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Toxicity assessment of atrazine-containing wastewater
treated by an integrated HIFAS-algal photobioreactor
system using Daphnia Magna bioassay
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1 Research Center for Health Sciences, Institute of Health, Shiraz University of Medical Sciences, Shiraz, Iran.

2 Student Research Committee, Shiraz University of Medical Sciences, Shiraz, Iran.

Abstract: The removal of persistent pesticides such as atrazine from wastewater remains a major challenge in
environmental health engineering. Innovative hybrid systems like the Hybrid Integrated Fixed-bed Algal System
(HIFAS), combining biofilm-based reactors with algal photobioreactors, offer promising solutions. This study
evaluated the performance of the HIFAS-algal photobioreactor in atrazine removal and, more importantly, in
assessing real detoxification efficiency using the sensitive bioassay organism Daphnia magna. Synthetic
wastewater containing atrazine at 1 and 10 mg/L was treated in a pilot-scale integrated HIFAS-algal
photobioreactor. Acute toxicity tests were conducted with D. magna neonates (<24 h old) following OECD
guidelines at exposure times of 24, 48, 72, and 96 hours. LCso values were determined using Probit analysis, and
acute toxicity units(TUa) and reduction efficiency(R) were calculated. Results indicated that atrazine alone
exhibited considerable toxicity, with LCso values of 11.13 and 111.31 mg/L after 48 hours for 1 and 10 mg/L,
respectively. The integrated system showed excellent performance in short-term exposures(24—48 h), achieving
99.99% toxicity reduction (TUa < 0.0001). However, during prolonged exposures (72-96 h), residual toxicity
appeared, and detoxification efficiency declined to about 32-38%. Overall, the HIFAS-algal photobioreactor
effectively removed acute toxicity caused by atrazine, but reduced efficiency at longer exposure durations suggests
the formation of stable by-products with potential chronic toxicity. These findings emphasize the need for chronic
bioassays to ensure comprehensive assessment of treated effluent safety.

Keywords: Daphnia magna, Atrazine, HIFAS, Algal photobioreactor, Acute toxicity.
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Synthesis of Ag-NPs using the hydroethanolic extract of
pelargonium graveolens L’Her. leaves and the evaluation of its
antioxidant and antibacterial activities

Khalil Pourshmasian*, Shahab Ojani

Department of Chemistry, Tonekabon Branch, Islamic Azad University, Tonekabon, Iran.

Abstract: Nanoparticles have significant applications in various fields, including antimicrobial research,
cancer, drug delivery systems, and biomedical applications. Among these, silver nanoparticles (Ag-NPs) are
among the most widely used nanoparticles in the field of nanotechnology. Pelargonium graveolens L’Her.
from the family (Geraniaceae) is famous for its traditional use as a flavoring, ornamental, and medicinal plant.
Therefore, the aim of the present study was to synthesize Ag-NPs using hydroethanolic extract of P.
graveolens leaves and investigate its antioxidant and antibacterial properties. In this regard, Ag-NPs were
synthesized using hydroethanolic extract of P. graveolens leaves by microwave method. Ultraviolet-visible
UV-Vis spectroscopy, X-ray diffraction, Fourier-transform infrared spectroscopy, and transmission electron
microscopy were employed for analysis. Subsequently, the antibacterial activity of the synthesized Ag-NPs
was evaluated against Staphylococcus aureus and Escherichia coli. Next, the antioxidant activity was
measured using the DPPHC free radical scavenging assay. UV-Vis spectroscopy showed surface plasmon
resonance for the synthesized Ag-NPs at a wavelength of 445 nm. Fourier transform infrared spectroscopy
showed that the Ag-NPs were functionalized with biomolecules. The X-ray diffraction pattern of Bragg peaks
(111), (200), (220) and (311) confirmed the face-centered cubic crystal structure. Transmission microscope
images revealed a spherical structure and a size of 40 to 100 nm for the Ag-NPs. The Ag-NPs exhibited
stronger antibacterial activity compared to the antibiotic Gentamicin. Additionally, the free radical inhibition
percentage and its ICso value were reported as 74.86 + 0.1% and 0.19 pg/mL, respectively. Consequently,
these nanoparticles can be utilized in the fields of medicine and pharmacy.

Keywords: Pelargonium graveolens L’Her., Silver nanoparticles, X-ray diffraction, Antibacterial activity,
DPPH?.
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and applications

Mohsen Nekoeinia*, Sayed Hossein Banitaba, Alireza Alebrahim

Soil and Water Research Department, Isfahan Agricultural and Natural Resources Research and Education Center,
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Abstract: Biochar, a carbon-rich, stable, and porous solid material, has in recent years attracted considerable
attention in various fields such as agriculture, environmental science, and chemistry due to its unique
physicochemical properties. It is produced through the pyrolysis of biomass under oxygen-limited conditions
and, depending on the type of feedstock and production process, exhibits diverse characteristics including
porosity, surface area, functional groups, and chemical stability. The aim of this review article is to provide a
comprehensive overview of biochar production processes, physicochemical properties, modification methods,
and diverse applications, as well as to highlight its role in sustainable resource management and the reduction
of environmental pollution. In this article, the main thermochemical processes—including pyrolysis,
gasification, torrefaction, and hydrothermal carbonization—are introduced, followed by an examination of the
effects of operational conditions and biomass composition on biochar quality. Furthermore, physical,
chemical, and biological modification and activation methods are reviewed, which can enhance the surface
properties and adsorption capacity of biochar. Finally, the wide-ranging applications of biochar in the removal
of organic and inorganic pollutants, carbon sequestration, soil amendment, catalysis, and energy storage are
discussed.
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Dimethyl 2-(2-methyl-1H-indole-3-yl)-3-
(triphenylphosphoranylidene)  succinate  (Z-
isomer); White crystals, m.p. 196-198-C, yield
0.52 g, 98%. IR (neat) (vmax, cm™): 3185, 1736,
1566; 'H NMR (300 MHz, CDCls) 1: 1.86 (3H,
N-C-CHz3), 3.11 and 3.71 (6H, 2s, 20CHz3); 4.57
(*H, d, 3Ju-p = 14.5 Hz, P-C-CH), 7.00 (2H, m, Hs,
H7), 7.10 (1H, d, 3Jun = 7.8 Hz, H5), 7.36-7.68
(16H, m, 3 CeHs, Hs), 7.96 (1H, s, NH, D20
exchangeable); *C NMR (75 MHz, CDCls) &c:
12.01 (s, N-C-CHs), 42.04 (d, Jc-r = 124 Hz,
C=P), 50.08 and 51.88 (2s, 20CHs3), 109.83 (d, 2Jc-
p = 11.7 Hz, P-C-CH), 111.44 (d, 3Jcr = 10.5 Hz,
P-C-CH-C), 127.15 (d, Jcp = 91.3 Hz, Cipso),
127.32 (1C, CoHsN), 128.22 (d, 3Jc-p = 12.1 Hz,
Cmeta), 131.40 (d, 4\]C-P: 3.0 HZ, Cpara), 132.05 and
132.18 (2C, CoHsN), 133.60 (d, 2Jc = 9.0 Hz,
Cortho), 134.80 (1C, CgHsN), 169.60 (d, Jcp = 12.8
Hz, C=0 ester), 176.50 (d, 3Jcp = 7.5 Hz, C=0
ester); 3P NMR(121.5 MHz, CDCls) &p: 22.71 (s,
Ph3P=C); Anal. Calcd. for (Cs3sH3oNPOg4): C, 73.88;
H, 5.59; N, 2.79; Found: C, 73.85; H, 5.61; N,
2.78%.

Dimethyl 2-(2-methyl-1H-indole-3-yl)-3-
(triphenylphosphoranylidene)  succinate  (E-
isomer); White crystals, m.p. 196-198-C, yield
0.52 g, 98%. IR (neat) (vmax, cm™): 3185, 1736,
1566; 'H NMR (300 MHz, CDCls3) 5y: 1.88 (3H, s,
N-C-CHj3), 3.63 and 3.70 (6H, s, 20CHa), 4.22
(1H, d, 3Ju-p = 19.5 Hz, P-C-CH), 6.89 (2H, m, Hs,
H7), 7.15 (1H, d, 3 = 8.1 Hz, Hs), 7.36-7.68
(16H, m, 3 Ce¢Hs, Hg), 7.83 (1H, s, NH, D20
exchageable); *C NMR (75 MHz, CDCls) &c:
12.01 (s, N-C-CHs), 42.55 (d, YJcr = 121.0 Hz,
C=P), 48.93 and 51.97 (2s, 20CHj3), 109.83 (d, 2Jc-
p = 11.7 Hz, P-C-CH), 111.47 (d, 3Jcr = 10.5 Hz,
P-C-CH-C), 118.61, 119.58 and 120.10 (3C,
CoHsN), 127.15 (d, Yc-p = 91.3 Hz, Cipso), 127.32
(1C, CgHsN), 128.41 (d, 3Jcp = 12.1 Hz, Creta),
131.50 (d, *Jc-p= 3.7 Hz, Cpara), 132.05 and 132.18
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and 60.53 (2s, 20CH;CHa3), 109.67 (d, 2Jc.p =
12.17 Hz, P-C-CH), 111.80 (d, %Jcp = 12.8 Hz, P-
C-CH-C), 118.53, 119.67 and 120.00 (3C, CoHsN),
127.20 (d, YJc-p = 57.2 Hz, Cipso), 128.36 (d, 3Jc-p =
13.5 HZ, Cmeta), 131.44 (d, 4\]C-P =21 HZ, Cpara),
132.05 and 132.19 (2C, CgHsgN), 133.83 (d, 2Jc-p =
7.7 Hz, Cortno), 134.85 (1C, CoHgN), 164.77 (d, 3Jc-
p=42.4 Hz, C=0 ester), 169.29 (d, 3Jc.p = 13.0 Hz,
C=0 ester); P NMR (121.5 MHz, CDCls) &:
23.01.
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(2C, CoHsN), 133.80 (d, 2Jcp = 9.8 Hz, Corto),
134.80 (1C, CoHgN), 171.00 (d, 3Jcr = 17.3 Hz,
C=0 ester), 176.40 (d, *Jc.p = 9.0 Hz, C=0 ester);
31p NMR(121.5 MHz, CDCls) &p: 23.01

Diethyl 2-(2-methyl-1H-indole-3-yl)-3-
(triphenylphosphoranylidene)  succinate  (Z-
isomer); White crystals, m.p. 200-202-C, yield
0.54 g, 97%. IR (neat) (vmax, cm™): 3223, 1727,
1587; 'H NMR (300 MHz, CDCl3) 8n: 1.23 and
1.34 (6H, t, 3Jun = 6.0 Hz, 2 O-C-CH3),1.89 (3H, s,
N-C-CH3), 3.75 and 4.28 (4H, 2m, 20-CH,-C);
4,58 (1H, d, 3Ju.p = 21.0 Hz, P-C-CH), 7.00 (2H,
m, He, H7), 7.11 (1H, d, 3Jun = 9.0 Hz, Hs), 7.36-
7.69 (16H, m, 3 C¢Hs, Hs), 7.91 (1H, s, NH, D20
exchangeable); *C NMR (75 MHz, CDCls) &c:
12.16 (s, N-C-CHg), 14.02 and 14.37 (2s, 2 O-CH>-
CHa), 41.39 (d, Nc-p = 125.9 Hz, C=P), 58.11 and
60.40 (2s, 20-CH-CHs), 109.67 (d, 2Jcp = 12.1
Hz, P-C-CH), 111.80 (d, 3Jc.p = 12.8 Hz, P-C-CH-
C), 118.49, 119.67 and 120.03 (3C, CoHgN),
127.20 (d, YJc-p = 57.2 Hz, Cipso), 128.15 (d, 3Jc-p =
12.1 Hz, Cmeta), 131.33 (d, 4\]C-P = 3.0 Hz, Cpara),
132.05 and 132.19 (2C, CgHgN), 133.94 (d, 2Jcr=
9.6 Hz, Cortno), 134.85 (1C, CoHsN), 164.77 (d, 3Jc-
p=42.4 Hz, C=0 ester), 169.29 (d, 3Jc.r = 13.0 Hz,
C=0 ester); P NMR(121.5 MHz, CDCls) &:
22.55 (s, PhaP=C); Anal. Calcd. for (C3sH3sNPOa):
C, 78.35; H, 6.02; N, 2.65; Found: C, 78.33; H,
6.01; N, 2.66%.

Diethyl 2-(2-methyl-1H-indole-3-yl)-3-
(triphenylphosphoranylidene)  succinate  (E-
isomer); White crystals, m.p. 200-202-C, yield
0.54 g, 97%. IR (neat) (vmax, cm™): 3223, 1727,
1587; 'H NMR (300 MHz, CDCls) 8y: : 1.23 and
1.34 (6H, t, Jun= 6.0 Hz, 2 O-C-CH3),1.93 (3H, s,
N-C-CHj3), 3.69 and 4.12 (4H, m, 20-CH>-CHj3),
4,58 (1H, d, 3Ju.p = 21.0 Hz, P-C-CH), 6.91 (2H,
m, H6, H7), 7.16 (1H, d, 3Jun = 6.0 Hz, Hs), 7.36-
7.69 (16H, m, 3 C¢Hs, Hg), 7.79 (1H, s, NH, D20
exchangeable); *C NMR (75 MHz, CDCls) &c:
12.16 (s, N-C-CHz3), 14.13 and 15.06 (2s, 20-
CH,CHa), 41.40 (d, YJcp = 1H23.6 Hz, C=P), 57.42
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Synthesis and dynamic *H NMR study of stable phosphorus
ylides derived from the reaction of 2-methylindole,
triphenylphosphine and dialkyl acetylenedicarboxylates

Khalil Hajari Jahromi, Enayatollah Bahman Jahromi*

Department of Chemistry, Ja.C., Islamic Azad University, Jahrom, Iran.

Abstract: Stable crystalline phosphorus ylides were obtained by equimolar ratio of 2-methylindole, dimethyl-
or diethyl acetylenedicarboxylate and triphenylphosphine. These stable ylides are formed as a mixture of Z
and E geometric isomers which are results of restricted rotation around the partial carbon-carbon double bond
caused by the attachment of the ylide moiety to the adjacent carbonyl group. The structure of the products was
identified by H, *C and *!P NMR spectra. Also, dynamic effects were observed in 'H NMR spectra. Then
kinetic data including k, AH*, AS* and AG” were obtained by using of dynamic *H NMR method.

Keywords: Phosphorus ylides, Dialkyl acetylenedicarboxylates, 2-Methylindole, Triphenylphosphine, Dynamic *H
NMR.
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Application of mesoporous silicate-magnetic compounds in
the synthesis of tetrahydrobenzo[b]pyran

Masoomeh Karami, Haleh Sanaeishoar*

Department of Chemistry, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran.

Abstract: In this study, the y-Fe,Os-KIT-1 catalyst was prepared by immobilizing magnetic iron oxide
nanostructures on the surface and inside of irregular pores of KIT-1 mesoporous silica. One of the main
characteristic of KIT-1 nanopores is the presence of three-dimensional networks of short, interconnected worm-
like channels that are irregular in the pores and branches, while the width of the channels is uniform. Then, a
simple one-pot multicomponent reaction between dimedone, malononitrile and aromatic aldehydes in the
presence of y-Fe.Os-KIT-1 nanocatalyst was investigated under solvent-free conditions. The results showed that
this catalyst can be separated by magnet and reused several times without losing its activity. High product yield,
easy operation, short reaction time, solvent-free conditions, non-toxicity of the catalyst and environmental
friendliness of the catalyst are other notable advantages of y-Fe,O3-KIT-1 in this reaction.

Keywords: y-Fe-0s-KIT-1, Dimedone, Malononitril, Tetrahyforbenzo[b]pyran.
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Accelerating molecular dynamics simulations in porous
materials via evolutionarily optimized deep neural
potentials
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Abstract: Quantum-accurate molecular dynamics(MD) simulations are essential for the rational design of novel
porous materials; however, their application is hindered by the prohibitive computational cost of density
functional theory(DFT)-based methods. In this work, an integrated framework was presented to accelerate MD
simulations in the zeolitic imidazolate framework ZIF-9 by employing deep neural networks (DNNSs) as quantum-
accurate surrogate potentials. To enhance model efficiency and robustness, hyperparameters of the DNN were
optimized using two evolutionary algorithms: Genetic Algorithm (GA) and Particle Swarm Optimization (PSO).
The final model (“Optimized2”) achieved competitive accuracy with an energy RMSE of 0.205 eV and a
determination coefficient of 0.995, while reducing training time by 61% and accelerating convergence by a factor
of 4 compared to the baseline. Physical validity was confirmed by simulating the diffusion of Cl" and SO+*" ions in
ZIF-9, yielding diffusion coefficients in good agreement with experimental data. This framework effectively
preserves quantum mechanical accuracy and reduces computational cost. Also, it can be applied in electrolyte of
batteries, ion-separation membranes and drug-delivery carriers.
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