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Proton adduct (most predominant reaction)
M+[B+H]+ [M+H]++B

Reagent gas adduct
M+[B+H]+ [M+B+H]+

Hydride ion abstraction
M+[B+H]+ [M-H]++[B+2H]

Charge exchange
M+B+・ M+・+B

Ionization methods available for 
JEOL GC-MS

This is a common soft ionization method used for GC- 
MS. A reagent gas is introduced into a highly gastight 
ionization chamber (approx. 10-2 Pa), and the reagent 
gas (B) is ionized by thermal electrons. Reagent gas ions 
undergo ion-molecule reactions with sample molecules 
(M) to produce protonated molecules, adducts, and 
fragments. Compared to EI, CI produces fewer fragments 
("soft ionization") and provides information about the 
sample elemental composition. Methane, isobutane, 
and ammonia are commonly used as reagent gases. 
Methane and isobutane typically produce protonated 
molecules [M + H]+, while ammonia produces ammonium 
adducts [M + NH4]+.

Chemical Ionization (CI)

This is the ionization method most widely used for GC-
MS. A thermal filament emits high-energy electrons that 
collide with gas-phase molecules to produce ions. The 
gas-phase requirement for ionization makes EI readily 
compatible with gas chromatography (GC) sample 
introduction. Ion/electron collisions can produce many 
fragment ions (“hard ionization”). Because the relative 
intensity of each ion observed (spectral pattern) has high 
reproducibility, components can be identified by comparing 
the acquired spectrum against EI mass spectrum library 
databases. More than 300,000 compounds from multiple 
databases are available with measured EI spectra, 
supporting various GC-MS applications.

Electron Ionization (EI)
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Field Ionization (FI)
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Ionization methods available for 
JEOL GC-MS

Photoionization uses vacuum ultraviolet (VUV) light with a 
photon energy at 8 to 10 eV to irradiate and ionize sample 
molecules.  Because the photon energy is just above 
the ionization energy for typical organic compounds (8 to 
11 eV), PI is a soft ionization method resulting in minimal 
fragmentation.  Compounds that absorb ultraviolet light, 
such as aromatic compounds, tend to have higher 
sensitivity compared to other compounds.
Photoionization is a soft ionization method for GC-MS 
that does not require a reagent gas. It is easy to use and 
is effective in determining the elemental composition of 
an unknown compound.

In field ionization, a high electrical potential (8 to 10 kV) 
is applied between a wire emitter coated with dendritic 
carbon microneedles and a counter electrode (cathode). 
Electron tunneling produces molecular ions when sample 
molecules are exposed to the high electric field at the 
sharp tip of each microneedle. The internal energy imparted 
into sample molecules during the ionization process is 1 
eV or less, which is considerably smaller than that of the EI, 
CI, and PI methods, and results in minimal fragmentation.  
Although FI primarily produces molecular ions, protonated 
molecules are also possible for highly polar compounds. In 
practice, FI is used with GC-MS to ionize gaseous sample 
molecules as they elute from the GC column.
Field ionization is available for JEOL AccuTOF™ GC series 
GC-TOFMS systems.

Scanning electron micrograph of a 
carbon emitter
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m/z

50 100 150 200 250 300 600350 400 450 500 550

50 100 150 200 250 300 600350 400 450 500 550

50 100 150 200 250 300 600350 400 450 500 550

50 100 150 200 250 300 600350 400 450 500 550

57.070

141.164
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351.397 407.459 533.600
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m/z

50 75 100 125 150 175 250200 225

50 75 100 125 150 175 250200 225

50 75 100 125 150 175 250200 225

50 75 100 125 150 175 250200 225
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m/z
50 75 100 125 150 175 250200 225

50 75 100 125 150 175 250200 225

50 75 100 125 150 175 250200 225

50 75 100 125 150 175 250200 225
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243.116
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m/z
50 75 100 125 150 175 200 225 250 275 300

50 75 100 125 150 175 200 225 250 275 300

50 75 100 125 150 175 200 225 250 275 300

50 75 100 125 150 175 200 225 250 275 300

113.039 224.062

252.093

253.101

267.117

252.094

252.094

M+˙

[M+H]+

M+˙

M+˙

[M+C2H5]+
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m/z
50 10075

50 10075

50 10075

50 10075

41.040

56.064

69.071

84.095

83.086
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M+˙
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M+˙

M+˙
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m/z

50 75 100

50 75 100

50 75 100

50 75 100

41.040

55.056

69.071

83.087

98.111

57.071
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M+˙

[M-H]+

M+˙

M+˙
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m/z

50 75 100 125 150 175 200 250225

50 75 100 125 150 175 200 250225

50 75 100 125 150 175 200 250225

50 75 100 125 150 175 200 250225

51.023

77.039

105.033
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182.072
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m/z

50 10075 150125 200175 225 250 300275

50 10075 150125 200175 225 250 300275

50 10075 150125 200175 225 250 300275

50 10075 150125 200175 225 250 300275

51.024

77.039

95.050 128.062

151.039 227.069

61.027 79.053
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257.118
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m/z

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

55.054

74.036

87.044

101.059 129.091 227.200 270.254

74.037 143.108 219.211

271.263

299.294
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143.107 171.139 199.168 227.200

270.255
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M+˙

[M+C2H5]+
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M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C17H34O2=270
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m/z

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

55.054

74.036

87.044

101.060 129.091 199.169 255.232
298.286

74.038 143.108 199.170 247.242

265.252

299.294

327.325
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M+˙
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Methyl stearate
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m/z
50 75 100 125 400

50 75 100 125 150

50 75 100 125 400

50 75 100 125 400

41.039

49.029

57.034

67.054

82.078

88.088

55.056

67.056

83.087

101.098 119.108

44.027

54.047

62.038

67.055

82.079

88.089

51.051 69.070
83.085

100.088

118.098

[M+H]+

M+˙
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m/z

50 75 100 150125

50 75 100 150125

50 75 100 150125

50 75 100 150125

41.039
56.062

70.078

84.093

97.101

57.071

71.086

83.086
97.102

111.117

129.128

56.063

70.078

83.086

97.102

112.125

43.054 73.065
84.098

97.105

112.126

130.136

[M-H]+

[M-H2O]+

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C8H18O=130 

CAS No.111-87-5

H3C OH
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m/z

50 75 100 125 150

50 75 100 125 150

50 75 100 125 150

50 75 100 125 150

53.039

68.062

79.055

93.070

107.086 121.101 136.125

69.071

81.071

95.087

107.087

121.102

135.118

80.064

92.064

107.087
121.103

136.127

136.123

M+˙

[M-H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C10H16=136

CAS No.138-86-3

H3C CH2

CH3
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Terpenes

Limonene
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m/z

50 100 150 200 250 300 550350 400 450 500

50 100 150 200 250 300 550350 400 450 500

50 100 150 200 250 300 550350 400 450 500

50 100 150 200 250 300 550350 400 450 500

121.065

165.091

205.122

430.379

57.068 111.115

165.090

205.122

430.381

459.421

430.381

430.380

M+˙

M+˙

[M+C2H5]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C29H50O=430

CAS No.10191-41-0
H3C

HO

CH3

CH3

CH3

CH3 CH3 CH3

CH3O

In
te
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In
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ity

In
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ns
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Terpenes

DL-α-Tocopherol  
[Vitamin E]
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m/z

50 100 150 200 250 300 450350 400

50 100 150 200 250 300 450350 400

50 100 150 200 250 300 450350 400

50 100 150 200 250 300 450350 400

70.078

112.124

149.023 261.147

279.158

71.086

113.133

149.024

167.034

195.065

261.148

307.190 389.269

112.125

167.034
279.159

57.070

112.125

261.147

279.163 390.274

[M-H]+

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C24H38O4=390

H3C

H3C CH3

CH3

O O
O OCAS No.117-81-7

In
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te
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In
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ity

Phthalic acid esters

Bis(2-ethylhexyl)phthalate) 
[DEHP]
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m/z

50 100 150 200 250 300 500350 400 450

50 100 150 200 250 300 500350 400 450

50 100 150 200 250 300 500350 400 450

50 100 150 200 250 300 500350 400 450

57.070

127.147

149.023

293.174

71.086 127.148

149.023

177.054 293.174 419.315

126.141

293.175

418.308

57.069

85.100

293.178

361.237

418.308

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C26H42O4=418

CAS No.28553-12-0

CH3

CH3

CH3

CH3

O

O

O
O

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phthalic acid esters

Diisononyl Phthalate 
[DINP]
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m/z

50 75 100 125 150 175 200 225 250

50 75 100 125 150 175 200 225 250

50 75 100 125 150 175 200 225 250

50 75 100 125 150 175 200 225 250

57.071
77.040 105.071 128.063 161.097 189.128

205.159

220.182

57.068

109.063 137.094 161.131

205.157

220.181

205.158

220.181

220.181

M+˙

M+˙

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C15H24O=220

CAS No.128-37-0

H3C
H3C

H3C

CH3
CH3

CH3

CH3

OH

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phenols

2,6-Di-tert-butyl-p-cresol 
[BHT]
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m/z

50 75 100 125 150 175 200 225 250

50 75 100 125 150 175 200 225 250

50 75 100 125 150 175 200 225 250

50 75 100 125 150 175 200 225 250

65.039 91.054
119.049

165.070

213.091

228.114

95.047

135.078

213.090

229.121

213.090

228.114

228.115

M+˙

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C15H16O2=228

CAS No.80-05-7 HO OH

CH3

CH3

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phenols

2,2-Bis(4-hydroxyphenyl)propane 
[Bisphenol A]
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m/z

50 100 150 200 250 300 500350 400 450

50 100 150 200 250 300 500350 400 450

50 100 150 200 250 300 500350 400 450

50 100 150 200 250 300 500350 400 450

57.070

91.054 128.062 169.111
219.173

367.262

409.308

424.334

57.068

95.047 135.079

163.110

191.142

219.173

351.268

424.333

424.335

424.332

M+˙

M+˙

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C29H44O2=424

CAS No.118-82-1

H3C

H3C
H3C

H3C

H3C
H3C

HO OH

CH3

CH3

CH3

CH3

CH3

CH3

CH2

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phenols

4,4'-Methylenebis
(2,6-di-tert-butylphenol)
[Ethanox 702]
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m/z

100 200 300 400 500 600

100 200 300 400 500 600

100 200 300 400 500 600

100 200 300 400 500 600

57.071

147.083

219.177

278.190

530.469

57.069

97.100 167.070

219.174 419.353

475.416

530.471

530.470

530.474

M+˙

M+˙

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C35H62O3=530

CAS No.2082-79-3

H3C

H3C

H3C

H3C

HO C18H37

CH3

CH3

O

O

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phenols

2,2-Bis(4-hydroxyphenyl)propane
[Irganox 1076]

25  | JEOL GC-MS Soft Ionization Mass Spectra Collection



m/z

50 100 12575 150 175 200

50 100 12575 150 175 200

50 100 12575 150 175 200

50 100 12575 150 175 200

42.035

51.024

58.066

65.039
77.039

91.054

118.065

135.104

58.064

72.080

91.053

107.048

119.085

136.111

176.143

44.049 58.064

135.103

135.103

M+˙

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C9H13N=135 

CAS No.103-83-3

CH3

CH3

N

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Amines

N,N-Dimethylbenzylamine
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m/z

50 100 12575 150 175 200 225 250

50 100 12575 150 175 200 225 250

50 100 12575 150 175 200 225 250

50 100 12575 150 175 200 225 250

59.049 88.075

146.116

59.048

70.064
86.059 114.090 146.117

174.148 192.159

220.190

146.116

191.151

146.116

191.151

[M+C2H5]+

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C9H21NO3=191

CAS No.122-20-3

H3C

HO CH3

CH3

OH
N

OH

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Amines

Triisopropanolamine
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m/z

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

59.037

72.045

83.086 114.092 140.107 281.269

57.068 83.084
124.111

138.126

166.158

194.189

208.205

222.221

245.226

264.268

282.279

59.035
98.071

126.090

140.106 184.169 222.232

264.244

281.271

264.243

281.270

M+˙

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C18H35NO=281

CAS No.301-02-0
H2N

CH3

O

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Fatty acid amides

Oleamide
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m/z

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

57.068 85.099 124.110 152.141 180.173 208.204

266.282

294.314
284.293

306.314

59.035

72.043 98.071 128.105 184.168 240.231 266.258

283.286

240.230 266.259

283.285

59.038

72.045

86.061 114.092 240.233 283.286
M+˙

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

CAS No.124-26-5

H3C NH2

O

C18H37NO=283

IS
nt

en
si

ty
In

te
ns

ity
In

te
ns

ity
In

te
ns

ity
Fatty acid amides

Stearamide
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m/z

50 75 100 125 150 175 200 225

50 75 100 125 150 175 200 225

50 75 100 125 150 175 200 225

50 75 100 125 150 175 200 225

94.042
122.073

134.073

174.958

53.003

65.039

74.015
92.026

116.933 142.949

171.952

171.953

171.952

M+˙

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C6H5BrO=173

CAS No.95-56-7

OH

Br

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Halogen compounds

2-Bromophenol
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m/z

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

50 100 150 200 250 300 350

46.969 70.969 106.969
141.937

176.906
213.872

248.840

283.809

123.045 214.898

250.856

284.817

283.809

283.809

M+˙

[M+H]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C6Cl6=284

CAS No.124-26-5 Cl

Cl

Cl

Cl

Cl

Cl

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Halogen compounds

Hexachlorobenzene
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m/z

50 100 150 200 250 300 400350

50 100 150 200 250 300 400350

50 100 150 200 250 300 400350

50 100 150 200 250 300 400350

77.038 119.085
154.017

272.057

300.089

315.112

57.068 163.110

260.058
300.090

316.121

344.153

300.089

315.113

315.113

M+˙

[M+H]+

[M+C2H5]+

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C17H18ClN3O=315

CAS No.3896-11-5 

H3C

H3C

H3C

CH3 OH

Cl

N
N

N

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Halogen compounds

2-t-Butyl-6-(5-chloro-2 H-
benzotriazol-2-yl)-4-methylphenol
[Tinuvin326]
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m/z

50 50 100 125 150 200175 250225 275 300

50 50 100 125 150 200175 250225 275 300

50 50 100 125 150 200175 250225 275 300

50 50 100 125 150 200175 250225 275 300

57.070

98.984

110.984 137.036
211.109

57.068
98.982

127.013

155.045

183.076

211.108

239.139

267.171

295.203

98.983

155.047

211.109

57.070

267.172

[M+H]+

[M+H]+

[M+C2H5]+

EI+(70 eV)

CI+(Methane)

PI+

FI+

C12H27O4P=266

CAS No.126-73-8
H3C

CH3

CH3

O

O

O OP

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phosphorus compounds

Tributyl Phosphate
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m/z

50 100 150 200 250 300 550350 400 450 500

50 100 150 200 250 300 550350 400 450 500

50 100 150 200 250 300 550350 400 450 500

50 100 150 200 250 300 550350 400 450 500

57.069

98.983

211.109 323.234

71.084

111.115

98.984 211.110

323.235

435.360

71.086

113.132

323.235

435.359

M+˙

M+˙

EI+(70 eV)

CI+(Methane)

PI+

FI+

C24H51O4P=434

CAS No.78-42-2 H3C

H3C

H3C

H3C

CH3

CH3

O

O

O OP

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

In
te

ns
ity

Phosphorus compounds

Tris(2-ethylhexyl) Phosphate
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No.2001E315E(Bn)


