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Discussion with Reviewers 

D.J. Thomson: How were the sizes of the adsorbates 
measured? For example, was full width half maximum 
used? Were the measurements automated or were they 
performed by eye? How were the individual adsorbates 
identified? For example. in Figure 2, how are the two 
features in the center identified as clusters and not as 
individual adsorbates? 
Authors: The sizes of the adsorbates were measured 
from top-views of the images rather than by hand or in 
cross-section. We felt that the underlying graphite sub
strate would be useful as an internal scale. Since the 
current fluctuations represented by the adsorbates on the 
graphite are highly localized spatially, we believe the 
full widths are representative of the dimension of the 
adsorbate. This measurement technique is very similar 
to that performed on model organic compounds such as 
ordered liquid crystal molecules (Mizutani et al., 1990). 

We identified individual adsorbates by changing 
contrast between substrate and adsorbate until we could 
isolate the major components to a given adsorbate from 
regions nearby which appear to have resulted from 
"blooming" effects. In this manner of variable contrast, 
we could assign two individual features in the two re
gions of the central portion of Figure 2 rather than 
several single adsorbates. 

D.J. Thomson: There is still considerable debate about 
the imaging mechanism when it comes to the imaging of 
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molecules of this type. Perhaps the authors could add a 
few sentences about the assumptions they have made in 
interpreting their images. 
Authors: We agree that a detailed understanding of the 
imaging mechanism for molecular adsorbates is currently 
lacking although several have been advanced. But we 
must point out that STM studies of model compounds, 
such as the work of Dr. Chiang (personal communica
tion) and that of ordered liquid crystal molecules 
(Mizutani et al., 1990), reveals proper molecular dimen
sions, structural units and symmetries. We have tried to 
objectively measure dimensions of the adsorbates that we 
can easily distinguish for a comparison to the structural 
model derived from the NMR. The only "interpreta
tion" of the images that we permit ourselves is that the 
current fluctuations we observe are due to the pertuba
tions of the substrate wave-function by the presence of 
the molecular orbitals of an organic asphaltene adsorb
ate. We have checked separately the bare substrate and 
solvent (THF) for impurities which might give rise to 
similar features without success. 

We do agree that ambiguities arise from the compli
cated structures observed. But we quantified only those 
features for which no such ambiguity exists. 

P.S. Weiss: In Figure 2, the right-most circled feature 
is part of a larger moon-shaped feature. Similarly what 
about the dark areas? How is it that the authors can 
assign some features to the molecules and not others? 

With regard to Figure 3, the uppermost feature is 
also part of something larger. How can the authors as
sign the orientation of the molecules as they do? Once 
again, what about the dark areas? 

In all the images, features of various sizes appear. 
It is troubling thatt he authors select features of approxi
mately the "right" size and then analyze the size 
distributions of the selected features. 
Authors: As stated in the text, the dark areas to the left 
of the high contrast asphaltenes are believed to be a 
scanning artifact. Constant height images were obtained 
with minimized z-piezoelectric feedback gain and fast 
scan rate (25-50 Hz). A small finite gain was maintain
ed. As a result, as the tip travels from right to left over 
a molecular adsorbate, the tip withdraws slightly over 
the molecule which results in a reduced tunneling cur
rent on the opposite side of the molecule from the scan 
direction. Inspection of the original image data reveals 
the presence of the substrate image at reduced contrast. 

We have arbitrarily circled several asphaltene struc
tures in Figures 2 and 3. However, we do not exclude 
other features that appear in these images from our 
measurement of a distribution of sizes. The asphaltenes 
by their very nature are a heterogeneous set of organic 
molecules varied in functionality and size. An attempt 
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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 ill: 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 et 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. 13C 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. 1H 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 1H NMR to estimate bridgehead carbon 
population separate from alpha carbons. 
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Reviewer ill: 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 ill: How was the content and structure of N, 
0, 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. 


