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Abstract

MOF-derived Carbon Materials (CMs) inherit the porous characteristics of MOFs, and also have the
characteristics of high specific surface area, abundant active sites, good electrical conductivity and wide
application applicability. The preparation strategies of bimetallic MOF-derived carbon materials are rich and
varied, among which bimetallic MOF-derived carbon materials are prepared by introducing two metal active
sites, and the precursor is prepared by pyrolysis, chemical transformation and other methods. Bimetal-derived
carbon materials can improve the skeleton stability of the material, including thermal stability and chemical
stability, in addition, the synergistic effect between bimetals can also show unique physical and chemical
properties, improve the catalytic performance.

Based on this, the bimetallic CuxCoy-MOF-74 derived carbon material CuxCo,@C was designed and
synthesized in this thesis, and it was used as a solid catalyst for C-O coupling, C-S coupling and amino
oxidation reactions, so as to establish a mild and efficient catalytic system and explore catalytic properties
such as catalyst recycling and low metal leaching.

The first part: Three kinds of CuCo-MOF-74 precursors were prepared by solvothermal method. In an
Ar atmosphere, three pyrolysis temperatures of 400 °C, 600 °C and 800 °C were selected to directly pyrolysis
and corresponding carbon materials such as Cu;Co1@C, Cu;Co@C, CuiCo;@C, Cu@C and Co@C were
obtained. FE-SEM, Mapping, XRD, XPS, IR, BET, TGA, ICP-OES and other modern instrumental analysis
techniques were used to characterize the morphology, metal composition and content, metal valence and pore
size of the prepared materials.

The second part: First, taking the C-O coupling reaction of 4-nitrobenzaldehyde and phenol as the model,
various factors affecting the reaction were optimized, such as the type and dosage of catalyst CuxCo,@C,
reaction solvent, reaction temperature and time, etc., and the optimal reaction conditions were established:
Cu1Co3@C-800 as catalyst, DMSO as solvent, Cs2COs3 as base, reaction at 80 °C for 2 h, without any gas
protection, the yield of the model reaction up to 95%. Under optimal conditions, 31 reaction substrates were
developed, and the yields ranged from 50% to 98%. The yield of the enlarged gram reaction is greater than
90%. Due to the presence of metal Co, the catalyst is magnetic, and the recovery of the catalyst can be realized
by the adsorption of an external magnet, and the reaction yield can still reach 82% after 6 times of recycling.
The results of XRD and SEM showed that the catalyst structure did not change during the reaction. After the
catalyst was recycled for four times, it underwent thermal filtration treatment, and the metal content in the
filtrate was detected by ICP-OES technology. The test results show that the contents of Cu and Co in the

filtrate are only 0.0754% and 0.0054% respectively, indicating that the catalyst has low metal loss and good



stability during multiple recycling processes. In this bimetallic catalyst, Co can effectively enhance the
reactivity of the Cu catalyst and endow the catalyst with magnetism, which is conducive to the recovery and
reuse of the catalyst.

Since mercaptan is more nucleophilic than phenol, the coupling of mercaptan with aromatic nitro
compounds was studied to construct C-S bond. The coupling of 4-nitrobenzaldehyde and benzyl mercaptan
was selected as the model reaction, and similar reaction conditions were used in the C-O coupling reaction,
and the yield of the model reaction reached 98%. Under optimal conditions, 13 substrates were expanded,
and the yield ranged from 64% to 98%. The yield of the enlarged gram reaction is as high as 95%. The
catalyst can be recycled for at least 4 times, and the morphology of the catalyst before and after reaction
shows no obvious change, which reflects good stability.

The third part: taking the oxidation of methylaniline as the model reaction, optimizing the influencing
factors in the reaction; Considering the type of catalyst, solvent, reaction temperature and time as well as the
optimization of oxidant, the optimal reaction conditions were established: Cu;Co3@C-800 as catalyst,
acetonitrile as solvent, TBHP as oxidant, reaction at 80 °C for 12 h, and the yield of the model reaction
reached 85%. Under the optimal conditions, 12 substrates were expanded, the yield was between 54% and
85%, and the yield of the gram reaction was 84%. The cyclic test and thermal filtration test of the reaction
proved that the catalyst combined with TBHP oxidizer was suitable for catalytic oxidation reaction, and the
structural stability and low metal spillover rate of the catalyst could be maintained after multiple cycles.

In summary, catalysts of CuCo bimetallic derived carbon materials with different metal ratios were
prepared and applied to the C-O and C-S coupling reactions involving nitroaromatic hydrocarbons, as well
as the oxidation reactions of aniline compounds, both of which achieved good catalytic effect. The composite
material has the advantages of easy preparation, easy recycling and high catalytic performance.

Key words: MOFs-derived carbon materials; Bimetallic cobalt copper catalyst; Ullmann coupling

reaction; Oxidation reaction; Nitro compound
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