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Abstract

Dimethyl carbonate (DMC), as a green chemical intermediate, has been widely used in fields such as
fuel additives, organic solvents, and electronics industry. The decarbonylation of dimethyl oxalate (DMO)
to synthesize DMC has the advantages of cheap raw materials, simple process, and high selectivity, and has
received widespread attention from the industry and academia. This thesis addresses the issue of unclear
structure-activity relationships and poor stability of alkali metal carbonates in the DMO decarbonylation
reaction. By combining experimental and computational chemistry methods, the influence of alkali metal
cations and different anions on the DMO decarbonylation reaction was studied, and the reaction mechanism
was derived. The thermodynamic and kinetic parameters of the catalyst surfaice DMO decarbonylation
reaction were obtained, and the mechanism of alkali metal carbonates catalyzing the DMO decarbonylation
reaction was clarified. The structure-activity relationships of different alkali metal carbonates in the DMO
decarbonylation reaction were established; And the problem of poor stability of carbonate catalysts was
solved by adopting a loading strategy, providing theoretical reference for the development of efficient
catalysts for DMO decarbonylation reaction. The main conclusions drawn from this thesis are as follows:

(1) The activity of alkali metal carbonate A2CO3 (A=Li, Na, K, Rb, and Cs) in DMO decarbonylation
reaction was systematically investigated. The results showed that the activity of A2CO; reaction increased
with the increase of alkali metal atomic number, among which Cs2COs3 exhibited the highest activity. Under
the optimal process conditions, the conversion rate of DMO and the selectivity of DMC were 93.6% and
79.9%, respectively. Based on the DFT calculation results, a specific pathway for A>2CO; catalyzed DMO
decarbonylation reaction was proposed for the first time. Methoxy group transfer is the rate controlling step
of this reaction, and the excellent catalytic effect of Cs2COs is the result of the synergistic effect of Cs*on
the polarization of carbonyl oxygen and COs* on the strong nucleophilic attack ability of carbonyl carbon.
Based on DFT calculations of absolute hardness and absolute electronegativity of anions, a dependency
relationship between the electron transfer index (AE) of anions and DMO reaction and the conversion
frequency (TOF) of decarbonylation reaction was proposed. The more negative the AE of anions, the higher
their catalytic activity.

(2) In order to further understand the mechanism of A>CO3 in DMO decarbonylation reaction, the
basic thermodynamic and kinetic parameters of DMO decarbonylation reaction were calculated using a
combination of DFT and experimental methods. It was found that the decarbonylation reaction of DMO is
an exothermic entropy increasing reaction that can occur spontaneously thermodynamically. The
thermodynamic parameters of elementary reactions were calculated using DFT, and the theoretical
thermodynamics and kinetics were combined through the Eileen equation. The theoretical activation

energies of KoCO3, Rb2CO3, and Cs>COs catalysts were obtained to be 135.88, 128.56, and 113.08 kJ/mol,



respectively. The accuracy of the theoretical calculation models was verified through kinetic experiments.
(3) In order to improve the reusability of the catalyst, biochar treated with different acids was used to
load K>CO3 for DMO decarbonylation reaction. It was found that biochar treated with H;PO4 (BC-HPO)
exhibited the highest specific surface area and the highest reaction activity after loading K>COs. Under the
conditions of catalyst dosage of 10.0 wt.%, 200 °C, and 90 minutes, the conversion rate of DMO and
selectivity of DMC in the K,CO3/BC-HPO catalytic system were 83.4% and 41.1%, respectively. After
repeated use for 5 times, the yield of DMC decreased from 49.2% to 45.4%. The synergistic effect between
the phosphorus based active sites (C-POs%, C-OPOs*, and free PO4*) generated on the surface of BC-HPO
and K enhances the reaction activity and stability.
Key words: DMO decarbonylation reaction; Alkali metal carbonate; DFT calculation; Reaction mechanism;

Thermodynamics and kinetics
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FIR WIS (DMO) fiifkikil# DMC 521 4 KIZH X 3 — DMC il % 771
DMO i fi“E K DMC [N, RAERFE & AT T, i DMO 701tk — st (COod, M
AL DMC. HoAz 0 JRBEEE 707 250 i B HE S AL A3 IO W R AT L. DARREAL T
A1) DMO 1E 56, 7EA R DMC R 7242 CO Ui, CO A& AT AZREEAE AL T
TEHREA, BARMNEFAH R, i, mH2EMAE DMC il & s 5
HEZ 51077 (HAt DMC & 3053 10 g2 5 DMC L4 3 807 b 73 & 1A
HEBS D), e 2 I ARESE S I [ DMC A58

1.3 DMO f&E{ki%1L

1.3.1 DMO #1412

FRTRE ] 2 i ) T2 32 5 EAR & A 3% & s, P & B i 5 R
BRI FHBONT 2 o fERIRERAY, BB HANHE G MR (EEMI 2 CO M
Hy), &AEE AR S, CO 5 IVAHER F NS LE (AL AR TR S 22 SURE A IR s by A il

6



