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            Abstract
Developing efficient catalytic processes to convert methane into useful feedstocks relies critically upon devising new coupling processes that use abundant, thermodynamically ‘mild’ oxidants together with selective catalysts. We report here on elemental sulfur as a promising ‘soft’ oxidant for selective methane conversion to ethylene over MoS2, RuS2, TiS2, PdS and Pd/ZrO2 catalysts. Experiments and density functional theory reveal that methane conversion is directly correlated with surface metal–sulfur bond strengths. Surfaces with weakly bound sulfur are more basic and activate methane C–H bonds more readily. In contrast, experimental and theoretical selectivities scale inversely with surface metal–sulfur bond strengths, and surfaces with the strongest metal–sulfur bonds afford the highest ethylene selectivities. High CH4/S ratios, short contact times and the provision of a support maximizes the coupling of CHx intermediates and selectivity to ethylene, because these conditions yield surfaces with stronger metal–sulfur bonding (for example, Pd16S7), which suppresses the over-oxidation of methane.
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                    Figure 1: Thermodynamic calculations show that using gaseous sulfur (S2) as a ‘soft’ oxidant can hinder the over-oxidation of methane when compared with using O2 as the oxidant.[image: ]


Figure 2: Unsupported metal sulfides are effective catalysts for the conversion of methane to ethylene using gaseous sulfur as a ‘soft’ oxidant.[image: ]


Figure 3: Ab initio DFT calculations shows the characteristic reactant, transition state and product structures for the catalytic conversion of methane to ethylene using gaseous sulfur as the oxidant.[image: ]


Figure 4: Calculations reveal a correlation between both C–H activation and CH2 coupling with M–S bond strength.[image: ]


Figure 5: Markedly altered PdS-catalysed methane conversion and ethylene selectivity are observed by varying the CH4:S feed ratios and WHSVs over the catalyst surface.[image: ]


Figure 6: A ZrO2-supported palladium sulfide catalyst exhibits significantly enhanced catalytic performance compared with an unsupported catalyst in the conversion of methane to ethylene using gaseous sulfur as the oxidant.[image: ]
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