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Key fragmentation steps of benzoic acid

	The main fragmentation of benzoic acid involves loses of the hydroxyl (OH) group, forming the stable [C6H5CO]+ acylium ion m/z 105, which is typically the base peak, followed by further loss of carbon monoxide (CO) to yield the [C6H5]+ tropylium ion m/z 77; other reaction includes the molecular ion formation [M]+ m/z 122. This and other processes are described as follows:

1. Molecular ion (M+): The initial ionization creates the molecular ion at m/z 122:


Scheme S1. Benzoic acid ionization gives the molecular ion 
2. Loss of OH (base peak): The most abundant peak (base peak) at m/z 105 [C6H5CO]+ ion acylium occurs from the loss of the hydroxyl radical (OH), forming the benzoyl cation, which is stabilized by resonance
[C6H5COOH]+ - OH = [C6H5CO]+
m/z 122 – 17 = m/z 105



Scheme S2. Loss of a hydroxyl group gives the benzoyl cation (acylium ion)

3. Loss of CO: From the m/z 105 benzoyl ion, further loss of carbon monoxide (CO) leads to the m/z 77 ion, namely phenyl/tropylium cation [C6H5]+
[image: ]


Scheme S3. Loss of the carbon monoxide gives the benzyl cation (tropylium ion)

[C6H5CO]+  - CO = [C6H5]+
m/z 105 – 28 = m/z 77

4. m/z 51 [C4H3]+
Loss of C2H2 ethyne from tropylium ion
[C6H5]+ - C2H2 = [C4H3]+
m/z 77 – 26 = m/z 51



Fig.S1. Mass spectrum of benzoic acid


Key fragmentation steps of methyl benzoate

The typical fragmentations of methyl benzoate involves losing the methoxy group to form the benzoyl cation (𝑚/𝑧 105), which undergoes loss of carbon monoxide, leading to key ions like the tropylium cation (m/z 77). The most prominent initial fragmentation often involves cleavage of the OCH3 bond, yielding the [C6H5CO]+ benzoyl cation. Other fragmentations, which give CH3O• (methoxyl radical), or [C6H5]+ tropylium ion, and [CO2CH3]+ (methoxycarbonyl cation) are also commonly seen. The reactions involved are described as follows:

1. Formation of molecular ion m/z 136
Ionization of methyl benzoate gives the molecular ion [C6H5COOCH3]+ m/z 136


Scheme S4. Formation of the methyl benzoate molecular ion

	2. formation of [C6H5CO]+ m/z 105 benzoyl cation (acylium ion)
	Loss of OCH3 methoxy radical from the molecular ion 



Scheme S5. Acylium ion formation from the methyl benzoate molecular ion
	3. Phenyl/Tropylium cation m/z 77
Loss of CO from benzoyl
[C6H5CO]+ - CO = [C6H5]+ 
m/z 105 – 28 = m/z 77
See Scheme 3

4. Toluene radical cation m/z 92
Decarboxylation of the molecular ion
[C6H5COOCH3]+ - [COOCH3]+ = [C7H8]+ 


Scheme S6. Toluene cation radical formation from the methyl benzoate molecular ion



Fig.S2. Mass spectrum of methyl benzoate


Key fragmentation steps of ethyl benzoate

The main fragmentations of ethyl benzoate involve losing the ethoxy group to form the stable benzoyl cation (m/z 105), which can then lose carbon monoxide CO to form the tropylium cation (m/z 77), and a key rearrangement where after one hydrogen atom migrate to ethoxy group an ethylene molecule is lost, yielding the benzoic acid radical cation (m/z 122), with the base peak often being the m/z 105 ion. Since some of these steps were previously described, only those exclusive fragmentations of ethyl benzoate will be described:
Key Fragmentation Pathways:

1. Formation of molecular ion m/z 150
Ionization of methyl benzoate gives the molecular ion [C6H5COOC2H5]+ m/z 150


Scheme S7.  Formation of the ethyl benzoate molecular ion 
2. Loss of ethoxy radical 
	Loss of ethoxy radical from the molecular ion results in the acylium ion m/z 105 (base peak).


Scheme S8. Acylium ion formation from the molecular ion

3. Loss of Carbon Monoxide (CO) from acylium ion:
The m/z 105 benzoyl cation loses CO to form the tropylium ion [image: ] m/z 77 (a common fragment for aromatic compounds).
(see Scheme S3)

4. Hydrogen rearrangement and loss of ethylene (McLafferty Rearrangement)

In this fragmentation, a hydrogen atom migrates from the ethyl group to the carbonyl oxygen. After the double bond electron rearrangement, the elimination of ethylene results in the benzoic acid radical cation (m/z = 122)


Scheme S9. Benzoic acid formation from the molecular ion involves hydrogen migration to carbonyl oxygen, followed by the ethylene elimination (McLafferty rearrangement)


Scheme S10. Benzoyl ion formation from the ethyl benzoate molecular ion (acylium ion)

	4. Tropylium cation m/z 77
Loss of CO from acylium ion
[C6H5CO]+ - CO = [C6H5]+
m/z 105 -28 = m/z 77
See Scheme S3



Fig.S3. Mass spectrum of ethyl benzoate



Key fragmentation steps of propyl benzoate

Propyl benzoate fragmentation typically involves losing the propyl group or parts of it, forming the stable benzoyl cation m/z 105, [C6H5CO]+) as a key peak, along with the loss of the entire propyl group (𝑀−43), McLafferty rearrangement, and other alpha-cleavages, resulting in characteristic ions like the phenoxy radical/anion (m/z = 93 or 92) and smaller fragments from the propyl chain or the benzene ring, all driven by forming the most stable ions and radicals.
Here are typical fragmentation pathways:

1. Formation of molecular ion m/z 164
Ionization of propyl benzoate gives the molecular ion [C6H5COOC3H7]+ m/z 164


Scheme S11. Ion molecular formation

1. Loss of the propoxy radical group OCH2CH2CH3 (M-59): The most common and significant fragmentation is the loss of the propyl group (mass 59) to form the highly stable benzoyl cation (M-59 peak at m/z 105).[image: ]


Scheme S12. Acylium ion formation from the propyl benzoate molecular ion 

4. Hydrogen rearrangement and loss of propene (McLafferty Rearrangement)
A hydrogen atom migrates from the propyl group to the carbonyl oxygen (or similar rearrangement). Afterwards, the elimination of propene results in the benzoic acid radical cation (m/z = 122).



Scheme S13. Benzoic acid formation from the molecular ion involves hydrogen migration to carbonyl oxygen, followed by the propene elimination (McLafferty Rearrangement)

3. Phenyl/Tropylium cation/ m/z 77 
	Loss of CO from benzoyl ion (acylium ion)
See Scheme 3

4. [C3H7]+ ion[image: ]
· Generated by the loss of the benzoate radical (OCOC₆H₅). from the propyl benzoate molecular ion.


Scheme S14. Formation of the acyl ion from the propyl benzoate molecular ion 



Fig.S4. Mass spectrum of propyl benzoate



Key fragmentation steps of butyl benzoate

The main fragmentation pathways for butyl benzoate primarily involve the following steps: 𝛼--cleavage, cleavage of the alkyl-oxygen bond, and McLafferty rearrangement. The most abundant, or base peak, is typically the [C₆H₅CO]⁺ acylium ion at m/z 105.
Major fragment ions and pathways
1. Formation of molecular ion for butyl benzoate m/z = 178


Scheme S15. Formation of the butyl benzoate molecular ion

· [image: ]2. Acylium ion ([C₆H₅CO]⁺) m/z 105
· 	Usually, this is the base peak in the spectrum due to its high stability conferred by the resonance with the aromatic ring. It is formed by the cleavage of the bond between the carbonyl carbon and the ester oxygen (C-O bond scission), with the loss of a butoxy radical (OCH₂CH₂CH₂CH₃).


· Scheme S16. Acylium ion formation from the butyl benzoate molecular ion 
3. Butyl cation m/z 57 ([C₄H₉]⁺)
The butyl cation forms when a benzoate radical leaves the butyl benzoate molecular ion.
[C₆H₅COOC4H9]+ - [C₆H₅COO] = [C₄H₉]⁺
m/z 178 – 121 = m/z 57

4. Hydrogen rearrangement and loss of ethylene (McLafferty Rearrangement)

A hydrogen atom migrates from the butyl group to the carbonyl oxygen (or similar rearrangement). Afterwards, the elimination of ethylene results in the benzoic acid radical cation (m/z = 122)



Scheme S17. Benzoic acid formation from the molecular ion involves hydrogen migration to carbonyl oxygen, followed by the ethylene elimination (McLafferty Rearrangement)
5. Formation of [C3H5]+
Acyl ion CH3CH2CO loses methyl radical, resulting in the [C3H5]+
[C2H5CO]+ - CH3 = [C3H5]+
m/z 57 – 15 = 41


Fig.S5. Mass spectrum of butyl benzoate



Key fragmentation steps of isopropyl benzoate

The main fragmentation of isopropyl benzoate is the -cleavage (at the bond next to the carbonyl group), which leads to the formation of the highly stable acylium ion [C₇H₅O]⁺ m/z 105. This is the base peak in the spectrum. All the other fragmentations are common to the other esters. The stability of the resulting ions (resonance-stabilized acylium cation, phenyl cation, and the secondary isopropyl carbocation) drives these specific fragmentation pathways.

1. m/z 164: Molecular ion 
Ionization of isopropyl benzoate gives the molecular ion [C6H5COOC3H7]+ m/z 164


Scheme S18. Formation of the isopropyl benzoate molecular ion 
	2. Formation of ion acylium from molecular ion 



Scheme S19. Acylium ion formation from the propyl benzoate molecular ion 
4. Hydrogen Rearrangement & Loss of Ethylene (McLafferty Rearrangement)

A hydrogen atom migrates from the propyl group to the carbonyl oxygen (or similar rearrangement). Afterwards, the elimination of ethylene results in the benzoic acid radical cation (m/z = 122)


Scheme S20. Benzoic acid formation from the molecular ion involves hydrogen migration to carbonyl oxygen, followed by the propene elimination (McLafferty Rearrangement)

5. The fragmentations responsible for the formation of ions tropylium ([C₆H₅]⁺, m/z 77) is shown in Scheme 3.

6.  isopropyl cation ([CH₃CO]⁺, m/z 43)
See Scheme 14


Fig.S6. Mass spectrum of isopropyl benzoate



Key fragmentation steps of isobutyl benzoate

In the mass spectrum of isobutyl benzoate, the main fragments come from cleavage of the ester bond and the isobutyl group. Like the other alkyl benzoates, the ion acylium was always the basis peak (m/z 105), whose CO lose gives the tropylium ion (m/z 77). Another typical fragments are isobutenyl (m/z 41), or propyl/ isopropyl, both with m/z = 43. From the molecular ion (m/z 178), it is possible generate fragments due to water loss of small neutrals like water or C₂H₄. Nonetheless, these reactions make it hard to detect the molecular ion. 
These processes will be summarized as follows:
1. Formation of molecular ion
Since the water loss and ethylene are favorable, the molecular ion was few intense (m/z 178). 


Scheme S21. Formation of the isobutyl benzoate molecular ion

Nonetheless, the molecular ion of isobutyl benzoate had very low intensity, requiring a careful ampliation to be seen. It can be assigned to the high stability of its primary product of decomposition, the ether radical isobutoxy ether, which is stabilized by the electro donating effect of two methyl groups over the tertiary carbon, which can stabilize the positive charge on the oxygen atom of radical.


2. Formation of acylium ion m/z 105 from molecular ion


Scheme S22. Formation of the acylium ion from the isobutyl benzoate molecular ion

3. Formation of benzoic acid m/z 122 from isobutyl molecular ion via isobutene elimination (McLafferty Rearrangement)



Scheme S23. Benzoic acid formation from the molecular ion involves hydrogen migration to carbonyl oxygen, followed by the isobutene elimination (McLafferty Rearrangement)

4. The fragmentations responsible for the formation of ions tropylium ([C₆H₅]⁺, m/z 77) is shown in Scheme 3.

5. Formation of [C4H8]+ m/z 56 isobutenyl ion
The ionization of isobutylene gives [C4H8]+ isobutenyl ion

5. The fragmentations of isobutyl chain give fragments m/z 41 [C3H5]+ 
[C4H8]+ - CH3 = [C3H5]+
 m/z 56 – 15 = m/z 41


Fig.S7. Mass spectrum of isobutyl benzoate



Key fragmentations of tert-butyl benzoate

Similar to the verified in mass spectra of other aromatic esters, the main fragmentation involves the loss of the bulky tert-butyl group (m/z 57) from the molecular ion (m/z 178).
1. Formation of tert-butyl benzoate molecular ion m/z 178



Scheme S24. Formation of the tert-butyl benzoate molecular ion

2. Formation of benzoic acid m/z 122 from tert-butyl molecular ion via isobutene elimination (McLafferty rearrangement)



Scheme S26. Benzoic acid formation from the molecular ion involves hydrogen migration to carbonyl oxygen, followed by the isobutene elimination (McLafferty rearrangement)

	3. Formation of acylium ion m/z 105 from tert-butyl benzoate molecular ion



Scheme S25. Formation of the acylium ion from the tert-butyl benzoate molecular ion

4. The fragmentations responsible for the formation of ions tropylium ([C₆H₅]⁺, m/z 77) is shown in Scheme 3.

5. Formation of tert-Butyl cation m/z 57.

· m/z 121: Benzoate ion.
· m/z 91: Tropylium ion (observed at higher temperatures










Fig.S8. Mass spectrum of tert-butyl benzoate


2

image2.emf
O OH

70 eV

O OH

+

m/z = 122



image3.emf
70 eV

O OH

+

m/z = 122

- 

.

(OH)

O

+

m/z = 105



image4.gif




image5.emf
70 eV

- CO O

+

m/z = 105

+

m/z = 77



image6.emf
40 50 60 70 80 90 100 110 120 130

0

20

40

60

80

100

m/z =51

[C

4

H

3

]

+

m/z =77

[C

6

H

5

]

+

Relative intensity / %

16.18

30.93

71

95.06

m/z

OH

O

100

molecular ion

    m/z =122

    [C

7

H

6

O

2

]

+

base ion

 m/z =105

[C

6

H

5

C=O]

+

m/z =50

[C

4

H

2

]

+


oleObject4.bin

image7.emf
70 eV

O OCH

3

O OCH

3

+

m/z = 136



image8.emf
70 eV

O OCH

3

+

m/z = 136

-OCH

3

O

+

m/z = 105



image9.emf
70 eV

O OCH

3

+

m/z = 136

-COOCH

3

CH

2

+

m/z = 92



image10.emf
40 50 60 70 80 90 100 110 120 130 140 150

0

20

40

60

80

100

[C

6

H

5

CO]

+

m/z = 105

Relative intensity / %

40.88

60.42

m/z

100

22.22

O

O

[C

6

H

5

COOCH

3

]

+

m/z = 136

[C

6

H

5

]

+

m/z = 77

[C

4

H

3

]

+

m/z = 51


oleObject8.bin

image11.emf
70 eV

O OC

2

H

5

O OC

2

H

5

+

m/z = 150



image12.emf
70 eV

O OC

2

H

5

+

m/z = 150

-OC

2

H

5

O

+

m/z = 105



image13.emf
70 eV

HO

O OC

2

H

5

+

m/z = 150

- C

2

H

4

m/z = 122

+

O



image14.emf
70 eV

O

O OC

2

H

5

+

m/z = 150

- OC

2

H

5

m/z = 105

+



image15.emf
40 50 60 70 80 90 100 110 120 130 140 150 160

0

20

40

60

80

100

Relative intensity / %

23.03

31.51

100

45.29

m/z

O

O

16.98

[C

6

H

5

]

+

m/z = 77

[C

6

H

5

CO]

+

m/z = 105

[C

6

H

5

COOC

2

H

5

]

+

m/z = 150

[C

4

H

3

]

+

m/z = 51

[C

6

H

5

COOH]

+

m/z = 122


oleObject13.bin

image16.emf
70 eV

O OC

3

H

7

O OC

3

H

7

+

m/z = 164



image17.emf
70 eV

O

O OC

3

H

7

+

m/z = 164

- OC

3

H

7

m/z = 105

+



image18.emf
70 eV

HO

O OC

3

H

7

+

m/z = 164

- C

3

H

6

m/z = 122

+

O



image19.emf
70 eV

O OC

3

H

7

+

m/z = 164

m/z = 43

- (OCOC₆H₅)

[CH

3

CO)]

+


image20.emf
40 50 60 70 80 90 100 110 120 130 140 150 160 170

0

20

40

60

80

100

Relative intensity / %

15.08

44.33

27.75

100

m/z

O

O

50.33

[C

6

H

5

]

+

m/z = 77

[C

6

H

5

CO]

+

m/z = 105

[C

6

H

5

COOC

3

H

7

]

+

m/z = 164

[C

4

H

3

]

+

m/z = 51

[C

6

H

5

COOH]

+

m/z = 122

2.0

[C

6

H

5

COO]

+

m/z = 121

[CH

3

CO]

+

m/z = 43


oleObject17.bin

image21.emf
70 eV

O OC

4

H

9

O OC

4

H

9

+

m/z = 178



image22.emf
70 eV

O

O OC

4

H

9

+

m/z = 178

- OC

4

H

9

m/z = 105

+



image23.emf
70 eV

HO

O OC

4

H

9

+

m/z = 178

- C

4

H

8

m/z = 122

+

O



image24.emf
40 50 60 70 80 90 100110120130140150160170180

0

20

40

60

80

100

Relative intensity / %

14,36

18.06

17.76

47.25

100

m/z

74.91

O

O

[C

6

H

5

CO]

+

m/z = 105

[C

6

H

5

COOC

4

H

9

]

+

m/z = 178

[C

6

H

5

COOH]

+

m/z = 122

[C

6

H

5

]

+

m/z = 77

[C

4

H

9

]

+

m/z = 57

[C

4

H

3

]

+

m/z = 51

[C

6

H

5

COO]

+

m/z = 121

[C

3

H

5

]

+

m/z = 41


oleObject21.bin

image25.emf
70 eV

O

O O

+

m/z = 164

O



image26.emf
70 eV

O

O O

+

m/z = 164

- OC

3

H

7

m/z = 105

+



image27.emf
70 eV

HO

O O

+

m/z = 164

- C

3

H

6

m/z = 122

+

O



image28.emf
40 50 60 70 80 90 100 110 120 130 140 150 160 170

0

20

40

60

80

100

Relative intensity / %

15.1

37.5

19.29

18.48

33.73

m/z

O

O

100

[C

6

H

5

CO]

+

m/z = 105

[C

6

H

5

COOC

3

H

7

]

+

m/z = 164

[C

6

H

5

COOH]

+

m/z = 122

[C

6

H

5

COO]

+

m/z = 121

[C

6

H

5

]

+

m/z = 77

[C

5

H

9

]

+

m/z = 59

[C

4

H

3

]

+

m/z = 51

[CH

3

CO]

+

m/z = 43

13.0


oleObject25.bin

image29.emf
70 eV

+

m/z = 178

C

H

2

CH

O O

CH

3

CH

3

C

H

2

CH

O O

CH

3

CH

3



image30.emf
70 eV

+

m/z = 178

C

H

2

CH

O O

CH

3

CH

3

O

+

m/z = 105

(OCH

2

CH

2

CH

3

CH

3

)



image31.emf
70 eV

HO

+

m/z = 178

- C

4

H

8

m/z = 122

+

O

C

H

2

CH

O O

CH

3

CH

3

H

2

C

CH

3

CH

3



image32.emf
40 50 60 70 80 90 100110120130140150160170180

0

20

40

60

80

100

Relative intensity / %

11.62

21.88

37.86

m/z

O

O

100

56.7

[C

6

H

5

COOC

4

H

9

]

+

m/z = 178

(undetected)

[C

6

H

5

COOH]

+

m/z = 122

[C

6

H

5

CO]

+

m/z = 105

[C

6

H

5

]

+

m/z = 77

[C

4

H

3

]

+

m/z = 51

[C

4

H

8

]

+

m/z = 56

[C

3

H

5

]

+

m/z = 41


oleObject29.bin

image33.emf
70 eV

+

m/z = 178

C

CH

3

O O

H

3

C

CH

3

C

CH

3

O O

H

3

C

CH

3



image34.emf
70 eV

HO

+

m/z = 178

- C

4

H

8

m/z = 122

+

O

C

CH

3

O O

H

2

C

CH

3

CH

3

CH

3

CH

3



image35.emf
70 eV

+

m/z = 178

O

C

CH

3

O O

H

3

C

CH

3

+

m/z = 105

OCCH

3

CH

3

CH

3



image36.emf
70 eV

+

m/z = 178

C

CH

3

O O

H

3

C

CH

3

m/z = 57

[C

6

H

5

COO]

C

CH

3

H

3

C

CH

3

+


image37.emf
40 50 60 70 80 90 100110120130140150160170180

0

20

40

60

80

100

27.44

36.55

72.23

40.06

91.48

Relative intensity / %

m/z

O

O

100

[C

6

H

5

COOC

4

H

9

]

+

m/z = 178

[C

6

H

5

COOH]

+

m/z = 122

[C

6

H

5

]

+

m/z = 77

[C

4

H

3

]

+

m/z = 51

[C

4

H

8

]

+

m/z = 56

[C

6

H

5

CO]

+

m/z = 105

[C

3

H

5

]

+

m/z = 41

[C

4

H

9

]

+

m/z = 57


oleObject33.bin

