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Deepwater Market will remain large for alongtime.
Information is at a Premium.

USGS Est. 2000

Undiscovered

Onshore Natural Gas Liquids
Onshore Offshore 47% Offshore USGS Est. 2000
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Total = 1.6 TBO(=—66vears at today’ srate)



sphaltene

Oil Chemistry affects... N

Athabasca
Bitumen
r>1 g/cc



Asphaltene Molecular Structure,;

>20 year, x10 fight!
Ring sizes known from STM, HRTEM, 13C NMR,
Consistent with Optics + MO, C XRRS, Solubility

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




Fluorescence Depolarization
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Fluorescence Intensity

Chromophore Selection

Use Excitation, Emission Wavelength
to Select Chromophore Size

Fluorescence Emission Wavelength (nm)



UG8 Asphaltene

H. Groenzin, O.C. Mullins

J. Phys. Chem. A (1999)

H. Groenzin, O.C. Mullins

E&F (2000)
Editor’ s Choice Article
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Which Asphaltene Molecule Description?

This is correct! 1) Small Rotation Times
( ) THEN 2) Wavelength DEpendent Times
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Fluorescence Depolarization

1) Asphaltenes are small!
2) Coal Asphaltenes much smaller than Petroleum Asphaltenes

Petroleum
Asphaltenes
Coal ~ 750 g/ mole
Asphaltenec
~500 g/ mole 00 E. Buenrostro-
Gonzalez,

et al, E&F 2001




Asphaltenes

Coal — Small alkane fraction, Small ring systems
Oil - Large Alkane fraction, Large Ring Systems
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Asphaltene Solubility:

p-System Stacking vs Steric Hindrance
(Structure to Properties)

From Petroleum: From Coal:
L otso-Alkane Few Alkanes
thus L ots-o-rings thus Few Rings

Mol. Wt. 708 Mol. Wt. 309



Cracking makes smaller asphaltenes

L. Buch, H. Groenzin, E. Buenrostro-Gonzal ez,
S.I. Andersen, C. LiraGaleana, O.C. Mullins,
Effect of hydrotreatment on asphaltene fractions, Fuel, 82, 1075, (2003)

Coke (insoluble)

Asphaltene
(]
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X-Ray Spectroscopy Nitrogen XANES

Sulfur XANES. > Pyrrole or Pyridine
1s-3p > oxidation state 258 J. Am. Chem. Soc., Vol. 115, No. 1, 1993

Geoffrey S. Waldo, Oliver C. Mullins, James E. Penner-Hahn, R i 1T i e e R T
Stephen P. Cramer, Fuel, 71, 53 (1992)
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Carbon X-ray Raman Spectroscopy
Uwe Bergmann et al.

8 — Element X -ray Monochromater




Carbon X-Ray Raman Spectrum

Fix X-ray out, Scan X-ray Iin A
Uwe Bergmann et al. %~ D
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Carbon K-edge Raman Spectrum
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Various
A g BS
Examined
Here

Aromatic sextet-
1Solated double bond
representation

: I Benzo[c]naphtho[gra]

Coronene 1,2 Benzanthracene tetracene



PAH’s Structure

U. Bergmann, H. Groenzin, O.C. Mullins,
P. Glatzel, J. Fetzer, S.P. Cramer, Chem Phys.

Lett. 369, 184, (2003)
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Asphaltenes have Sextet Carbon (Paracondensed)
Asphaltene linewidth ~1.3 eV

—
&

‘0
=
c
>
O
S
R 1
>
=
0
c
]
]
S

o
&

2835 2845 2855 286.5
energy transfer [eV]

290 300 310
energy transfer [eV]




Genomics; analyzeall genes determlmethq)vrl _In'actlo and 5%
their influencein blologlcal pathways and }b ;élicﬂOg}/ 77
. | \ II:IF'F ) f\“I/

1953 J. Watson and F. C\uck .
determined the chemical strudthrreof DNA

x ’ , "; s P 8y \ 1
In 2000, the culmination ™ &
of many technical advances

lead to the deciphering of RN
the Human Genome — and revol utionizi ng .ér\b[nl
"z | !f \ \:’%‘l
“If you want to understand function, study Structur ¥ m‘ 4]
F. Crick i ¥ VAN , ] *”,
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Genomics Wins!!
Petroleomics Enabled !

Genomlcs
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| disease that

Scientists in Iceland
Discover First Gene

Tied to Stroke Risk

By NICHOLAS WADE

Researchers in Iceland say they
have discovered the first gene that
underlies common forms of stroke, a
affects more than
600,000 people a year in the United
Stotpg

People with a particular version of
the gene have a three to five times
greater risk of stroke, said the re-
searcners, who are at Decode (-enet-
ics, a company based in Reykjavik,
I"hls is as large as or larger than
known environmental risk factors

| like high blood pressure, high choles-

terol and smoking.
Dr. Kari Stefansson, the chiel ex-

| ecutive of Decode, said that the new

gene makes an enzyme that is a good
target for drugs, and that the Roche
pharmaceutical company in Switzer-
land was already lesting several
such drugs in laboratory rats.

The new gene was identified by a
team led by Dr. Solvelg Gretarsdot-
tir. The gene had not previously been
implicated in stroke, and its detee-
tion may open new insights into the
mechanisms of the disease, Decode’s
work, reported today in the journal
Nature Genetics, is a “‘tour de force™
and “‘highly, highly significant for
the stroke field,” said Dr. Jonathan
Rosand, a stroke specialist at Massa-
chusetts General Hospital.

But the study is unlikely to yield
new treatments any time soon and

Continued on Page Al4




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
Mass spec of asphaltene: FSU
C/70H142 0.18 Saturated alkane
C70H134 0.007 Benzy alkane
C/70H73 0.012 H-Deficient heavy end
C70H13802 0.009 Carboxylic acid
C70H73N4VO 0.002 Metalloporphyrin
C35H72

<" (for each peak...)

300 400 500 600 700
BG-5 Asphaltene



Petroleomics. Composition to Properties

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

Forida State U gives
Oil Composition. — COVER STORY -

PITTCON 2003
We want DOE $ #

sl FINE LOOK AT CRUDE OIL

for Dead Oil Analytical techniques could lead to new

understanding of petroleum

Petroleomics.

S RECENTLY AS A FEW YEARS | tion for scientists, but that changed with
ago, who would have thought | the development of deepwater facilities.
that we could have a detailed | “We don’t want to put in 50 miles of
picture of the components of | pipeline and then have it clog up.”

petroleumn? Mullins uses fluorescence depolariza-
At one time, scientists thought that the | tion, which measures the rotational diffu-

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.



