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ABSTRACT

This study presents ascorbic acid/MIL-100 (Fe) bio-hybrid, prepared via an
environmentally friendly green synthesis method at room temperature, providing a
sustainable approach to develop an efficient photocatalyst for environmental
remediation. The structural and morphological properties of the synthesized bio-
hybrid were confirmed by Fourier transform infrared spectroscopy, X-ray
diffraction, scanning electron microscopy, and energy dispersive X-ray
spectroscopy with elemental mapping and Thermo gravimetry. Under visible light
irradiation, 0.04 g/L of the bio-hybrid degraded around 90% of the acid blue 92
solution, 80 mg/L in the presence of hydrogen peroxide. The electron-donating
properties of ascorbic acid and the characteristics of the metal-organic frameworks
resulted in a synergistic effect and remarkable performance for this hybrid. The
degradation reaction followed first-order kinetics and was driven by hydroxyl
radicals as the most effective active species. Excellent stability and reusability over
four cycles, cost-effectiveness, and demonstrate the hybrid's potential for long-term
wastewater treatment. This nature-inspired material promises broader pollutant
removal using biomaterials, offering sustainable solutions for water purification
and environmental protection.
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Figure 1:The structure of Acid Blue 92.
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Table 1: Information on raw materials used in this research.

1,3,5-benzenetricarboxylic acid CoHsOp
L-Ascorbic acid CsHsOs
Iron(I1) nitrate tetrahydrate FeCl,-4H,0
Ethyl alcohol EtOH
Acid Blue 92 C6H16N3Na304S3
Hydrochloric acid HCI
Sodium hydroxide NaOH

210.14 Sigma-Aldrich
176.124 >99 Sigma-Aldrich
404.00 >99 Merck
46.07 >99.9 Merck
695.59 95 Sigma-Aldrich
36.46 37% Mojalali
40 Extra Mojalali

! Polyvinylpyrrolidone
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Figure 2: Synthesis method of Ascorbic acid/MIL100(Fe) preparation.
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Figure 3: Functional groups of Ascorbic acid /MIL-100(Fe) composite and its constituents.
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Table 2: FTIR characteristic absorption bands of ascorbic acid, MIL-100, and ascorbic acid/MIL-100.

Functional groups MIL-100 Ascorbic acid /MIL-100

O-H Stretching 3526, 3415

C-H Stretching 2919

C=0 Stretching 1753

C=C Stretching 1660

C-O stretching of enolic hydroxyl 1319

C-O stretching of alcoholic hydroxyl 1270
COO stretching(Asymmetric) -
COO  stretching(Symmetric) -

O-H Bending 1118

C-O-C stretching 1025

Out-of-plane C-H bending -

Fe-O lattice vibrations -

3429 3434, 3452
3075, 2971 3110, 3050
1704 1707
1622 1600

- 1376
= 1261
1573, 1622 1625, 1572
1447, 1379 1438
1112 1111
1043 1028
760 726
481 527

! X-ray Diffraction
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Figure 4: XRD pattern of Ascorbic acid/MIL-100(Fe) biohybrid and its components.
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Figure 5: TGA analysis of Ascorbic acid/MIL-100(Fe) biohybrid and its components.
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Figure 6: Scanning electron microscope images (SEM) of (a, b) products, and (c, d) ascorbic acid /MIL100, MIL100(Fe).
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Figure 7: EDX and MAP analysis of synthesized products (a) Ascorbic acid /MIL100, and (b) MIL100(Fe).
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Figure 8: The performance of Ascorbic acid/MIL-100(Fe) bio-hybrids at concentrations of 70 mg/L, 3 mg catalyst in 100 mL of Acid Blue 92
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Figure 9: Investigating the performance of the optimal ascorbic acid/MIL-100(Fe) biohybrid in 100 mL of different concentrations
of acid blue 92 pollutant with 4 mg of photocatalyst under visible light irradiation and the presence of 20 uL of hydrogen peroxide.
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Figure 10: Investigating the performance of the optimal ascorbic acid/MIL-100 (Fe) biohybrid in 100 mL of 80 mg/L concentration of Acid Blue 92
pollutant with different amounts of photocatalyst under visible light irradiation and the presence of 20 pL hydrogen peroxide.
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Table 3: Kinetic data of GQD/MIL101 binary composite and pure MIL101.

Photocatalyst Ln (C/CO) =kat (1/C) — (L/Co) =kt

Ko R? K1 2 ko R2
mg/min L 1/min L/mg min

1 0.047 0.9181 0.0055 0.8696 2E-05 0.9649
2 0.2108 0.8994 0.0069 0.9525 0.0001 0.9855
Ascorbic acid/ MIL-100 (Fe)
3 0.4344 0.6218 0.009 0.9556 0.0002 0.9278
4 0.1222 0.9415 0.0081 0.9517 0.0002 0.9718
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Figure 11: Kinetic profiles of the Ascorbic acid/MIL-100(Fe) biohybrid (in 100 mL of a 70 mg/L solution of Acid Blue 92
contaminant, using various photocatalyst loadings under visible light irradiation in the presence of 20 L of hydrogen peroxide
H202).
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Figure 12: Effect of pH on the photocatalytic performance of ascorbic acid/MIL-100 (Fe) biohybrid.
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Figure 14:Effect of active species in degradation of Acid Blue 92
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