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Homologous Series Identified in Suwannee River Fulvic Acid Mixtures
by ESI FT-ICR Mass Spectrometry

Lowest MW

formula

C17 H22 O6

C16 H18 O7

C16 H16 O8

C15H12 09

C16 H12 O10
C17 H12 O11
C18 H12 012
C19H12 013
C20H12 O14
C22 H14 O15
C23 H14 O16
C25H16 O17
C53 H70 018
C28 H18 019
C30 H20 020
C30 H18 021
C33 H22 022
C35 H24 023
C36 H24 024
C41 H32 025
C40 H28 026
C43 H32 027
C27 H28 O6

C27 H26 O7

C26 H22 O8

C25H18 09

C26 H18 010
C27 H18 O11
C17 H24 O6

Highest MW
formula

C23 H34 O6

C28 H42 O7

C29 H42 O8

C33 H48 09

C35H50 010
C37 H52 O11
C40 H56 012
C43 H60 O13
C46 H64 O14
C47 H64 O15
C49 He6 O16
C51 He68 017
C53 H70 018
C55 H72 019
C57 H74 020
C57 H72 021
C56 H68 022
C55 He4 023
C54 He0 024
C53 H56 025
C52 H52 026
C51 H48 027
C30 H34 O6

C31 H34 O7

C32 H34 08

C50 He68 09
C33 H32 010
C32 H28 011
C20 H30 O6

z*
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
12

®KMD(true) °KMD(av meas)

0.218
0.254
0.291
0.327
0.364
0.400
0.436
0.473
0.509
0.545
0.582
0.618
0.654
0.691
0.727
0.764
0.800
0.836
0.872
0.909
0.945
0.981
0.312
0.348
0.385
0.421
0.457
0.494
0.205

0.218
0.254
0.291
0.327
0.364
0.400
0.437
0.473
0.509
0.546
0.582
0.619
0.655
0.692
0.728
0.765
0.802
0.838
0.875
0.912
0.949
0.986
0.312
0.348
0.385
0.421
0.458
0.494
0.205
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% Odd
Abundance
0.10
0.33
0.63
0.94
1.07
1.03
0.93
0.88
0.82
0.75
0.71
0.65
0.64
0.57
0.51
0.45
0.38
0.31
0.25
0.21
0.14
0.10
0.02
0.02
0.03
0.03
0.03
0.02
0.04



formula

C16 H20 O7
C15H16 O8
C15H14 09
C16 H14 O10
C17 H14 O11
C17 H12 012
C18 H12 013
C19H12 014
C21 H14 O15
C22 H14 O16
C24 H16 O17
C25H16 018
C27 H18 019
C28 H18 020
C31 H22 021
C31 H20 022
C34 H24 023
C35H24 024
C37 H26 025
C41 H32 026
C42 H32 027
C48 H42 028
C47 H38 029
C24H2605
C23H2206
C21 H16 O7
C20 H12 O8
C23 H16 09
C24 H16 O10
C25 H16 O11
C26 H16 012
C27 H16 O13
C28 H16 014
C29 H16 O15
C31H18 O16
C33 H20 017

formula

C25 H38 O7
C30 H46 O8
C31 H46 09
C34 H50 010
C37 H54 O11
C38 H54 012
C42 H60 O13
C45 H64 O14
C47 Hee 015
C48 He6 O16
C50 He8 017
C52 H70 018
C55 H74 019
C56 H74 020
C57 H74 021
C56 H70 022
C55 Hee 023
C54 H62 024
C53 H58 025
C52 H54 026
C51 H50 027
C50 H46 028
C48 H40 029
C29 H36 O5
C30 H36 06
C32 H38 O7
C33 H38 08
C35 H40 09
C39 H46 010
C40 H46 O11
C41 H46 012
C44 H50 013
C43 H46 O14
C41 H40 O15
C40 H36 O16
C41 H36 O17

z*
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12
-12

®KMD(true) °KMD(av meas)

0.241
0.277
0.314
0.350
0.386
0.423
0.459
0.495
0.532
0.568
0.604
0.641
0.677
0.713
0.750
0.786
0.823
0.859
0.895
0.932
0.968
1.004
1.041
0.262
0.298
0.335
0.371
0.407
0.444
0.480
0.517
0.553
0.589
0.626
0.662
0.698

0.241
0.277
0.314
0.350
0.387
0.423
0.460
0.496
0.533
0.569
0.606
0.642
0.678
0.715
0.751
0.788
0.825
0.862
0.898
0.936
0.972
1.008
1.046
0.262
0.298
0.335
0.372
0.408
0.444
0.481
0.517
0.553
0.591
0.628
0.665
0.700

DBE
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
12
13
14
15
16
17
18
19
20
21
22
23
24
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9
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24
25
26
27
28
29

DBE-O
0
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Abundance
0.20
0.48
0.73
0.95
1.02
1.01
1.00
0.99
0.92
0.85
0.78
0.71
0.65
0.58
0.51
0.43
0.37
0.29
0.22
0.14
0.11
0.04
0.02
0.03
0.06
0.10
0.09
0.09
0.12
0.13
0.11
0.10
0.10
0.09
0.07
0.06



formula

C33 H18 018
C35H20 019
C36 H20 020
C16 H22 O7
C15H18 O8
C14 H14 O9
C15H14 O10
C16 H14 O11
C17 H14 012
C17 H12 O13
C19H14 O14
C20 H14 O15
C22 H16 O16
C23 H16 O17
C24 H16 018
C26 H18 019
C28 H20 020
C30 H22 021
C33 H26 022
C33 H24 023
C34 H24 024
C36 H26 025
C38 H28 026
C42 H34 027
C22 H24 O5
C21 H20 O6
C22H20 O7
C21 H16 O8
C21 H14 09
C22 H14 O10
C23 H14 O11
C24 H14 012
C24 H12 O13
C25H12 014
C28 H16 O15
C29 H16 O16

formula

C40 H32 018
C53 H56 019
C52 H52 020
C21 H32 O7
C26 H40 O8
C29 H44 09
C32 H44 O10
C34 H50 O11
C36 H52 012
C39 H56 013
C42 H60 O14
C44 H62 O15
C47 He6 O16
C49 He8 017
C50 H68 018
C53 H72 019
C55 H74 020
C55 H72 021
C56 H72 022
C55 He8 023
C54 H64 024
C53 H60 025
C52 H56 026
C50 H50 027
C29 H38 O5
C30 H38 O6
C31 H38 O7
C35 H44 08
C37 H46 09
C38 H46 010
C41 H50 O11
C42 H50 012
C46 H56 013
C46 H54 O14
C50 H60 O15
C41 H40 O16

z*
-12
-12
-12
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10
-10

®KMD(true) °KMD(av meas)

0.735
0.771
0.807
0.228
0.264
0.300
0.337
0.373
0.409
0.446
0.482
0.518
0.555
0.591
0.627
0.664
0.700
0.736
0.773
0.809
0.846
0.882
0.918
0.959
0.249
0.285
0.321
0.358
0.394
0.430
0.467
0.503
0.539
0.576
0.612
0.649

0.737
0.774
0.810
0.227
0.264
0.300
0.337
0.374
0.410
0.447
0.483
0.519
0.556
0.592
0.628
0.665
0.701
0.738
0.775
0.811
0.848
0.885
0.922
0.955
0.249
0.285
0.321
0.358
0.395
0.431
0.468
0.504
0.540
0.577
0.614
0.650

DBE
25
26
27

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
11
12
13
14
15
16
17
18
19
20
21
22

o)
18
19
20

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

DBE-O
7
7
7
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

»
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Abundance
0.05
0.05
0.03
0.06
0.24
0.50
0.74
0.84
0.85
0.81
0.76
0.73
0.66
0.64
0.53
0.50
0.47
0.43
0.39
0.33
0.30
0.23
0.15
0.11
0.05
0.11
0.15
0.19
0.20
0.19
0.21
0.20
0.19
0.18
0.14
0.10



formula

C30 H16 017
C33 H20 018
C33 H18 019
C36 H22 020
C36 H20 021
C38 H22 022
C15 H20 O8

C15H18 09

C15H16 010
C15 H14 O11
C16 H14 012
C17 H14 O13
C18 H14 O14
C19 H14 O15
C21 H16 O16
C22 H16 O17
C24 H18 018
C25H18 019
C27 H20 020
C28 H20 021
C30 H22 022
C31 H26 023
C34 H26 024
C38 H32 025
C42 H38 026
C44 H40 027
C47 H44 028
C48 H44 029
C20 H22 O5

C19 H18 O6

C19 H16 O7

C20 H16 O8

C20 H14 09

C20 H12 O10
C21 H12 O11
C22H12 012

formula

C43 H42 O17
C42 H38 018
C41 H34 019
C40 H30 020
C39 H26 021
C52 H50 022
C22 H34 08
C27 H42 09
C30 H46 010
C32 H48 011
C35H52 012
C37 H54 013
C40 H58 014
C45 Hee 015
C46 He6 O16
C47 H66 O17
C50 H70 018
C51 H70 019
C54 H74 020
C56 H76 021
C56 H74 022
C55 H70 023
C54 Hee 024
C53 H62 025
C52 H58 026
C51 H54 027
C50 H50 028
C49 H46 029
C27 H36 O5
C30 H40 O6
C30 H38 O7
C35 H46 08
C36 H46 09
C39 H50 010
C40 H50 O11
C44 H56 012

z*
-10
-10
-10
-10
-10
-10

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

-8

®KMD(true) °KMD(av meas)

0.685
0.721
0.758
0.794
0.830
0.867
0.251
0.287
0.323
0.360
0.396
0.432
0.469
0.505
0.541
0.578
0.614
0.650
0.687
0.723
0.760
0.796
0.832
0.868
0.905
0.941
0.977
1.014
0.235
0.272
0.308
0.344
0.381
0.417
0.453
0.490

0.687
0.724
0.760
0.797
0.834
0.870
0.250
0.287
0.324
0.360
0.396
0.433
0.469
0.506
0.542
0.579
0.615
0.652
0.688
0.724
0.761
0.797
0.834
0.871
0.908
0.944
0.981
1.019
0.235
0.272
0.308
0.345
0.381
0.418
0.454
0.490

DBE
23
24
25
26
27
28

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
10
11
12
13
14
15
16
17

o)
17
18
19
20
21
22

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

DBE-O

OO OO 0101 O

Abundance
0.11
0.08
0.07
0.04
0.02
0.03
0.07
0.18
0.35
0.46
0.54
0.61
0.65
0.68
0.67
0.66
0.61
0.57
0.47
0.40
0.38
0.33
0.27
0.20
0.13
0.08
0.03
0.02
0.08
0.16
0.23
0.27
0.29
0.30
0.34
0.36



formula

C24 H14 O13
C24 H12 O14
C26 H14 O15
C27 H14 O16
C29 H16 O17
C30H16 018
C34 H22 019
C35 H22 020
C35 H20 021
C37 H22 022
C39 H24 023
C51 H46 024
C50 H42 025
C49 H38 026
C49 H36 027
C50 H36 028
C15 H20 09

C16 H20 010
C15 H16 O11
C15H14 012
C17 H16 O13
C18 H16 O14
C19 H16 O15
C20 H16 O16
C22 H18 O17
C24 H20 O18
C25 H20 019
C26 H20 020
C29 H24 021
C30 H24 022
C31 H24 023
C33 H26 024
C34 H26 025
C44 H44 026
C43 H40 027
C18 H20 O5

formula

C46 H58 013
C48 H60 O14
C51 He4 015
C49 H58 O16
C53 He4 017
C53 H62 018
C56 He6 019
C58 H68 020
C57 H64 021
C57 H62 022
C56 058 023
C55 H54 024
C54 H49 025
C53 H46 026
C52 H42 027
C51 H38 028
C21 H32 09
C28 H44 O10
C29 H44 011
C33 H50 012
C34 H50 013
C38 H56 014
C41 He0 O15
C43 H62 O16
C45 H64 O17
C46 He4 018
C49 H68 019
C51 H70 020
C53 H72 021
C54 H72 022
C54 H70 023
C53 He6 024
C52 H62 025
C51 H58 026
C50 H54 027
C26 H36 O5

z*
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-8
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6

®KMD(true) °KMD(av meas)

0.526
0.562
0.599
0.635
0.671
0.708
0.744
0.780
0.817
0.853
0.890
0.926
0.962
0.999
1.035
1.071
0.274
0.310
0.346
0.383
0.419
0.455
0.492
0.528
0.564
0.601
0.637
0.673
0.710
0.746
0.782
0.819
0.855
0.891
0.928
0.222

0.527
0.563
0.600
0.637
0.673
0.709
0.746
0.782
0.819
0.856
0.892
0.928
0.965
1.003
1.039
1.077
0.273
0.310
0.346
0.383
0.420
0.456
0.492
0.529
0.565
0.602
0.638
0.674
0.711
0.747
0.784
0.821
0.859
0.893
0.933
0.222

DBE
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

9

o)
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

5

DBE-O
5

GO O OO o011 01 O

Abundance
0.35
0.36
0.35
0.31
0.29
0.19
0.16
0.16
0.14
0.04
0.11
0.05
0.05
0.05
0.02
0.01
0.04
0.12
0.22
0.31
0.35
0.38
0.41
0.43
0.47
0.48
0.45
0.40
0.38
0.33
0.29
0.21
0.13
0.08
0.04
0.08



formula

C18 H18 O6
C18 H16 O7
C18 H14 O8
C19H1409
C19H12010
C20 H12 O11
C21 H12 012
C22H12 013
C23 H12 014
C25H14 O15
C27 H16 O16
C28 H16 O17
C29 H16 018
C32 H20 019
C32 H18 020
C34 H20 021
C36 H22 022
C38 H24 023
C43 H32 024
C44 H32 025
C46 H34 026
C50 H40 027
C19 H26 O11
C18 H22 012
C17 H18 O13
C17 H16 O14
C18 H16 O15
C20 H18 O16
C22 H20 O17
C23 H20 018
C25H22 019
C27 H24 020
C28 H24 021
C32 H30 022
C32 H28 023
C34 H30 024

formula

C30 H42 O6
C31 H42 O7
C32 H42 08
C36 H48 09
C38 H50 010
C40 H52 011
C43 H56 012
C47 H62 O13
C48 H62 O14
C50 He64 015
C51 He64 016
C50 He0 O17
C56 H70 018
C58 H72 019
C58 H70 020
C57 He6 021
C56 H62 022
C55 H58 023
C54 H54 024
C53 H50 025
C52 H46 026
C51 H42 027
C27 H42 O11
C29 H44 012
C41 He6 013
C36 H54 014
C38 H56 015
C40 H58 O16
C42 H60 O17
C45 He4 018
C47 Hee 019
C49 He8 020
C50 H68 021
C53 072 022
C53 H70 023
C53 H68 024

z*
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6
-6

®KMD(true) °KMD(av meas)

0.258
0.295
0.331
0.367
0.404
0.440
0.476
0.513
0.549
0.585
0.622
0.658
0.694
0.731
0.767
0.803
0.840
0.876
0.913
0.948
0.985
1.022
0.333
0.369
0.405
0.442
0.478
0.514
0.551
0.587
0.624
0.660
0.696
0.733
0.769
0.805

0.258
0.295
0.331
0.368
0.404
0.441
0.477
0.513
0.550
0.586
0.623
0.660
0.696
0.732
0.767
0.806
0.842
0.879
0.916
0.953
0.990
1.026
0.333
0.369
0.406
0.442
0.479
0.515
0.552
0.588
0.624
0.660
0.697
0.734
0.770
0.808

DBE
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

7

8

9
10
11
12
13
14
15
16
17
18
19
20

Abundance
0.21
0.37
0.48
0.51
0.49
0.47
0.48
0.48
0.46
0.46
0.42
0.34
0.37
0.37
0.34
0.29
0.23
0.21
0.14
0.11
0.07
0.02
0.04
0.09
0.23
0.21
0.24
0.27
0.27
0.27
0.27
0.27
0.25
0.24
0.16
0.07



formula

C48 H56 025
C39 H36 026
C18 H22 O5

C17 H18 O6

C17 H16 O7

C17 H14 O8

C17 H12 O9

C18H12010

C19 H12 O11
C20H12 012
C21 H12 013
C22H12 014
C23 H12 O15
C25H14 O16
C27 H16 O17
C28 H16 018
C30 H18 019
C31 H18 020
C33 H20 021
C35H22 022
C36 H22 023
C45 H38 024
C39 H24 025
C45 H34 026
C48 H38 027
C23 H32 013
C23 H30 014
C25H32 015
C22 H24 O16
C23 H24 O17
C25 H26 018
C27 H28 O19
C26 H24 020
C30 H30 021
C30 H28 022
C18 H24 O5

formula

C51 H62 025
C50 H58 026
C24 H34 O5
C29 H42 O6
C30 H42 O7
C33 H46 08
C34 H46 09
C38 H52 010
C40 H54 011
C42 H56 012
C45 H60 013
C46 H60 O14
C49 H64 015
C51 Hee O16
C54 H70 O17
C55 H70 018
C56 H70 019
C57 H70 020
C56 H66 021
C56 H64 022
C55 He0 023
C54 H56 024
C53 H52 025
C52 H48 026
C50 H42 027
C28 H42 013
C32 H48 014
C34 H50 015
C38 H56 O16
C40 H58 017
C42 H60 018
C44 H62 019
C38 H48 020
C37 H44 021
C37 H42 022
C20 H28 O5

®KMD(true) °KMD(av meas)

0.842
0.878
0.209
0.245
0.281
0.318
0.354
0.390
0.427
0.463
0.499
0.536
0.572
0.608
0.645
0.681
0.717
0.754
0.790
0.826
0.863
0.899
0.936
0.972
1.008
0.392
0.428
0.465
0.501
0.537
0.574
0.610
0.646
0.683
0.719
0.195

0.844
0.881
0.208
0.245
0.281
0.318
0.354
0.391
0.427
0.464
0.500
0.537
0.573
0.609
0.646
0.682
0.719
0.755
0.792
0.829
0.866
0.903
0.940
0.976
1.012
0.393
0.429
0.466
0.502
0.538
0.575
0.611
0.648
0.684
0.720
0.195

DBE
21
22

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

8

9
10
11
12
13
14
15
16
17

7

o)
25
26

5

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
13
14
15
16
17
18
19
20
21
22

5

DBE-O
4

1
N

WWWWWWWWWWwWwWwLWwWwwLwwwwwwow

Abundance
0.03
0.03
0.06
0.24
0.47
0.67
0.72
0.68
0.66
0.64
0.63
0.59
0.52
0.50
0.46
0.47
0.42
0.41
0.34
0.31
0.24
0.18
0.19
0.08
0.04
0.02
0.05
0.07
0.01
0.14
0.16
0.13
0.08
0.06
0.05
0.05



formula

C17 H20 O6
C16 H16 O7
C17 H16 O8
C16 H12 09
C17 H12 O10
C18 H12 O11
C19H12 012
C20H12 O13
C21 H12 014
C23 H14 O15
C24 H14 O16
C25H14 O17
C28 H16 018
C29 H18 019
C31 H20 020
C32 H20 021
C33 H20 022
C35H22 023
C40 H30 024
C40 H28 025
C42 H30 026

®KMD(true)

formula

C26 H38 O6
C30 H44 O7
C30 H42 O8
C33 H46 09
C36 H50 010
C39 H54 O11
C42 H58 012
C43 H58 013
C47 H64 O14
C48 H64 015
C50 He6 O16
C53 H70 017
C56 H72 018
C57 H74 O19
C58 H74 020
C57 H70 O21
C56 He6 022
C55 H62 023
C54 H58 024
C53 H54 025
C52 H50 026

"True" Kendrick Mass Defect for that series
®PKMD(av meas) Average meaasured Kendrick Mass Defect for that series

®KMD(true) °KMD(av meas)

0.231
0.268
0.304
0.341
0.377
0.413
0.450
0.486
0.522
0.559
0.595
0.631
0.668
0.704
0.740
0.777
0.813
0.849
0.886
0.922
0.958

0.231
0.268
0.304
0.341
0.377
0.414
0.450
0.487
0.523
0.560
0.596
0.633
0.669
0.705
0.742
0.778
0.815
0.852
0.889
0.926
0.962

DBE
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

NNONDNNDNDNPNONDNONNNNDDNDNDNNONDNNNNDNDDNDNDNDDN

Abundance
0.17
0.42
0.73
0.93
0.92
0.84
0.80
0.76
0.74
0.68
0.67
0.62
0.57
0.53
0.48
0.43
0.37
0.31
0.22
0.18
0.12



