
 
 

 

 
Catalysts 2021, 11, 162. https://doi.org/10.3390/catal11020162 www.mdpi.com/journal/catalysts 

Supplementary Materials 

Efficient Synthesis of Methyl Methacrylate by One Step  
Oxidative Esterification over Zn-Al-Mixed Oxides Supported 
Gold Nanocatalysts 
Huayin Li 1, Yuan Tan 1,*, Xingkun Chen 1, Wenshao Yang 1, Chuanqi Huang 1, Jie Li 1 and Yunjie Ding 1,2,3,* 

1 Hangzhou Institute of Advanced studies, Zhejiang Normal University, Hangzhou 311231, China;  
lihuayin@zjnu.edu.cn (H.L.); cxklned@zjnu.cn (X.C.); wenshaoyang@zjnu.cn (W.Y.);  
hchuanqi@foxmail.com (C.H.); lijie_zjnu@163.com (J.L.).  

2 Dalian National Laboratory for Clean Energy, Dalian Institute of Chemical Physics, Chinese Academy of 
Sciences, Dalian 116023, China 

3 The State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, 
Dalian 116023, China 

* Correspondence: yuantan2012@zjnu.edu.cn (Y.T.); dyj@dicp.ac.cn (Y.D.);  
Tel.: +86-571-82257902 (Y.T.); +86-411-84379143 (Y.D.) 

This section may be divided by subheadings. It should provide a concise and precise 
description of the experimental results, their interpretation, as well as the experimental 
conclusions that can be drawn. 

Table S1. Summarization of catalytic performances of supported gold catalysts for one-step oxidative esterification from 
MAL and methanol in recent years. 

Entry Catalysts Au (mol%) T  
(K) 

PO2 
(atm) 

CH3OH 
/MAL 

t  
(h) 

Conv. 
(%)  Sel. (%) Ref. 

1 AuNiOx/SiO2−Al2O3 0.1 333 2 16 2 63 97 [1] 
2 Au/MgO  0.1 343 2 40 2 98 99 [2] 
3 Au/N-HAP   0.2 343 1 20 2 87 99 [3] 
4 Au/ZnO 0.2 343 2 30 2 99 86 [4] 
5 Au/Ce0.6Zr0.4O2 0.1 353 3 25 2 99 74 [5] 
6 Au/La2O3 0.08 343 3 8 2 89 98 [6] 
7 Au/MnCeOx 0.1 353 3 20 2 99 90 [7] 
8 Au/PNCM-12 - 353 3 10 2 98 82 [8] 
9 AuCeO2/γ-Al2O3 0.1 343 2 20 2 97 90 [9] 

10 Au25/Zn2Al-400 0.1 353 3 23 2 93 95 This work 
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Figure S1. Chromatogram analysis of liquid product (a) before and (b) after oxidative esterification between MAL and 
CH3OH (CH3OH was also the solvent), with ortho-xylene as the internal standard. 

Table S2. Element contents of supported gold catalysts with various Zn/Al molar ratios. 

Entry Catalyst 
Content (wt%) Theoretical molar ratio of 

Zn/Al 
Actual molar ratio of 

Zn/Al Zn Al Au 
1 Au25/Zn3Al-400 26.6 3.3 1.3 3 3.3 
2 Au25/Zn2Al-400 32.2 5.6 1.2 2 2.4 
3 Au25/Zn1Al-400 21.0 7.4 1.3 1 1.2 
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Figure S2. (a) N2 adsorption–desorption isotherms and (b) BJH pore size distributions of the supported gold catalysts. 

 
Figure S3. TPD profiles of supported gold catalysts without adsorption of CO2: a. Au25/Zn3Al-400; b. Au25/Zn2Al-400; c. 
Au25/Zn1Al-400; d. Au/Zn2Al-400, with (A) TCD signal and MS signal of (B) CO2 and (C) H2O. 
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Figure S4. Stabilities of supported gold catalysts with various Zn/Al ratios for synthesis of MMA from MAL and MeOH: 
(a) Au25/Zn3Al-400; (b) Au25/Zn1Al-400. Reaction conditions: V(MAL)/V(MeOH) = 5/100, catalyst 0.5 g, T = 353 K, P = 30 
atm (7%O2/93%N2), GHSV: 300 h−1, LHSV:10 h−1. 
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