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Supportive information
[bookmark: _Toc474017315]Table S1 Technical specifications of the engine.
	Type of engine
	Horizontal one-cylinder two-stroke  gasoline engine

	Cylinder bore x stroke
	44 x 35mm

	Displacement
	53.2  cm3

	Maximum Power
	2.0 kW (2.68hp) / 8500rpm

	Maximum torque
	3.0 Nm (2.68 hp)/5000 r pm

	Fuel tank capacity (liters)
	1.1 liters

	Swirl ratio
	2.20 ± 0.1

	Nozzle
	0.33mm, 2 direction injection

	Nozzle Injection Angle
	150 °C

	Injection timing
	19 °C ± 1 BTDC

	Injection valve opening pressure
	19.6~20.1 Mpa (200~205kgf/cm2)

	Cooling type
	Radiator

	Weight
	4.5 kg
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Fig. S1. Engine testing set-up.
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Fig. S2. The pore distribution diagram of BJH desorption pore width for LT, Al2O3, and LT/Al2O3 (et).



Table S2 Mass Fragmentation of compound. 
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Mass Fragmentation of compound (4)
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Mass Fragmentation of compound (5)
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Mass Fragmentation of compound (6)
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Mass Fragmentation of compound (7)
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Mass Fragmentation of compound (8)
[image: ]

	Mass
	Structure
	Mass
	Structure
	Mass
	Structure

	43
	[image: ]
	57
	[image: ]
	71
	[image: ]

	
	C2H3O·
	
	C2HO23·
	
	C3H5O2·

	85
	[image: ]
	102
	[image: ]
	144
	[image: ]

	
	C3H3NO22·
	
	C4H6O34·
	
	C5H6NO43·

	170
	[image: ]
	187
	[image: ]
	213
	[image: ]

	
	C8H10O44·
	
	C8H11O53·
	
	C10H13O56·

	229
	[image: ]
	272
	[image: ]
	288
	[image: ]

	
	C10H13NO63·
	
	C11H14NO7·
	
	C11H14NO8·



Mass Fragmentation of compound (9)
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Mass Fragmentation of compound (10)
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Mass Fragmentation of compound (11)
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Mass Fragmentation of compound (12)
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Mass Fragmentation of compound (13)
[image: C:\Users\hp\Documents\PHD\Publication\July 2023 fuel additive\mass fragment\edit with compound\33.8 (13).tif]

	Mass
	Structure
	Mass
	Structure
	Mass
	Structure

	43
	[image: ]
	57
	[image: ]
	71
	[image: ]

	
	CO22·
	
	C2HO23·
	
	C3H5NO2·

	85
	[image: ]
	116
	[image: ]
	139
	[image: ]

	
	C3H3NO22·
	
	C4H4O44·
	
	C7H7O35·

	145
	[image: ]
	155
	[image: ]
	176
	[image: ]

	
	C4H3NO54·
	
	C7H8O54·
	
	C6H8NO64·

	198
	[image: ]
	214
	[image: ]
	242
	[image: ]

	
	C8H8NO53·
	
	C8H8NO6·
	
	C9H8NO73·

	258
	[image: ]

	
	C9H8NO8·






[bookmark: _GoBack]Table S3 Comparison of LT/Al2O3 (et) efficiency with reported catalysts.
	[bookmark: _Hlk199253430]Catalyst
	Yield
	Chemical Reaction 
	Conditions
	Reference

	Sc(OTf)3
	4%
	CO2 + Methanol → dimethyl carbonate
	180 °C, 24 h
	1

	[Ph2NH2] · OTf
	40%
	
	
	

	La2O3
	55% conversion
	Ethylene glycol (EG)+ urea → dimethyl carbonate
	150 °C, 3h,
	2

	Zn(OTf)2
	39%
	Propylene glycol + CO2 → propylene carbonate
	135 °C, 16 h
	3

	Montmorillonite 
K-10/ La(OTf)3
	~94%
	Benzimidazoles + o-phenylenediamine → 1-benzyl-2-phenyl-1H-benzo[d]imidazole
	90 °C, 4 h
	4

	La(OTf)3
	85%
	Benzimidazoles + o-phenylenediamine →1-benzyl-2-phenyl-1H-benzo[d]imidazole 
	90 °C, 8 h
	

	Yb(OTf)3
	88%
	Benzimidazoles + o-phenylenediamine  → 1-benzyl-2-phenyl-1H-benzo[d]imidazole
	90 °C, 9 h
	

	LT- Al2O3
	96.74%
	Mannose + urea → Mannose carbonate
	140 °C, 8 h
	Current work







References: 

1.	J.-C. Choi, K. Kohno, Y. Ohshima, H. Yasuda and T. Sakakura, Catalysis Communications, 2008, 9, 1630-1633.
2.	B. M. Bhanage, S.-i. Fujita, Y. Ikushima and M. Arai, Green Chemistry, 2003, 5, 429-432.
3.	J. W. Comerford, S. J. Hart, M. North and A. C. Whitwood, Catalysis Science & Technology, 2016, 6, 4824-4831.
4.	K. N. Reddy, S. Ramanaiah and N. A. K. Reddy.

image5.png




image93.tiff
Unknown; InLib=-1187

100, 4
o (o] OYO
O)\O NHNH2
5
o
139
50 CoH 0N, O
m/z 274
] 198
116 | 145 176 258
155
85
A0 DL L4 e
0 il ‘””"‘1"”‘ Ll Ml\‘ TR A g Luhblo ‘L‘ whl - |
40 80 120 160 200 240




image94.png




image95.png




image96.png




image97.png




image98.png




image6.png
)




image7.png
OJ\OJ‘\:




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
(o}

NH,

o




image14.png
o

A LT




image15.png




image16.png




image17.png




image18.png




image19.tiff
Unknown; InLib=-695

100{ 4
o o o\fo

O)\O fo)

o<

50 o
C10H1009
m/z 274

114126 172
72 199 215

Jh 5l7‘ gl ‘?7 AI1|‘012 e iy 1‘|39\ ‘l \” 4” 1?6 ‘ J‘ 230243 258 274

40 60 80 100 120 140 160 180 200 220 240 260




image20.png




image21.png
o




image22.png




image23.png




image24.png




image25.png




image26.png




image27.png




image28.png




image29.png




image30.png




image31.png




image32.tiff
Unknown; InLib=-1589

1004 43
o.__0__0O
o)
NH
o)\o o 2
o~
o)
50-|
199 C,H,NO,
m/z 275
139
114
155 176 | o015
231 (259
| .50 “H \H \‘275
0 Al ) .\um\mmum HnHH Lol atl H‘mu\‘ [
40 80 120 160 200 240 280




image33.png




image34.png
NHe




image35.png




image36.png




image37.png




image38.png
N





image39.png




image40.tiff
Unknown; InLib=-1032

100 i

o (0]
i T

| O)\N (o)

H o_«
[e]
50
CyoH;NOg
m/z 273
139

40 80 120 160 200 240





image41.emf
O O


image42.png




image43.png




image44.png




image45.png




image46.png




image47.tiff
Unknown; InLib=-1302

100 43
o (0] o\fo
O¢I\N o NH,
H
o \
o
50
CoH,,N,04
m/z 274
30 198
115 |145 175 2256%
214 242 274
o H‘“ m iy mm\‘ m\“‘u\\“‘ mm‘mm L bl b o]
40 80 20 160 200 240 280




image48.png




image49.png




image50.png




image51.png




image52.png




image53.png




image1.jpeg




image54.png




image55.png




image56.png




image57.tiff
Unknown; InLib=-1302

100-

50

43
OA\O
187 229
102 M4 470 213
272
‘M 57\ M mm M“ uu“\“ mM Il “\ ol \ h\ ) 288 ‘331
40 80 120 160 200 240 280 320

0~
o

C3H;NOg
m/z 331




image58.png




image59.png




image60.png




image61.png




image62.png
I\'/OTOYO




image63.png




image2.tiff
Pore volume (cm’/g)

0.10

—o— LT
—v— LT/AL,O;4 (et)
0.08 -
0.06 -
0.04 -
0.02 -
e ..
OOO ' | ' | ' | ' | ' | ' | ' | ' I] ' | ' | ' |

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Pore width (A)




image64.png




image65.png
o

NH




image66.png
o

NH




image67.tiff
Unknown; InLib=-1101

43 e
100-| oo
o\ro
J\ NH
5
139 o
50+ CpH N,0q
m/z 332
230
317
115 273
60 85102 | H 214 57‘
ol ul umw \mhh\m‘\\mw\ Ldb L w u‘ e 289 | 332
40 80 120 160 200 240 280 320




image68.png




image69.png




image70.png




image71.png
NH,
02\0
O;\O '




image72.png




image73.png




image3.tiff
Unknown; InLib=-984

100{ 43 NH2
i; 7
50
CIZHISNOIO
14 m/z 333
102 e 148 170 187 215 230
155
: e e
ol 8100y 98 180 L Lo20 TTomt 3

40 60 30 100 120 140 160 180 200 220 240 260 280 300




image74.png
NH,




image75.png




image76.tiff
Unknown; InLib=-1296

1001 43
50-
115
59 85 102
0,
40 80 120

H o
139 \&O
C,oH2N,0,
229 m/z 272
184
171
‘ 213 257272
umwhk‘ ik b L, i
160 200 240





image77.png




image78.png




image79.png




image80.png
Iz

0.

NH




image81.png




image82.tiff
Unknown; InLib=-1302

100, 43 o o o
oYY
O)\N NHNH2
H o‘_<\
e
50 CoH, N;O,
m/z 273
139
185
102 144 229
—— ‘ 171 197 ‘
ol |‘ m ‘\‘“‘Mh Ll “‘ 1 ‘2712 273

40 80 120 1 éO 200 240




image4.jpeg




image83.png
Py
o uﬁ NH
o~

(e}




image84.png




image85.png




image86.tiff
Unknown; InLib=-623

43
100
YUY
O)\O NH
o
[¢]
50 CyoH; NOg
m/z 273
116
577185102 | 129 454 108
ol ey 230 273

40 80 120 160 200 240




image87.png




image88.png




image89.png




image90.png




image91.png




image92.png




