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Abstract: This study aimed to investigate the effect of soft template variations on Zinc
Sulfate Hydrate (Gunningite) synthesis and the maximum adsorption capacity of
ibuprofen. This study employed the soft template method and hydrothermal at 100 °C,
followed by calcination at 550 °C. Here, ZnSO, heptahydrate was used as the precursor
for different templates. XRD analysis exhibited that the crystal sizes of Gunningite-
F127G, Gunningite-F127, Gunningite-P123G, Gunningite-P123, and Gunningite-G were
18.35; 25.33; 25.67; 27.30; and 24.24 nm with crystallinity degrees of 36.89; 42.62; 46.83;
41.27; and 40.62%, respectively. FTIR examination indicated that the five samples
contained functional groups of OH stretching at 3170 cm™, Zn-O-Zn at 1637 cm™, Zn-
S=0 symmetric and asymmetric at 900 and 1056 c¢cm™, and Zn-O at 521 cm™.
Furthermore, SEM-EDX investigation revealed that the morphology of all Gunningite
samples was inhomogeneous due to agglomeration. Besides that, the elemental compositions
in the samples were dominated by Zn and O elements. The maximum adsorption capacity
obtained from each sample was 221.1 mg/g (Gunningite-F127G); 226.06 mg/g
(Gunningite-F127); 234.23 mg/g (Gunningite-P123G); 229.76 mg/g (Gunningite-P123);
and 222.85 mg/g (Gunningite-G). Moreover, the Gunningite kinetic model of ibuprofen
adsorption followed Ho and McKay's pseudo-second-order kinetic model.
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= INTRODUCTION

small amounts, ibuprofen can inhibit the reproductive

Pharmaceutical waste in waters derives from factory
waste and the results of human body excretion. These
wastes are in the form of beta blockers, non-steroidal anti-
inflammatory drugs (NSAIDs), antibiotics, antiepileptic
drugs, lipid regulators, and hormones [1]. One of the most
commonly detected drugs in sewage treatment plants is
Ibuprofen, with a concentration of 25 mg/L [2]. Ibuprofen
is a type of drug that is extensively consumed in various
parts of the world. For example, it has become one of the
five most consumed drugs in the UK. Ibuprofen is a non-
steroidal anti-inflammatory drug (NSAID), an analgesic,
and an antipyretic drug used to treat rheumatism, relieve
pain, and reduce fever. Ibuprofen is soluble in organic
solvents but insoluble in water.
studies

Toxicological have exposed different

sensitivities of aquatic organisms to ibuprofen levels. In

capacity of Daphnia Magna. Ibuprofen can inhibit lotus
growth at levels of 0.4 g/m’, whereas, at 0.2 g/m’ and 0.1
g/m’ it can affect the estrogen production of aquatic
organisms and delay the hatching of Japanese yolk eggs,
respectively [3]. Ibuprofen has been revealed to disrupt
aquatic ecosystems. Among others, it affects the
reproduction of invertebrates and vertebrates, fungi, and
the growth of bacterial species; genetic and systemic
damage to some shellfish fish species; and cytogenic
properties in freshwater bivalves [4].

Several techniques have been conducted to
overcome this pharmaceutical waste, one of which is the
adsorption method. This technique can handle various
levels of pollutants. In addition, it is also more efficient,
easy to operate, not affected by toxins, suitable for
continuous and partial processes, and the adsorbent can
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be regenerated and used repeatedly [5]. One of the
potential adsorbents is Gunningite which is a stable
material containing zinc sulfate and monohydrate.
Studies concerning Gunningite for ibuprofen adsorption
are still very rare [6-7]. Materials previously used for the
adsorption of ibuprofen include material-based carbon
and silica. However, the stability and affinity of these
materials were lacking [1,3,8]. The affinity of carbon or
silica for ibuprofen was low. It can be compared from the
electronegativities of C (2.5), Si(1.8), and Zn (1.6) [9]
compared to O (3.5) in the O-H group, which has
different electronegativities, respectively are 1.0, 1.7 and
1.9. With a high difference in electronegativity from
Gunningite when interacting with Ibuprofen, it gives the
advantage of attracting many ibuprofen molecules during
the adsorption process.

Gunningite has been applied as an advanced
material storage in the electrical field [10-11] and is a
promising adsorbent for pollutant molecules [6-7]. Many
technologies have been developed in synthesizing
material particles, primarily to attain nanometer-sized
particles, one of which is the dissolving process using
either the sol-gel, hydrothermal, solvothermal, or self-
assembly methods [12]. The sol-gel method is a promising
way that needs a soft template as a structure directing
agent for the main element of the material through
intermolecular or intramolecular interaction forces.
However, it generally only involves one template type and
mainly uses synthetic templates such as Pluronic P123,
Pluronic F127, or CTAB. On the one hand, the issue of
environmentally friendly chemistry has occupied an
important position in this century to color various scopes
of material synthesis, including replacing synthetic
template materials with natural materials such as gelatin.
Even though it is an important issue, research to observe
differences in the effect of synthetic templates, natural
templates, or a combination of both on materials is rarely
carried out.

Types of synthetic soft templates often employed in
synthesizing uniform materials include Pluronic F127
[13], Pluronic P123 [14], CTAB [15], and CTAC [16].
Pluronic F127 (MW 12500 g/mol) belongs to the
biocompatible poloxamers group and is widely used in

439

clinics for various purposes. F127 is an amphiphilic
polymer consisting of two PEO chains as the hydrophilic
part and one PPO Poly(Propylene Oxide) chain as the
hydrophobic part. F127 can be employed as a non-ionic
emulsion surfactant due to its different polarity
properties. Not only F127, Pluronic P123 or poly(ethylene
oxide)-poly(propylene oxide)-poly(ethylene oxide)
(PEO-PPO-PEO), having a molecular weight of
5750 g/mol, is also a dominant hydrophobic copolymer.
Pluronic P123 has a relatively low critical micelle
concentration (CMC) in water at about 0.313 M at 20 °C
[17]. It is an excellent reason to select P123 as a sensitive
surfactant to direct material structure in certain pore
sizes at different temperatures. However, the high cost,
low sustainability, time consumption, and complicated
production are the arguments for minimizing or
removing synthetic surfactants. Nevertheless, this
matter can be solved by replacing the synthetic template
with a natural template.

One of the natural templates is gelatin (MW close
to 20000 g/mol) which can be obtained from the
hydrolysis of animal skin, bone, and white fibrous tissue.
The gelatin sources are sustainable and have an amine
group as a high-affinity part to interact with other
elements with lower electronegativity. As shown in
previous research, the polar and non-polar groups in
gelatin are an excellent reason to use them as a natural
template. Based on the description, this work was
conducted on the effects of soft template variations of
F127,P123, and gelatin and their combinations to obtain
Gunningite. After Gunningite had been successfully
synthesized, further characterization was done to
determine the crystallinity, morphology, functional
groups, and adsorption capacity towards Ibuprofen.

m EXPERIMENTAL SECTION
Materials

The materials used in this study were Pluronic
P123 (EO20PO70EO20) Amphiphilic Block Copolymer
(MW 5790 g/mol), Pluronic F127 Poly(ethylene glycol)-
block-poly(propylene glycol)-block-poly(ethylene glycol)
diacrylate (MW 12,500 g/mol), gelatin (pure analysis,
MW 400 KDa), ethanol, ibuprofen (2-[4-(2-methyl
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propyl) phenyl]propanoic acid), ZnSO,7H,O, and n-
hexane that were obtained from Sigma Aldrich and used
without prior pretreatment.

Instrumentation

The characterizations of the synthesized Gunningite
samples involved several instruments, including X-Ray
Diffraction (XRD) XRD/MAX-2550 HB/PC (Rigaku Co.,
Tokyo, Japan), Scanning Electron Microscopy (SEM)
(JEOL JMS-700), and Fourier Transform Infrared (FTIR)
with spectra recorded with a Bruker Vertex 70
spectroscope. The SEM-EDX test was performed at a
voltage of 15.0kV with a magnification of 10,000x.
Meanwhile, the FTIR analysis was done at a wavelength of
500-4000 cm™.

Procedure

Gunningite synthesis process

Ethanol (190 mL) was dropped with a flow rate of
3 mL/min into 3.6 g of F127/1.7 g of P123 with a burette
at room temperature while it was stirred. The Erlenmeyer
was kept from the air during the dripping process by
covering it with plastic wrap. After the process was
finished (+ 4-5d), 0.0346 g of 0.1% gelatin was added.
Then, the mixture was stirred for 60 min. Next, 55.39 g of
ZnSO, heptahydrate were added and stirred for 24 h in a
closed state with plastic wrap so that no air entered.
Afterward, the sample was put into a hydrothermal
reactor and heated at 100 °C for 24 h. Then, the sample
was left to cool. The white solid was filtered through a
Buchner filter and washed with distilled water until it
obtained a pH of 7. The solid was heated in an oven at
100 °C for +5h. Then, it was calcined in a furnace at
550 °C for 12 h. The synthesized sample in the form of a
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white solid was stored in a closed, clear bottle (vial). The
samples synthesized in this study were five types labeled
in Table 1.

Characterization

Gunningite with various soft templates was
characterized wusing Fourier transform infrared
spectrophotometer (FTIR, Shimadzu 2100)- with a KBr
pellet at a spectral resolution of 4 cm™, operated from
400-4000 cm™ to analyze the functional group of the
sample. Then, X-ray diffraction (XRD) (XRD-MAX-
2550-Rigaku Co., Tokyo, Japan with 40 kV, 30 mA) ata
range of 20 =5 to 80° was performed to observe the
crystallinity of the Gunningite. Scanning electron
microscope (SEM, (JEOL JMS-700) coated by Pd/Au
was employed to investigate the phase structure
morphology of Gunningite.

Ibuprofen adsorption process

Ibuprofen was dissolved with hexane as a solvent
to obtain 100 mL of ibuprofen with an initial
concentration of 100 mg/L. Then, 50 mL of ibuprofen
solution was taken and put in a beaker. Next, 0.02 g of
gunningite was added to the beaker containing
ibuprofen while it was stirred for 50 min at room
temperature and closed. Afterward, 3 mL of the sample
solution was taken every 5 min and analyzed by UV-Vis
spectroscopy (model U-2000, Hitachi, Japan) at 272 nm
wavelength.

m  RESULTS AND DISCUSSION

XRD analysis was performed to gain information
about the atomic size of crystalline and non-crystalline
materials and determine the crystal structure and the
orientation of the polycrystalline solid or powder sample.

Table 1. The type of samples synthesized in this study

Template
Sample - : .
Pluronic F127  Pluronic P123 Gelatin
Gunningite-F127G v - N
Gunningite-F127 l - -
Gunningite-P123G v N
Gunningite-P123 - v -
Gunningite-G - - N

Maria Ulfa and Windi Aprliani



Indones. J. Chem., 2023, 23 (2), 438 - 448 441

Fig. 1 presents the diffraction patterns of Gunningite
with variations of soft templates. It exhibits that all
samples matched the Gunningite standard (JCPDS-96-
900-9374). It indicated that all Gunningite samples had
been successfully synthesized with ZnSO,-H,O as the ideal
formula. It is in line with previous research [6,18].
Furthermore, the peaks of the diffractogram could be
exploited to estimate the crystal size using the Debye-
Scherrer equation. The results demonstrated that the
crystal sizes of Gunningite-F127G, Gunningite-F127,
Gunningite-P123G, Gunningite-P123, and Gunningite-G
were 18.35; 25.33; 25.67; 27.30; and 24.24 nm with the
crystallinity degrees of 36.89; 42.62; 46.83; 41.27; and
40.62%, respectively. The largest crystal size was achieved
by Gunningite-P123. It was due to the high hydrophobic
part compared to the other soft templates, which attains
the large crystal size by intermolecular forces. An
interesting result came from the combination of P123 and
the gelatin soft template (Gunningite-P123G), which
obtained the highest crystallinity at 46%. This is due to the
synergy of the amine group from gelatin and the
P123 to attain
gunningite crystallinity degree during high-temperature

hydrophilic-hydrophobic parts or

treatment.
The effect of the different soft templates was also
confirmed by SEM to determine the synthesized

Gunningite-G

Gunningite-P123

compounds' morphology, crystal growth distribution,
and physical changes in the preparation conditions.
Observations were made with a magnification of
10,000x and completed by EDX measurement to
investigate elemental compositions.

Fig. 2 displays that the five samples had
inhomogeneous particle shapes due to agglomeration.
The morphology of the gunningite from P123, F127,
gelatin, and their combination was a disordered
hexagonal flake, disordered cuboid, disordered sphere,
and the combination of sphere and flake. All Gunningite

T Gunningite-P123

n \ \ H Gunningite-P123G
n ” Gunningite-F127

Gunningite
JCPDS 96-900-9374

20 40 60 80
20 (degree)

Intensity (a.u.)

Gunningite-F127G

Fig 1. Diffraction patterns of Gunningite with variations
of soft templates

Gunningite-P123G
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samples were agglomerated to obtain stable particle size
and maintain the particle size distribution by direct
hydrophobic-hydrophilic parts to interact with the
precursor of Gunningite.

Fig. 3 shows the histogram of the particle size
distribution from the SEM analysis. It shows that
Gunningite reached the most uniform particle size
distribution at P123 at 0.67992 um (Fig. 3(a)). It then
decreased to 0.65442 pm when combined with gelatin
(Fig. 3(b)). However, the combination of F127-Gelatin
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showed the largest particle distribution size at 0.76316 pm
(Fig. 3(e)). It was due to the interaction between the
amine group in gelatin and the carbon chain of F127.
These phenomena conclude that the domination of the
hydrophobic part (PPO on P123) from the synthetic
template and the amine group from the natural template
decreases the particle size distribution due to the
repulsive force between them. On the other hand, the
domination of the hydrophilic part from the synthetic
template (PEO in F127) with the hydrophobic part from
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Fig 3. Particle size distribution of Gunningite using the templates of (a) Gelatin; (b) P123; (c) P123-Gelatin; (d) F127;

and (e) F127-Gelatin

Maria Ulfa and Windi Aprliani



Indones. J. Chem., 2023, 23 (2), 438 - 448 443

the natural template (amine group) increases the particle
size distribution due to the high attraction between them
due to intermolecular interaction, which is in line with
previous studies [5,13,19-21].

Table 2 presents the EDX results of all Gunningite
samples containing Zn (67-75%), S (8.5-10%), and O
(13.4-16.4%), implying the stable composition to obtain
the formula of ZnSO,1H,O. The results revealed that
gunningite synthesized with only P123 produced an
impurity of carbon (Fig. 4(a)). It is because there is no
high affinity in the functional group (such as the amine
group from gelatin that pulls carbon out of the molecule
during decomposition). However, Gunningite with only
gelatin produced sodium as the impurity from gelatin
extraction by NaOH (Fig. 4(b)). The good news was all
Gunningite with only F127 (Fig. 4(d)), F127-gelatin (Fig.

hydroxyl group of the water molecule originating from
the monohydrate molecule in gunningite. Another air
molecule could be found at the absorption of 1637 cm™
as Zn-O-Zn bending vibrations. The strain vibrations at
about 900 cm™ were due to the presence of sulfate groups
whose vibrations were symmetrical and asymmetrical
S=0 at 1056 cm™. This peak confirmed the presence of
a S=0 group on the sulfate group that occurred from the
electrostatic interaction between hydrogen and zinc ions
in the form of S=0O-H-O-Zn. In contrast, the presence of
Zn elements is indicated by the peak at 521.81 cm™ as
the Zn-O form. All of these results were in line with
previous studies [6-7,10,18,22].

Table 2. EDX results of all Gunningite samples using
various soft templates

4(e)), and P123-gelatin (Fig. 4(c)) exhibited high purities Template % W
where P123-gelatin and F127 reached the highest Zn S o C
composition of Zn. This is due to the synergy of the Gelatin 712 10.1 16.4 -
hydrophilic part and amine groups to maintain llzgi-Gelatin gzg zz 122 7;6
Gunningite's structure stability during decomposition. F127 76:9 8:9 14:2 ]

Fig. 5 shows that the strong and broad absorption at F127-Gelatin 759 8.9 134 ]
about 3170 cm™ was the stretching vibration of the

Zn-8=0
Asymmetric Symmetric
] -OH str;etch Gunningite-G Zn—(;)—Zn ‘ * ZnO

%T

Gunningite-P123G

Gunningite-F127

Gunningite-F127G

Gunningite-P123

T T T T T
4000 3500 3000 2500 i
Wavenumber (cm )

Fig 5. FTIR spectra of all Gunningite from different template
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Fig. 6 exhibits the maximum adsorption capacity of
Gunningite on ibuprofen adsorption. Additionally, Table
1 presents the percentage of ibuprofen removal by
Gunningite using templates of F127G, F127, P123G,
P123, and G which was 86.9; 84.3; 93.8; 84.2; and 84.3%,
respectively. Thus, the highest adsorption was found in
the Gunningite-P123G sample. It was due to the highest
Zn component among all samples. The Zn element, as the
adsorption center, interacts with the OH group of
ibuprofen through electrostatic forces. The highest
elemental composition of Zn in the Guningite-P123G
sample was also observed from FTIR in the form of the
sharpest/regular absorption compared to other samples,
so the adsorption power of ibuprofen became greater as
well.

Besides the amount of Zn in Gunningite, the low
sulfur component indicated high adsorption removal
performance. It was because Gunningite as the adsorbent
and ibuprofen as the adsorbate also affected the
adsorption capacity. The Gunningite compound acts as
an adsorbent, and ibuprofen acts as an adsorbate
interacting competitively between Zn-O-ibuprofen and S-
O-ibuprofen. If the amount of sulfur is low, the
interaction will occur on the hydroxyl group of ibuprofen
with metal ions Zn*, allowing the formation of a stable

300

250 41

200 4

100 +

50 1

Indones. J. Chem., 2023, 23 (2), 438 - 448

covalent coordination complex. Fig. 7 demonstrates the
adsorption scheme of ibuprofen onto Gunningite.

The adsorption kinetics models performed in this
study were pseudo-first-order and pseudo-second-
order. The models were used to process data on the
ibuprofen adsorption by Gunningite, determine the
adsorption variables involved, and select the adsorption
mechanism that occurs. The adsorption kinetics model
can also predict the speed of adsorbate transferring from
solution to adsorbent [23-24]. Table 3 presents the
calculation results of the adsorption kinetics models of
gunningite using pseudo-first-order and pseudo-
second-order.

Fig. 8(a-b) presents the kinetic of gunningite with
different templates by pseudo-first-order and pseudo-
second-order models. The graphs reveal linear equations
obtained by each sample. Based on Table 3 and Fig. 8(a),

OH

I
0

H

3 o
|

Zn zn—-s=0

H\O, H--OH
Gunningite

Fig 7. Adsorption scheme of ibuprofen onto Gunningite

] Gunningite F127-G
° Gunningite-F127
Gunningite-P123G
Gunningite-P123
° Gunningite-G
Log. (Gunningite F127-G)
Poly. (Gunningite F127-G)
Log. (Gunningite-F127)
Log. (Gunningite-F127)
Log. (Gunningite-F127)
Log. (Gunningite-F127)
Poly. (Gunningite-F127)
Poly. (Gunningite-F127)
Log. (Gunningite-P123G)
Poly. (Gunningite-P123G)
Poly. (Gunningite-P123G)
Log. (Gunningite-G)
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Fig 6. Adsorption performance of all sample of Gunningite
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Table 3. Adsorption kinetics models of Gunningite using pseudo-first and pseudo-second-order

Gunningite with various soft templates

F127-G F127 F123-G P123 G
Pseudo-first-order model: 1n(qe - qt) =Inq, — kit
k; 0.0246 0.0214 0.1092 0.0205 0.0025
Qeal 0.1143 0.6149 3.6751 0.852 1.283
R? 0.0748 0.0687 0.779 0.0905 0.0009
Pseudo-second-order model: [i 1! J =kt

Qe kpqeqe

ks 0.0047 0.0046 0.0048 0.0044 0.0045
Qeal 0.0024 0.0005 0.0029 0.0009 0.0014
R? 0.9951 0.9949 0.9936 0.9996 0.9981
%Rem 86.9 84.3 93.8 84.2 80.3

Gunningite-F127-G
[ ] o Gunningite F127
Gunningite-P123-G

Guninggite P123

e  Gunningte-G

g
g P
£ 0 —— — - SRR - Linear (Gunningite F127)
20. 40 60
o - @ ‘»\ Linear (Gunningite-P123-G)
-1 N
b Linear (Guninggite P123)
&) \
2 € Linear (Gunningtte-G)
i3 .
t (min)

Linear (Gunningtte-F127-G) &
=

(b)
025
¢ Guninggite-F127-G

02
© Gunningite-F127

0.15 Gunningte-P123-G

Gunningite-P123
01

o Gunningite-G

0.05

0 10 20 30 40 50 60
t (min)

Fig 8. Kinetic of Gunningite using different templates by (a) Pseudo-first-order and (b) Pseudo-second-order model

Gunningite-F127G possessed an equation of y = 0.0246x
+0.1143 with R?=0.0748. For the Gunningite-F127
sample, it was y = 0.0214x + 0.6149 with R* =0.0687.
Gunningite-P123 sample had an equation of y = -0.1092x
+3.6751 with R* = 0.779. The Gunningite-P123G sample
exhibited y=0.0205x — 0.8522 with ~ R*=0.0905.
Meanwhile, the Gunningite-G sample demonstrated an
equation of y = 0.0025x + 1.283 with R* = 0.0009. A good
linear graph is a graph that has an R? value close to or
equal to 1. Of the five samples, four samples had R? values
that were far from 1, and only the Gunningite-P123G
sample was close to 1. Besides the R* of the graphic
equation, the suitability of the adsorption kinetics model
with the ibuprofen adsorption by Gunningite could also
be seen from the q. value (adsorption capacity). With this
kinetic model, the q. values attained differed from the q.
values of the experimental results. This indicated that

Lagergren's pseudo-first-order adsorption kinetics
model was not suitable for the adsorption experiment of
ibuprofen by gunningite. Next, the calculation was based
on Ho and McKay's pseudo-second-order of adsorption
kinetics model.

Based on Table 2 and Fig. 8(b), the linear equation
for the Gunningite-F127G sample was y = 0.0046x —
0.0005 with R? = 0.999. The Gunningite-F127 sample had
alinear equation of y = 0.0046x — 0.0005 with R* = 0.9949.
Gunningite-P123G exhibited a linear equation of y =
0.0042x + 0.0047 with R*=0.9988. Gunningite-P123
revealed y=0.0044x — 0.0009 with R*=0.9996.
Gunningite-G presented y = 0.0045x + 0.0014 with R* =
0.9981. The data showed that the linearity of each graph
was appropriate, as indicated by their R? values that were
close to 1. In addition, the g. values (adsorption capacity)

based on this kinetic model were close to the q. value of
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the experimental results. This indicated that Ho and
McKay's pseudo-second-order adsorption kinetics model
was more suitable for the ibuprofen adsorption
experiment by Gunningite. This was supported by the
previous research [1-3,25-26] which demonstrated that
the adsorption of ibuprofen with the pseudo-second-
order adsorption kinetics model presented the best results
compared to several other adsorption kinetics models,
with the R? value on the graph ranging from 0.95-0.99 for
all samples and the q. was close to the experimental q.
value.

m CONCLUSION

Gunningite nanoparticles have been successfully
through the soft method,
hydrothermal at 100 °C, and calcination at 550 °C using

synthesized template
ZnSO, heptahydrate as the precursor and various
templates of F127, P123, and gelatin. The XRD results
showed that the crystal sizes of the Gunningite in the
template variations of Gunningite-F127G, Gunningite-
F127, Gunningite-P123G,  Gunningite-P123, and
Gunningite-G were 18.35; 25.33; 25.67; 27.30; and
24.24 nm, respectively, while the crystallinity degrees
were 36.89; 42.62; 46.83; 41.27; and 40.62%, respectively.
The FTIR results exposed that the functional groups in
gunningite were OH stretching, Zn-O-Zn, and
gunningite. The SEM-EDX results demonstrated that the
morphology of gunningite is inhomogeneous due to
agglomeration, and the Zn and O elements dominated
composition elements in the samples. The maximum
adsorption capacity values of gunningite to adsorb
ibuprofen on various templates of Gunningite-F127G,
Gunningite-F127, Gunningite-P123G, Gunningite-P123,
and Gunningite-G were 221.1; 226.06; 234.23; 229.76; and
222.85 mg/g, respectively. The gunningite kinetic model of
ibuprofen adsorption followed Ho and McKay's pseudo-
second-order kinetic model.
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