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Dialkyl carbonates are currently produced either by the phosgene route (1) or the catalytic 
oxidative carbonylation of methanol (2). Using carbon dioxide instead of phosgene or carbon 
monoxide constitutes an attractive alternative avoiding hazardous and toxic components. 
Moreover, the development of new applications is of major interest from the viewpoint of 
carbon dioxide capture and utilization, as well as within the scope of environmentally friendly 
reactions. However, its thermodynamic stability and kinetically limited reactions constitute 
serious drawbacks for further transformation into organic molecules. Catalysis offers a 
number of options. In this field, we are interested in the molecular design of catalysts for the 
formation of dialkyl carbonates from CO2 and alcohols:  

2ROH  +  CO2   →   (RO)2CO  +  H2O 

Zirconium oxide (3) as well as organometallic tin compounds (4) have been reported to 
promote the direct carbonation of methanol. However, activity has to be improved with both 
systems, while selectivity is superior in the presence of tin compounds.  

Herein we report the beneficial effect of operation above the critical pressure on dimethyl 
carbonate yield in the presence of the organometallic precursor din-butyldimethoxystannane. 
P-T phase diagrams were calculated to determine two-phase, liquid, vapour, and supercritical 
fluid domains for the binary methanol-carbon dioxide mixture. The activity of the recovered 
tin species was also investigated by performing consecutive batchwise experiments. The 
reaction was conducted in a 100-mL stainless steel batch reactor equipped with a magnetic 
stirrer and internal thermocouple for temperature control. After a typical 12 h run, 
depressurization at 273 K was followed by GC, NMR, and IR analysis of the liquid phase for 
quantitative analysis of the organics and identification of the organometallic residue.  

The optimum reaction temperature range was found to be 400-420 K, preferably 420 K in this 
work. Increasing gradually the CO2 pressure from 9 to 20 MPa leads to an increase in 
dimethyl carbonate yield. From 20 to 25 MPa, no significant change is observed (Figure 1). It 
is noteworthy that dimethyl carbonate (DMC) is selectively formed with the tin catalyst. After 
a run under 20 MPa, the NMR and IR fingerprints of the organometallic residue are no more 
those of the starting compound. Butyl and methoxy ligands are still there but carbonato and -
oxo fragments are also present. A carbonated distannoxane was isolated from the reaction 
medium. However, other species, not yet fully characterized, are evidenced by 119Sn NMR. 
The relevance of these species for DMC formation is demonstrated by experiments conducted 
in successive batchwise runs (Figure 2). As the catalytic experiments are performed under 
temperature and pressure beyond critical points of CO2 and CH3OH, it was of great interest to 
determine the p-T phase diagram for the CO2-CH3OH composition used in Figure 2. 
Calculation was done by the Flowbat simulation program (5), using the Soave-Redlich-
Kwong equation of state (6). The phase envelope thus obtained (Figure 3) shows that the 
observed increase in DMC yield with pressure correlates with a phase change from a two-
phase to one-fluid area, where liquid and supercritical fluid region exist. Further work is in 
progress to outline the importance of the mass transfer parameter. On another hand, recovery 



 

 

and reuse of tin species open the perspective to catalyst immobilization and continuous 
process scheme.  
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Figure 1. Influence of CO2 pressure on DMC yield            Figure 2. DMC per g of tin residue vs run number  
 (CH3OH 0.49 mol, 'Sn' 4 mmol, T 420 K, t 12 h).            (CH3OH 0.73 mol, p 20 MPa, T 420 K, t 12 h). 

Figure 3. Phase diagram showing vapour pressure lines and critical points (CP) 
for CO2, CH3OH and their mixture (CO2, 61 mol%). 
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