14.83). 

2.3. Synthesis of the diacrylate-functionalized hydrazone-oxime 
monomer (DAFHOM) 

The diacrylate-functionalized hydrazone-oxime monomer (DAF
HOM) was synthesized following the method proposed by Sang et al. 
[34]. The reaction was conducted under a nitrogen (N2) atmosphere. 
Initially, 2.5 g (8.8 mmol) of inafhbH2 hydrazone-oxime compound was 
dissolved in 80.0 mL of toluene with magnetic stirring. Subsequently, 
2.73 g (17.6 mmol) of IEM was added to the reaction mixture, stirring at 
80 ◦C for 5 h. Upon completion, toluene was evaporated from the re
action system, yielding a yellow solid. The resulting product was washed 
three times with distilled water to remove excess inafhbH2 
hydrazone-oxime compound. Finally, the precipitate was dried under a 
vacuum at 40 ◦C for 18 h. 

The scheme of the synthesis of the diacrylate-functionalized hydra
zone-oxime monomer (DAFHOM) is shown in Scheme 1. 

2.4. Preparation of UV–curable polymeric adsorbent 

A mixture of TMPTA (1 g), TMPTP (4 g), and DAFHOM (1 g) was 
placed in a beaker covered with aluminum foil. The mixture underwent 
ultrasonic treatment in a bath for 15 min to ensure homogeneity. Sub
sequently, the photoinitiator (0.18 g, 3% by weight) was added to the 
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mixture. Finally, the combined solution was poured into a polytetra
fluoroethylene mold and exposed to UV light for 3 min, facilitating the 
thiol-acrylate click reaction. Scheme 2 visually illustrates the procedure 
for preparing the UV-curable adsorbents. 

2.5. Characterization 

Fourier Transform Infrared Spectroscopy (FTIR) spectra were ob
tained for inafhbH2 using the KBr pellet technique on a PerkinElmer 
FTIR spectrometer in the 4000–400 cm–1 range. Additionally, FTIR 
spectra of TMPTA, TMPTP, DAFHOM, and UV-curable adsorbent were 
recorded on a Thermo Nicolet iS10 spectrometer in the range of 
4000–600 cm− 1 to confirm their structures. 

The 1H and 13C NMR spectra of inafhbH2 were acquired using a 
Bruker DPX-400 FT NMR spectrometer in DMSO‑d6. 

Thermal gravimetric analysis (TGA) of the UV-curable adsorbent was 
performed using a Perkin Elmer Instrument, STA6000. The sample was 
heated from 30◦ to 750◦C at 10 ◦C/min under an air atmosphere. 

The morphology of the UV-curable adsorbent was examined with a 
Carl-Zeiss Evo40 Scanning Electron Microscope (SEM). Before analysis, 
the UV-curable adsorbent was fractured and coated with a 20 nm layer 

of gold/palladium using sputter coating to enhance conductivity and 
prevent charging during the project. SEM was conducted at a constant 
electron high tension voltage of 15 kV in a high vacuum chamber. 
Moreover, the elemental composition of the UV-curable adsorbent sur
face was determined using energy-dispersive X-ray spectroscopy 
(EDAX). 

The UV-curable adsorbent’s water contact angles (WCAs) were 
measured at room temperature using an Attension Theta Lite optical 
tensiometer. Distilled water droplets of 3–5 µL were employed for the 
measurements, and five measurements were taken to calculate the 
average value of the contact angles. Image analysis was performed to 
determine the right accurately and left WCAs with a precision of 
± 0.14◦. 

A flame atomic absorption spectrophotometer, specifically the Ana
lytik Jena Zeenit 700 model from Jena, Germany, was utilized to 
experiment. Continuous background correction was ensured by fitting 
the instrument with a deuterium lamp. 

2.6. Adsorption of the Au(III) ions 

Batch mode adsorption studies of Au(III) ions were conducted at 

Scheme 1. The synthesis schematic of the diacrylate-functionalized hydrazone-oxime monomer.  

Scheme 2. Preparation of UV-curable adsorbents and illustration of the interaction of the Au(III) ions with the UV-curable adsorbent.  
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room temperature with constant shaking at 150 rpm. The initial pH of 
the Au(III) solutions and the contact time parameters were considered 
influential factors in the adsorption process. The removal of Au(III) ions 
was quantified using Flame Atomic Absorption Spectrometry. All 
adsorption experiments utilized 20 mL of 30 mg/L metal solutions and 
approximately 35 mg of the adsorbent. The pH study encompassed a 6- 
hour duration in the pH range of 0.5–2.5. Dilute HCl and NaOH solutions 
were employed for pH adjustments. The investigation of the optimal 
contact time spanned between 1 and 8 h. For isotherm studies, the pH 
was set to 1.5, and a range of 10–210 mg/L of Au(III) ions was used for 
6 h. 

Using the provided equation, the adsorption capacities of the syn
thesized UV-curable adsorbent for Au(III) ions were subsequently 
calculated [18]. 

qe =

(
C0 − Ce

m.1000

)

.V (1) 

In the adsorption process, the variables are defined as follows: C0 
represents the initial concentration of Au(III) ions (mg/L), Ce denotes 
the remaining Au(III) ion concentration after the process (mg/L), V 
stands for the volume of the Au(III) ion solution (mL), qe represents the 
adsorption capacity of the UV-curable adsorbent (mg/g), and m repre
sents the amount of UV-curable adsorbent used (g). 

3. Results and discussion 

3.1. Structural characterization of the diacrylate-functionalized 
hydrazone-oxime monomer (DAFHOM) 

In the 1H NMR spectra of inafhbH2 (Fig. S1a), characteristic reso
nances due to OH and NH protons, associated with oxime and hydrazone 
groups, appeared at 12.65 ppm and 13.28 ppm as singlets, respectively. 
The signals assigned to the phenolic OH and CH (–CH=NOH) protons 
were observed at 10.35 ppm and 8.52 ppm, respectively. Additionally, 
signals in the 7.80–6.91 ppm range were assigned to the aromatic pro
tons of phenyl rings. Upon reaction with IEM, the 1H NMR of the 
diacrylate-functionalized hydrazone-oxime monomer exhibited new 
peaks in both the downfield and upfield regions. Notably, the reaction 
with 2-isocyanate ethyl methacrylate resulted in the complete disap
pearance of the phenolic OH peak, and the previously absent 1.84 peaks 
were attributed to the methylene group of IEM. Furthermore, the pro
tons of acrylate double bonds resonated around 6.5–6.1 ppm (Fig. S1c). 

In the 13C NMR spectra of inafhbH2 (Fig. S1b), signals at 
161.73 ppm, 145.79 ppm, and 136.82 ppm were assigned to (C––O), 
(C––N)oxime, and (C––N)azomethine, respectively, confirming the structure 
of inafhbH2. Signals in the 140.67–115.57 ppm region corresponding to 
carbon atoms in phenyl rings were also observed. The 1H and 13C NMR 
results of inafhbH2 were consistent with data from similar compounds 
[35–38]. 

The confirmation of a successful reaction was conducted using FTIR 
analysis. Fig. 1 presents the FTIR spectrum of the inafhbH2 compound. 
The spectrum exhibited a broad band ranging from 3400 to 3100 cm− 1, 
indicating NH stretching vibration and the oxime group’s OH stretching 
vibration [35,39]. Furthermore, the OH stretching vibration of phenol 
was observed at 3544 cm− 1. Peaks at 1639 cm− 1, 1606 cm− 1, and 
1536 cm− 1were assigned to the characteristic stretching vibrations of 
the amide carbonyl (C––O), (C––N)azomethine, and (C––N)oxime groups, 
respectively [5,9,10]. 

Comparatively, the FTIR spectra of the diacrylate-functionalized 
hydrazone-oxime monomer closely resembled that of the inafhbH2 
compound, except for some new peaks. Notably, peaks at 2960 and 
2880 cm− 1 indicated the stretching of CH3 and CH2 from IEM, while the 
peak at 1631 cm− 1 was attributed to the double bond of the methacry
late group from IEM. Furthermore, the peak at 1700 cm− 1corresponded 
to the carbonyl group stretching from IEM. These findings strongly 

suggest a reaction between inafhbH2 and IEM, resulting in the successful 
incorporation of methacrylate groups into inafhbH2. 

3.2. Structural characterization of the UV-curable adsorbent 

The UV-curable adsorbent was structurally characterized using FTIR 
spectroscopy. Fig. 2 shows the FTIR spectrum of the synthesized UV- 
curable adsorbent, as well as the spectra of trimethylolpropane tris(3- 
mercaptopropionate) (TMPTP), trimethylolpropane triacrylate 
(TMPTA), and diacrylate-functionalized hydrazone-oxime monomer. 

The FTIR spectra exhibit characteristic bands at approximately 
2960 cm− 1 and 2920 cm− 1, arising from stretching aliphatic -CH- bonds. 
Furthermore, peaks around 1700 cm− 1 are observed, corresponding to 
the stretching vibrations of carbonyl groups present in TMPTP, and 
TMPTA. Additionally, the FTIR spectrum of the UV-curable adsorbent 
shows characteristic bands associated with N-H and C––O bonds origi
nating from the amide functionality present in DAFHOM. It exhibits 
moderate to strong bands at 3302 cm-1 and 3112 cm-1, characteristic of 
the N-H functional group. In addition, in the FTIR spectrum of the UV- 
curable adsorbent, bands belonging to (C––N)azomethine, and 
(C––N)oxime groups are seen at 1606 cm-1, and 1557 cm-1, respectively, 
originating from the DAFHOM monomer. Since the nitrogen atoms of 
the oxime and azomethine groups on the surface of the adsorbent can 
selectively combine with Au(III) ions, it is important that these func
tional groups are seen in the FTIR spectrum [40–42]. Illustration of the 
interaction of the Au(III) ions with the UV-curable adsorbent (Scheme 
2). Upon UV irradiation, thiol-acrylate reactions occur, wherein thiol 
groups react with the acrylate functional groups via a photoinduced 
step-growth mechanism. Consequently, both the thiol and acrylate 
bands disappear, indicating the successful completion of the photo
curing process. These findings are consistent with the information re
ported in the literature [43,44]. 

3.3. Thermal stability of the UV-curable adsorbent 

Thermal properties of the UV-curable adsorbent were characterized 
by TGA analysis. Fig. 3 shows the TGA thermogram of the adsorbent film 
in air. 

The results indicated that the UV-curable adsorbent in an air atmo
sphere is thermally stable below 300 ◦C but rapidly decomposes at 
temperatures between 300 and 600 ◦C (Tmax1 = 333 ◦C, Tmax2 = 455 ◦C, 
and Tmax3 = 572 ◦C). The initial reduction in weight can be attributed to 
the elimination of residual uncured low molecular-weight components 
(extractable substances). Between 450 and 520 ◦C, a sharp weight 
decline of 91.6% was observed for the adsorbent, which was associated 

Fig. 1. FTIR spectrum of the inafhbH2, IEM and DAFHOM.  

O. Aydın Urucu et al.                                                                                                                                                                                                                          



Materials Today Communications 37 (2023) 107270

5

with the cleavage of strong covalent bonds and the destruction of the 
polymeric chain. The UV-curable adsorbent exhibits a significant weight 
loss after 300 ◦C, demonstrating its relative stability and resistance to 
degradation at normal temperatures. 

3.4. Morphological properties of the UV-curable adsorbent 

The morphological characteristics of the UV-curable adsorbent were 

investigated and compared using SEM images of the samples. Fig. 4a- 
d display SEM images of the fractured surfaces of the adsorbent at 
varying magnification levels. These images confirmed a homogeneous 
distribution of diacrylate-functionalized hydrazone-oxime, TMPTA, 
TMPTP, and the photoinitiator within the matrix. The SEM images 
suggest a highly cross-linked, non-porous network structure in all the 
films. 

To determine the chemical composition of the UV-curable adsorbent, 
SEM-EDAX analysis was conducted. Fig. 4e illustrates the presence of 
distinct peaks of sulfur (attributed to TMPTP) and nitrogen (associated 
with diacrylate-functionalized hydrazone-oxime). Carbon and oxygen 
peaks were also detected, along with gold and platinum peaks associated 
with the gold-platinum coating applied to the adsorbent. The carbon and 
oxygen peaks were considered to originate from both the sample and 
adsorbents from the air. 

The previous studies on metal absorbents prepared via the thiol-ene 
click reaction under UV irradiation were examined and it was seen that 
their SEM images exhibited similarities to those obtained in the present 
study. Fırlak et al. (2014) explored the adsorption of Au(III) ions from 
geothermal waters using a hydrogel prepared by the thiol-ene click re
action under UV irradiation [45]. The hydrogels were synthesized from 
pentaerythritol tetrakis (3- mercaptopropionate), acrylic acid, and poly 
(ethylene glycol) dimethacrylate. Similar to our findings, the SEM im
ages of the hydrogels showed a non-porous network. In a separate study, 
an environmentally friendly adsorbent was synthesized using cellulose 
acetate butyrate and cysteine through a thiol-ene click reaction under 
UV irradiation to efficiently recover Ag(I) ions from actual streams and 
lake waters [46]. Upon examining the SEM images of this eco-friendly 
adsorbent, a resemblance was observed with the SEM images obtained 
in our present study. 

Fig. 2. FTIR spectrum of TMPTP, TMPTA, DAFHOM, and UV-curable adsorbent.  

Fig. 3. TGA thermogram and the derivative weight curve of the UV- 
curable adsorbent. 
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3.5. Wettability of UV-curable adsorbent 

The hydrophilic/hydrophobic character of the UV-curable adsorbent 
was examined by measuring the water contact angle (WCA) values. The 
average WCA value of UV-curable adsorbent was 101.4 ± 0.14◦. The 
image is given in Fig. S4. The observed expected value can be attributed 
to the absence of unreacted hydrophilic groups within the cross-linked 
polymeric network. The augmentation of hydrophobicity, as evident 
from the increase in water contact angle, signifies the prepared adsor
bent’s remarkable stability in aqueous environments, rendering it 

suitable for conducting adsorption studies [47]. 

3.6. The effect of pH 

The pH of the aqueous medium is a crucial parameter in adsorption 
processes and can affect the electrostatic charge balance on the adsor
bent’s surface. The effect of pH on the adsorption of Au(III) ions on a UV- 
curable adsorbent was investigated by varying the pH from 0.5–2.5. 

Au(III) ions are predominantly present in aqueous solutions as Au 
(H2O)4

3+. In the case of stronger ligands such as Cl− , the equilibrium [18, 

Fig. 4. UV-curable adsorbent a) SEM image x 5000, b) SEM image x 5000, c) SEM image x 10000 d) SEM image x 10000, and e) EDAX analysis and elemental 
composition. 
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48] is established as follows:  

Au(H2O)4
3+ (aq) + 4 Cl− (aq) ↔ AuCl4− (aq) + 4 H2O                          (2) 

The present study examined the effect of pH on the adsorption of 
[AuCl4− ] ions onto the UV-curable adsorbent within a pH range of 
0.5–2.5. Accordingly, a 35 mg UV-curable adsorbent was utilized. The 
results indicated that the UV-curable adsorbent demonstrated greater 
effectiveness in adsorbing [AuCl4− ] ions under strongly acidic conditions 
than in slightly acidic environments. The highest adsorption of [AuCl4− ] 
onto the UV-curable adsorbent was observed at pH 1.5, as presented in  
Fig. 5. 

3.7. Effect of contact time 

The contact time during the metal adsorption process onto the 
polymer surface is essential for the adsorption kinetics. The adsorption 
of metal ions onto the polymer surface occurs during the contact time, 
and sufficient time is required to reach the maximum adsorption ca
pacity [45,49]. A short contact time does not allow enough adsorption of 
metal ions onto the polymer surface and results in a low adsorption 
capacity. On the other hand, an excessively long contact time is un
necessary and leads to time and energy waste after the adsorption rea
ches saturation. Therefore, determining an appropriate contact time can 
achieve the maximum adsorption capacity for the metal ions to be 
adsorbed onto the polymer surface. In this study, the contact time was 
6 h for the adsorption of Au(III) ions onto the UV-curable adsorbent 
(Fig. 6). 

3.8. Effect of initial metal concentration 

To determine the adsorption capacity of Au(III) ions on the adsor
bent, an investigation was conducted using approximately 35 mg of 
adsorbent at pH 1.5, with varying initial Au(III) concentrations ranging 
from 1 to 210 mg/L over 6 h. Fig. 7 shows that adsorption capacity in
creases with the rising initial concentration of Au(III) ions. The 
maximum adsorption capacity of 30.06 mg/g was achieved at a low 
80 mg/L concentration. 

3.9. Adsorption isotherms 

Adsorption isotherms can be employed to characterize the adsorp
tion behavior of a material and determine the parameters governing the 
adsorption process. Isotherms such as Langmuir, Freundlich, Temkin, 
Dubinin, and Radushkevich can provide valuable insights into the type 
of adsorption mechanism at play [18,45,48,50]. 

The Langmuir adsorption isotherm assumes that adsorption occurs at 
specific sites on the surface of the adsorbent and that the maximum 
amount of adsorption possible is limited by the number of available 

sites. 

Ce

qe
=

Ce

qmax
+

1
qmaxKL

(3) 

The separation factor constant (RL) values, which provide an indi
cation of the feasibility of the adsorption process, were employed to 
assess the suitability of hydrogels for gold ion adsorption. RL values 
greater than 1.0 suggest unsuitability, RL equal to 1 indicates linearity, 
RL values between 0 and 1 suggest suitability, and RL equal to 0 implies 
irreversibility. The RL value can be calculated using the following 
equation: 

RL =
1

1 + CoKL
(4)  

qmax: Maximum adsorption capacity (mg/g) KL: Langmuir constant C0: 
(mmol/ L) is the initial concentration of Au (III) ions. 

The Freundlich isotherm can be applied over a wide range of con
centrations and be used in cases where the adsorbent has a heteroge
neous structure. 

lnqe =
1
n

lnCe + lnKf (5)  

1/n and Kf: Empirical constants. 
According to the Temkin isotherm, the decrease in adsorption heat of 

all molecules occurs linearly, indicating homogeneous binding energy. 

qe = BT lnKT +BT lnCe (6) 
Fig. 5. The effect of pH (35 mg adsorbent N:3).  

Fig. 6. The effect of contact time (35 mg adsorbent, pH:1.5 N:3).  

Fig. 7. The effect of initial Au(III) concentration (35 mg adsor
bent, pH:1.5 N:3). 
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BT: Temkin constant KT (L/g): Equilibrium binding constant. 
Dubinin and Radushkevich (D-R) isotherm is based on the potential 

theory of a heterogeneous surface 

lnqe = lnqmax − KDRε2 (7)  

KDR: Dubinin-Radushkevich isotherm constant, ε: Polanyi potential. 
The average adsorption energy (E) helps us to predict the adsorption 

mechanism. 

E =
1
̅̅̅̅̅̅̅̅̅̅̅
2KDR

√ (8) 

The average adsorption energy (E) aids in predicting the adsorption 
mechanism. If the E value falls within the range of 8–16 kJ/mol, the 
adsorption process is characterized by ion exchange. For E values less 
than 8 kJ/mol, physical adsorption is predominant, while for values 
between 20 and 40 kJ/mol, chemical adsorption can be considered. 

Table 1 summarizes the data obtained from the isotherm studies 
(Fig. S2a-d). The Langmuir isotherm showed a substantially higher 
correlation coefficient than the other isotherms, indicating that this 
isotherm best describes our adsorption process. This implies the occur
rence of a single-layer chemical adsorption process, signifying the ex
istence of uniform adsorption sites on the adsorbent. Additionally, the 
separation factor constant (RL), which is important for the Langmuir 
isotherm, was found to be 0.801. Since these values fall within the range 
of 0 < RL < 1, it has been determined that the adsorbent used is suitable 
for adsorption. Having an E value of 0.158 kJ/mol in the D-R isotherm 
indicates that the adsorption is of a physical nature. 

Thermodynamic investigations were conducted to determine the 
spontaneity of the adsorption process. Eq. 8 was utilized to calculate the 
change in Gibbs free energy of adsorption [18]:  

ΔG = -RT lnKL                                                                              (9) 

ΔG: Gibbs free energy change (kJ/mol) R: ideal gas constant 
(8.314 L J mol− 1 K− 1) 
T: temperature (298 K), 

A negative value of ΔG indicates that the process is spontaneous 
under the given conditions. ΔG value of − 26.58 kJ/mol was obtained 
for Au(III) adsorption on UV-curable adsorbent. This indicates that the 
adsorption occurs spontaneously at room temperature. 

3.10. Adsorption kinetic 

Adsorption kinetics is used to understand the rate and mechanism of 
the adsorption process and is determined experimentally. This study 
used pseudo-first-order and pseudo-second-order kinetic Eqs. 8 and 9. 

log(qe − qt) = log qe −
k1

2.303
t (10)  

t
qt

=
1

k2q2
e
+

t
qe

(11)  

(qt is the adsorption capacity at a specific time (mg/g), k1 and k2 are the 
pseudo-first and second order reaction constants respectively (1/min).). 

The high correlation coefficient (R2: 0.982) indicates that the 
adsorption mechanism (Table 2) of the UV-curable adsorbent fits the 
pseudo first order model (Fig. S3a-b). 

According to the pseudo-second-order kinetic model, the adsorption 
rate depends on the adsorbent capacity, not the concentration of the 
adsorbate. 

3.11. The effect of foreign ions 

The adsorption capacity of the UV-curable adsorbent on Cd(II), Pb 
(II), and Cu(II) ions was investigated through competitive adsorption 
tests. The UV-curable adsorbent was submerged in 20 mL of synthetic 
wastewater at a pH of 1.5 for 6 h, with the ion concentrations in the 
synthetic wastewater adjusted to 30 mg/L for all ions. The adsorption 
quantities of Cd(II), Pb(II), Cu(II), and Au(III) ions on the UV-curable 
adsorbent were determined to be 0.32 mg/g, 0.37 mg/g, 0.31 mg/g, 
and 17.8 mg/g, respectively. The results from the competitive adsorp
tion tests indicated that the UV-curable adsorbent exhibited a signifi
cantly higher adsorption capacity for Au(III) ions compared to Cd(II), Pb 
(II), and Cu(II). 

3.12. Reusability of UV-curable polymeric adsorbent 

The UV-curable adsorbent demonstrates reusability, allowing it to be 
effectively regenerated for up to two cycles. To initiate the regeneration 
process, the loaded polymeric adsorbent is submerged in a 50 mL so
lution of 2 M thio-urea at room temperature for 20 min, maintaining a 
pH of 1.5. Subsequently, the regenerated nanocomposite is dried until it 
achieves a desorption rate of 89%. 

4. Conclusion 

This study synthesized a UV-curable polymeric adsorbent by incor
porating a Schiff base-containing diacrylate-functionalized oxime- 
hydrazone monomer, and its adsorption characteristics were reported. 
The successful synthesis of the monomer was confirmed by 1H NMR and 
FTIR results. The comparative FTIR characterization of the UV-curable 
polymeric adsorbent structure showed the absence of specific acrylate 
and free SH peaks, confirming the cross-linking of all monomers to form 
a polymeric network. The polymeric adsorbent, except for the 
diacrylate-functionalized hydrazone-oxime monomer, was prepared by 
UV-initiated thiol-ene click reaction using trimethylolpropane tri
acrylate and trimethylolpropane tris(3-mercaptopropionate). TGA 
investigated the thermal properties of the adsorbent, and it was 
observed that the cross-linked network started to degrade after reaching 
300 ◦C. This indicates that the structure of the adsorbent remained 
stable at room temperature, the temperature at which the study was 
carried out, suggesting that the adsorbent can be used repeatedly at this 
temperature. The prepared UV-curable adsorbent’s surface morphol
ogies and elemental composition were characterized using SEM and 
SEM-EDAX, respectively. The synthesized polymeric adsorbent 

Table 1 
Adsorption isotherms data.  

Isotherm model and Parameters  

Langmuir qmax (mg/g) 31.15 
KL (L/mg) 0.232 
RL 0.801 
R2 0.9989 

Freundlich 1/n 0.0987 
Kf ((mg/g)(L/mg)1/n) 18.92 
R2 0.6972 

Temkin BT 2.6868 
KT (L/mg) 665.34 
R2 0.7114 

Dubinin-Radushkevich qmax (mg/g) 30.59 
KDR (mol2/J2) 2 × 10− 5 

R2 0.9541 
E (kJ/mol) 0.158  

Table 2 
Kinetic model parameters.  

Pseudo-first-order model Pseudo-second-order model 

qe(cal) (mg/g) k1 (1/min) R2 qe(cal) (mg/g) k2 (1/min) R2 

26.56 0.33 0.982 53.76 1.28 × 10− 3 0.5696  
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exhibited high selectivity and efficiency in adsorbing Au(III) ions from 
aqueous solutions. The adsorption equilibrium was achieved within 6 h, 
and the maximum adsorption capacity was determined to be 30.06 mg/ 
g, which is highly competitive among similar adsorbents (Table 1S). The 
adsorption behavior of Au(III) ions followed pseudo-first-order kinetics, 
and the Langmuir model described the adsorption isotherm well. 
Furthermore, the adsorbent demonstrated remarkable selectivity for the 
adsorption of Au(III) in a simulated wastewater environment over 
competitive adsorption in an acidic environment. The adsorbent was 
found to be approximately 60 times more selective when compared to 
Cd(II), Pb(II), or Cu(II) adsorptions. This developed method offers a fast, 
easy, and highly selective approach to recovering Au(III) ions from 
wastewater. 

CRediT authorship contribution statement 

Oya Aydın Urucu: Investigation, Data curation, Performing 
adsorption experiments, Writing. Aslı Beyler Çiğil: Conceptualization, 
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