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Equations Reference

CH2

CH3

= 2.5419 - 0.2284
I2920

I2957

CH2

CH3

HMe

Hsat

K´ ,K´= 2.4

Eq.3

Eq.4

Eq.5

Eq.6

Eq.7

0.383
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2.553

1.360

1.801

(Benkhedda
et al., 1992)

(Coelho
et al., 2006)

(Coelho
et al., 2006)

(Calemma
et al., 2006)

(Poveda
et al., 2006)
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0.1-1.0

Aldehydic and carboxylic hydrogens.

Hydrogens in polyaromatics rings.

Hydrogens in monoaromatics.

Olefinic hydrogens.

Paraffinic and naphthenic hydrogens CH, CH2 and CH3 type, α to aromatics.

Naphthenic hydrogens, CH2 type, β to aromatics.

Paraffinic hydrogens, β to aromatics, CH3 and CH2groups.

Paraffinic hydrogens, γ and more to aromatics, CH3 groups.
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Composition by number*
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† Integrated area was calculated by averaging areas after six times integration.
* Calculated from elemental analysis, average molecular weight from MALDI, and integrated areas from liquid state 1H-NMR spectrum
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2.34

9.38

11.99
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37.96
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8.89
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carbons 0.34
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Aldehydic and cetonic carbons

Quinolinic carbons

Carboxylic carbons.

Non protonated aromatic carbons

Aromatic carbons linked to methyl groups and catacondensed carbons, CAA

Protonated aromatic carbons, CH , olefinic and carbons in benzonaphthenic
and pericondensed carbons, CAAA.

Paraffinic and naphthenic carbon α to OH.

CH and C paraffinic carbons.

CH2 and CH type naphthenic and paraffinic carbons.

Methyl carbons in α position to aromatic rings.

CH3 carbons.

Ar

Ar

Ar

Integrated
area†

† Integrated area was calculated by averaging areas after six times integration.
* Calculated from elemental analysis, average molecular weight from MALDI, and liquid state 13C-NMR spectrum.
ls, liquid state; ss, solid state.



C39.8H52.1N0.13O1.6S0.33
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Average molecular formula

Total saturated carbons

   Saturated carbons (sp3) in methyl groups

     Methyl carbons alpha to aromatics

     Methyl carbons beta to aromatics

   Saturated carbons (sp3) in methylene and
     methyne groups

Total aromatic carbons

   Protonated aromatic carbons (sp2)

   Substituted aromatic carbons (sp2)

   Catacondensed aromatic carbons (sp2), CAA

   Pericondensed aromatic carbons (sp2), CAA

Average length of alkyl chains, n

   1H-NMR, Dickinson´s approach

   13C-NMR, n using terminal CH3

   13C-NMR, n using CSust

Aromatic rings in acenes structures, RA

Aromatic rings in condensed structures, RA

Number of naphthenic rings, RN

Aromaticity factor, ƒa

Aromatic condensation degree, ξ 

Ar

Ar

Ar

Parameter



500 1000

MALDI - TOF spectrum
of Colorado Asphaltenes

1500 2000
m/z

(11)= = =CAr

C
CA

(CA+CS)
A002

(A002+Aγ)fa



0 10 20 30

(002)

Crystaline paraffinic wax molecules

X-ray powder diffraction pattern
of Colorado Asphaltene

γ

(001)
(110)

40 50 60 70 80 90
2θ 

Aromaticity factor

Distance between aromatic sheets

Distance btween paraffinic chains

Average diameter of aromatic layers,
alpha carbons included, Å
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Number of aromatic layers per cluster
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