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Results and Discussion 
 We report a novel chromatographic method to enrich and separate nickel and vanadyl porphyrins from a 
natural seep sample, and combine molecular level characterization by positive-ion electrospray ionization Fourier 
transform ion cyclotron resonance mass spectrometry (FT-ICR MS). Vanadyl and nickel porphyrin model 
compound elution from primary secondary amine (PSA) stationary phase combined with UV-vis spectroscopy 
confirms enrichment and subsequent fractionation of nickel and vanadyl porphyrins into polarity-based sub-
fractions. A more than 100-fold increase in signal-to-noise ratio for nickel porphyrins enables unequivocal 
elemental composition assignment confirmed by isotopic fine structure for all isotopes >1% relative abundance, 
and the first mass spectral identification of 61Ni porphyrin isotopologues derived from natural seeps. Oxygen-
containing vanadyl porphyrins and sulfur-containing vanadyl porphyrins are isolated in the same fraction 
simultaneously from the same sample. We provide the first chromatographic evidence of carboxylic acid 
functionalities peripheral from the porphyrin core. 

 

 
 
Figure 1. Normalized DBE (double bond equivalents) distribution for N4

58Ni, N4O1
51V, N4O1S1

51V, N4O2
51V, and N4O3

51V 
porphyrin classes identified after chromatographic fractionation. The percent relative abundance for each class was 
normalized to 100% total abundance for each class. The addition of one oxygen atom (N4O2

51V) corresponds to DBE values of 
18 and 19, which indicates preferential incorporation of ketone/aldehyde functionalities to etio and DPEP core structures. The 
observed increase in DBE and coelution of N4O3

51V porphyrins with naphthenic acids provides mass spectral and 
chromatographic evidence of carboxylic acid-functionalized vanadyl porphyrins, and CcHhN4VO2 porphyrins were detected in 
fraction 6. 
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