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INTRODUCTION 

The nature of intermolecular interactions in asphalt cement remains incom- 
pletely understood, although the body of evidence continues to grow. Several types 
of interactions are possible. In a number of papers, the theory has been propounded 
that micelles, formed by the stacking of flat aromatic molecules via pi-pi interactions, 
are important constituents of asphalt cements [l]. J. C. Petersen, on the other hand, 
has concentrated efforts on the study of functional groups containing oxygen, 
nitrogen and sulfur because some of these functional groups could interact through 
polar forces [Z]. Less attention has been paid to possible van der Waals interactions 
except in cases in which long unsubstituted aliphatic chains (waxes) crystallize within 
the asphalt [3]. Nevertheless, all of these interactions could contribute to the 
formation of an intermolecular network, the characteristics of which may determine 
the behavior of the asphalt cement. 

Because of the complexity of asphalt, such interactions are difficult to study. 
High Performance Gel Permeation Chromatography (HP-GPC) has been used to 
demonstrate the tendency of self-assembled units to form in whole asphalts and some 
fractions [4,5]. Molecules in many common asphalts show a distinct tendency to self- 
assemble; a few asphalts show little if any such character. The latter asphalts are 
likely to be thermally sensitive, that is, to be subject to early thermal cracking and/or 
permanent deformation [6]. In experiments in which the polarity of the eluting 
solvent was changed, it appeared that both polar and non-polar interactions are much 
more important in those asphalts which exhibit self-assembly than in those which do 
not [7]. 

In efforts to clarify the chemical nature of asphalt cements, two important 
fractionations of asphalt have been performed by Western Research Institute (WRI) 
under auspices of the Strategic Highway Research Program (SHRP). Preliminary 
work on the HP-GPC analysis of two fractions from Ion Exchange Chromatographic 
separations was described previously [5]. Further work on these and other fractions 
will be the subject of this paper. 

EXPERIMENTAL PROCEDURES 

Two fractions from preparative size exclusion chromatographic (SEC) separa- 
tions of each of eight asphalts were supplied by WRI. This molecular size separation 
uses toluene as solvent. The separation is based on a transition from non-fluores- 
cence to fluorescence of the eluting substances. The non-fluorescent fraction, 
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labelled SEC I, is thought to consist of associated entities whereas the fluorescent 
fraction (SEC 11) is composed of individual molecules [8] or perhaps small associated 
units. 

Using ion exchange chromatography (IEC), WRI obtained five fractions from 
each of the same eight asphalts. These are strong acid, strong base, weak acid, weak 
base and neutral materials [9]. 

Both SEC and IEC fractions were used as received and subjected to HP-GPC 
analyses as previously described [5]. Tetrahydrofuran (THF) was used as solvent. 

RESULTS AND DISCUSSION 

A Note about the Solvent 
Tetrahydrofuran is a common solvent for HP-GPC analysis of asphalts and 

their fractions. At the low sample concentrations used (0.5% wk), THF disrupts 
most intermolecular associations present in the neat asphalt. However, the strongest 
associative bonds, both polar and non-polar, apparently do survive in THF solution. 
Thus, we suggest that THF is the solvent of choice for indicating the tendency of 
molecules in an asphalt to form strong associations by any mechanism (polar and/or 
non-polar). This is particularly important because we theorize that the extent to 
which the molecules in an asphalt form an intermolecular network consisting of both 
polar and non-polar interactions contributes to the ultimate performance of the 
asphalt. 

The SEC Fractions 
The SEC I and I1 fractions from each of eight asphalts were analyzed by HP- 

GPC in THF. In Figure 1, the chromatograms which were detected by 340 nm 
absorption for SEC I and I1 fractions are superimposed on that of the parent asphalt 
for two asphalts, representing the range of results observed. 

size (LMS) material(2) than the corresponding whole asphalt, whereas SEC I1 is 
much less aromatic and shows no evidence in the LMS region for intermolecular 
association. However, there are significant differences among asphalts. For example, 
in THF, asphalt A shows strong evidence for intermolecular association in the whole 
asphalt and in SEC I, but asphalt G contains little, if any, self-assembled material in 
the whole asphalt and the least amount in SEC I of all asphalts tested (Figure 2). 
Furthermore, the percentages of LMS material in the whole asphalts bear a nearly 
linear relationship to the percentages of LMS in their respective SEC I fractions 
(r2=0.89). 

much less evidence for the presence of self-assembled entities in the LMS regions of 

In all cases studied, SEC I is more aromatic(') and has more large molecular 

However, there are some interesting details within this data. First, there is 

(')?he aromatic content of samples can be compared by summing the areas in mAU under the chromato- 

(')Percentage of L M S  is defmed as the percentage of CV, appearing m the large molecular size region of the 
graphic cuwes at 230. 254, 280. 340. 380, 410 and 440 nm. This is called the total conjugated volume, CV, . 
chromatogram, before 17 minutes elution time m this system. 

I 
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SEC I fractions from Group 1(3) asphalts than in SEC I fractions from other 
Groups. Furthermore, these fractions begin to elute as much as two minutes earlier 
than their parent asphalts. This indicates that the process of SEC separation in 
toluene may force some intermolecular polar associations that a) are not present in 
the original asphalt and b) are quite stable. That such a change is induced by the 
SEC process is further evidenced by the fact that SEC I fractions from Group 1 
asphalts are not completely soluble in THF, whereas the parent asphalts are easily 
soluble. 

Second, when one observes the strong response in the LMS region for SEC I 
fractions, it would be easy to assume that all the LMS material in the whole asphalt 
is accounted for by the SEC I fraction. However, when the amount of LMS material 
explained by SEC I and Id4) is compared with that found by analysis of the whole 
asphalt, differences among the asphalts are observed (Table I). For example, for 
asphalts A, 8 and D, less LMS material is calculated from the SEC I and I1 fractions 
than is observed in the whole asphalt. Since the SEC preparation using toluene 
should encourage polar interactions while disrupting pi-pi bonds, the HP-GPC data 
may indicate that pi-pi interactions are somewhat more important than polar interac- 
tions in these three asphalts. 

For asphalts C, F and K, the difference between calculated and observed LMS 
percentages is small (within experimental error). This may mean either a) that 
neither interactive mechanism is important, or b) that both interactions contribute 
about equally in the whole asphalt. Earlier studies with changes in solvent polarity 
indicate that the latter is true for asphalt K. For asphalts C and F, in which little 
intermolecular interaction is noted, it may be that both polar and non-polar associa- 
tions contribute about equally to the low LMS content. 

Asphalts G and M present a different picture in that the total LMS percentage 
in SEC I and I1 is higher than in the whole asphalt. This difference is substantial in 
asphalt M, less so in asphalt G. We suggest that the SEC separation of G in toluene 
encourages polar interactions not present in the whole asphalt, as mentioned earlier. 
In the whole asphalt, in fact, neither polar nor non-polar interactions seem to be 
important. 

Asphalt M (Group 4)('), well known as an unusual material, does not 
change its reputation here. We suggest that, not only does the SEC separation 
encourage polar bonds not present in the whole asphalt, but also it disrupts non-polar 
interactions that are particularly strong in this asphalt. That is, toluene may actually 
invert the interactions prevalent in the neat asphalt. It should be noted that asphalt 
M is known as a highly compatible material from which little if any asphaltene can be 
precipitated by heptane. That is, heptane can not induce the separation of polar 
materials perhaps because they are so strongly solubilized by virtue of pi-pi interac- 
tions. This would be consistent with the HP-GPC results. 

(')Group 1 asphalts have narrow molecular size distribution. with little evidence for mtermolemlar association 

("Percent LMS whole asphalt, calc. = (% LMS SEC I)(wt % SEC I) + (46 LMS SEC II)(wt % SEC lI)/lm. 
(s)Asphalts m Group 4 posres narrower molecular s k  distributions than Group 2 asphalts, but the overall 

(Le.. little LMS shoulder area) in the HP-GPC chromatogram. These asphalts are often temperature sensitive 
and may crack early and/or NI  in a pavement. 

molecular size is quite large. 
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The IEC Fractions 

strong bases, weak acids, weak bases and neutrals - the strong acids exhibit most 
intermolecular association in THF. These fractions are highly aromatic (Table 11) 
and, because of the isolation procedure, should contain molecules with strongly acidic 
functional groups as well as those with a strong acid and one or more additional 
functional groups. Thus, the extensive intermolecular association is not surprising. 
Nevertheless, there are significant differences among the chromatograms of strong 
acid fractions from different asphalts (Figure 3). The chromatogram of strong acids 
from asphalt G (representing Group 1 asphalts), although showing evidence for 
considerable intermolecular interaction, also indicates that most of the materials are 
unassociated. This contrasts with the situation for strong acids from asphalt A 
(Group 2f6), which are seen to be predominantly in the LMS region and thus 
highly associated. 

also have more than one functional group (but not a strong acid since they have been 
removed). Their chromatograms indicate less self-assembly in the strong bases than 
in the corresponding strong acids and less self-assembly among Group 1 asphalts than 
others. 

little if any tendency toward self-assembly in THF, i.e., any intermolecular bonds are 
quite weak. Neutral fractions are the least aromatic of the IEC fractions and display 
no evidence for self-assembly in the LMS regions of their chromatograms. 

It is expected that the process of IEC separation may destroy some intermo- 
lecular interactions because each contributor belongs in a separate category. Thus, 
the total LMS percentage for all the IEC fractions is expected to be significantly less 
than that obtained by HP-GPC analysis of the whole asphalt (Table 111). For most 
asphalts, this is true. However, for asphalt G, there is no significant difference 
between these approaches, again suggesting that intermolecular interactions are not 
strong in this asphalt. 

SUMMARY AND CONCLUSIONS 

Among the fractions from Ion Exchange Chromatography - strong acids, 

Strong base fractions are also quite aromatic (Table 11). The molecules could 

The weak acid and weak base fractions are quite aromatic but demonstrate 

Separation of asphalts into fractions has provided somewhat simpler samples 
by which to study intermolecular interactions in the asphalts. Separation by size 
exclusion chromatography (SEC) using toluene has yielded SEC I, composed of large 
species associated by polar bonds, and SEC 11, consisting of essentially nonassociated 
molecules (as evidenced by HP-GPC analysis). Analyses of these fractions by HP- 
GPC in THF emphasize the aromatic character of SEC I (but not of SEC II), agree 
that SEC I contains highly associating components, but distinguishes among asphalts 
as to the extent, strength and source (polar or non-polar) of the interactions. 

by HP-GPC. These analyses confirm that components in the strong acids fraction, 
which are highly aromatic and may include molecules with more than one functional 

Other fractions derived from ion exchange chromatography were also analyzed 

@)Group 2 asphalts include most common materials. n e y  have broader molecular size distributions and 
show strong evidence for intermolecular interactions. 
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group, are extensively associated. However, the strong acids do not account for all of 
the associated entities in the asphalt. Thus, even though the other polar fractions 
appear by HP-GPC not to be associating when separated, they must contribute 
significantly to the self-assembled materials observed in the whole asphalt. However, 
the strength, and therefore the contribution to behavior, of intermolecular associa- 
tions, differ among asphalts. 
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Table I. Differences between % LMS observed in the whole asphalt and 
that calculated from amounts in SEC I and 11. 

a b 
Asphalt % LMS % LMS difference 

observed(’) calculated(’) a - b  

A 19.2 16.5 2.7 
B 14.2 11.7 2.5 
C 8.2 7.3 0.9 
D 24.0 20.0 4.0 
F 8.3 8.3 0.0 
G 3.2 4.7 - 1.5 
K 19.5 18.6 0.9 
M 20.1 24.2 -4.1 

U) Experimental error 20.5 
(’) See footnote 4 

Table 11. Relative aromaticity of fractions from Ion Exchange Chromatog- 
raphv from HP-GPC Analvsis. 

. I  

cv, (x 10’) 
Asphalt Whole SA(’) SB(’) WA(3) WB(4) N(’) 

22.6 34.9 30.1 33.0 
26.9 43.5 36.7 35.2 
23.9 40.9 30.5 35.6 
20.6 30.7 25.6 28.3 
27.6 40.2 35.1 35.6 
24.8 35.0 29.7 31.8 
24.6 33.7 28.7 28.3 
23.5 38.3 28.9 31.6 

CV, - total conjugated volume, see Footnote 1 
Strong. acid (3) Weak acid 

27.5 14.7 
33.4 15.8 
29.7 14.2 
19.7 11.8 
34.4 16.9 
26.8 16.6 
30.5 14.9 
28.3 13.8 

(’) Neutral 
(’) Srongbase (4) Weak base 
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Table 111. Differences between % LMS observed in the whole asphalt and 
that calculated from amounts in the IEC fraction. 

a b 
Asphalt % LMS % LMS difference 

observed(') calculated(*) a - b  

A 19.2 13.4 5.8 
B 14.2 9.9 4.3 
C 8.2 1.3 6.9 
D 24.0 16.8 1.2 
F 8.3 6.0 2.3 
G 3.2 3.8 -0.6 
K 19.5 13.2 6.3 
M 20.1 16.3 3.8 

(') 20.5 
(*) from % LMS in all IEC fraction 

L 
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Figure 2. Cbromatogams (340 om) for SEC I factions of eight asphalts 

Figure 3. Chromatograms at seven wavelengths for strong acid fractions of 
asphalts A and G. 
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