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Abstract

The study of variations in the concentration of ammonium persulfate (APS) in the synthesis of polyaniline (PANI)
using the rapid mixing method aims to determine the best candidate for chromium metal ion adsorbents among the
PANI produced by varying the APS concentration. The variations in the APS concentration used were 0.1 M, 0.3 M,
0.5 M, and 0.7 M. The synthesized material was characterized using Fourier-transform infrared (FTIR) and Raman
spectroscopy, while particle morphology and size were assessed through scanning electron microscopy (SEM). The
results confirmed that the PANI produced was in the form of Emeraldine Salt (ES), with PANI 0.7 M yielding the
highest mass of 3.03 grams and exhibiting globular particles ranging from 75 to 106 nm and a significant chromium
(VI) ion adsorption capacity of 14.22 mg/g. These findings indicate that synthesizing PANI at an APS concentration
of 0.7 M is highly effective for creating nano-sized PANI with excellent adsorption properties. This material shows
great potential for use in water treatment applications related to leather tanning and as a counter electrode in dye-
sensitized solar cells, thereby highlighting the broader impact of the research.
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1. INTRODUCTION

The leather tanning industry of Sukaregang Garut leaves chromium ion waste of 12.27 mg/L per
sample taken from liquid waste from waste reservoirs and 0.18 mg/L per sample taken from liquid waste
that is thrown away into the Environment per day (Senania, A and Noviyanti, 2022). The maximum
chromium content in the leather industry, by the Quality Standards for Liquid Waste from the Leather
Tanning Industry, based on the Decree of the Minister of State for the Environment Number
51/MENLH/10/1995, is 2 mg/L (Kusumaatmadja, S., 1995). The liquid waste discharged from the
Sukaregang leather tanning industry is below the quality standards stipulated in the Decree of the Minister
of State for the Environment No. 51/MENLH/10/1995. However, the chromium content should be below
0.05 mg/L if the water is used as drinking water (Georgaki & Charalambous, 2023). Chromium water

contamination, especially of Cr(V1), will damage human health, including reproductive effects, nephrotoxic
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effects, hepatotoxic effects, gastrointestinal effects, hematological disorders, skin problems, respiratory
problems, and kidney damage (Xie, 2024).

Water discharged into the environment after use from various industrial processes must have
chromium levels below the safe threshold. One effective way to overcome this pollution is to use adsorbents
that bind dangerous metal ions (Eskandari et al., 2020). The use of adsorbents to overcome pollution is also
practical and economical. Some materials commonly used as adsorbents of chromium ions, especially Cr
(VI), include various types of carbon materials (Liang et al., 2021), biomass (Hashem et al., 2024), metal
oxides (Wang et al., 2020), and conductive polymers (Eskandari et al., 2020). The most interesting
conductive polymer is PANI because PANI has a facile synthesis method with good chemical stability,
electrocatalytic activity, redox and ion exchange properties, environmental stability, and tunable properties.
(Fauziah et al., 2023).
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Figure 1. The structure and color of PANI with different oxidation levels.

PANI can interact with metal ions such as chromium. Thus, it has excellent potential as a
chromium-adsorbing agent (Palimkar et al., 2023; Nurianingsih et al., 2019). PANI has three different
oxidation states that are leucomeradine (fully reduced form), emeraldine(half-oxidized form), and
pernigraniline(fully oxidized form) (Goswami et al., 2023). The difference in the color of the synthesized
PANI can identify the success of PANI synthesis with a certain oxidation level. PANI leucomeraldine base
is colorless, emeraldine salt is green, emeraldine base is blue, and pernigraniline base is violet, as seen in
Figure 1 (Stejskal et al., 1996).
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Synthesis of PANI using a variety of methods, including the conventional method (Sunarya et al.,
2020), the emulsion method (Reza et al., 2021), the electrodeposition method (Fauziah et al., 2023), and
the rapid mixing method (Amalina et al., 2019). This rapid mixing method, with its straightforward
procedure and use of a simple apparatus, produces bulk nanofibers (Zakaria et al., 2015). The variation in
ammonium persulfate (APS) concentration leads to different morphological results for PANI, from
nanofibers (diameter 80 - 110 nm) to granules of 20 — 70 nm (Reza et al., 2019). We predict this variation
in APS concentration will affect the level of PANI oxidation and the particle size, which, in turn, are
expected to influence the adsorption capacities. However, to date, no research has evaluated the
effectiveness of PANI resulting from rapid mixing synthesis with varying APS concentrations as an
adsorbent of Cr (V1) metal ions. This study, therefore, aims to fill this gap by synthesizing PANI using the
rapid mixing method and various APS concentrations and evaluating its adsorption capacity towards Cr
(V1) ions.

2. MATERIAL AND METHODS

2.1. Material

Aniline (99%) was purchased from Sigma-Aldrich. Hydrochloric acid (HCI 37%) and ammonium
persulfate (APS) were purchased from Merck. Ethanol (95%) and acetone were purchased from CV.
Eralika Mitra Persada. All reagents were analytical grade. All reagents were used without further
purification except for aniline. We first carry out a distillation process before aniline is used in synthesis.
2.2 Synthesis of HCI-doped PANI

PANI was prepared using a rapid mixing method (Amalina et al., 2019). Two initial solutions were
prepared: (1) 1.87 g of aniline was dissolved in 50 mL of 1 M HCI, sonicated for 5 min, and then left at
0°C for 22 h, and (2) 1.141 g of APS was dissolved in 50 mL of distilled water to obtain 0.1 M APS and
then left at 0°C for one h. The aniline-HCI was then added dropwise with APS under 200 rpm; the
mixture was mixed for one hour. The process was allowed to continue for 22 h at 0°C to ensure that all
aniline monomers had become PANI. The reaction mixture was then filtered, rinsed with 1 M HCI and
acetone repeatedly, and dried in an oven at 60°C for two hours. Then, the procedure is repeated using
APS 0f 0.3 M, 0.5 M, and 0.7 M, with the same volume of solution with different APS masses, as shown
in Table 1.
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Table 1. Variation concentraion of APS
Concentration of APS Mass of APS Volume of solution
(M) (9) (ml)
0.1 1.141 50
0.3 3.423 50
0.5 5.705 50
0.7 7.987 50

2.3 Characterization of PANI

The functional groups of PANI are verified with a Bruker Alpha FTIR spectrometer. The PANI
samples were prepared in KBr pellets and stored in a silica gel desiccator for 2 hours. Raman spectra
were carried out using a Bruker Senterra Raman spectrometer equipped with a 50x Olympus long-
working-distance MPlan semi-apochromatic objective lens. All samples were prepared on a gold surface
and excited using a 532 nm Nd-YAG diode-pumped solid-state (DPSS) laser with a laser power of 10
mW and an integration time of 40 s, the co-addition of 2 times. Electron Microscopy analysis was carried
out using a Hitachi SU3500 Scanning Electron Microscope. The SEM analysis, performed with the gold
sputtering coating, 10.0 kV applied voltage, 5.7-5.8 mm working distance, and SE (Secondary Electron)
mode, was conducted with thoroughness and attention to detail, ensuring the comprehensiveness of our
research.
2.4 Adsorption Capacity of PANI

The adsorption capacity measurement starts with the standard curve of AAS with variation
concentrations of 0, 2, 5, 10 and 15 ppm. The adsorption study is done with a ratio of PANI sample and
K2Cr,07 50 ppm as 1: 100 (0.001 g of sample in 1 liter of K,Cr,O7 50 ppm). The mixture was then
shaken in an orbital shaker for 1 hour at 150 rpm speed. After filtering, the solution was centrifuged

using for 15 minutes at 150 rpm speed. The adsorption capacity (q) was counted with the equation:

_ (€i=C)vs
1=, €Y)
Where g is the equilibrium adsorption capacity (mg adsorbate/g adsorbent), C; is the initial
concentration, Cy is the final concentration, V; is the volume of the solution (liters), and m,, is the mass

of the adsorbent (g) used (Kaushal & Singh, 2017).
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3. RESULT AND DISCUSSION

PANI synthesis was carried out under acidic conditions using hydrochloric acid (HCI)(Fauziah et
al., 2023). HCI was chosen because it is cheap and easy to obtain, effective in producing PANI with high
purity and good stability. Using HCI allows the formation of PANI nanofibers with controllable diameters
and can increase the electrical conductivity of the resulting PANI material (Zakaria et al., 2015).
Ammonium persulfate (APS) was used as an oxidant because of its good solubility and ability to facilitate
redox reactions in aqueous media (Herrera-Ordonez, 2022). The synthesis results showed that all samples

had an almost uniform green color, a PANI ES characteristic (Fauziah et al., 2023).

3.1 The effect of APS concentration variation

The difference in APS concentration affected the amount of PANI mass formed, as seen in Figure
2. APS concentration of 0.1 M produced 0.38 g of PANI, APS 0.3 M (1.19 g), APS 0.5 M (2.34 g) and
APS 0.7 M (3.03 g). Increasing the concentration from 0.1 to 0.7 M increased the amount of reaction
product almost 10 times. This increase in mass is due to the increase in APS concentration, increasing
the chemical energy in the reaction system, producing more reaction points, and accelerating the
polymerization rate (Qiu et al., 2020). Increasing the APS concentration accelerates the production of
PANI by increasing the number of free radicals that initiate the aniline polymerization process. The
more persulfate radicals formed, the more aniline radicals formed (Yang & Chen, 1995), accelerating
the reaction and increasing the total amount of PANI formed. The amount of APS used in the reaction
will affect the resulting branching (Ketut Umiati & Azam, 2024), which causes an increase in the

amount of PANI produced.
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Figure 2. The plot of the mass of PANI produced against the concentration of APS using.

3.2 The FTIR spectrum of PANI
The FTIR spectrum of aniline monomer in Figure 3a shows the presence of peaks at wave

numbers 3356 cm™! and 3424 cm™!, indicating the presence of N—H stretching modes (primary amines).
The disappearance of these peaks confirms the successful formation of polyaniline from aniline. The
presence of typical PANI peaks, such as C=C stretching in the quinonoid ring (Q) (1560 cm™) and
C=C in the benzenoid ring (B) (1475 cm™), also confirms that PANI has been formed (Fauziah et al.,
2023). The other confirmation is given with the presence of the C — N stretching in the quinonoid ring
(1301 cm?), the C~N*" protonation stretching vibration in the polaronic structure (1244 cm?), the
aromatic C—H plane (1139 cm?), and the amine stretching vibration (1182 cmt) (Kamarudin et al.,
2021). The FTIR spectrum also shows a long tail-like shape at wave numbers above 2000 cm™!, which
indicates the resulting PANI form as PANI ES. The PANI ES form is also supported by the presence
of C=C stretching intensity in the quinonoid ring (Q) and C=C in the benzenoid ring (B), which are
almost the same (Fauziah et al., 2023).

www.journal.uniga.ac.id 48 P-ISSN: XXXX-XXXX
e-1SSN: XXXX-XXXX



Natural Product Chemistry Bulletin
Vol. 1; No. 1. May 2025
Page 43-53

Alti Nurjaibah

(a) s P

‘064

£

Intensity (a.u)
3

Ratio of intensity

w Monomer Anilin AL
_M

T T T T T - - - -
( 150 200( 2500 3000 3500 0.1 0.3 05 07
Wavenumber (em™) APS Concentration (M)

Figure 3. The plot of (a) FTIR spectrum of PANI with APS concentrations of 0.1, 0.3, 0.5, 0.7 M and
aniline monomer (b) the ratio of characteristic peak intensities.
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The comparison of the peak intensity of the quinonoid peak to the benzenoid peak is expressed as
l1seo/l1475. The lisgof/l1475 value in Figure 3 (b) is not significantly different from the value in the range
of 1. It indicates that all PANI samples with various concentrations have the Emeraldine Salt form
(Kamarudin et al., 2021). The PANI ES form prediction can use the peak intensity ratio of 1301 to
1244. The l1301/l1244 Value indicates the relative number of polarons along the PANI chain (Fauziah et
al., 2023). Figure 3b shows that PANI synthesized with an APS concentration of 0.3 M has more
polarons than PANI with other APS concentration variations. It shows that PANI with an APS

concentration variation of 0.3 M has a PANI ES form compared to the others.

3.3 The Raman spectrum of PANI
Figure 4a shows the Raman spectrum of all samples of PANI. The peak at 1593 cm™ for the C=C

stretching of the benzenoid ring and the peak at 1489 cm* for the C=C stretching of the quinonoid ring
(Paselaetal., 2019). The ratio of the quinonoid ring's intensity to the benzonoid's intensity is an l14se/l1593
value. The ligof/l1593 Values of all PANI shown in Figure 4.b show that all APS concentrations have a
similar intensity ratio, indicating that all PANI are in the emeraldine form (Fauziah et al., 2023). This
data aligns with the data taken from the FTIR data. The bending vibration of the C — H plane on the
benzenoid ring at 1193 cm* and the C—H bending on the quinonoid bend at 1166 cm-* (Fauziah et al.,
2023). The data show that the variation of the concentration of APS added does not affect the oxidation
level; the entire PANI is in the form of PANI ES. The variation of APS added affects the mass of the
resulting polyaniline. The identification of polaron changes using a peak at 1341 cm for the presence
of C~N* stretching and a peak at 1212 cm for C-N stretching (C. Gomes & A. S. Oliveira, 2012). If

the peak intensity at 1212 cm decreases while the peak intensity at 1341 cm increases, C-N has
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become the polaron form. When the peak ratio intensity of 1341 to 1212 increases, more polaron species
are indicated in PANI (Fauziah et al., 2023). The enhanced polaron formation may contribute to higher
adsorption efficiency. PANI with APS 0.7 M has l1341/l1212 higher than PANI with APS 0.5 M. PANI
APS 0.7 M is a better adsorbent candidate compared to PANI with APS 0.5 M. PANI with APS 0.3 M
has liz41/l1212 have almost the same value with PANI APS 0.7 M, due to the PANI APS 0.7 M give
highest yield. PANI APS 0.7 M becomes the best candidate for adsorbent agents.
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Figure 4. The plot of (a) Raman spectrum of PANI with APS concentrations of 0.1, 0.3, 0.5, and 0.7
M (b the intensity ratio of several peaks with varying concentrations.

3.4 The adsoption Capacity of PANI
Preliminary tests conducted on all samples using 50 ppm K:Cr,O7 solution (Figure 5a) showed

almost the same adsorption power, as seen in Figure 5b. The analysis showed that the adsorption of Cr
(V1) metal using PANI material gave good results at all concentration variations. PANI synthesized with
APS and HCI doping could remove Cr (V1) metal in water (Samani et al., 2010). The Cr (VI) solution
before adsorption was bright yellow, while after adsorption with the PANI sample, the solution turned
colorless, indicating that the PANI sample successfully adsorbed Cr (V1) metal in water very well. The
adsorption power is almost the same for all samples, while the highest yield is when an APS
concentration of 0.7 M; then, the best candidate for adsorbent obtained from the results of concentration
variations is PANI with an APS concentration of 0.7 M. Further analysis on PANI produced with an
APS variation of 0.7 M using AAS of the adsorption power of PANI APS 0.7 M showed a value of
14.22 mg/g. This process involves electron transfer between PANI and Cr(V1), increasing adsorption
power. The amine group (-NH>) in polyaniline can interact strongly with Cr (V1) through electrostatic
interactions or the formation of hydrogen bonds or direct coordination with metal ions, increasing the
adsorption capacity (Samani et al., 2010). The size of the PANI also supports this factor, which was

produced based on the SEM image analysis. PANI synthesized with 0.7 M APS has a globular shape
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measuring 75 - 106 nm (Figure 5c). The PANI with a 10.2 pore size has a better adsorption capacity

with the range of 43.6 to 233.7 mg/g due to the PANI confining in the pores of polystyrene beads(Ding
etal., 2018).

Figure 5. The image of 50 ppm Chromium solution (a) before adsorption, (b) after adsorption, and (c) the
SEM image of PANI with APS 0.7 M concentration.

4. CONCLUSIONS

The study of APS concentration variation in polyaniline synthesis shows that concentration
variation does not affect the oxidation level of polyaniline produced, but all polyaniline is in ES form. The
APS concentration variation only affects the yield of polyaniline produced. This research indicates that
PANI synthesis by the rapid mixing method at an APS concentration of 0.7 M is an efficient synthesis
method to obtain nano-sized PANI material with good adsorption capacity for chromium (V1) metal ions.
This research is still limited to a laboratory scale and has not tested on absolute waste; it must apply to real
waste. Further research is needed to test the effectiveness of this adsorbent in a continuous system and field
conditions. Using the other oxidation level of PANI or the emeraldine base of PANI as an adsorbent may
give higher adsorption capacity.
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