
 

 

1

 

Supplementary Materials  

Application of Phase Transfer Catalysis in the 
Esterification of Organic acids: the Primary Products 
from Ring Hydrocarbon Oxidation Processes 
Hui Wang 1,2,*,†, Hongfei Lin 2,†, Xiaohu Li 2,3, Rui Ren 2,3, Jianglong Pu 1, Haiping Zhang 4, Ying 
Zheng 2,5,*, Jianshe Zhao 3, Siauw Ng 6 and Hui Zhang 4,5 

1 College of Biological, Chemical Sciences and Engineering, Jiaxing University, 118 Jiahang Road, Jiaxing 
314001, China; pu.jianglong@163.com 

2 Department of Chemical Engineering, University of New Brunswick, 15 Dineen Drive, Fredericton, NB 
E3B 5A3, Canada; linhongfei@hotmail.com (H.L.); lxhunb2008@hotmail.com (X.L.); renrui-002@163.com 
(R.R.) 

3 College of Chemistry and Materials Science, Northwest University, Xi’an 710069, China; 
jszhao@nwu.edu.cn 

4 Department of Chemical Engineering & Technology, Tianjin University, Tianjin 300072, China; 
hpzhang@tju.edu.cn (H.Z.); hzhang1@uwo.ca (H.Z.) 

5 Department of Chemical and Biochemical Engineering, Western University, 1151 Richmond Street, 
London, ON N6A 3K7, Canada 

6 National Centre for Upgrading Technology, Canmet ENERGY-Devon, 1 Oil Patch Drive, Edmonton, AB 
T9G 1A8, Canada; siauw.ng@canada.ca 

* Correspondence: huiwang@zjxu.edu.cn (H.W.); ying.zheng@uwo.ca (Y.Z.); Tel.: +86-573-8364-3264 
(H.W.); +1-519-661-2138 (Y.Z.) 

† As the co-first author. 

 

  



 

 

2

 

 

Figure S1 First-order reaction curve without water 

 

 

Figure S2 First-order reaction curve with 1 ml water 
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Figure S3 First-order reaction curve with 3 ml water 

 

Figure S4 First-order reaction curve with 5 ml water 
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Figure S5 First-order reaction curve with 10 ml water 

 

Figure S6 First-order reaction curve with 0.002 mol TBAB 
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Figure S7 First-order reaction curve with 0.004 mol TBAB 

 

 

Figure S8 First-order reaction curve with 0.006 mol TBAB 
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Figure S9 First-order reaction curve with 0.008 mol TBAB 

 

Figure S10 First-order reaction curve with THAB as PTC catalyst 
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Figure S11 First-order reaction curve with TBAB as PTC catalyst 

 

 

Figure S12 First-order reaction curve with BTEAB as PTC catalyst 
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Figure S13 First-order reaction curve for adipic acid 

 

Figure S14 First-order reaction curve for benzoic acid 
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Figure S15 First-order reaction curve for phthalic acid 
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Table S1 Orthogonal experimental factors and levels for the esterification of 

adipic acid 

No

. 

Factors 
Conversion 

(%) 
Water 

(ml) 

TBAB 

(mol) 

Temperature 

(oC)  

Time 

(h) 

1 V1 (3)  n1 (0.002)   T1 (90)  t1(1)  15 

2 V1(3)  n2 (0.004)    T2 (105)  t2(2)  28 

3 V1 (3)  n3( 0.006)    T3 (115)  t3(4)  79 

4 V2 (5)  n1 (0.002)    T2 (105)  t3(4)  42 

5 V2 (5)  n2 (0.004)    T3 (115)  t1(1)  44 

6 V2 (5)  n3 (0.006)   T1 (90)  t2(2)  28 

7 V3 (10)  n1 (0.002)   T3 (115)  t2(2)  9 

8 V3 (10)  n2(0.004)   T1 (90)  t3(4)  7 

9 V3 (10)  n3(0.006)   T2 (105)  t1(1)  14 

K1 121 65 49 73  

K2 113 79 84 65 
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K3 30 121 132 127 

k1 41 22 16 24 

k2 38 26 28 22 

k3 10 40 44 42 

R 31 18 28 21 
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Table S2 Orthogonal experimental factors and levels for the esterification of 

phthalic acid 

No

. 

Factors 
Conversion 

(%) 
Water 

(ml) 

TBAB 

(mol) 

Temperature 

(oC)  

Time 

(h) 

1 V1 (3)  n1 (0.002)   T1 (90)  t1(1)  0  

2 V1(3)  n2 (0.004)   T2 (105)  t2(2)  28 

3 V1 (3)  n3( 0.006)  T3 (115)  t3(4)  86 

4 V2 (5)  n1 (0.002)  T2 (105)  t3(4)  29 

5 V2 (5)  n2 (0.004)  T3 (115)  t1(1)  23 

6 V2 (5)  n3 (0.006)  T1 (90)  t2(2)  21 

7 V3 (10)  n1 (0.002)  T3 (115)  t2(2)  0 

8 V3 (10)  n2(0.004)  T1 (90)  t3(4)  9 

9 V3 (10)  n3(0.006)  T2 (105)  t1(1)  9 

K1 114 29  30  32   

K2 73  61 66  49  
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K3 18  116  109  125 

k1 38  10  10 11 

k2 24  20 22  16  

k3 6  39 36  42  

R 32 29 26 31 
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Table S3 Orthogonal experimental factors and levels for the esterification of 

benzoic acid 

No

. 

Factors 
Conversion 

(%) 
Water 

(ml) 

TBAB 

(mol) 

Temperature 

(oC)  

Time 

(h) 

1 V1 (3)  n1 (0.002)   T1 (90)  t1(1)  5 

2 V1(3)  n2 (0.004)     T2 (105)  t2(2)  51  

3 V1 (3)  n3( 0.006)     T3 (115)  t3(4)  
97  

4 V2 (5)  n1 (0.002)     T2 (105)  t3(4)  23 

5 V2 (5)  n2 (0.004)     T3 (115)  t1(1)  24  

6 V2 (5)  n3 (0.006)    T1 (90)  t2(2)  
27 

7 V3 (10)  n1 (0.002)      T3 (115)  t2(2)  6 

8 V3 (10)  n2(0.004)    T1 (90)  t3(4)  9 

9 V3 (10)  n3(0.006)      T2 (105)  t1(1)  
14 

K1 152 33 41 42  

K2 73 84 87 83 
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K3 29 138 127 129 

k1 51 11 14 14 

k2 24 28 29 28 

k3 10 46 42 43 

R 41 35 29 29 

 

Table S4 Effects of reaction time on the concentration of 1-bromobutane at 96 

oC 

Reaction time (min) Concentration (mol/L) 

20 0.1011 

60 0.0908 

100 0.0845 

140 0.0801 

180 0.0732 

220 0.0680 
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Table S5 Effects of reaction time on the concentration of 1-bromobutane at 103 

oC 

Reaction time (min) Concentration (mol/L) 

30 0.1049 

60 0.0951 

90 0.0887 

120 0.0796 

150 0.0721 

180 0.0680 
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Table S6 Effects of reaction time on the concentration of 1-bromobutane at 107 

oC 

Reaction time (min) Concentration (mol/L) 

30 0.1022 

60 0.0918 

90 0.0815 

120 0.0726 

150 0.0665 
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Table S7 Effects of reaction time on the concentration of 1-bromobutane at 110 

oC 

Reaction time (min) Concentration (mol/L) 

20 0.0932 

45 0.0783 

70 0.0733 

95 0.0672 

120 0.0584 

145 0.0545 

Table S8 The rate constant of 1-bromobutane at different temperatures 

T ( oC ) Kobs (min-1) 

96 0.0019 

103 0.0030 

107 0.0036 

110 0.0042 

 

 


