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Deepwater Market will remain large for a long time.
Information is at a Premium.
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Asphaltene Molecular Structure;
>20 year, x10 fight!

EITHER this...

OR... 10 of these 
(NOT identical) cross linked

Ring sizes known from STM, HRTEM, 13C NMR, 
Consistent with Optics + MO, C XRRS, Solubility
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Use Excitation, Emission Wavelength
to Select Chromophore Size

Fluorescence Emission Wavelength (nm)
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Which Asphaltene Molecule Description?
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1) Asphaltenes are small!
2) Coal Asphaltenes much smaller than Petroleum Asphaltenes

Fluorescence Depolarization
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Coal – Small alkane fraction, Small ring systems
Oil   - Large Alkane fraction, Large Ring Systems

Asphaltenes



From Petroleum:
Lots-o-Alkane
thus Lots-o-rings
Mol. Wt. 708

Asphaltene Solubility:
π-System Stacking vs Steric Hindrance

(Structure to Properties)

From Coal:
Few Alkanes 
thus Few Rings
Mol. Wt. 309
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Cracking makes smaller asphaltenes
L. Buch, H. Groenzin, E. Buenrostro-Gonzalez, 
S.I. Andersen, C. Lira-Galeana, O.C. Mullins, 
Effect of hydrotreatment on asphaltene fractions, Fuel, 82, 1075, (2003) 
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Sulfur XANES.
1s-3p à oxidation state

Oxidized

Reduced

X-Ray Spectroscopy
Nitrogen XANES.

1s-π* à Pyrrole or Pyridine

S. Mitra-Kirtley, Oliver C. Mullins, Jie Chen, Jan van Elp, 
Simon J. George, Stephen P. Cramer, 
J. Amer. Chem. Soc. 115, 252 (1993)

Geoffrey S. Waldo, Oliver C. Mullins, James E. Penner-Hahn, 
Stephen P. Cramer, Fuel, 71, 53 (1992)
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8 – Element X-ray Monochromater

Carbon X-ray Raman Spectroscopy
Uwe Bergmann et al.



Carbon X-Ray Raman Spectrum
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Carbon K-edge Raman Spectrum
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Various
PAH’s
Examined
Here

Aromatic sextet-
isolated double bond

representation

Benzo[ghi]perylene
Naphtho[2,3a]pyrene

Benzo[a]pyrene

Benzo[e]pyrene

Triphenylene

1,2 Benzanthracene
Benzo[c]naphtho[gra]
tetraceneCoronene



Benzo-e-pyrene

PAH’s Structure
U. Bergmann, H. Groenzin, O.C. Mullins, 
P. Glatzel, J. Fetzer, S.P. Cramer, Chem Phys.
Lett. 369, 184, (2003) Tetracene
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Genomics; analyze all genes, determine their interaction and 
their influence in biological pathways and physiology.

1953 J. Watson and F. Crick 
determined the chemical structure of DNA

In 2000, the culmination 
of many technical advances
lead to the deciphering of 
the Human Genome – and revolutionizing Genomics.

“If you want to understand function, study structure”  
F. Crick



Genomics Wins !
Petroleomics Enabled !

September 22, 2003 Genomics



Petroleomics:
The Characterization of All Chemical

Constituents of Petroleum, 
their Interactions and their Reactivity.

Petroleomics: Coined by A. Marshall,
Defined by A. Marshall, O.C. Mullins



Petroleomics:
Composition to Properties

A Marshall, R. Rodgers,
OC Mullins

N

m/z
700600500400300

BG-5 Asphaltene

Mass spec of asphaltene: FSU
C70H142 0.18 Saturated alkane
C70H134 0.007 Benzy alkane
C70H73 0.012 H-Deficient heavy end
C70H138O2 0.009 Carboxylic acid
C70H73N4VO 0.002 Metalloporphyrin

TR-Fluoro Depol.
SDR

Probable

C35H72
(for each peak…)



Petroleomics: Composition to Properties

SLB Currently has the best commercial fluid analysis.
but phenomenological….

Florida State U gives 
Oil Composition.

Endorsement of Chemical Community

We want DOE $ 
w/ U of Houston 
for Dead Oil
Petroleomics.

Now we need Chem E’s on board.



Asphaltene Structures needed to understand phase transitions.



Conclusions:

1) The study of crude oils and asphaltenes is motivated
by efficient resource utilization.

2) Asphaltene molecular weight controversy is ‘over’.

3) X-ray spectroscopy is powerful for molecular  
structure elucidation of these complex materials

4) Petroleomics - Oil Composition to Properties;
is the future of oil analysis.


