
SUPPLEMENTARY MATERIALS 

Optimization and kinetic studies on biodiesel 
conversion from Chlorella vulgaris microalgae using 
pyrrolidinium-based ionic liquids as catalyst 
Noorhafizah Hasanudin 1, Noraini Abd Ghani 1,2*, Asyraf Hanim Ab Rahim1, Ninna Sakina 
Azman1,2, Nurhusna Aisyah Rosdi2, Asiah Nusaibah Masri3,4 

1 Centre of Research in Ionic Liquids, Universiti Teknologi PETRONAS, Seri Iskandar 32610, Perak, Malaysia; 
fiezah_hfzh@yahoo.com (N.H); noraini.ghani@utp.edu.my (N.A.G); asyrafhanim92@gmail.com (A.H.A.B); 
ninna.azman@gmail.com (N.S.A) 

2 Fundamental and Applied Science Department, Universiti Teknologi PETRONAS, Seri Iskandar 32610, Perak, Malaysia; 
noraini.ghani@utp.edu.my (N.A.G); ninna.azman@gmail.com (N.S.A), nurhusna_25111@utp.edu.my (N.A.R) 

3 UTM-MPRC Institute for Oil and Gas (IFOG), Universiti Teknologi Malaysia, 81310 Skudai, Johor; nusaibah@utm.my (A.N.M) 
4 Department of Energy Engineering, School of Chemical and Energy Engineering, Faculty of Engineering, Universiti 

Teknologi Malaysia, 81310 Skudai, Johor; nusaibah@utm.my (A.N.M) 
* Correspondence: noraini.ghani@utp.edu.my (N.A.G) 
 
 

 
Supplemetary Figure S1: Chromatogram of the 37 Component FAME mix obtained using GC-FID 
equipment with a DB-Wax column. 
 

 

Supplementary Figure S2: GC chromatogram for the characterization of the FAME sample (IL 1) at 
60°C, 20 min, in 30 mL of MeOH and 3.0% wt of IL). 

 

 



 

Supplementary Figure S3: 1H NMR of IL 1: 1H NMR (500 MHz, D2O) δ = 1H NMR (500 MHz, D2O): δ 
3.40-3.37 (m, 4H), 3.23-3.19 (m, 2H), 2.92 (s, 3H), 2.09 (m, 4H), 1.69-1.62 (m, 2H), 1.31-1.23 (m, 2H), 
0.83 (t, 3H, J = 7.5 Hz). 

 

Supplementary Figure S4: 13C NMR of IL 1: 13C NMR (125 MHz, D2O): δ= 14.04, 19.78, 21.59, 25.46, 
48.23, 63.42, 64.06. 

 

 

 

 

1.01.52.02.53.03.54.04.5 ppm

0
.
8
4
2

0
.
8
5
7

0
.
8
7
2

1
.
2
6
0

1
.
2
7
5

1
.
2
9
0

1
.
3
0
4

1
.
3
1
9

1
.
3
3
4

1
.
6
5
4

1
.
6
7
0

1
.
6
7
9

1
.
6
8
6

1
.
6
9
4

1
.
7
0
3

1
.
7
1
8

2
.
1
1
2

2
.
9
4
3

3
.
2
2
1

3
.
2
3
1

3
.
2
3
9

3
.
2
4
5

3
.
2
5
6

3
.
4
0
3

3
.
4
1
2

4
.
7
0
1

3.
00

2.
03

2.
02

3.
95

3.
01

2.
02

4.
04



Supplementary Figure S5: 1H NMR of IL 2: 1H NMR (500 MHz, D2O):δ3.58-3.38 (m, 12H), 3.08 (s, 6 
H), 2.24 (m, 8H), 1.98-1.96 (m, 4 H). 
 

Supplementary Figure S6: 13C NMR of IL 2: 13C NMR (125 MHz, D2O): δ= 19.32, 21.72, 48.97, 63.37, 
64.09. 

  


