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to characterize individual molecular species would be fu-
tile because of their heterogeneity. Therefore, we be-
lieve it is best to characterize the asphaltenes by means
of a measurement of the distribution of sizes observed.

Reviewer III: For readers who are not NMR experts,
it would be beneficial to give a brief explanation of the
cluster model and the alpha approximation.

Authors: The cluster model relies on the correlation
between the ratio of all aromatic carbons that occupy
bridgehead position, i.e, junctions of condensed aromatic
rings, and the number of aromatic carbons in a cluster.
For example, this ratio is zero for benzene that has no
bridgehead carbons, 0.2 for naphthalene (2 out of 10
carbons are in bridgehead position), 0.286 for anthra-
cene, etc. Thus, by determining this ratio, one can esti-
mate the aromatic cluster size. This correlation, how-
ever, depends upon whether a linear or a circular ring
condensation is assumed for the cluster. For instance,
this ratio is 0.33 for tetracene with 18 carbons in 4
linearly condensed rings, while a higher ratio of 0.375
exists for pyrene that has fewer carbons (16) but are ar-
ranged in 4 circularly condensed rings. To circumvent
this ambiguity of the correlation to some extent, a com-
bined linear/circular model was developed that is fully
explained in Solum ez al. (1989). This combined model
was used in this work.

In order to determine the fraction of bridgehead car-
bons, the so called alpha approximation is used. This
approximation states that on average the number of hy-
drogen atoms attached to an aliphatic carbon directly
attached to an aromatic ring, i.e., an alpha carbon, is
the same as the average number of hydrogen atoms on
all aliphatic carbons. '3C NMR data provides the frac-
tion of total carbon that are aromatic, but does not
permit differentiation between the bridgehead and the
alpha aromatic carbons. '"H NMR data on the other
hand allows measuring the total number of hydrogens
that are attached to alpha carbons. Using the alpha
approximation, one can, therefore, link the information
from 13C and 'H NMR to estimate bridgehead carbon
population separate from alpha carbons.
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Reviewer III: Can the authors compare their liquid
NMR data with 13C solid state data? This comparison
may provide some information on the reactions that the
authors speculate may occur in asphaltenes in solution.
Authors: Solid state 13C NMR spectra of such complex
hydrocarbons as asphaltenes lack sufficient resolution to
permit the detailed structural analysis as has been at-
tempted here. Also, doubts remain as to the quantitative
accuracy of the solids NMR data due to the effects of
free radicals and paramagnetic metal impurities. We
feel that whenever possible, solution state NMR analysis
is to be preferred over solid state especially if one is in-
terested in good quantitative data. The question of com-
paring solution and solids NMR data to speculate on the
chemistry of hydroprocessing is not valid.

Reviewer III: How was the content and structure of N,
O, and S determined?

Authors: The content of heteroatoms was determined
using wet chemical methods. The types of structural
groups containing these heteroatoms were assumed vide

infra.




