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Abstract:

This study explores the electrochemical halogenation of phenol at 80°C using a
chromium-based catalyst. Electrochemical methods were employed to
introduce halogen atoms into the phenol molecule, focusing on reaction
efficiency, product selectivity, and environmental benefits. The process was
optimized for various halogens, including chlorine, bromine, and iodine, and
analyzed for potential industrial applications. The results demonstrate that
chromium catalysis in combination with electrochemical techniques provides a
sustainable and efficient route for halogenating phenols.

1. Introduction:

Phenol halogenation is a significant chemical process for producing
halogenated phenol derivatives, which are essential intermediates in
pharmaceuticals, agrochemicals, and other industries. Traditional halogenation
methods often involve harsh chemicals and generate hazardous by-products.
Electrochemical halogenation offers an eco-friendly alternative by reducing the
need for excess reagents and controlling reaction conditions with precision.
Chromium-based catalysts have shown promise in enhancing the efficiency of
these reactions due to their high catalytic activity and selectivity. This paper
investigates the electrochemical halogenation of phenol using a chromium
catalyst at 80°C, aiming to provide a scalable and sustainable method for the
production of halogenated phenols.

2. Experimental Setup:
2.1 Materials:

. Phenol (C¢HsOH)

. Halogen sources: NaCl (chlorine), NaBr (bromine), Nal (iodine)
J Chromium catalyst (CrCls)

. Electrolyte: 0.1 M H,SO, solution

. Electrochemical cell equipped with platinum electrodes

2.2 Procedure:
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Phenol was dissolved in an electrolyte solution containing the chromium
catalyst and the halogen source. The electrochemical cell was equipped with
platinum anodes and cathodes. The temperature was maintained at 80°C using
a water bath. A constant current was applied to the electrochemical cell to
drive the halogenation reaction. The reactions were carried out under constant
stirring to ensure uniform mixing. After completion, the products were isolated,
purified, and analyzed using gas chromatography-mass spectrometry (GC-MS)
and nuclear magnetic resonance (NMR) spectroscopy.

2.3 Reaction Mechanism:

The halogenation process follows an anodic oxidation mechanism, where the
phenol molecule undergoes oxidation at the anode, forming a phenolate ion
(CeHs07). Simultaneously, halogen ions are oxidized to their elemental form at
the anode, and these halogens then react with the phenolate ion, resulting in
halogenated phenols.

The overall reaction can be represented as follows:
C_6H_50H + X_2 \rightarrow C_6H_4XOH + HX
Where X represents Cl, Br, or I.

3. Results and Discussion:

3.1 Effect of Temperature:

The reaction temperature of 80°C was found to significantly increase the rate of
halogenation. At this temperature, the chromium catalyst exhibited high
activity, facilitating efficient halogenation without over-halogenation. Lower
temperatures (below 60°C) resulted in incomplete reactions, while
temperatures above 90°C led to undesired side products.

3.2 Catalyst Performance:

The chromium catalyst (CrCls) demonstrated high catalytic efficiency,
particularly in reactions involving chlorine and bromine. For iodine, the
reaction was slower, likely due to the lower reactivity of iodine compared to
chlorine and bromine. However, the catalyst still promoted halogenation with
good yields across all tested halogens.

3.3 Product Selectivity:
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Selectivity towards mono-halogenated phenols was achieved by controlling the
halogen concentration and reaction time. Under optimal conditions, the
formation of mono-halogenated products was favored, with minimal formation
of di- or tri-halogenated by-products. The major products were chlorophenol,
bromophenol, and iodophenol.

3.4 Environmental Impact:

The electrochemical method with chromium catalysis proved to be an
environmentally friendly approach, as it avoided the use of excess chemical
reagents and generated fewer hazardous by-products compared to traditional
chemical halogenation processes. Additionally, the mild reaction conditions
(80°C) and the recyclability of the chromium catalyst contribute to the
sustainability of the process.

4. Conclusion:

This study demonstrates that electrochemical halogenation of phenol using a
chromium catalyst at 80°C is a viable and sustainable method for producing
halogenated phenol derivatives. The process is efficient, with high selectivity
towards mono-halogenated products and reduced environmental impact.
Future research could focus on scaling up this process for industrial
applications and further optimizing catalyst performance for a wider range of
halogenation reactions.
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