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Abstract: The composition of purified vanadyl porphyrins recovered from the resins of heavy oils
possessing high and low vanadium contents was investigated. Vanadium content in the resins of
the heavy oils under study differs by a factor of ca. 15. To recover and purify vanadyl porphyrins
from the resins, extraction by N,N–dimethylformamide (DMF) with subsequent two-stage column
chromatography on silica gel and sulfocationite were employed. The change of structural-group
composition and content of vanadyl porphyrins in the products obtained at each stage was evaluated
using Fourier IR and UV-Vis spectroscopy. Analysis of the purified vanadyl porphyrins using
MALDI mass spectrometry determined distribution of their most abundant types (etio- and DPEP)
and identified C27–C39 homologs for the resins possessing high vanadium content and C28–C39

homologs for the resins with low vanadium content.

Keywords: heavy oil; resins; vanadium; vanadyl porphyrins; extraction; chromatography; spec-
troscopy; MALDI mass spectrometry

1. Introduction

Growing demand in motor fuels stimulates an increase in recovery and upgrading
of heavy oil (HO) featuring a high content of resinous and asphaltene components and
heteroatomic sulfur-, nitrogen-, and oxygen-containing compounds, as well as vanadyl and
nickel metal complexes [1,2]. The main schemes of heavy oil upgrading are based on the
removal of excess carbon (carbonization, cracking, and deasphaltization) or introduction of
additional hydrogen (hydrorefining). The choice of hydrorefining technologies of heavy
hydrocarbon crude primarily depends on the metal content, mainly V and Ni. In the
metal concentration range of 10–100 ppm, fixed-bed catalytic hydrocracking is preferable.
Fluidized-bed catalytic cracking with recycling and periodic replacement of catalyst is
used at the concentrations of metals of >100 ppm. Heavy oil with the metal content of
≥1000 ppm can be upgraded by slurry processes using nanosized catalysts [3–6]. Vanadium
and nickel are mainly represented by metalloporphyrins in oils, which can form associates
with asphaltenes [7,8].

Petroleum metalloporphyrins are related to geochemical biomarkers and provide
information on the maturation of oils and source beds; they are also applicable for eval-
uation of thermal maturity of deposits and oils [9,10]. Petroleum metalloporphyrins are
mainly represented by following homologous series: etio-, deoxophylloerythroetio- (DPEP),
dicyclodeoxophylloerythroetio-(di-DPEP) porphyrins, as well as their rhodo-derivatives
(rhodo-etio, rhodo-DPEP, and Rhodo-Di-DPEP) [11]. The ratio of relative abundance of
vanadyl porphyrins of DPEP type to those of etio type is an important criterion for the
study of source of oil and its maturity. Chlorophyll acts as a source of DPEP-type por-
phyrins. When this type of porphyrins predominates, the oils are characterized by low
maturity [12,13]. Such oils are formed in carbonaceous source beds with low clay content
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and high sulfur content in organic substance. In addition, the oils with low maturity are
characterized by the increased vanadium and nickel contents [8]. It was shown in [14,15]
that the vanadium-to-nickel ratio (V/Ni) in heavy oils varies in broad range (4.7–14.8)
and the vanadium content is largest in the specimens with the maximum content of these
metals. Heavy oil with the increased vanadium content can be considered to be the source
of natural porphyrins, which are accumulated in resin and asphaltene components [16]. An
interest in petroleum porphyrins is also caused by their unique photophysical and catalytic
properties. Porphyrins from oil stock could be used in the future as an alternative to syn-
thetic porphyrins in such fields as catalysis [17–20], energetics [21], and medicine [11,22,23].

Employment of such analytical techniques as UV-Visible spectroscopy and mass spec-
trometry could identify and evaluate the abundance of petroleum vanadyl porphyrins [8,24].
However, interpretation accuracy of the recorded spectra is complicated due to the multi-
component mixture of resin and asphaltene components, in which metalloporphyrins are
accumulated. Consequently, preliminary isolation or concentration of metalloporphyrins
along with purification from non-porphyrin components is necessary for their more ac-
curate analysis. However, enrichment of high-purity vanadyl porphyrins from heavy
residue is a labor-consuming and multiple-step procedure consisting of several stages,
such as preliminary separation of asphaltenes and resins with subsequent multiple-stage
chromatographic recovery of porphyrin concentrates on conventional sorbents (silica gel,
alumina gel) in gradient elution mode [25]. In this case, chromatographic purification is
the most labor-consuming stage, which also requires high consumption of adsorbent and
organic solvents. This significantly restricts the potential of recovery of petroleum vanadyl
porphyrins for the solution of various applied problems.

It has been shown in our previous works [26–29] that column chromatography using
sulfocationite is a simpler and more effective method for purification of vanadyl porphyrin
concentrate from asphaltenes or resins. Sulfocationite can be represented by silica gel
modified with sulfuric acid, as well as sulfonated asphaltenes [30]. This approach, in
contrast to conventional adsorbents, provides spectroscopically pure vanadyl porphyrins
after one stage of chromatographic purification providing a minimum consumption of
eluent and adsorbent. Investigation of the features of composition of vanadyl porphyrins
in oil resins is of particular interest, because main fraction of vanadyl metal complexes
remains in these fractions after separation of asphaltenes upon solvent deasphaltization.
Therefore, investigation was carried out to reveal differences in the composition of vanadyl
porphyrins recovered from the resins of heavy oils possessing high and low vanadium
contents on the example of two deposits located in different oil-and-gas bearing basins.

2. Materials and Methods

All solvents and reagents used in this study were obtained from Sigma-Aldrich and
used as received. As an adsorbent ASCG—silica gel (Activated Silica gel Coarse-grained
Granulated) (GOST 3956-76) was used which was dried for 8 h at 150 ◦C.

To isolate asphaltenes from 10 g dehydrated oil, 40-fold volume excess of n-hexane
was diluted and thoroughly mixed. After 24 h the obtained asphaltene precipitate was
filtered and washed with boiling n-hexane up to decolorization of flowing solvent. The
obtained asphaltenes washed from adsorbed maltenes, were eluted with benzene in a
Soxhlet apparatus. Then, solvent was distilled from the resulting benzene solution of
asphaltenes and asphaltenes dried at constant weight in a vacuum drying cabinet at a
temperature of 80 ◦C.

After washing the asphaltenes, the maltene filtrate was attached to the basic maltene
solution obtained by filtering the asphaltenes. Part of the n-hexane was removed so that
the product is diluted with a solvent corresponding approximately to the ratio 1:3. The
separation of maltenes on hydrocarbons (saturates) and resins (aromatics and heterorganic
compounds) was done with the help of column chromatography using ASCG silica gel as
the stationary phase. Silica gel was placed in a column with a diameter 1 cm and volume
50 mL using a sampling valve based on silica gel suspensions. Silica gel was impregnated
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with n-hexane taken in quantity of 1g of a sample of 40 g of silica gel. After that, the maltene
suspension was poured and maintained 2 h for maltene adsorption on silica gel. The rate
of the product entry into the sorbent should not exceed 100–120 mL/h. For oil desorption,
n-hexane was poured into the column through a dividing funnel. At the same time, the
eluent was taken at a rate of 175–200 mL/h from the bottom of the column. Finally, the
resins were eluted with an alcohol-benzene mixture. All samples of oils and resins after
solvent distillation were dried in a vacuum at 80 ◦C up to a constant mass [31].

DMF extract from resins was obtained by adding an extraction agent to the resin
suspension in the resin ratio extraction agent = 1:10 and boiling for 1 h. During the
extraction of resins, a precipitate is formed. After cooling, the resulting mixture through a
paper filter was filtered. The obtained DMF extract after distillation of solvent was brought
to a constant mass in a drying cabinet at 60 ◦C.

The primary concentrate (PC) of vanadyl porphyrins from the DMF resin extract
by column chromatography was obtained [26]. The DMF suspension of the extract was
dissolved in a minimal amount of benzene and placed in a column (60 × 1 cm) filled with
silica gel and eluted by solvents with increasing polarity. First, elution was carried out with
benzene at the rate 6–9 of drops per second until there was a significant loss of color of the
outgoing solution to remove fractions that do not contain nickel and vanadyl porphyrins
(yellow and yellow–green) and those containing nickel porphyrins (orange). Next, elution
with a mixture of benzene:trichloromethane in various ratios—80:20, 60:40, 40:60, 20:80 was
carried out, after which the elution was carried out with pure trichloromethane. Finally,
fractions containing vanadyl porphyrins were combined, and the solvent was distilled
under a vacuum [27,28].

PC’s chromatographic purification on sulfocationite with the necessary sulfuric acid
content to extract purified vanadyl porphyrins (pVp) was carried out. First, a glass column
with an inner diameter 12 mm (20 cm3) was filled with a sorbent (silica gel impregnated
with an 25% aqueous solution of sulfuric acid). Second, after impregnation by chloroform,
11.6 mg PCs were added with further chloroform elution. The eluent volume was 100 mL,
and the elution rate was ~2 mL/min. Finally, the vanadyl porphyrin residues were washed
out of the column with an 10% solution of isopropanol in chloroform. For spectropho-
tometry of the obtained fractions, the solvent was distilled to a constant mass, after which
they were dissolved again in equal volumes of chloroform. Three experiments to obtain
concentrates were carried out. The uncertainty was no more than 5%.

The electron absorption spectra in the UV and visible ranges were taken with a
spectrophotometer “Spectrophotometer PE 5400 UV” in the range from 400 to 650 nm.in
quartz cuvettes with a capacity of 5 mL and a solution layer thickness of 1 cm. A baseline
approximating the background curve was drawn to account for the absorption of the
non-porphyrin structure components. The intensity of the absorption band at 575 nm
was calculated as the difference between the absorption maximum and the background
curve. The vanadyl porphyrin content (C VP) in DMF resin extracts was determined
spectrophotometrically by the formula [32]:

C VP (mg/100 g) = 0.187 h V/(m l)

where 0.187 is the conversion factor characterizing the absorption of the medium;

h—is the height of the maximum of the α-absorption band at 575 ± 5 nm;
m—is the weight of the extract, g;
V—is the volume of the solution, mL;
l—cuvette thickness, cm

The vanadium content in all samples was determined by atomic absorption spec-
troscopy on an electrothermal atomization spectrometer «MGA-100» (Lumex, Russia).
The liquid sample was dosed into the graphite cuvette of the spectrometer using vari-
able volume microdispensers. The vanadium content was calculated from the calibration



Processes 2021, 9, 2235 4 of 12

curve obtained on the hydrocarbon matrix produced by Alfa Aesar, Specpure Vanadium
(5000 µg/g) using a reference standard (Oil-based standard solution (Specpure®)

The infrared spectra of all samples were recorded on the device Spectrum One FTIR
Spectrometer (Perkin Elmer, Norwalk, Connecticut, USA) in the range of 4000–400 cm−1.
The samples applied a toluene solution to a disk made of KBr and were dried to form a
thin film. The spectra were processed and analyzed using the OPUS Version 6.5 software.
The baseline and data normalization was used automatically. Based on the intensity of the
characteristic absorption bands in the IR-Fourier spectra, spectral coefficients character-
izing the structural and group composition of the studied objects were calculated [15,33].
Aliphaticity reflects the proportion of methylene and methyl groups relative to the propor-
tion of aromatic C=C bonds and is calculated as the ratio of the total intensity of absorption
bands due to methyl (1375 cm−1) and methylene groups (720 cm−1) to the intensity of
the bands due to C=C bonds in aromatic moieties (1600 cm−1). Aromaticity reflects the
proportions of C=C bonds in aromatic moieties relative to the proportion of C–H bonds
in aliphatic moieties and is calculated as the ratio of the intensity of the 1600cm−1 band
to the intensity of the absorption band at 1460 cm−1. The ratio of intensities of methyl
and methylene groups (CH3/CH2) was used for determination of branching of paraffin
structures. Degree of condensation reflects the proportion of C=C bonds relative to that
of C–H bonds in aromatic structures and is calculated as the ratio of the intensity of the
1600cm−1 band to the total intensity of the absorption bands at 740 and 860 cm−1. Degree
of oxidation reflects the proportion of carbonyl groups R–C=O relative to C=C bonds in
aromatic moieties and is calculated as the ratio of the intensity of the absorption band at
1700 cm−1 to the intensity of the 1600 cm−1 band. Sulfoxides reflects the proportion of the
S=O bonds in the sulfoxide moieties relative to the proportion of C=C bonds in aromatic
moieties and is calculated as the ratio of the intensity of the absorption band at 1030 cm−1

to the intensity of the 1600 cm−1 band. Sulfonates reflects the proportion of O = S = O
bonds in sulfonate fragments relative (1160 cm−1) to C = C bonds in aromatic fragments
(1600 cm−1).

The MALDI mass spectra purified vanadyl porphyrins recorded on a mass spectrome-
ter UltraFlex III MALDI-TOF/TOF (Bruker Daltonik GmbH, Bremen, Germany) in a linear
mode. The data were processed using software FlexAnalysis 3.0. The sample was ionized
by nitrogen laser radiation with energy of 19 eV. Positively charged ions were recorded.
The metal target MTP AnchorChipTM was used. Trihydroxyanthracene was used as a
matrix. Molecular ions of vanadyl porphyrins of different homologs appear as peaks with
mass 374+14n a.m.u. («n»—the number of methylene groups in the side substituents).

3. Results and Discussion

Vanadium content in HOs of Smorodinskoe deposit (HO no. 1) corresponds to
0.076 wt. % (Table 1), which is ca. six times as high as that in the HOs of Varadero
deposit (HO no. 2). There are more asphaltenes and resins and there is a higher density in
HO no. 2. The vanadium content in the resins of HO no. 2 is ca. 15 times as low as that in
the resins of HO no. 1.

Table 1. Characteristics of heavy oils (HOs) and the resins isolated from them.

HO
Density,
at 20 ◦C,

g/cm3

Content, wt. %

Asphaltenes Resins Hydrocarbons
Vanadium

in Oil in Resins

no.1 0.9370 12.1 25.2 62.7 0.076 0.365
no.2 1.0241 30.6 27.5 41.9 0.012 0.025

Comparison of Fourier IR spectra of the resins (Figure 1) and calculated spectral
coefficients (Table 2) revealed particular differences of their structural-group composition.
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Figure 1. Fourier IR spectra of the resins of HO no. 1 (a) and HO no. 2 (b).

Table 2. Spectral coefficients of the resins.

Resins of HO Aliphaticity Aromaticity Branching Condensation Oxidation Sulfoxides Sulfonates

no.1 3.06 0.28 5.06 0.91 0.90 0.47 0.28
no.2 3.48 0.26 3.48 0.72 1.22 3.62 1.29

Comparison of spectral coefficients derived from Fourier IR spectra of the resins of
the HOs under study shows that HO nos. 1 and 2 differ marginally by the coefficient
that characterizes aromaticity. There is a slight difference in spectral coefficients, which
characterize the degree of condensation and aliphaticity, in the resins. Most distinct
differences are observed upon comparison of the relative abundance of carboxylic and
sulfo-groups to C=C bonds in aromatic fragments. Differences are also observed upon
comparison of the relative abundance of C-H bonds in methyl fragments to C-H bonds
in methylene groups. The resins of HO no. 2 are characterized by a higher content of
oxygen-containing structures.

DMF extraction from the resins showed that the yields of the extracts differ marginally
between HO nos. 1 and 2. In this case, vanadium and vanadyl porphyrin contents in DMF
extracts from the resins of HO no. 1 are much higher (Table 3).

Table 3. Characteristics of DMF extract of the resins.

Resins of HO Yield of DMF Extract,
wt. %

V content in Extracts,
wt. %

VP Content,
mg/100 g

no.1 42.5 0.430 796.7
no.2 41.7 0.022 55.2

In the electronic absorption spectra of DMF extracts, a band in the near-UV region and
called Soret band in name of its discoverer is the most intensive. In vanadyl porphyrins,
the Soret band generally appears in the region of ~410 nm. In the visible spectral region,
metalloporphyrin complexes have two absorption bands denoted as α and β. In vanadyl
porphyrins, the α and β absorption bands are in regions of ~570 and ~530 nm, respectively.
The intensity of the absorption bands for the DMF extracts of HO no. 2 is lower than for
the DMF extracts of HO no. 1. The absorbance band intensity ratio K = α/β in the spectra
(Figure 2) at 570 nm (α–band) and 530 nm (β-band) allows one to determine the dominant
type of VPs in the obtained DMF extracts.
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Figure 2. Absorption spectra of DMF extracts of the resins of HO nos. 1 (a) and 2 (b).

It is known [34–36] that DPEP predominate up to the values of 1.3; mixed-type por-
phyrins are dominant in the range of 1.3–2.00, more specifically, DPEP and etioporphyrins;
and etioporphyrins predominate at the values higher than 2.0. As a result, it was deter-
mined that K = 1.9 for the DMF extract of the resins of HO no. 1 and K = 1.4 for the DMF
extract of the resins of HO no. 2. Thus, it was determined that there is a mixture of DPEP-
and etio-type porphyrins in the extracts at DMF extraction stage of the objects under study.

Comparison of Fourier IR spectra (Figure 3) and calculated spectral coefficients
(Table 4) established that DMF extracts from the resins of HO nos. 1 and 2 differ sig-
nificantly according to structural-group composition. There are higher aliphaticity and
degree of branching, as well as high fraction of sulfo-groups and low degree of branching
in structural-group composition of DMF extracts from the resins of HO no. 2. Condensation
degree, aromaticity, and the content of carbonyl groups are higher in DMF extracts from
the resins of HO no. 1.
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Figure 3. Fourier IR spectra of DMF extracts of the resins of HO nos. 1 (a) and 2 (b).

Table 4. Spectral coefficients of DMF extracts from resins.

Resins of HO Aliphaticity Aromaticity Branching Condensation Oxidation Sulfoxides Sulfonates

no.1 2.42 0.35 3.67 0.98 1.42 0.67 0.40
no.2 5.01 0.15 5.39 0.66 0.90 1.24 0.60

As a result of stepwise chromatographic purification from DMF extracts of the resins,
primary concentrate (PC) on silica gel and then, pVP on sulfocationite were isolated. It was
shown that the yield of PC in the resins of HO no. 1 is less by a factor of ca. 1.6 than that in
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the HO no. 2 (Table 5). The yield of pVP calculated on initial resins for HO no. 1 is higher
by a factor of 11.1 than that of HO no. 2.

Table 5. Yield of PC and pVP from the resins of the oils.

Resins of HO

Yield, wt. %

PC pVP

On Resins On DMF Extract On Resins On PC

no.1 6.29 14.80 1.89 30.00

no.2 3.92 9.40 0.17 4.50

UV-Visible absorption spectra (Figure 4) of pVP from the resins of HO nos. 1 and 2
recorded after stepwise chromatographic purification indicate an increase in the purity
due to the decrease in the background absorption of non-porphyrin impurities. This
statement is indirectly confirmed by the vanadium content in the PC and pVP isolated
after chromatographic purification (Table 6) and the maximum concentration of oil vanadyl
porphyrins is achieved in the latter case assuming their mean molecular mass.
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Table 6. Vanadium content in PC and pVP from resins.

Resins of HO
Content of V, wt. %

PC pVP

no.1 2.71 7.13

no.2 0.19 3.24

The achieved degree of purification of VPs allowed to record MALDI-TOF mass
spectra of the concentrates of vanadyl porphyrins (VPs) from DMF extracts of the resins
of HO nos. 1 and 2 at m/z 300–1500. Comparison of MALDI mass spectra in the range
of m/z 460–640 revealed principal features of the composition of vanadyl porphyrins in
the concentrates. In the recorded mass spectra of the fractions (Figures 5 and 6), the peaks
of C27-C39 homologs for HO no. 1 and C28-C39 homologs for HO no. 2 were identified,
which correspond to the most common types of oil vanadyl porphyrins: etioporphyrin and
deoxophylloerythroetioporphyrin (DPEP). Vanadyl porphyrins with higher mass were not
analyzed due to noises in spectra at m/z > 650. Noticeable complication of the spectrum at
higher masses is caused by the presence of impurities and lack of resolution.
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In the case of vanadyl porphyrins of HO no. 1, the maximum content of etio type
is in C31 homolog (m/z = 529.22 [M]+.), whereas that of DPEP type is in C32 homolog
(m/z = 541.22 [M]+.). The content of etio-type vanadyl porphyrins is inferior to DPEP-type
porphyrins ∑DPEP/∑ETIO = 2.93), which is the criterion of the maturation stage of oil. In
the case of pVP from the resins of HO no. 2, the maximum content of etio-type corresponds
to the C30 homolog (m/z = 515.20 [M]+.), while that of DPEP type corresponds to C32
homolog (m/z = 541.22 [M]+.). The content of etio-type vanadyl porphyrins is also less
than that of DPEP-type porphyrins (∑DPEP/∑ETIO = 3.77).

To obtain detailed information from the MALDI-TOF mass spectra, abundance of
other most common types of VPs in the fractions was studied. Because metalloporphyrins
are known to form molecular ions [M]+. during ionization using MALDI and laser desorp-
tion/ionization (LDI), the VPs were semi-quantified from relative intensities of correspond-
ing ions [M]+.. Six following types of VPs were analyzed: etio type (m/z 473+14n); DPEP
type (m/z 471+14n); dicyclic DPEP type (Di-DPEP) (m/z 469+14n), rhodo-etioporphyrins
(Rhodo-Etio) (m/z 467+14n), Rhodo-DPEP type (m/z 465+14n), and Rhodo-Di-DPEP)
(m/z 463+14n), where n is the integer from 0 to 14. Their [M]+. signals were obtained
from the spectra and used for plotting histograms describing the numeric distribution of
various types of VPs in the fraction (Figure 7). According to Figure 7, DPEP type is the
most abundant type of vanadyl porphyrins discovered for the VP concentrate from DMF
extract of the resins of HO nos. 1 and 2.
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The diagram (Figures 8 and 9) shows the relative abundance (in %) of various types of
VPs in pVP from the resins of HO nos. 1 and 2.
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Comparison of the spectral coefficients of Fourier IR spectra has shown differences in the 
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In HO no. 2, the content of Rhodo-Di-DPEP-type VPs is higher by a factor of 1.5 than
that of HO no. 1. The content of Di-DPEP- and Rhodo-ETIO-type vanadyl porphyrins
in HO no. 1 is higher than that in HO no. 2 by factors of 1.3 and 1.2, respectively. Thus,
different ranges of vanadyl porphyrin homologs were identified in the isolated concentrates
from the resins for HO nos. 1 and 2. In HO no. 1, the peaks of C27-C39 homologs were
identified, with the maximum for C32 homolog. In HO no. 2, the peaks of C28-C39 homologs
were identified, with the maximum for C30 homolog (Figure 10). Even though the highest
content corresponds to the vanadyl porphyrins of deoxophylloerythroetioporphyrin (DPEP
type), there are differences of the abundance values of most common types of vanadyl
porphyrins in the oils under study, such as etio-, DPEP-, Di-DPEP, Rhodo-Etio, Rhodo-
DPEP, and Rhodo-Di-DPEP. The content of Rhodo-DPEP- and Rhodo-Di-DPEP-type VPs in
the resins of HO no. 2 is higher than that of HO no. 1 by a factors of 1.3 and 3.5, respectively,
along with a decrease in the content of other types of VPs by a factor of 1.1–1.6.
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4. Conclusions

This study has revealed features of the composition of vanadyl porphyrins isolated
from the resins of heavy oil of Smorodinskoe deposit (Russia) with high vanadium content
and Varadero deposit (Cuba) with low vanadium content. The vanadium content in the
resins of oil of Smorodinskoe deposit is ca. 15 times as high as that of Varadero deposit.
Comparison of the spectral coefficients of Fourier IR spectra has shown differences in
the structural-group composition of the resins. The resins with low vanadium content
are characterized by a higher condensation degree and higher fraction of carbonyl and
sulfo-groups in the molecules. Aliphaticity and aromaticity of the resins of the oils under
study differ marginally.

To recover and purify vanadyl porphyrins from the resins, extraction by
N,N–dimethylformamide (DMF) with subsequent two-stage column chromatography
on silica gel and sulfocationite were employed. It was shown that the yield of purified
vanadyl porphyrins from the resins with high vanadium content is much higher and corre-
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sponds to 1.89 wt. %. As a result of analysis of MALDI mass spectra in the range of m/z
460–640, the peaks of C27-C39 homologs for the resins with the high vanadium content
and C28-C39 homologs for the resins with the low vanadium content were identified in the
specimens of purified vanadyl porphyrins. Analysis of distribution of the most common
types of VPs has shown that the maximum abundance of etio-type vanadyl porphyrins in
the resins with high vanadium content is in the C31 homolog (m/z = 529.22 [M]+.), whereas
DPEP type is mainly represented by C32 homolog (m/z = 541.22 [M]+.); in this case, DPEP
type is dominant (∑DPEP/∑ETIO = 2.93). In the resins with low vanadium content, the
maximum abundance of etio-type vanadyl porphyrins is in the C30 homolog (m/z = 515.20
[M]+.), while that of DPEP type is in the C32 homolog (m/z = 541.22 [M]+.); in this, case,
DPEP type is dominant (∑DPEP/∑ETIO = 3.77).
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