EXACT MASS

Dalton (a.m.u.)

proton 1.00728
neutron 1.00866
electron 0.0005486




List of possible molecular formulae from a monoisotopic (exact) mass

Molecular formula range: C3-20 H4-20 O0-3 NO-2 ; CI0-2, Br0-2, S0-2
Mass range: 100 - 200
Unsaturation: 0 -7

MF
CsHsCl
CaH4NoS
C4H403
C3H4NoO,
CgHa
CsHgS
CsHgOs
C4HgN,O
CeH120
CsH12N2
C7H16
C4H4CIN
C4H/NS
C4H/NO,
CsHq1NO
CeH1sN
C4Hg0S
CsH;Cl
CaHgN,S
C4Hg03
C3HgNO5
CgHg
CsHygS
Cs5H1002
C4H10N20
CgH140
CsH14N2
C3H5NOS
C4HsCIN
C4H5NO3
C7HsN
C4HoNS
C4HNO,
CsHy3NO
C3H4S)
CaHq0,8
C4H5CIO
C3HsCIN,
C7H40
C4HgOS
CeHaNyp
CsHoCl
CaHgN2S
C4Hg03
C3HgN20,
CgHsg

Exact mass
100.00798
100.00952
100.01604
100.02728
100.03130
100.03467
100.05243
100.06366
100.08882
100.10005
100.12520
101.00323
101.02992
101.04768
101.08406
101.12045
102.01394
102.02363
102.02517
102.03169
102.04293
102.04695
102.05032
102.06808
102.07931
102.10447
102.11570
103.00918
103.01888
103.02694
103.04220
103.04557
103.06333
103.09971
103.97544
103.99320
104.00289
104.01413
104.02621
104.02959
104.03745
104.03928
104.04082
104.04734
104.05858
104.06260

MF
CsH10S
CsH1202
C4H1oN20
C3H4CINO
C3H,NOS
C4HsCIN
C3H/NO3
C7H/N
C4H14NS
C4H14NO,
C3HgS)
C3HgO,S
C4H,CIO
C3H-CIN,
C7HgO
C4H140S
CeHgN>
CsHq4Cl
C3HqoNoS
C4H1003
C3H1oN202
CgH1o
C3HgCINO
CgHsNO
C3HgNOS
C4H1oCIN
C3HgNO3
C7HgN
C3HsCIO,
CeHaS
C3HgSs
CeH40,
C3HgO,S
C5H4NoO
C4HqCIO
C3HgCIN,
C7HgO
CeHgN>
CgH12
C3HgCINO
CgH7NO
C7H{4N
C3H4Cly
C3H,CIO,
CeHeS
CeHgO2

Exact mass
104.06597
104.08373
104.09496
104.99814
105.02484
105.03453
105.04259
105.05785
105.06122
105.07898
105.99109
106.00885
106.01854
106.02978
106.04186
106.04524
106.05310
106.05493
106.05647
106.06299
106.07423
106.07825
107.01379
107.03711
107.04049
107.05018
107.05824
107.07350
107.99781
108.00337
108.00674
108.02113
108.02450
108.03236
108.03419
108.04543
108.05751
108.06875
108.09390
109.02944
109.05276
109.08915
109.96901
110.01346
110.01902
110.03678

MF
CsHgN,O
C7H100
CeH10N2
CgH14
CsHsNS
CsH5NO,
CeHgNO
C7H13N
C3HsCly
CsH40S
CeHsCl
C4HaNoS
CsH403
C4H4N20,
CeHgS
CeHgO,
CsHgN,0
C7H120
CeH12N2
CgH1e
CsH4CIN
CsH/NS
C5H/NO,
CeH11NO
CoHysN
CsHgOS
CeH/ClI
C4HgN,S
CsHgO3
C4HgN205
CoHs
CeH10S
CeH1002
CsH1oN20
C7H140
CeH14N2
CgHi1g
C4HsNOS
CsHgCIN
C4H5NO3
CgHsN
CsHgNS
C5HgNO,
CgH13NO
C7Hy7N
C4H4Sy

Exact mass
110.04801
110.07316
110.08440
110.10955
111.01427
111.03203
111.06841
111.10480
111.98466
111.99829
112.00798
112.00952
112.01604
112.02728
112.03467
112.05243
112.06366
112.08882
112.10005
112.12520
113.00323
113.02992
113.04768
113.08406
113.12045
114.01394
114.02363
114.02517
114.03169
114.04293
114.04695
114.05032
114.06808
114.07931
114.10447
114.11570
114.14085
115.00918
115.01888
115.02694
115.04220
115.04557
115.06333
115.09971
115.13610
115.97544

MF
C4H40,8
CsH5CIO
C3H4N,0S
C4H5CIN,
C3H4NoO3
CgH40
CsHgOS
C7H4N,
CeHoCl
C4HgN,S
CsHgO3
C4HgN>0,
CoHs
CeH12S
CeH1202
CsH1oNo0
C7H160
CeH16N2
C4H4CINO
C4H,NOS
CsHgCIN
C4H;NO3
CgHN
CsHq1NS
CsH11NOy
CgH1sNO
C4HsS,
C4Hg0,S
CsH;CIO
C3HgN,0S
C4HCIN,
C3HgNoO3
CgHgO
CsH100S
C7HgN,
CeH14Cl
C4H1oN2S
CsH1003
C4H1oN202
CoH1o
CeH14S
CeH1402
CsH14NoO
C3H5NS,
C3HsNOLS
C4HgCINO

Exact mass
115.99320
116.00289
116.00443
116.01413
116.02219
116.02621
116.02959
116.03745
116.03928
116.04082
116.04734
116.05858
116.06260
116.06597
116.08373
116.09496
116.12012
116.13135
116.99814
117.02484
117.03453
117.04259
117.05785
117.06122
117.07898
117.11536
117.99109
118.00885
118.01854
118.02008
118.02978
118.03784
118.04186
118.04524
118.05310
118.05493
118.05647
118.06299
118.07423
118.07825
118.08162
118.09938
118.11061
118.98634
119.00410
119.01379



MF
C7HsNO
C4HgNOS
CsH1oCIN
C4HgNO3
CgHoN
CsHqaNS
CsH13NO2
C3HsBr
C3H40S,
C3H4038
C4H5CIO,
C7H4S
C4HgS;
C3H5CIN,O
C7H40,
C4Hg0,S
CgH4NoO
CsHoCIO
C3HgN,0S
C4HgCIN,
C3HgN,O3
CgHgO
CsH1,08
C7HgN,
CeH13Cl
C4H1oNoS
CsH1203
C4H12N207
CgoH12
C3H4CINO,
C3H7NS,
C3H/NO,S
C4HgCINO
C/H,NO
C4H1{NOS
CsHyoCIN
C4H11NO3
CgH14N
C4H4Cly
C3H7Br
C3HgOS,
CaHgO3S
C4H-CIO,
C7HgS
C4H10S2
C3H7CIN,O
C7HgO5
C4H1002S
CgHgN20
CsHq4CIO
CH1gNoOS

Exact mass
119.03711
119.04049
119.05018
119.05824
119.07350
119.07687
119.09463
119.95746
119.97036
119.98812
119.99781
120.00337
120.00674
120.00904
120.02113
120.02450
120.03236
120.03419
120.03573
120.04543
120.05349
120.05751
120.06089
120.06875
120.07058
120.07212
120.07864
120.08988
120.09390
120.99306
121.00199
121.01975
121.02944
121.05276
121.05614
121.06583
121.07389
121.08915
121.96901
121.97311
121.98601
122.00377
122.01346
122.01902
122.02239
122.02469
122.03678
122.04015
122.04801
122.04984
122.05138

MF
C4H14CIN,
C3H1oN203
CgH100
C7H10N2
CgoH14
C3HsCINO,
CeHsNS
C3HgNS,
CeH5NO,
C3HgNO,S
C4H14CINO
C7HgNO
CgHqaN
C4HeCly
C3HsCIO5
CeH40S
C3Hg0S,
C7HsCl
CsH4NoS
CeH4O3
C4Hg03S
CsH4NoO,
C4HoCIO,
C7HgS
C3HgCIN,O
C7Hg0,
CeHgN20
CgH120
C7H12N2
CoH1e
C3H5CloN
CeH4CIN
C3HgCINO,
CgH/NS
CgH7NO,
C7H14NO
CgHqsN
C3H4Clo0
C4HsCly
C4H7CIO4
CeHgOS
C7H,Cl
CsHgN,S
CeHgO3
CsHgN202
C7H10S
C7H1002
CeH1oN20
CgH140
C7H14N2
CoH1g

Exact mass
122.06108
122.06914
122.07316
122.08440
122.10955
123.00871
123.01427
123.01764
123.03203
123.03540
123.04509
123.06841
123.10480
123.98466
123.99272
123.99829
124.00166
124.00798
124.00952
124.01604
124.01942
124.02728
124.02911
124.03467
124.04034
124.05243
124.06366
124.08882
124.10005
124.12520
124.97990
125.00323
125.02436
125.02992
125.04768
125.08406
125.12045
125.96392
126.00031
126.00837
126.01394
126.02363
126.02517
126.03169
126.04293
126.05032
126.06808
126.07931
126.10447
126.11570
126.14085

MF
C3H/CloN
CsHsNOS
CeHsCIN
CsHsNO3
CeHgNS
CeHgNO,
C7H13NO
CgHq7N
CsH4S)
C3HgCloO
C5Hl0,8
CeHsCIO
C4H4N,08
CsH5CIN,
C4H4No03
CeHgOS
C7HoCl
CsHgN,S
CeHgO3
CsHgN205
C1oHs
C7H12S
C7H1202
CeH1aN20
CgH160
C7H1N2
CgHz0
CsH4CINO
C5H,NOS
CeHgCIN
CsH/NO;3
CoH/N
CeHq1NS
CeH11NO,
C7H15NO
CgHqoN
CsHgSo
CsHg0,S
CeH-CIO
C4HgN,08
CsH-CIN,
C4HgN203
CoHgO
CeH100S
CgHgN>
C7Hy4ClI
CsH1oNoS
CeH1003
CsH1oN202
C1oH10
C7H4S

Exact mass
126.99555
127.00918
127.01888
127.02694
127.04557
127.06333
127.09971
127.13610
127.97544
127.97957
127.99320
128.00289
128.00443
128.01413
128.02219
128.02959
128.03928
128.04082
128.04734
128.05858
128.06260
128.06597
128.08373
128.09496
128.12012
128.13135
128.15650
128.99814
129.02484
129.03453
129.04259
129.05785
129.06122
129.07898
129.11536
129.15175
129.99109
130.00885
130.01854
130.02008
130.02978
130.03784
130.04186
130.04524
130.05310
130.05493
130.05647
130.06299
130.07423
130.07825
130.08162

MF
C7H1402
CeH14N0
CgH10
C7H1gN2
C4H5NS,
C4H5NO,S
CsHgCINO
CgHsNO
CsHgNOS
CeH10CIN
CsHgNO5
CoHoN
CeH13NS
CeH13NO2
C7H47NO
C4H5Br
C4H40S,
CaH4NoS,
C4H4038
C5H5CIO,
CaH4No0,S
CgHeS
CsHgS
C4H5CIN,O
CgH40,
CsHgO,S
C7H4NL0
CgHoCIO
C4HgN,0S
CsHgCIN,
C4HgNoO3
CoHgO
CgH120S
CgHgN,
C7H45Cl
CsH1oNoS
CeH1203
CsH12N202
C1oH12
C7H16S
C7H1602
CeH1gN20
CaH4BIN
C4H4CINO,
C4H/NS,
C4H,NO,S
CsHgCINO
CgH7NO
CsHy1NOS
CgH12CIN
CsHy1NO3

Exact mass
130.09938
130.11061
130.13577
130.14700
130.98634
131.00410
131.01379
131.03711
131.04049
131.05018
131.05824
131.07350
131.07687
131.09463
131.13101
131.95746
131.97036
131.98159
131.98812
131.99781
131.99935
132.00337
132.00674
132.00904
132.02113
132.02450
132.03236
132.03419
132.03573
132.04543
132.05349
132.05751
132.06089
132.06875
132.07058
132.07212
132.07864
132.08988
132.09390
132.09727
132.11503
132.12626
132.95271
132.99306
133.00199
133.01975
133.02944
133.05276
133.05614
133.06583
133.07389



MF

CoH14N
CeH15NS
CeH15NO2
CsH4Cly
C4H,Br
C4HGOS,
C3HgN,S,
C4Hg03S
CsH;CIO,
C3HgN20,S
CgHeS
CsH10S2
C4H7CIN,O
CgHgO5
CsH1002S
C7HgN,0
CgH11CIO
C4H1oN,0S
CsH11CIN,
C4H10N203
CoH100
CeH140S
CgH1oN2
C7HysCl
CsH14NoS
CeH1403
Cs5H14N202
CioH14
C3HgBrN
C3HsNOS,
C3HsNO3S
C4HgCINO,
C7HsNS
C4HoNS,
C7HsNO,
C4HgNO,S
CsH1CINO
CgHgNO
CsH13NOS
CgH14CIN
CsH13NO3
CoH13N
C4HsBro
C3H40,5,
CsHeCly
C4HgBr
C4H5CIO3
C7H,0S
C4HgOS,
C3H5CIN,O,
CgHsCl

Exact mass
133.08915
133.09252
133.11028
133.96901
133.97311
133.98601
133.99724
134.00377
134.01346
134.01500
134.01902
134.02239
134.02469
134.03678
134.04015
134.04801
134.04984
134.05138
134.06108
134.06914
134.07316
134.07654
134.08440
134.08623
134.08777
134.09429
134.10553
134.10955
134.96836
134.98126
134.99901
135.00871
135.01427
135.01764
135.03203
135.03540
135.04509
135.06841
135.07179
135.08148
135.08954
135.10480
135.95238
135.96527
135.98466
135.98876
135.99272
135.99829
136.00166
136.00396
136.00798

MF
CeHaNoS
C3HgNoS»
C7H405
C4HgO3S
CeHaN20,
CsHgCIO,
C3HgN,0,S
CgHgS
CsH12S;
C4HgCIN,O
CgHgOs
CsH120,8
C7HgN,0
CgH13CIO
C4H1oN,08
CsH13CIN,
C4H12N203
CoH120
CgH12N2
C1oH16
C4HsClLN
C3HgBIN
C3H4CINO;
C3H;NOS,
C7H4CIN
C3H/NO3S
C4HgCINO,
C/H/NS
C4H11NS,
C7H,NO,
C4H11NO,S
CsH12CINO
CgHy1NO
CoHqsN
C4H4Cl,0
C3H7Bro
C3H4CloNy
CaHG0,S,
CsHgCly
C4H7CIO4
C;HgOS
C4H100S,
C3H7CIN,O,
CgH-Cl
CeHgN2S
C3H1oN2S2
C/HgO3
C4H1003S
CoHgN2O2
CsH14CIO,
CaH1oN20,S

Exact mass
136.00952
136.01289
136.01604
136.01942
136.02728
136.02911
136.03065
136.03467
136.03804
136.04034
136.05243
136.05580
136.06366
136.06549
136.06703
136.07673
136.08479
136.08882
136.10005
136.12520
136.97990
136.98401
136.98797
136.99691
137.00323
137.01466
137.02436
137.02992
137.03329
137.04768
137.05105
137.06074
137.08406
137.12045
137.96392
137.96803
137.97515
137.98092
138.00031
138.00837
138.01394
138.01731
138.01961
138.02363
138.02517
138.02854
138.03169
138.03507
138.04293
138.04476
138.04630

MF

CgH10S
C4H11CIN,O
CgH1002
C7H1oN20
CgH140
CgH14N2
C1oH1g
C4H,CIoN
C3HGCINO,
CeHsNOS
C3HgNOS,
C7HECIN
CeHsNO3
C3HgNO3S
C4H1oCINO,
C7HgNS
C7HgNO,
CgH13NO
CoHy7N
CeH4So
C4HsCl,0
C3HgCloN,
CeH40,S
C3Hg0,S,
C7HsCIO
C5H4N,08
CeHsCIN
CsH10Cl2
C5HgN203
C4HoCIO3
C7HgOS
C3HgCIN,O,
CgHoCl
CeHgNoS
C7HgO3
CeHgN2Os
CgH12S
CgH1202
C7H1oNL0
CoH160
CgH1eN2
C1oH20
C3HsCILNO
CeH4CINO
C4HgCIoN
C3HgCINO,
CeH/NOS
C7HgCIN
CgH7NO;
C7H14NS
C7H11NO,

Exact mass
138.05032
138.05599
138.06808
138.07931
138.10447
138.11570
138.14085
138.99555
139.00362
139.00918
139.01256
139.01888
139.02694
139.03031
139.04001
139.04557
139.06333
139.09971
139.13610
139.97544
139.97957
139.99080
139.99320
139.99657
140.00289
140.00443
140.01413
140.01596
140.02219
140.02402
140.02959
140.03526
140.03928
140.04082
140.04734
140.05858
140.06597
140.08373
140.09496
140.12012
140.13135
140.15650
140.97482
140.99814
141.01120
141.01927
141.02484
141.03453
141.04259
141.06122
141.07898

MF
CgH1sNO
CoHqoN
C3H,Cl0,
CeHgS2
C4HgClo0
C3HgCloNy
CeHgO,S
C/H,CIO
CsHgN20S
CgH7CIN
CsHgN2O3
C7H100S
CgHy4Cl
CeH1oN2S
C7H1003
CeH10N202
C11H10
CgH14S
CgH1402
C7H14N20
CoH10
CgH1gN2
CsHsNS,
C4H7CI,NO
CsH5NO,S
CgHECINO
CeHoNOS
C7H10CIN
CgHoNO3
C1oHgN
C/Hy3NS
C7H13NO,
CgHy7NO
CsHgBr
CsH40S,
CaHgCly05
C4H4N2S,
CsHq03S
CgH5CIO,
C4HaN2055
CeHgSs
CsH5CIN,O
CeHg0,S
C7HoCIO
CsHgN,0S
CgHoCIN,
CsHgN203
C1oHgO
C/H120S
CoHgNa
CgHy5Cl

Exact mass
141.11536
141.15175
141.95883
141.99109
141.99522
142.00645
142.00885
142.01854
142.02008
142.02978
142.03784
142.04524
142.05493
142.05647
142.06299
142.07423
142.07825
142.08162
142.09938
142.11061
142.13577
142.14700
142.98634
142.99047
143.00410
143.01379
143.04049
143.05018
143.05824
143.07350
143.07687
143.09463
143.13101
143.95746
143.97036
143.97448
143.98159
143.98812
143.99781
143.99935
144.00674
144.00904
144.02450
144.03419
144.03573
144.04543
144.05349
144.05751
144.06089
144.06875
144.07058



MF
CeH12N2S
C7H1203
CeH12N202
Cq1H12
CgH16S
CgH1602
C7H1gN20
CoH00
CgHaoN2
C4H4BIN
C5H4CINO,
Cs5H7NS,
C5H7NOLS
CgHgCINO
CgH7/NO
CgH11NOS
C7H42CIN
CeH11NO3
CqoH14N
C7H15NS
C7H1sNO,
CgH1gNO
CeH4Cly
CsH/Br
CsHGOS,
C4HgNoS,
CsHgO3S
CgH7CIO,
C4HgN0,S
CgHgS
CeH10S2
CgsH7CINoO
CgHgO2
CgH1002S
CgHgN>O
C,H44CIO
CsH1gN20OS
CgH41CINy
Cs5H10N203
C1oH100
C7H1408
CgH1oN2
CgHy5Cl
CeH14N2S
C7H1403
CeH14N202
C11H14
CgH18S
CgH1502
C7H1gN20
C4HgBIN

Exact mass
144.07212
144.07364
144.08988
144.09390
144.09727
144.11503
144.12626
144.15142
144.16265
144.95271
144.99306
145.00199
145.01975
145.02944
145.05276
145.05614
145.06583
145.07389
145.08915
145.09252
145.11028
145.14666
145.96901
145.97311
145.98601
145.99724
146.00377
146.01346
146.01500
146.01902
146.02239
146.02469
146.03678
146.04015
146.04801
146.04984
146.05138
146.06108
146.06914
146.07316
146.07654
146.08440
146.08623
146.08777
146.09429
146.10553
146.10955
146.11292
146.13068
146.14191
146.96836

MF
C4H5NOS,
C4H5NO3S
CsHgCINO,
CgHsNS
CsHgNS,
CgHsNO,
C5HgNO,S
CeH1oCINO
CoHgNO
CeH13NOS
C7H14CIN
CeH13NO5
C1oH43N
C7H{7NS
C7H17NO,
C4HsBrO
C3H5BrN,
C4H40,5,
C3H4N,0S,
CeHgClo
CsHgBr
C5HsCIO3
C3H4No03S
CgH40S
CsHgOS,
C4H5CIN,O,
CoHsCl
C7H4NLS
C4HgNoS,
CgH4O3
C5HgO3S
C7H4N,0,
CeHoCIO,
C4HgN,0,S
CoHgS
CeH12S2
C5HgCIN,O
CoHgO,
CeH1205S
CgHgN20
C7H43CIO
CsH1oN08
CeH13CIN,
Cs5H12N203
C10H120
C7H160S
CgH12N2
CgH4-Cl
CeH1N2S
C7H1603
CeH16N202

Exact mass
146.98126
146.99901
147.00871
147.01427
147.01764
147.03203
147.03540
147.04509
147.06841
147.07179
147.08148
147.08954
147.10480
147.10817
147.12593
147.95238
147.96361
147.96527
147.97651
147.98466
147.98876
147.99272
147.99426
147.99829
148.00166
148.00396
148.00798
148.00952
148.01289
148.01604
148.01942
148.02728
148.02911
148.03065
148.03467
148.03804
148.04034
148.05243
148.05580
148.06366
148.06549
148.06703
148.07673
148.08479
148.08882
148.09219
148.10005
148.10188
148.10342
148.10994
148.12118

MF

Cq1H1e
C3H4BINO
CsHsCIN
C4HgBIN
C4H4CINO,
C4H,NOS,
CgH4CIN
C4H,NO3S
C5HgCINO,
CgH7NS
CsH11NS;
CgH7NO,
CsH11NO,S
CegH12CINO
CoHy1NO
CeH1sNOS
C7H16CIN
CeH1sNO3
CqoH1sN
CgH4Cl0
C4H7Bro
C4H4CIoNy
C3H,BIN,
C4Hg0,S,
C3HgN,0S,
CeHsCly
CgH44Br
CsH,CIO3
C3HgN03S
CgHgOS
CsH100S;
C4H,CIN,O,
CoHCl
C7HgN,S
C4H1oN2S;
CgHgO3
CsH1003S
C7HGN20,
CeH11CIO,
C4H10N20,S
CoH10S
CeH14S2
CsHq1CIN,O
CgH1002
CeH1402S
CgH1gNoO
C7H15CIO
CsH14N,0S
CeH15CIN,
CsH14N203
C1oH140

Exact mass
148.12520
148.94763
148.97990
148.98401
148.98797
148.99691
149.00323
149.01466
149.02436
149.02992
149.03329
149.04768
149.05105
149.06074
149.08406
149.08744
149.09713
149.10519
149.12045
149.96392
149.96803
149.97515
149.97926
149.98092
149.99216
150.00031
150.00441
150.00837
150.00991
150.01394
150.01731
150.01961
150.02363
150.02517
150.02854
150.03169
150.03507
150.04293
150.04476
150.04630
150.05032
150.05369
150.05599
150.06808
150.07145
150.07931
150.08114
150.08268
150.09238
150.10044
150.10447

MF
CgH14N2
Cq1H1sg
C3HgBINO
C3HsNO,S,
CsH7CIoN
C4H10BMN
C4HGCINO;
C/HsNOS
C4HgNOS,
CgHsCIN
C7H5NO5
C4HgNO3S
CsH1qCINO,
CgHgNS
CsH13NS;
CgHoNO,
CsH13NO,S
CeH14CINO
CoH13NO
CqoH17N
C3H5BrO,
C3H403S,
C7H4S,
CsHgCIL0
C4HgBrO
C4HgCIoN,
C7H40,8
C3HgBrN,
C4Hg05S,
C3H5CIN,O4
CgHsCIO
CeH4N,OS
C3HgN,0S,
C7H5CIN,
CeH10Cl2
CeHaN203
C5HgClO3
C3HgNp03S
CgHgOS
Cs5H120S;
C4HgCINLO,
CoHoCl
C7HgN,S
C4H12N2Sz
CgHgO3
CsH1203S
C7HgN,0,
CeH13CIO,
C4H12Np05S
CoH12S
CsH13CIN,O

Exact mass
150.11570
150.14085
150.96328
150.97617
150.99555
150.99966
151.00362
151.00918
151.01256
151.01888
151.02694
151.03031
151.04001
151.04557
151.04894
151.06333
151.06670
151.07639
151.09971
151.13610
151.94729
151.96019
151.97544
151.97957
151.98368
151.99080
151.99320
151.99491
151.99657
151.99887
152.00289
152.00443
152.00781
152.01413
152.01596
152.02219
152.02402
152.02556
152.02959
152.03296
152.03526
152.03928
152.04082
152.04419
152.04734
152.05072
152.05858
152.06041
152.06195
152.06597
152.07164



MF

CgH1202
CgH12N0
C10H160
CgH16N2
C11H20
C4H5CI,NO
C3HgBINO
C3H/NO,S,
C7H,4CINO
CsHgCloN
C4HgCINO,
C7H,NOS
C4H14NOS,
CgHsCIN
C7H;NO4
C4H11NO3S
CsH12CINO,
CgH14NS
CgH11NO2
CoH15NO
C1oH19N
C4H4Cl,05
C3H-Bro,
C3H4CIoN,O
C3HgO3S,
C7HgS,
C5HgClo0
C4HgClIoN,
C7HG0,S
C4H1002S;
C3H7CIN,O3
CgH-CIO
CeHgNLOS
C3H1oN20S;
C7H7CIN,
CeH12Cly
CeHgN203
CsH11CIO3
C3H10N203S
CgH100S
C4H11CIN,O,
CoH4Cl
CyH1oNoS
CgH1003
C7H10N202
CgH14S
CgH1402
CgH14N20
C10H180
CgH1gN2
CgH5NS,

Exact mass
152.08373
152.09496
152.12012
152.13135
152.15650
152.97482
152.97893
152.99182
152.99814
153.01120
153.01927
153.02484
153.02821
153.03453
153.04259
153.04596
153.05566
153.06122
153.07898
153.11536
153.15175
153.95883
153.96294
153.97007
153.97584
153.99109
153.99522
154.00645
154.00885
154.01222
154.01452
154.01854
154.02008
154.02346
154.02978
154.03161
154.03784
154.03967
154.04121
154.04524
154.05091
154.05493
154.05647
154.06299
154.07423
154.08162
154.09938
154.11061
154.13577
154.14700
154.98634

MF
C4H,CI,NO
CeHsNO,S
C3HgNO,S,
C7HgCINO
CsH11ClN
C4H1oCINO3
C7HgNOS
CgH1oCIN
C7HgNO3
CgH13NS
CgH13NO2
CoH47NO
CgHsBr
CeH40S,
C4HsCly0,
CsHaN,S,
C3HgCloN,O
CeH403S
C3Hg03S,
C7HsCIO,
CsH4N20,S
C7HgS,
CeH5CIN,O
CsH14Clo0
C4H1CloNy
C7Hg0,S
C3HgCINoO3
CgHgCIO
CeHgN,0S
C7HgCIN,
CeHgNoO3
CgH1208
CoH15Cl
C7H1oNoS
CgH1203
C7H12N202
Cq2H12
CoH16S
CgH1602
CgH1N20
C10H200
CgHaoN3
CsH4BIN
C3H5ClLNO,
CeH4CINO,
CeH7NS,
C4HoCILNO
CeH7NO,S
C7HgCINO
C7H14NOS
CgH12CIN

Exact mass
154.99047
155.00410
155.00747
155.01379
155.02685
155.03492
155.04049
155.05018
155.05824
1565.07687
155.09463
155.13101
155.95746
155.97036
155.97448
155.98159
155.98572
155.98812
155.99149
155.99781
1565.99935
156.00674
156.00904
156.01087
156.02210
156.02450
156.03017
156.03419
156.03573
156.04543
156.05349
156.06089
156.07058
156.07212
156.07864
156.08988
156.09390
166.09727
1566.11503
156.12626
156.15142
156.16265
156.95271
1566.96973
156.99306
157.00199
157.00612
1567.01975
157.02944
157.05614
157.06583

MF
C7H14NO3
Cq4H14N
CgH1sNS
CgH15NO,
CgH1gNO
C3H4Cl05
C7H4Cly
CgH7Br
CeHg0S,
C4HgClo0s
CsHgN,So
C3HgCloN,0
CeHgO3S
C7H,CIO,
CsHgNo0,S
C7H10S2
CeH7CIN,O
C7H100.S
CgH11CIO
CeH10N20S
C7H44CIN,
CeH10N203
C14H100
CgH140S
C1oH10N2
CoH1sCl
C7H14N5S
CgH1403
C7H14N202
Ci2H14
CgoH18S
CgH1502
CgH1gN20
CgHgBrN
CsH5NOS,
C3H7CIoNO,
CsHsNO3S
CgHECINO,
CgHgNS,
CgHgNOLS
C7H41oCINO
C19HgNO
C7H13NOS
CgH14CIN
C7H13NO3
Cq1Hq3N
CgHq7NS
CgH17NO2
CsHsBrO
C4H5BIN,
C5H40,5,

Exact mass
157.07389
157.08915
157.09252
157.11028
157.14666
157.95375
157.96901
157.97311
157.98601
157.99013
157.99724
158.00137
158.00377
158.01346
158.01500
158.02239
158.02469
158.04015
158.04984
158.05138
158.06108
158.06914
158.07316
158.07654
158.08440
158.08623
158.08777
158.09429
158.10553
158.10955
158.11292
158.13068
158.14191
158.96836
158.98126
158.98538
158.99901
159.00871
159.01764
159.03540
159.04509
159.06841
159.07179
159.08148
159.08954
159.10480
159.10817
159.12593
159.95238
159.96361
159.96527

MF
C3HsCloO3
C4H4N20S,
C7HeCly
CgHgBr
CeH5CIO;
C4H4N03S
CeHgOS,
CsH5CIN,O,
CsHgN,S,
CeHgO3S
C7HgCIO,
CsHgNp0,S
C1oHgS
C7H12S2
CeHoCIN,O
C10HgO2
C7H120,S
CoHgNo0
CgH13CIO
CeH12N20S
C7H13CIN,
CeH12N203
C11H120
CgH160S
C1oH12N2
CoHy-Cl
C7H16NoS
CgH1603
C7H16N202
Ci2H16
CoH20S
CgH2002
CgHaoN20
C4H4BINO
CeH5CloN
CsHgBrN
CsH4CINO3
C5H,NOS,
CsH/NO3S
CgHgCINO,
CoH/NS
CeH11NS;
CoH7NO,
CeH11NO,S
C7H1,CINO
C1oH14NO
C7H;5NOS
CgH16CIN
C7H15NO3
Cq1H1sN
CgH1gNS

Exact mass
159.96940
159.97651
159.98466
159.98876
159.99272
159.99426
160.00166
160.00396
160.01289
160.01942
160.02911
160.03065
160.03467
160.03804
160.04034
160.05243
160.05580
160.06366
160.06549
160.06703
160.07673
160.08479
160.08882
160.09219
160.10005
160.10188
160.10342
160.10994
160.12118
160.12520
160.12857
160.14633
160.15756
160.94763
160.97990
160.98401
160.98797
160.99691
161.01466
161.02436
161.02992
161.03329
161.04768
161.05105
161.06074
161.08406
161.08744
161.09713
161.10519
161.12045
161.12382



MF
CgH1gNO,
CgHaCloO
CsH7BrO
CsH4CloN,
C4H7BrN,
CsHg02S5
C4HgN20S,
C/HgCly
CgH14Br
CeH7CIO3
C4HgN203S
CoHgOS
CeH100S;
CsH7CIN,O,
C1oH7Cl
CgHgNoS
CsH1oN2S;
CoHgO3
CeH1003S
CgHgNoO5
C7H41CIO,
CsH1gNpO5S
C1oH10S
C7H14S2
CgH11CIN,O
C10H1002
C7H1405S
CgH10N20
CgH45CIO
CgH14N20S
C7H45CIN,
CeH14N203
C11H140
CgH1g0S
C1oH14N2
CgH1oCl
C7H1gN2S
CgH1803
C7H1gN202
C12H1g
C4HgBINO
C4H5NO,S,
CgH7CIN
CsH1gBIN
CsHECINO3
CgHsNOS
C5HgNOS,
CgHeCIN
CgHsNO,
CsHgNO3S
CgH1oCINO,

Exact mass
161.14158
161.96392
161.96803
161.97515
161.97926
161.98092
161.99216
162.00031
162.00441
162.00837
162.00991
162.01394
162.01731
162.01961
162.02363
162.02517
162.02854
162.03169
162.03507
162.04293
162.04476
162.04630
162.05032
162.05369
162.05599
162.06808
162.07145
162.07931
162.08114
162.08268
162.09238
162.10044
162.10447
162.10784
162.11570
162.11753
162.11907
162.12559
162.13683
162.14085
162.96328
162.97617
162.99555
162.99966
163.00362
163.00918
163.01256
163.01888
163.02694
163.03031
163.04001

MF

CoHgNS
CeH13NS;
CoHgNO,
CeH13NO,S
C7H14CINO
C1oH13NO
C7H17NOS
CgH1CIN
C7H17NO,
Cq4H47N
C4H5BrO,
C3H5BrN,O
C4H403S,
C3H4N20,S,
CgH4S)
CeHgCloO
CsHgBroO
CsHgCloNy
CgH40,8
C4HgBrN,
CsHgO,S,
C4H5CIN,O3
CoHsCIO
C7H4N,08
C4HgN,0S,
CgH5CIN,
C7H10Cly
CgH13Br
C7H4NoO3
CeHoCIO3
C4HgNo03S
CoHgOS
CeH120S,
CsHgCIN,O,
C1oHoCl
CgHgN,S
Cs5H12N2S2
CoHgO3
CeH1203S
CgHgN203
C7H13CIO,
CsH12Np0,S
CqoH12S
C7H16S2
CeH13CIN,O
C1oH1202
C7H16058
CoH1aN20
CgH47CIO
CeH1gN208
C7H47CIN,

Exact mass
163.04557
163.04894
163.06333
163.06670
163.07639
163.09971
163.10309
163.11278
163.12084
163.13610
163.94729
163.95853
163.96019
163.97142
163.97544
163.97957
163.98368
163.99080
163.99320
163.99491
163.99657
163.99887
164.00289
164.00443
164.00781
164.01413
164.01596
164.02006
164.02219
164.02402
164.02556
164.02959
164.03296
164.03526
164.03928
164.04082
164.04419
164.04734
164.05072
164.05858
164.06041
164.06195
164.06597
164.06934
164.07164
164.08373
164.08710
164.09496
164.09679
164.09833
164.10803

MF
CeH16N203
C11H160
C1oH16N2
C12H20
C3H4BrNO,
CgzH5CIbNO
C4HgBrNO
C4H7NO,S,
CgH4CINO
CgHgCIoN
CsH12BrN
C5HgCINO3
CgH/NOS
CsH{1NOS,
CgHgCIN
CgH7NO3
CgH11NO3S
CgH12CINO,
CgH11NS
CeH15NS2
CgH11{NO>
CgH15NO5S
C7H46CINO
C10H15NO
CqiHqoN
C5H4ClL0,
C4H7Bro,
C4H4CloN,0
C3H,BrN,O
C4Hg03S,
C3HGN20,S,
CgHgSs
CgH3ClO
CsHq4BrO
CsHgCloN,
CgHg0sS
C4H14BrN,
CsH1002S;
C4H,CIN,O3
CoH7CIO
C7HgN,0S
C4H1oN20S;
CgH7CIN,
C7H12Cly
C7HgN203
CeH11CIO;
C4H1oN203S
CoH100S
CeH140S,
CsH11CINO,
C1oH14Cl

Exact mass
164.11609
164.12012
164.13135
164.15650
164.94254
164.97482
164.97893
164.99182
164.99814
165.01120
165.01531
165.01927
165.02484
165.02821
165.03453
165.04259
165.04596
165.05566
165.06122
165.06459
165.07898
165.08235
165.09204
165.11536
165.15175
165.95883
165.96294
165.97007
165.97418
165.97584
165.98707
165.99109
165.99522
165.99933
166.00645
166.00885
166.01056
166.01222
166.01452
166.01854
166.02008
166.02346
166.02978
166.03161
166.03784
166.03967
166.04121
166.04524
166.04861
166.05091
166.05493

MF
CgH10N2S
CsH14N2S2
CgoH1003
CgH1403S
CgH1oN202
C7H15CIO,
CsH14N20,S
C1oH14S
CgH15CIN,O
C10H1402
CgH14N20
C11H1g0
C1oH1gN2
C3HgBINO,
C3HsNO3S,
C7HsNS,
CsH7CILNO
C4H10BrNO
C7HsNOLS
C4HgNO,S,
CgHgCINO
CeH11CIN
CsH10CINO;
CgHgNOS
CsH13NOS,
CoH10CIN
CgHgNO3
CsH13NO3S
CeH14CINO,
CoH13NS
CgH13NO2
C1oH17NO
C3H5BrO3
C7HgBr
C7H40S,
C5HgCloOs
C4HgBrO,
CeHaNoSy
C4HgCIoN,0
C7H4048
C3HgBN,O
C4HgO3S
CgH5CIO,
CeHaN20,S
CaHgN20,S,
CgHgS,
C7H5CIN,O
CeH10Clp0
CsH1CIoNa
CgHg0,S
Cs5H1202S;

Exact mass
166.05647
166.05984
166.06299
166.06637
166.07423
166.07606
166.07760
166.08162
166.08729
166.09938
166.11061
166.13577
166.14700
166.95819
166.97109
166.98634
166.99047
166.99458
167.00410
167.00747
167.01379
167.02685
167.03492
167.04049
167.04386
167.05018
167.05824
167.06161
167.07131
167.07687
167.09463
167.13101
167.94221
167.95746
167.97036
167.97448
167.97859
167.98159
167.98572
167.98812
167.98983
167.99149
167.99781
167.99935
168.00272
168.00674
168.00904
168.01087
168.02210
168.02450
168.02787



MF
C4HgCIN,O3
CgHgCIO
C7HgN,0S
C4H12N20S;
CgHoCIN,
C7H14Cly
C7HgN203
CgH13CIO3
C4H12N203S
CgH120S
C5H43CIN2O,
C1oH13Cl
CgH12NoS
CgH1203
CgH12N202
C1oH16S
C10H1602
CgH16N20O
C11H200
C1oH20N2
CeH4BrN
C4H5CILNO,
C3HgBrNO,
CaH7NO3S,
C7H,4CINO,
C/H,NS,
CsHoCILNO
C7H,NO,S
C4H11NO2S;
CgHgCINO
CeH13CIN
CsH12CINO3
CgH11NOS
CgH1,CIN
CgH11NO3
CoH1sNS
CgH15NO2
C1oH1gNO
C4H4Cly05
C3H7BrO3
C3H4CloN,O,
CgH4Cly
C/H;Br
C7HOS,
CsHgCloO5
CeHeN2S,
C4HgCloNO
C7HgO3S
C4H1003S;
CgH7CIO,
CeHgN205S

Exact mass
168.03017
168.03419
168.03573
168.03911
168.04543
168.04726
168.05349
168.05532
168.05686
168.06089
168.06656
168.07058
168.07212
168.07864
168.08988
168.09727
168.11503
168.12626
168.15142
168.16265
168.95271
168.96973
168.97384
168.98674
168.99306
169.00199
169.00612
169.01975
169.02312
169.02944
169.04250
169.05057
169.05614
169.06583
169.07389
169.09252
169.11028
169.14666
169.95375
169.95786
169.96498
169.96901
169.97311
169.98601
169.99013
169.99724
170.00137
170.00377
170.00714
170.01346
170.01500

MF
C3H1oN202S;
CgH10S2
C7H,CIN,O
CgH12C1,0
CsH12CI2N
CgH1002S
C4H11CIN,O5
CgH14CIO
C7H1oN208
CgH11CIN
C7H10N203
CoH140S
C1oH15Cl
CgH14NoS
CgoH1403
CgH14N202
Cq3H1a
CqoH1gS
C10H1802
CoH1gN,0
CeHgBIN
CeHsNOS,
C4H,CI,NO,
CeHsNO3S
C3HgNO3S,
C7HgCINO,
C7HNS,
CsHy1ClLNO
C7HgNO,S
CgH1CINO
CgH13NOS
CgH14CIN
CgH13NO3
Cq2H13N
CgH¢7NS
CgH17NO>
CgH5Bro
CsH5BrN»
CeH40,5,
C4HsCl05
CsH4NL0S,
C3HgClaNoO,
CgHeCly
C7HgBr
C7HsCIO3
C5H4No03S
C7HgOS,
CeH5CIN,O,
CsH1oCl205
CeHgNoS»
C4H1oCloN,0

Exact mass
170.01837
170.02239
170.02469
170.02652
170.03775
170.04015
170.04582
170.04984
170.05138
170.06108
170.06914
170.07654
170.08623
170.08777
170.09429
170.10553
170.10955
170.11292
170.13068
170.14191
170.96836
170.98126
170.98538
170.99901
171.00239
171.00871
171.01764
171.02177
171.03540
171.04509
171.07179
171.08148
171.08954
171.10480
171.10817
171.12593
171.95238
171.96361
171.96527
171.96940
171.97651
171.98063
171.98466
171.98876
171.99272
171.99426
172.00166
172.00396
172.00578
172.01289
172.01702

MF
C7HgO3S
CgHgCIO,
CgHgN205S
CgH12S2
C7HgCIN,O
CgH120,S
CgH¢3CIO
C7H{2N,08
CgH43CIN,
C7H12N203
Cq2H120
CgH150S
Cq4H12N2
C10H17Cl
CgH1eN2S
CgH1603
CgH1eN202
Ci3Hie
C1oH20S
C10H2002
CoHaoN20
CsH4BINO
C3H5CIoNO3
C7H5CIoN
CeHgBIN
CeH4CINOS
CeH/NOS,
C4HgCINO,
CeH/NO3S
C7HgCINO,
C7H14NS,
C7H11NO,S
CgH12CINO
C41H1HNO
CgH15NOS
CgH16CIN
CgH15NO3
Cy2H15N
CoH1gNS
CoH1gNO,
C7H4Cl,0
CgH7BroO
CeH4CloN,
CsH-BrN,
CeHg02S0
C4HgCly03
CsHgNL0S,
C3HgCloNoO,
CgHgCly
C7Hq4Br
C7H;CIO3

Exact mass
172.01942
172.02911
172.03065
172.03804
172.04034
172.05580
172.06549
172.06703
172.07673
172.08479
172.08882
172.09219
172.10005
172.10188
172.10342
172.10994
172.12118
172.12520
172.12857
172.14633
172.15756
172.94763
172.96465
172.97990
172.98401
172.98797
172.99691
173.00103
173.01466
173.02436
173.03329
173.05105
173.06074
173.08406
173.08744
173.09713
173.10519
173.12045
173.12382
173.14158
173.96392
173.96803
173.97515
173.97926
173.98092
173.98505
173.99216
173.99628
174.00031
174.00441
174.00837

MF
CsHgN203S
C7H100S;
CgH7CIN,O,
CeH10N2S2
C7H1003S
CgH11CIO,
CeH1oN20,S
C11H10S
CgH14S2
C7H11CINO
C11H1002
CgH140,S
C1oH1oN20
CoH15CIO
C7H14N,0S
CgH15CIN,
C7H14N203
C12H140
CoH150S
C11H14N2
C1oH1oCl
CgH1gNoS
CgH1g03
CgH1gN202
Ci3H1sg
C5HgBrNO
CsHsNO,S,
C3H7CI,NO3
C7H7CIoN
CeH10BMN
CeHGCINO;
CeHgNOS,
CeHgNO3S
C7H10CINO,
C1oHgNS
C7H13NS,
C10HgNO2
C7H13NO,S
CgH14CINO
C11H43NO
CgH17NOS
CgH1gCIN
CgH17NO3
Cq2Hy7N
Cs5H5BrO;
C4H5BrN,0
CsHq0355
C4H4N505S,
C7HgClo0
CgHgBrO
CeHeCloN,

Exact mass
174.00991
174.01731
174.01961
174.02854
174.03507
174.04476
174.04630
174.05032
174.05369
174.05599
174.06808
174.07145
174.07931
174.08114
174.08268
174.09238
174.10044
174.10447
174.10784
174.11570
174.11753
174.11907
174.12559
174.13683
174.14085
174.96328
174.97617
174.98030
174.99555
174.99966
175.00362
175.01256
175.03031
175.04001
175.04557
175.04894
175.06333
175.06670
175.07639
175.09971
175.10309
175.11278
175.12084
175.13610
175.94729
175.95853
175.96019
175.97142
175.97957
175.98368
175.99080



MF
CsHgBrN,
CeHgO2S2
C5H5CIN,O3
C5HgN,0S,
CgH10Cl2
C7H43Br
C7HgCIO3
C5HgN,03S
C1oHsOS
C7H120S;
CgHgCIN,O5
C11HgCI
CgHgN>S
CeH12N2S2
C1oHgO3
C7H41203S
CgHgN202
CgH13CIO5
CeH12N202S
CqqH12S
CgH16S2
C7H43CIN,O
C11H1202
CgH15025
C1oH12N20
CoH4,CIO
C7H1gN20S
CgH17CIN,
C7H16N203
C12H160
CoHp00S
C11H16N2
CgHaoNoS
CgH2003
CgH2oN202
C13Ha20
C4H4BINO,
CgH5CILNO
CsHgBrNO
C5H,NO,S,
C7HgCloN
CeH12BMN
CeHgCINO;
CoH,NOS
CeH11NOS,
C1oHgCIN
CgH7NO,
CeH11NO3S
C7H4,CINO,
C1oH11NS
C7H45NS,

Exact mass
175.99491
175.99657
175.99887
176.00781
176.01596
176.02006
176.02402
176.02556
176.02959
176.03296
176.03526
176.03928
176.04082
176.04419
176.04734
176.05072
176.05858
176.06041
176.06195
176.06597
176.06934
176.07164
176.08373
176.08710
176.09496
176.09679
176.09833
176.10803
176.11609
176.12012
176.12349
176.13135
176.13472
176.14124
176.15248
176.15650
176.94254
176.97482
176.97893
176.99182
177.01120
177.01531
177.01927
177.02484
177.02821
177.03453
177.04259
177.04596
177.05566
177.06122
177.06459

MF
C10H11NO2
C7H1sNO,S
CgH16CINO
C41H15NO
CgH1gNOS
CoHaoCIN
CgH1gNO3
Cq2H19N
CeH4Clh0,
CsHBrO,
CsH4CloN,O
C4H/BrN,O
CsHgO3S,
C4HgN20,S,
CoHgS)
C7HgCl,0
CgH14BroO
CeHgCloNy
CoHg02S
CsHy1BrN,
CeH1002S2
C5H;CIN,O3
C1H,CIO
CgHgN,0S
CsH1oN20S;
CoH-CIN,
CgH12Cly
C7Hq5Br
CgHgN2O3
C7H41CIO3
CsH1oN203S
C1oH100S
C7H140S,
CeH14CIN,O,
Cq4H44Cl
CoH1oNoS
CeH14N2S>
C10H1003
C7H14035
CgoH1oN202
CgH15CIO,
CeH14Np05S
C11H14S
CgH18S2
C7H15CIN,O
C11H1402
CgH1505S
C1oH14N20
CoH1oCIO
C7H1gN,08
CgH1CIN,

Exact mass
177.07898
177.08235
177.09204
177.11536
177.11874
177.12843
177.13649
177.15175
177.95883
177.96294
177.97007
177.97418
177.97584
177.98707
177.99109
177.99522
177.99933
178.00645
178.00885
178.01056
178.01222
178.01452
178.01854
178.02008
178.02346
178.02978
178.03161
178.03571
178.03784
178.03967
178.04121
178.04524
178.04861
178.05091
178.05493
178.05647
178.05984
178.06299
178.06637
178.07423
178.07606
178.07760
178.08162
178.08499
178.08729
178.09938
178.10275
178.11061
178.11244
178.11398
178.12368

MF
C7H1gN203
C12H1g0
Cq1H1gN2
C4HgBINO,
C4H5NO3S,
CgHsNS,
CeH7CILNO
CsH1oBrNO
CgHsNO,S
CsHgNO,S,
CoHsCINO
C7H14CIN
CeH14BrN
CeH1oCINO3
CoHgNOS
CeH13NOS,
C1oH10CIN
CoHgNO3
CeH13NO3S
C7H14CINO,
CqoH13NS
C7H17NS,
C1oH13NO2
C7H17NOLS
CgH1gCINO
C14H47NO
C4H5BroO3
C3H5BrN,O,
CgHsBr
C3H4N,03S,
CgH40S,
CeHgClo0s
CgHgBrO,
C7H4N,S,
CsHgCloN,O
CgH403S
C4HgBrN,0
CsHg03S,
CoHsCIO,
C7H4NL0,S
C4HgN20,S,
CoHgS,
CgH5CIN,O
C7H10C1,0
CgH13Bro
CeH10ClI2N2
CoHg0,S
CsHq3BrN,
CeH1202S;
C5HgCIN,O3
C1oHgCIO

Exact mass
178.13174
178.13577
178.14700
178.95819
178.97109
178.98634
178.99047
178.99458
179.00410
179.00747
179.01379
179.02685
179.03096
179.03492
179.04049
179.04386
179.05018
179.05824
179.06161
179.07131
179.07687
179.08024
179.09463
179.09800
179.10769
179.13101
179.94221
179.95344
179.95746
179.96633
179.97036
179.97448
179.97859
179.98159
179.98572
179.98812
179.98983
179.99149
179.99781
179.99935
180.00272
180.00674
180.00904
180.01087
180.01498
180.02210
180.02450
180.02621
180.02787
180.03017
180.03419

MF
CgHgN>OS
C5H12N20S,
CgHgCINy
CgH14Cly
CgHgN203
C7H43CIO3
Cs5H12N203S
C19H120S
C7H160S;
CgH13CIN2O5
C11H43ClI
CgHq2NoS
CeH16N2S2
C10H1203
C7H1603S
CgH12N20;
CgH47CIO5
CeH16N202S
Cq1H16S
C7H417CIN,O
C11H1602
C10H16N20
C12H200
Cqq1H20N2
C3H4BrNO3
C7H4BrN
CsH5CIoNO,
C4HgBrNO,
C4H7NO3S,
CgH4CINO,
CgH7NS,
CeHoCILNO
CsH1,BrNO
CgH/NO,S
C5H11NO2S;
CoHgCINO
C7H13CIN
CgH12CINO,
CoH11NOS
CeH15NOS,
C1oH12CIN
CgH11NO3
CeH15NO3S
C7H16CINO,
C1oH15NS
C1oH15NO2
C11H4gNO
CsH4ClO5
C4H7BrO3
C4H4CIoN,O,
CoH4Cly

Exact mass
180.03573
180.03911
180.04543
180.04726
180.05349
180.05532
180.05686
180.06089
180.06426
180.06656
180.07058
180.07212
180.07549
180.07864
180.08202
180.08988
180.09171
180.09325
180.09727
180.10294
180.11503
180.12626
180.15142
180.16265
180.93746
180.95271
180.96973
180.97384
180.98674
180.99306
181.00199
181.00612
181.01023
181.01975
181.02312
181.02944
181.04250
181.05057
181.05614
181.05951
181.06583
181.07389
181.07726
181.08696
181.09252
181.11028
181.14666
181.95375
181.95786
181.96498
181.96901



MF
C3H/BrN,O,
CgH/Br
C3HgN203S,
CgHgOS;
CeHgCly0,
CsH14BrO,
C7HgN,S,
CsHgCloNL0
CgHg03S
C4H14BrN,O
CsH1003S;
CoH7CIO,
C7HgN0,S
C4H1oN202S;
CgH10S2
CgH7CIN,O
C7H15Cl,0
CeH12CIoN,
CoH1002S
CeH1402S;
CsH141CIN,O3
C1oH11CIO
CgH1oN,0S
CsH14N208,
CoH11CIN,
CgH16Cl2
CgH10N203
C7H15CIO5
CsH14N203S
C10H140S
CgH15CINoO,
C14H45Cl
CoH14NoS
C10H1403
CgH14N20,
C11H1gS
C11H1802
C1oH1N20
C3HgBrNO;
C7HgBIN
C7HsNOS,
CsH7CINO,
C4H10BrNO,
C7HsNO3S
C4HgNO3S,
CgHGCINO,
CgHoNS,
CgH11CINO
CgHgNO,S
CsH13NO2S;
CgH1oCINO

Exact mass
181.96909
181.97311
181.98198
181.98601
181.99013
181.99424
181.99724
182.00137
182.00377
182.00548
182.00714
182.01346
182.01500
182.01837
182.02239
182.02469
182.02652
182.03775
182.04015
182.04352
182.04582
182.04984
182.05138
182.05476
182.06108
182.06291
182.06914
182.07097
182.07251
182.07654
182.08221
182.08623
182.08777
182.09429
182.10553
182.11292
182.13068
182.14191
182.95311
182.96836
182.98126
182.98538
182.98949
182.99901
183.00239
183.00871
183.01764
183.02177
183.03540
183.03877
183.04509

MF
C7H15CIN
CeH14CINO3
CoH13NOS
C1oH14CIN
CoH13NO5
CoH17NS
C4oH17NO2
C7HsBrO
CeHsBrN,
C7H40,5,
CsHeCl03
C4HgBrO,
CeH4N,0S,
C4HgCIoN,O,
CoHsCly
C3HgBrN,O,
CgHgBr
CgH5CIO3
CeH4NoO3S
C3HgN203S,
CgHgOS,
C7H5CIN,O,
CeH10CloOs
C7HgN,S,
CsH1oCloN20
CgHg03S
Cs5H1203S;
CoHoCIO,
C7HgNo0,S
C4H12N202S;
CgH12S;
CgHgCIN,O
C7H14C1L0
CeH14CloN5
CoH190,S
CsH13CIN,O3
C1oH13CIO
CgH1oN208
CgH13CIN,
CgH12N203
C1oH160S
C11H47Cl
CoH1gN2S
C10H1603
CgH1N202
Ci4H16
C11H20S
C11H2002
C10H20N20
CgH4BrNO
C4H5CIoNO4

Exact mass
183.05815
183.06622
183.07179
183.08148
183.08954
183.10817
183.12593
183.95238
183.96361
183.96527
183.96940
183.97351
183.97651
183.98063
183.98466
183.98474
183.98876
183.99272
183.99426
183.99763
184.00166
184.00396
184.00578
184.01289
184.01702
184.01942
184.02279
184.02911
184.03065
184.03402
184.03804
184.04034
184.04217
184.05340
184.05580
184.06147
184.06549
184.06703
184.07673
184.08479
184.09219
184.10188
184.10342
184.10994
184.12118
184.12520
184.12857
184.14633
184.15756
184.94763
184.96465

MF
C3HgBINO3
CgHsCIN
C7HgBIN
C7H,4CINO3
C;H,NOS,
CsHgCloNO,
C7H,NO3S
C4H11NO3S,
CgHgCINO,
CgH14NS,
CeH13ClLNO
CgH11NO,S
CoH1,CINO
CoH15NOS
C1oH16CIN
CoH1sNO3
Cs3H1sN
C1oH19NS
C10H19NO2
C3H4CloNO3
CgH4Clo0
C,H,Bro
C7H4CIoN,
CeH/BrN,
C7Hg02S,
CsHgCly03
CeHgN20S,
C4HgCloNoOs
CoHsCly
CgHq4Br
CgH,CIO3
CeHgNo03S
C3H19N203S;
CgH100S;
C7H,CIN,0,
CeH12C1205
C7H10N2S2
CH12CloNL0
CgH1003S
CgH11CIO,
C7H10No0,S
CgH14S;
CgH11CIN,O
CoH140,S
C1oH15CIO
CgH14N08
CoH15CIN,
CgH14N203
C43H140
C1oH180S
C12H14N2

Exact mass
184.96876
184.97990
184.98401
184.98797
184.99691
185.00103
185.01466
185.01804
185.02436
185.03329
185.03742
185.05105
185.06074
185.08744
185.09713
185.10519
185.12045
185.12382
185.14158
185.95990
185.96392
185.96803
185.97515
185.97926
185.98092
185.98505
185.99216
185.99628
186.00031
186.00441
186.00837
186.00991
186.01328
186.01731
186.01961
186.02143
186.02854
186.03267
186.03507
186.04476
186.04630
186.05369
186.05599
186.07145
186.08114
186.08268
186.09238
186.10044
186.10447
186.10784
186.11570

MF
C11H19Cl
CoH1gNoS
C10H1803
CgH1gN202
C14H1g
CeHgBrNO
CeH5NO,S,
C4H7CloNO3
CgH7CIoN
C7H10BIN
C7HGCINO;
C7HgNOS,
CsH11CILNO,
C7HgNO3S
CgH10CINO,
CgH13NS,
CgH13NO,S
CoH14CINO
C12H13NO
CoH17NOS
C1gH1sCIN
CgH17NO3
Cq3Hq7N
CgH5BroO,
CsH5BrN,O
CeH403S,
CsH4N205S,
C3HgCIoNoO3
CgHgClL0
C7HgBrO
C7HgCloN,
CeHgBrN,
C7Hg0,S,
CeH5CIN,O4
CsH10C203
CeHgN20S,

C4H1gClaN205

CgH10Cl2
CgH43Br
CgHgClO5
CeHgNpO3S
CgH120S;
C7HgCIN,O,
C7H12N2S3
CgH1203S
CgH3CIO,
C7H15N20,S
C12H12S
CgH16S2
CgH13CIN,O
C12H1202

Exact mass
186.11753
186.11907
186.12559
186.13683
186.14085
186.96328
186.97617
186.98030
186.99555
186.99966
187.00362
187.01256
187.01668
187.03031
187.04001
187.04894
187.06670
187.07639
187.09971
187.10309
187.11278
187.12084
187.13610
187.94729
187.95853
187.96019
187.97142
187.97555
187.97957
187.98368
187.99080
187.99491
187.99657
187.99887
188.00070
188.00781
188.01193
188.01596
188.02006
188.02402
188.02556
188.03296
188.03526
188.04419
188.05072
188.06041
188.06195
188.06597
188.06934
188.07164
188.08373



MF
CgH1602S
C11H12N20
C1oH17CIO
CgH1gN20OS
CgH47CIN,
CgH16N203
C13H160
C1oH200S
Ci2H16N2
CgH20N2S
C10H2003
CgH20N202
C14H20
CsH4BrNO,
C7H5CI,NO
CeHgBrNO
CeH7NO,S,
C4HgCloNO3
CgHgCloN
C7Hy,BIN
C7HgCINO3
C7H14NOS,
C7H14NO3S
CgH12CINO,
C11H14NS
CgH15NS;
C11H11NO2
CgH15NO,S
CoH16CINO
C42H15NO
CoH1gNOS
C1gHagCIN
CgH19NO3
Cq3H1oN
C7H4Cl,0
CgH7Bro,
CeH4CloNL0
CsH/BrN,O
CeHgO3S5
CsHgN205S,
C3HgCloN,O3
CgHgClo0
C7H44BrO
C7HgCloN,
CeH14BrNy
C7H1002S;
CgH7CIN,O3
CeH1oN208,
CgH12Clp
CgH15Br
CgH11CIO;

Exact mass
188.08710
188.09496
188.09679
188.09833
188.10803
188.11609
188.12012
188.12349
188.13135
188.13472
188.14124
188.15248
188.15650
188.94254
188.97482
188.97893
188.99182
188.99595
189.01120
189.01531
189.01927
189.02821
189.04596
189.05566
189.06122
189.06459
189.07898
189.08235
189.09204
189.11536
189.11874
189.12843
189.13649
189.15175
189.95883
189.96294
189.97007
189.97418
189.97584
189.98707
189.99120
189.99522
189.99933
190.00645
190.01056
190.01222
190.01452
190.02346
190.03161
190.03571
190.03967

MF
CeH10N203S
C14H1o0S
CgH140S;
C7H11CINoO,
Cq2H44Cl
C1oH10N2S
C7H14N2S;
C41H1003
CgH1403S
C10H10N202
CoH15CIO,
C7H14N20,8
Cy2H14S
CoH18S2
CgH15CIN,O
C12H1402
CoH1502S
C14H14N20
C1oH14CIO
CgH1gN20S
CgH1gCIN,
CgH1gN203
C13H1g0
Cy2H1gN2
CsHgBrNO,
C5H5NO3S,
C7H,CI,NO
CeH10BrNO
CeHgNO,S,
CgH11CIN
C7H14BIN
C7H1oCINO;
C1oHgNOS
C7H43NOS,
Cy1H1CIN
C1oHgNO3
C7H13NO3S
CgH14CINO,
C14H43NS
CgH17NS;
C14H43NO2
CgH17NO,S
CoH1sCINO
C12H47NO
Cs5H5BrO3
C4H5BrN,0,
CgHsBr
C4H4No03S,
C7HGC1L0,
CeHgBrO,
CHeClaNo0

Exact mass
190.04121
190.04524
190.04861
190.05091
190.05493
190.05647
190.05984
190.06299
190.06637
190.07423
190.07606
190.07760
190.08162
190.08499
190.08729
190.09938
190.10275
190.11061
190.11244
190.11398
190.12368
190.13174
190.13577
190.14700
190.95819
190.97109
190.99047
190.99458
191.00747
191.02685
191.03096
191.03492
191.04049
191.04386
191.05018
191.05824
191.06161
191.07131
191.07687
191.08024
191.09463
191.09800
191.10769
191.13101
191.94221
191.95344
191.95746
191.96633
191.97448
191.97859
191.98572

MF
CsHgBN,O
CeH303S2
CsHgN20,S,
C1oHsgS;
CgH10C1p0
C7H43BrO
C7H10CloN,
C1oHg02S
CeH13BrN,
C7H1202S;
CeHoCIN,O3
C11HgCIO
CoHgN,0S
CeH12N208,
C1oHgCIN,
CoH14Cly
CgH47Br
CgHgN203
CgH13CIlO3
CeH12N203S
C41H120S
CgH150S,
C7H43CIN>O5
C12H13ClI
C1oH12N2S
C7H16N2S;
C11H1203
CgH1603S
C1oH12N202
CoH1/CIO,
C7H1gN205S
Cq2H16S
CgH20S2
CgH7CIN,O
C12H1602
CoHp00,S
C11H1gN20
CgHaoN208
CgH20N203
C13H200
C12H20N2
C4H4BrNO;
CgH4BIN
CeH5CloNO,
CsHgBrNO,
CsH/NO3S,
CoH7NS,
C7HgCI,NO
CeH12BrNO
CoH/NO,S
CeH11NOLS,

Exact mass
191.98983
191.99149
192.00272
192.00674
192.01087
192.01498
192.02210
192.02450
192.02621
192.02787
192.03017
192.03419
192.03573
192.03911
192.04543
192.04726
192.05136
192.05349
192.05532
192.05686
192.06089
192.06426
192.06656
192.07058
192.07212
192.07549
192.07864
192.08202
192.08988
192.09171
192.09325
192.09727
192.10064
192.10294
192.11503
192.11840
192.12626
192.12963
192.14739
192.15142
192.16265
192.93746
192.95271
192.96973
192.97384
192.98674
193.00199
193.00612
193.01023
193.01975
193.02312

MF
C1HgCINO
CgH13CloN
C7H1BIN
C7H12CINO3
C1oH14NOS
C7H;5NOS,
C11H12CIN
C1oH11NO3
C7H15NO3S
CgH16CINO,
C11H15NS
CgH19NS;
C11H15NO2
CgH1gNO,S
CoHaoCINO
C12H1gNO
CeH4Cly03
CsH/BrOs
CsH4CloNoO,
C4H7BrN,0O,
CgH-/Br
C4HgN203S,
CoHgOS,
C7HgC1L0,
CeH14BrO,
CgHgNoSy
CeHgCloN,0
CoHgO3S
CsH14BrN,O
CeH1003S;
C19H7CIO5
CgHgN205S
CsH1oN202S;
C1oH10S2
CgH7CIN,O
CgH12CI,0
C7H45BrO
C7H12CIoNo
C10H10028
CgH15BrNo
C7H1402S;
CgH11CINO3
C41H14CIO
CoH1oN20S
CeH14N20S;
C10H11CIN2
CgH16Cl2
CgH10N203
CgH15CIO3
CeH14N203S
C11H140S

Exact mass
193.02944
193.04250
193.04661
193.05057
193.05614
193.05951
193.06583
193.07389
193.07726
193.08696
193.09252
193.09589
193.11028
193.11365
193.12334
193.14666
193.95375
193.95786
193.96498
193.96909
193.97311
193.98198
193.98601
193.99013
193.99424
193.99724
194.00137
194.00377
194.00548
194.00714
194.01346
194.01500
194.01837
194.02239
194.02469
194.02652
194.03063
194.03775
194.04015
194.04186
194.04352
194.04582
194.04984
194.05138
194.05476
194.06108
194.06291
194.06914
194.07097
194.07251
194.07654



MF
CgH150S
C7H15CIN,O,
C12H15Cl
C1oH14N2S
C7H1gN2S;
C11H1403
CgH1503S
C10H14N20;
CoH1CIO,
C7H1gN20,5S
C12H1gS
CgH19CIN,O
C12H1502
C11H1N20
C4HgBrNO3
CgHgBIN
CgH5NOS,
CeH7CINO,
CsH10BrNO,
CgHsNO3S
CsHgNO3S,
CoHECINO,
CoHoNS,
C7H41CI,NO
CgH14BrNO
CgHgNO,S
CeH13NO2S;
C1oH10CINO
CgH15CIoN
C7H14CINO;
C10H1aNOS
C7H;7NOS,
C11H14CIN
C10H13NO3
C/H;7NO3S
CgH1sCINO,
Cq1H17NS
C44H47NO2
C3H5BrN,04
CgHsBrO
C7HsBIN,
CgH405S,
CeHeCl03
CsHgBrO3
C7H4N20S,
CsHgCloN20,
C10HeCl2
C4HgBIN,O,
CgHgBr
CgHsCIO3
C7H4N,035

Exact mass
194.07991
194.08221
194.08623
194.08777
194.09114
194.09429
194.09767
194.10553
194.10736
194.10890
194.11292
194.11859
194.13068
194.14191
194.95311
194.96836
194.98126
194.98538
194.98949
194.99901
195.00239
195.00871
195.01764
195.02177
195.02588
195.03540
195.03877
195.04509
195.05815
195.06622
195.07179
195.07516
195.08148
195.08954
195.09291
195.10261
195.10817
195.12593
195.94835
195.95238
195.96361
195.96527
195.96940
195.97351
195.97651
195.98063
195.98466
195.98474
195.98876
195.99272
195.99426

MF
C4HgN203S,
CoHgOS,
CgH5CIN,O,
C7H1oC1,05
CeH13BrO,
CgHgNoS,
CeH10CloN20
CoHgO3S
CsH13BrNL0
CeH1203S;
C10HgCIO,
CgHgNo0,S
C5H12N202S;
C1oH12S2
CoHgCIN,O
CgH14C1,0
C7H14CloNy
C10H1202S
C7H16025;
CeH13CIN,O5
C14H15CIO
CoH1oN08
CeH16N20S;
C1oH13CIN
CoH1gClo
CgH12N203
CgH17CIO3
CeH16N203S
C41H160S
C7H17CINoO
Cq2H47Cl
CqoH1eN2S
C41H1603
C10H16N202
Cq2H20S
C12H2002
C14H20N20
C7H4BrNO
CsHsCILNO3
C4HgBINO;
CoHsCloN
CgHgBIN
CgH4CINO;
CgH,NOS,
CeHgCloNO,
CsH12BrNO,
CgH/NO3S
C5H11NO3S;
CoHgCINO,
CgH11NS;
C7H13CILNO

Exact mass
195.99763
196.00166
196.00396
196.00578
196.00989
196.01289
196.01702
196.01942
196.02113
196.02279
196.02911
196.03065
196.03402
196.03804
196.04034
196.04217
196.05340
196.05580
196.05917
196.06147
196.06549
196.06703
196.07041
196.07673
196.07856
196.08479
196.08662
196.08816
196.09219
196.09786
196.10188
196.10342
196.10994
196.12118
196.12857
196.14633
196.15756
196.94763
196.96465
196.96876
196.97990
196.98401
196.98797
196.99691
197.00103
197.00514
197.01466
197.01804
197.02436
197.03329
197.03742

MF
CoH11NO,S
CeH15NOLS,
C1oH12CINO
CgH17CIoN
C7H16CINO,
C1oH15NOS
C14H16CIN
C1oH15NO3
Cq1H1gNS
C11H1gNO2
C3Hy4Bry
C4H4CloN,05
CgH4Clo0
C3H7BrN,O3
CgH,BroO
CgH4CloN,
C7H7BrN,
CgHg02S5
CeHgCloO3
CgH¢1BrO3
C7HgN,0S,
C5HgCloNL0,
C10HgCl2
C4H11BrN,O,
CgHq4Br
CoH7CIO3
C7HgN,03S
C4H10N203S;
CgH100S;
CgH,CIN,O,
C7H42CI202
CgH1oN2S2
CgH12CIoN,O
CoH1003S
CeH1403S;
C10H11CIO2
CgH10N205S
Cs5H14N202S;
C10H14S2
CgH11CIN,O
CgH16C1o0
C7H16CIoN,
C1oH1402S
CeH15CINoO3
C14H5CIO
CoH14N,0S
C1oH15CIN2
CgH14N203
C41H150S
C12H19Cl
C1oH1gN2S

Exact mass
197.05105
197.05442
197.06074
197.07380
197.08187
197.08744
197.09713
197.10519
197.12382
197.14158
197.86798
197.95990
197.96392
197.96400
197.96803
197.97515
197.97926
197.98092
197.98505
197.98916
197.99216
197.99628
198.00031
198.00039
198.00441
198.00837
198.00991
198.01328
198.01731
198.01961
198.02143
198.02854
198.03267
198.03507
198.03844
198.04476
198.04630
198.04967
198.05369
198.05599
198.05782
198.06905
198.07145
198.07712
198.08114
198.08268
198.09238
198.10044
198.10784
198.11753
198.11907

MF
C11H1g03
C10H1gN202
C1sH1sg
C7HgBINO
C7H5NO,S,
CsH7CloNO3
C4H10BrNO,
CoH7CIoN
CgH1gBIN
CgHgCINO;
CgHgNOS,
CgH11Cl,NO,
CgHgNO3S
CsH13NO3S,
CoH1oCINO,
CoH13NS,
C7H15CIoNO
CoH13NOLS
C1oH14CINO
C1oH17NOS
C41H1gCIN
C1oH17NO3
Cq4H47N
C3HgBry
C7H5BrO,
CeHsBrN,O
C7H403S,
CeHaN20,S,
C4HgCIoN,O4
CoHgCly0
C3HgBrN,O3
CgHgBrO
CgHgCloN,
C7HgBIN,
CgHg05S,
C7H5CIN,O3

Exact mass
198.12559
198.13683
198.14085
198.96328
198.97617
198.98030
198.98441
198.99555
198.99966
199.00362
199.01256
199.01668
199.03031
199.03369
199.04001
199.04894
199.05307
199.06670
199.07639
199.10309
199.11278
199.12084
199.13610
199.88363
199.94729
199.95853
199.96019
199.97142
199.97555
199.97957
199.97965
199.98368
199.99080
199.99491
199.99657
199.99887



NATURAL ISOTOPIC ABUNDANCE



Atom
Ag
Ag
Al
Ar
Ar
Ar
As
Au
B
B
Ba
Ba
Ba
Ba
Ba
Ba
Ba
Be
Bi
Br
Br
c
C
Ca
Ca
Ca
Ca
Ca

List of isotopic natural abundance of some elements

Mass
108.904755
106.90509
26.981539
39.962383
37.96273
35.967545
74.92159
196.96654
11.009305
10.012937
137.90523
136.9058
135.90456
134.90567
133.90448
131.90504
129.90628
9.012182
208.98038
78.918335
80.91629
13.003355
12
45.95369
43.95548
42.958767
41.95862
39.96259
47.952534
110.90418
109.90301
107.90418
115.904755
113.90336
112.9044
111.902756
141.90924
139.90543
137.90599
135.90714
36.965904
34.968853
58.933197
53.93888
52.94065
51.94051
49.946045
132.90543
62.939598
64.927795
157.92441
155.92528
163.92917
162.92873
161.92679
160.92693
159.92519
169.93546
167.93237
166.93205
165.93028
163.9292
161.92877
152.92122
150.91985
18.998404
57.933277
56.935394
55.93494

%
48.161
51.839
100
99.6
0.063
0.337
100
100
80.1
19.9
7.7
11.23
7.85
6.593
242
0.101
0.106
100
100
50.69
49.31
1.1
98.9
0.004
2.086
0.135
0.647
96.941
0.187
12.8
12.49
0.89
7.49
28.73
12.22
2413
11.13
88.43
0.25
0.19
24.23
75.77
100
2.365
9.5
83.79
4.345
100
69.17
30.83
0.1
0.06
28.2
24.9
255
18.9
2.34
14.9
26.8
22.95
33.6
1.61
0.14
52.2
47.8
100
0.28
21
91.72

Atom
Fe
Ga
Ga
Gd
Gd
Gd
Gd
Gd
Gd
Gd
Ge
Ge
Ge
Ge
Ge
H
H
He
He
Hf
Hf
Hf
Hf
Hf
Hf
Hg
Hg
Hg
Hg
Hg
Hg
Hg
Ho
|

In
In
Ir
Ir

Mass
53.939613
70.9247
68.92558
157.9241
156.92395
155.92212
154.92262
153.92087
151.91978
159.92705
75.9214
73.92118
72.92346
71.92208
69.92425
2.014
1.007825
4.0026
3.01603
173.94005
179.94655
178.94582
177.9437
176.94322
175.9414
203.97346
201.97061
200.97028
199.9683
198.96825
197.96674
195.9658
164.93031
126.90447
114.90388
112.90406
190.96059
192.96292
40.961826
39.964
38.963707
77.9204
85.910614
83.91151
82.91414
81.91348
79.91638
138.90634
137.9071
7.016003
6.015121
174.94077
175.94267
25.982594
24.985838
23.985043
54.938046
94.90584
93.90508
91.90681
99.90748
97.9054
96.90602
95.90468
15.000108
14.003074
22.989767
92.90638
142.9098

%
5.9
39.892
60.108
24.84
15.65
20.47
14.8
2.18
0.2
21.86
7.44
35.94
7.72
27.66
21.24
0.015
99.985
100
1.37e-06
0.162
35.1
13.629
27.297
18.606
5.206
6.87
29.86
13.18
231
16.87
9.97
0.15
100
100
95.7
4.3
37.3
62.7
6.7302
0.0117
93.2581
0.35
17.3
57
11.5
11.6
2.25
99.9088
0.0902
92.5
7.5
97.41
2.59
11.01
10
78.99
100
15.92
9.25
14.84
9.63
2413
9.55
16.68
0.37
99.63
100
100
12.18

Atom
Nd
Nd
Nd
Nd
Nd
Nd
Ne
Ne
Ne
Ni
Ni
Ni
Ni
Ni
Np

Ru
Ru

Mass
141.90771
149.92088
147.91689
145.91312
144.91257
143.91008
21.991383
20.993843
19.992435
61.928345
60.931057
59.930786
57.935345
63.927967
237.0482
17.99916
16.99913
15.994915
189.95844
188.95813
187.95586
186.95573
185.95383
183.95248
191.96147
30.973763
206.97588
205.97444
203.97302
207.97662
109.90517
107.90389
105.90348
104.90508
103.90403
101.90563
140.90765
189.95992
197.96786
195.96492
194.96477
193.96266
191.96101
86.90919
84.9118
186.95575
184.95296
102.9055
103.905426
101.90435
100.90558
99.90422
98.90594
97.90529
95.9076
35.96708
33.967865
32.971455
31.97207
122.90421
120.903824
44.95591
77.917305
76.919914
75.91921
73.92248
81.916695
79.91652
29.97377

%
2713
5.64
5.76
17.19
8.3
23.8
9.25
0.27
90.48
3.634
1.14
26.223
68.077
0.926
100
0.2
0.04
99.76
26.4
16.1
13.3
1.6
1.58
0.02
41
100
221
241
1.4
52.4
11.72
26.46
27.33
22.33
11.14
1.02
100
0.01
7.2
253
33.8
329
0.79
27.83
7217
62.6
37.4
100
18.6
31.6
171
12.6
12.7
1.86
5.54
0.02
4.21
0.75
95.02
42.64
57.36
100
23.77
7.63
9.36
0.89
8.74
49.61
3.1

Atom
Si
Si
Sm
Sm
Sm
Sm
Sm
Sm
Sm
Sn
Sn
Sn
Sn
Sn
Sn
Sn
Sn
Sn
Sn
Sr
Sr
Sr
Sr
Ta
Ta
Tb
Te
Te
Te
Te
Te
Te
Te
Te
Th
Ti
Ti
Ti
Ti
Ti
T
TI
Tm

Mass
28.976496
27.976927
153.92221
151.91972
149.91727
148.91718
147.91483
146.9149
143.912
123.90527
121.90344
119.9022
118.90331
117.90161
116.902954
115.90175
114.90335
113.90279
111.90482
87.90562
86.90888
85.90926
83.91343
180.948
179.94746
158.92534
125.90331
124.904434
123.902824
122.904274
121.90305
119.904045
129.90623
127.904465
232.03806
46.951763
45.95263
49.944794
48.947872
47.94795
204.9744
202.97232
168.93422
50.943962
49.947163
185.95436
183.95093
182.95023
181.9482
179.9467
88.905846
173.93886
172.9382
171.93637
170.93633
169.93475
167.9339
175.94257
69.92532
67.92484
66.92713
65.92603
63.929146
93.90647
91.90504
90.90565
89.9047
95.90827

70.476
29.524
100
99.75
0.25
28.6
30.7
14.28
26.3
0.12
100
31.8
16.12
21.9
14.3
3.05
0.13
12.7
0.6
18.8
41
27.9
48.6
17.38
17.15
11.22
51.45
2.8
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appendix C

CHARACTERISTIC GROUP ABSORPTIONS

(am) 2 3 a 5 6 7 8 9 10 1 12 13 14 15
ALKANES k] S— AN S —_ == - LIS B2 ——
ALKENES

VINYL & »-—-———-ﬂr__.____..-.’1---_"11___.1—_._-»_-—..;___._i_-—~—i- —————————————— b — — -

TRANS -————A—ﬁ—-——»—-—-—————lM——— S SR N SRR S —
cas & R U S RN o ————————— —f———1 SO S e S

M s
VINYUDENE /7 f=——o —_ e~ I P D S
M
TRISUBSTITUTED /&~ fb———+ UL QNS R S — LA, SRS S i — ——— e e ]
wl
TETRASUBSTITUTED /57— ——H R R ———~Jl:v—;—— —————————— SIS E N PN I D
CONJUGATED &7-o == —A S R .2 A U S S SRS SN S —
N 1] '
CUMULATED C=C=CH; |--—- ) SR DN I S SRS R U PR (R NS S S I SP——
cYeLc IR (. W AN NN L R [ E S S — Ap—— SN SN G-
ALKYNES

S ca e

MONOSUBSTITUTED ~ p———- XN WL AN S S LA S SRS PN WS S oo S |

DISUBSTITUTED === L Ty T N L

MONONUCLEAR AROMATICS .

BENZENE I S Al
s 53

MONOSUBSTITUTED () AR S S S A

12-DISUBSTITUTED (Y b Lo M M M s ]
s3

1,3-DISUBSTITUTED (), o ]

14-DISUBSTITUTED O S S

1.2,4-TRISUBSTITUTED (¥
1,2,3-TRISUBSTITUTED (X
1,35-TRISUBSTITUTED (J
ALCOHOLS AND PHENOLS

FREE OH
INTRAMOLECULAR BONDED (WEAK) |-
INTRAMOLECULAR BONDED (STRONG)
INTERMOLECULAR BONDED

SATURATED TERT.
HIGHLY SYMMETRICAL SEC.

SATURATED SEC.
a-UNSATURATED OR CYCLIC TERT.

a-UNSATURATED SEC.
ALICYCLIC SEC. (5 OR 6-
MEMBERED RING)
SATURATED PRIMARY

a-UNSATURATED TERT.
a-UNSATURATED AND
a-BRANCHED SEC.
Di-a-UNSATURATED SEC.
ALICYCLIC SEC. (7 OR 8-
MEMBERED RING)

a-BRANCHED AND/OR
a-UNSATURATED PRIM.

}

! May be absent

2 Frequently a doublet
3 Ring bending bands

166

L

- — ——

| M BROAD)

I

M (sHARP)

S (BROAD)

]

|

1 ]

1

L e e —

|

|

|

cm~! 5000

3000 2500 2000 1800 1600

1400

1200

1000

900

800

700

Characteristic group frequencies. The position of narrow absorption ranges is covered by a single letter indicating an average
intensity. Broader absorption regions are indicated by a heavy bar. For example, a monosubstituted mononuclear aromatic may have four
bands between 6 and 7 ym, three of medium intensity, and one weak.
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(um) 2 3 4 5 6 7 8 9 10 1 12 13 1415
ACETALS [
s
KETALS [N D S DN A N . O IS N
ETHERS ’ |
ALPHATIC  be—d o SUSNRES SO A G |————s-—~———-————‘--———-1——.—-—*—--——‘———-—
AROMATIC (ARYL — O —CHy) f-————————{———1 SR NS RS S S SR ——— ] IS P
VINYL bt ———1———- IS - R e S e s T S .
OXIRANERING | ———1 S S P ISR S SO R X S ] I
PEROXIDES (ALKYL AND ARYL) |-———1 R B B SRR (R S SRR EVRE LS S —
PEROXIDES (ACYL AND AROYL) [-~——-———— SRS N L S S S, - S TR i — SR
CARBONYL COMPOUNDS R ) I R ' R
KETONES
DIALKYL (=—CH,COCHp—) |- ==~ —=——-———1 SR R N ISR L S L E Y S — S S
AROMATIC N SRS, SN U NS, AU SRS SR P S S L]
ENOL OF 1,3-DIKETONE |- ———— e L] r—————————~-—+~——~ ——————————
0-HYDROXY ARYL KETONE - — — — | Moo 1] s SR I SRR S RS S
ALDEHYDES § j
DIALKYL
AROMATIC
CARBOXYLIC ACIDS |
DIMER LM S M s ____‘“_'.__L-___ __________
CARBOXYATE ION b bl S LA N N S IR S e I
ESTERS | 5
FORMATES ~  f————f———— P 1 SN S S R SRR SR S
ACETATES ~ p——— oo - "SR NS S SIS S SIS S S N SR
OTHER UNCONJ. ESTERS ~ |—~—~— R S— SR S B ““"_L"“T““”"“'"’""“‘"":“ _________
CONJUGATED ESTERS |- ———f————] S RN S ———S——-L--L————————7———"————,-————71 _____
AROMATIC ESTERS ~ f-——-d—— LN CE S o fﬁ____’;---_ﬁ:____ﬂi____ﬁ
! 1
o
L ] L | ] | H ] !
cm-! 5000 3000 2500 2000 1800 1600 1400 1200 1000 300 800 700

*Three bands, sometimes a fourth band for ketals and a fifth band for acetals.
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LACTONES }

GAMMA SRR [N SR SN SR PSR SRR EL S SRV, S ——pm— e ———
1
!
]

DELTA === ——— _
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ALIPHATIC  p———— IR TR — ———t e e ] SRS EpURN [P SR

M
AROMATIC p———+ NI PP EPE 1. ARV SN (RN SE— DR .S S S A

1
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SM | s
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souo  p-—— e B T S SRR R EEEEL SEEE ——
TERTIARY bt N T SRR X . e S e B it Dl ELEES SLtelel
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souo be——e gl S PR S ——f e SRS SN N S
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*Tables relating to these absorptions are found in Appendix E.
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CHART 1. CHEMICAL SHIFTS OF PROTONS ON A CARBON
ATOM ADJACENT (« -POSITION) TO A FUNCTIONAL

GROUP IN ALIPHATIC COMPOUNDS (M—Y).
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Figure 2-1.

Chemical shifts of 'H nuclei in organic compounds.

2.1.1 Influence of the Charge Density
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'"H-NMR

SUBSTITUTED ALKANES

Estimation of the Chemical Shift in Polysubstituted Alkanes

(6§ in ppm relative to TMS)

2 3
1) _ s = 1.50 +) 2,
CH,R|R, = 1.25 + )z, CHR R Ry i
1
1
Substituent Zi
-alkyl 0.0
-C=C- 0.8
C -C=C- 0.9
-phenyl 1.3
H -a1 2.0
A -Br 1.9
L -1 1.4
-OH 1.7
-0-alkyl 1.5
O -0-phenyl 2.3
-0CO-alkyl 2.7
-0CO-phenyl 2.9
-NH, 1.0
N -N-alkyl, 1.0
"NOz 3.0
S -s-alkyl 1.0
=CHO 1.2
O -co-alkyl 1.2
Il -coon 0.8
-C00-alkyl 0.7
N —en 1.2
Example:
,OCH3 base value: 1.5
CH -0-alkyl 1.5
~cooH -COOH 0.8
-phenyl 1.3
estimated: 5.1
determined: 4.8

H15

Estimation of the

lH-Chemical Shift of Methylene Grouos R

H-NMR

SUBSTITUTED ALKANES

188,58y

(6 in ppm relative to TMS); see H.M. Bell, L.K. Berry, E.A. Madigan,

Org. Magn. Res. 22, 693 (1984).

a)

b)

3

6CH2R1R2 = 0.23+ZRl + zRz
Substituent R ZR
-alkyl see p. H1l7
-C=C- 1.33
-C=CH 1.52
C -C=Calkyl 1.52
-C=Cphenyl 1.77
-phenyl 1.85
H -F 3.15
A -c1 2.48
L -Br 2.29
-OH 2.46
-Oalkyl 2.27
O -Ophenyl 2.89
-ocoalkyl 2.98
-0COphenyl 3.23
-NH, 1.69
-NHalkyl 1.60
-N(alkyl) 1.41
-NHphenyl 2.15
N -N(alkyl)phenyl 2.39
-NH3 " 2.31
-NH>*alkyl 2.31| for D0 a)
_NH+(alkyl)2 2.46
Nt (alkyl) 2.56  for p,y0 P)
-NHCOalkyl 2.23
-N(alkyl)COalkyl 2.23
-NHCOphenyl 2.33
-SH 1.63
S -salkyl 1.63
-Sphenyl 1.92
-COalkyl 1.58
-COphenyl 2.08
O -COOH 1.49
Il -COOalkyl 1.49
C -coophenyl 1.74
I'\ —conH, 1.39
-CON (alkyl) » 1.39
-CONHphenyl 1.59
-C=N 1.73

for CD,SOCD, or CD

3 3

values must be used.

SOCDB/CDCI3 as solvent 0.2-0.3 pom lower

for CDCl as solvent 0.3-0.5 ppm higher values must be used.

H16



'H-NMR 'H-NMR

BENZENE, SUBSTITUENT EFFECTS BENZENE, SUBSTITUENT EFFECTS
Effect of a Substituent on the Chemical Shift of the Ring-Protons Substituent X 22 Z3 Z4
in Benzene (6§ in ppm relative to TMS)
-NH, -0.75 -0.25 -0.65
~NHCH, -0.80 -0.22 -0.68
4 X 6“1 =7.26 + 2z, -N(CH,), -0.66 -0.18 -0.67
3 2 -N+(CH3)3 1~ 0.69 0.36 0.31
N -NHCOCH, 0.12 -0.07 -0.28
Substituent X 22 z3 Z4 -N(CH3)COCH3 -0.16 0.05 -0.02
~NHNH,, -0.60 -0.08 -0.55
-H Y o 0 -N=N-phenyl 0.67 0.20 0.20
-CHy -0.20 -0.12 -0.22 -NO 0.58 0.31 0.37
~CH,CH,y -0.14 -0.06 -0.17 -No, 0.95 0.26 0.38
—CH(CH3)2 -0.13 -0.08 -0.18 -SH -0.08 -0.16 -0.22
—C(CH;) 4 0.02 -0.08 -0.21 -SCH, -0.08 -0.10 -0.24
-CH,C1 0.00 0.00 0.00 S -s-phenyl 0.06 -0.09 -0.15
-CF, 0.32 0.14 0.20 -S0,CH, 0.60 0.26 0.33
C -cci, 0.64 0.13 0.10 -50,C1 0.76 0.35 0.45
~CH,OH -0.07 -0.07 -0.07 -CHO 0.56 0.22 0.29
-CH=CH, 0.06 -0.03 -0.10 -COCH, 0.62 0.14 0.21
-CH=CH-phenyl 0.15 -0.01 -0.16 -COCH,CH, 0.63 0.13 0.20
-C=CH 0.15 -0.02 -0.01 -COC (CH,) 4 0.44 0.05 0.05
-C=C-phenyl 0.19 0.02 0.00 O  —co-phenyl 0.47 0.13 0.22
-phenyl 0.37 0.20 0.10 ("; -COOH 0.85 0.18 0.27
H F -0.26 0.00 -0.20 n ~COOCH, 0.71 0.11 0.21
A ¢l 0.03 -0.02 -0.09 -COOCH (CH,) ,, 0.70 0.09 0.19
L °Br 0.18 -0.08 -0.04 -CO0-phenyl 0.90 0.17 0.27
-I 0.39 -0.21 0.00 -CONH, 0.61 0.10 0.17
-OH - -0.56 -0.12 -0.45 -cocl 0.84 0.22 0.36
-OCH, -0.48 -0.09 -0.44 -COBr 0.80 0.21 0.37
~OCH,,CH, -0.46 -0.10 -0.43 -CH=N-phenyl n0.6 n0.2 n0.2
O -0-phenyl -0.29 -0.05 -0.23 -CN 0.36 0.18 0.28
~OCOCH, -0.25 0.03 -0.13 -S1(CH,) 4 0.22 -0.02 -0.02
-0CO-phenyl -0.09 0.09 -0.08 -PO(OCH,) , 0.48 0.16 0.24
-0S0,CH, -0.05 0.07 -0.01

H260
H255



'H-NMR 'H-NMR

ALKENES, ADDITIVITY RULE ALKENES, ADDITIVITY RULE

The Chemical Shift of Protons at a Double Bond

(§ in ppm relative to TMS) Substituent R Z Z . Z
gem Cis trans
Reis . H i i
‘ ~ ~ -OR, R aliphatic 1.22 -1.07 -1.21
Sc=cu =32 * Zgem * Zcis * Zirans _-c= ~ O -oRr, R unsaturated 1.21 -0.60 -1.00
Rerans Rgenm -OCOR 2.11 -0.35 -0.64
-NH) 0.80 -1.26 -1.21
-NHR, R aliphatic 0.80 -1.26 -1.21
-NRy, R aliphatic 0.80 -1.26 -1.21
Substituent R 2 2 2 N -NHR, R unsaturated 1.17 -0.53 -0.99
: -NRR', R unsaturated,
gem cis trans R' any substi 1.17 -0.53 -0.99
-NCOR tuent 2.08 -0.57 -0.72
-H o o o -N=N-phenyl 2.39 1.11 0.67
-alkyl 0.45 -0.22 -0.28 -NO» 1.87 1.30 0.62
-alkyl ringl) 0.69 -0.25 -0.28 -SR 1.11 -0.29 -0.13
-CHpy-aromatic 1.05 -0.29 -0.32 -SOR 1.27 0.67 0.41
-CH,X, X: F, Cl, Br 0.70 0.11 -0.04 s -SO,R 1.55 1.16 0.93
-CHF 5 ‘0.66 0.32 0.21 -SCOR 1.41 0.06 0.02
-CF3 0.66 0.61 0.32 -SCN 0.94 . 0.45 0.41
C -cHy0 0.64 -0.01 -0.02 -SF5 1.68 0.61 0.49
-CH)N 0.58 -0.10 -0.08 -CHO 1.02 0.95 1.17
-CH,S 0.71 -0.13 -0.22 -CO isolated 1.10 - 1.12 0.87
-CH,CO, CH,CN 0.69 -0.08 -0.06 -CO conjugated 1) 1.06 0.91 0.74
-C=C isolated 2 1.00 -0.09 -0.23 O ~COOH isolated 0.97 1.41 0.71
-C=C conjugated?) 1.24 0.02 -0.05 I ~COOH conjugated 1) 0.80 0.98 0.32
-CzC 0.47 0.38 0.12 C -COOR isolated 0.80 1.18 0.55
-aromatic free rotation 1.38 0.36 -0.07 I\ -COOR conjugated 1) 0.78 1.01 0.46
-aromatic fixed3) 1.60 - -0.05 -CONRp 1.37 0.98 0.46
-aromatic o-substituted 1.65 0.19 0.09 -cocl 1.11 1.46 1.01
H -F 1.54 -0.40 -1.02 -CN 0.27 0.75 0.55
-C1 1.08 0.18 0.13 -PO (OCH,CH3) 2 0.66 0.88 0.67
A g 1.07 0.45 0.55 -OPO (OCH,CH4) 1.33 -0.34 -0.66
L 2-1372 . : °
-I 1.14 0.81 0.88
2 The increment for "alkyl ring" is to be used if the substituent
and the double bond are part of a cyclic structure. 1) The increment "conjugated” is to be used if either the double
2) The increment "C=C conjugated" is to be used if either the double bond or the substituent is conjugated to additional substitu-
bond or the C=C substituent is conjugated to other substituents. ents.
3)

The increment "aromatic, fixed" is to be used if the double bond
conjugated to an aromatic ring is part of a fused ring (such as
in 1,2-dihydronaphthalene).

H215 H220



appendix c. BC correlation chart for chemical classes.

R = H or alkyl subsituents '3C Correlation Chart for Chemical Classes
Y = polar substituents 220 200 180 160 140 120 100 80 60 40 20 0 —20
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Continued on next page
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appendix c (continued)

220 200 180 160
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Isocyanates R—N=C=0
Cyanates R—O—C=N
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Thiocyanates R—S—C=N
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