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Infrared Spectra of Chromatographically 
Fractionated Asphalts 1 

James E. Stewart 

. Un degraded .and weathered specimens of t hree roofing asphalts were chromatograph­
ICally separated lllto three components after removal of the asphaltenes. The infra red 
absorption spectra of the fract ions, recorded in the 2- to 15-1l spectral region, provide infor­
mation about t he chem ical constitution of the material, t he differences among asphalts from 
different sou rces, and t he changes in constitution produced by weathering. 

1. Introduction 

V{ork on the constitut.ion of asphalt and t he de­
gradation of asphalt on weather ing has beell under 
way at the Xational Bureall of Stalldards for some 
time. Th is work has been facil itated greatly by the 
devrlopmeJlt of chromatograp hic techniques [1] 2 
that permit th e separat ion of structurally s imilar 
components for chemical and phvsical stud\". One 
phase of this study involved the use of 'infrared 
spe('tros("op~- in an a,ttempt to rlucida te the chemical 
structUl'e of th e asphalt components and to deter­
m in e changes that occur in the components when the 
asphalts are wea thered. Infrared spectroscopy [2 ,3] 
has been useful in stud~-ing the chemical structme of 
chromatog;rapl1icall,\- fractionated petroleums of the 
type used as extender oils in syntheti c rubber. It 
seemed ]'rasonable, therefore, to apply infn1]'ed 
met llOds to t he s tud~- of asphalts as well. 

The purpose of this report is to present t he rrslilts 
of a brief study of three air blown roofing asphalts of 
differrnt origin. Thrse asphalts arc product 3 of 
asphalts I , II , and III , t he properties of which were 
reported in detail b~- Greenfeld [4]. Til e aspllalts 
and t heir componrnts will be referred to as I , II , and 
Ill , respect ivel.\', in the follow ing discussion. Both 
undegradeclmatcria.Is and specimens degraded b.\' 30 
mOJlths of natura.l wratilrr ing ~\"('J' e examined. 

2 . Experimental Procedures 

The asphalts were separated into four groups of 
components by L. R. Kleinschmidt of the NBS 
Floor, Roof, and Wall Covering Section. N ol'lnal 
pentane was used for the primm',\T separa,tion of the 
asphalts into asphaltenes and maltelles. Th e mal, 
tenes were fract ionated further [1] into three groups 
of components, designated as water-white oils, dark 
oils, and asphaltic resins , b :v eluting the n ··pelltan e 
soluble portions of the asphalts from a fuller 's-earth 
column, with n-pentane, methylene chloride, and 
methyl ethyl ketolle. 

The distribution of components in the tIIl'ee 
asphalts, both before and after 30 months of exposure 
outdoors at the Nat ional Bmeau of Standards, is 

1 This work was supported jointly by the Asphal t Roofing Industry Bureau 
and the National Bureau or S ta nda rds. 

' Fi gures in brackets indicate t he li terature rererences at the end or this paper. 

given in table l. The distribution of components 
changes during weathering t hrough the conversion of 
certain materials into water-soluble and volatile 
degradation products and by the alteration of ad­
sorption properties because of chemical reactions. 

Infrared absorption spec tra wore obtained wi Lh 
a Perkin-Elmer model 21 spec tropho tometer, equip­
ped with a sodium chloride p rism. In order to 
avoid tbe in terference of olventsit was de('ided to 
observe the mater ial as liqu id films. A cdl was 
constructed that could be heated to about 60° C 
with a nichrom e heater to fac ilitate loading the vis­
cous asplialt ic-l'esi n fratliOJI. Close COli trol of 
temperature was not required because of t he in­
srnsitivity of the absorption by these materials to 
temperature challges. TIl e windows were sepantted 
b.\' a lead spacer 0.05 mm t hick, ('ut away at the top 
and bottom. A slo t was Cli t ill the Lop of one windo\\'. 
Samples were introduced into thr slot and permitted 
to run into tile cell , some timl's wit h the aid of suction 
applied at Lhe hottom of Lhe cell. After a spectrum 
was recorded, tlie sample was removed b\' suction 
and the cell rin sed with solvrnl. To ass ure C011-

stan c~' of the cell thiclmess, it was no t disasse mbled 
during the ser ies of mea,surements. 

In additiol1 , t he spectra of the aspIlalLenes were 
obtained b," suspendiJlg the material in potassium 
iodide pellets and in mineral oil. Th e use of 

l' AB IJ1': 1. Analyses oJ asphalts 

T y po. __ ........ ___ .. _ .......... ___ \ II I III 

Unweathered material, stored 30 months in covered container 

Asphaltenes __ __ ________ ___________ _ 
'Vater-w hi te oil s ___ ______ .~ ______ _ _ 
Dark oils __ __ ___ __ __ ____ ____ .. ,_ .. __ 
A sphaltic l'csin s __________________ __ _ 

% 
41. 2 
27.7 
17. 5 
8.8 

'''eathered , 30 months a. 

Aspha lten es_ ___ _____________ ______ 41. 6 
Water-white oils _______________ _____ 18. i 
Dark oils ______________________ ... _ 8.5 
Aspha ltiC rcs ins_ _ _ _ _ _ _______ ___ __ __ 9. 0 

Weigh t loss ________________ ____ ___ .. 19. i 

% 
41. 0 
25.5 
20.5 
10. 3 

42.0 
20.1 
14. 6 
9.4 

11. 7 

% 
39.2 
23. G 
21.8 
10. 8 

43.6 
19.1 
14.6 
8.5 

11. 5 

• P erccntage dis tribution or componen ts based on the weights or the original 
coatings, which were 0.02 ill . in t hickness and ]2 in.2 in area. 
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po tassium iodide provided spectra that were free 
from losses by scatter , in contrast with those ob­
tained by using potassium bromide. However, 
because of adsorbed water , alkali halide pellets 
absorb in the 3/L region where O- H groups ar e 
observed. The use of min eral-oil suspensions per­
mits observations in this important r egion. 

3. Infrared Spectra 

The value of infrared spectroscopy in studi es like 
the present one arises from the fac t tha t certain 
functional groups absorb infrared radiation in fairly 
narrow regions of wavelength , relatively independ en t 
of other functional groups in the molecule. H ence, 
in a mixture of man.'- different compounds, common 
structural groups can often be determined . For 
example, all of the asphalt fractions absorb near 
3.40, 3.49, 6.82, and 7.2 /L because of the str etc hing 
and angle-deformation vibrations of the CH2 and 
CH3 gro ups of alkanes. On thc other hand, many 
functional groups have no characteristic absorption 
or absorb so weakly that the,- cannot be detected. 
C- S and S- S groups are of 'this nature. Further­
more, chemically different functional groups of tee 
have similar v ibatiol1s and therefore absorb at a 
common wav elength . Conjugated carbon chains 
and aromatic rings, for example, h ave bands at 
6.25 /L . In the analysis of th e fractions that follows, 
liberal use has b een made of the standard reference 
books in chemi cal infrared analysis; in particula r, 
the book of B ellam.'- [5] has been invaluable. 

3.1. W a.ter-White Oils 

Th e water-white oil fractions (fig. 1) are seen to 
be predominantly saturated aliphatics , with a slight 
aromatic conten t producing a ring vibration at 
6.25 /L . Very likely the aromat ic co ntent is largely 
of a paradisubstituted nature leading to the absorp­
tion band at 12.2 /L. From the relative in tensities of 
the 6.25- and 12 .2-/L aromatic bands from sampl e 
to sample, it appears that samples II and III have 
about the same aromatic contcllt, whereas sampl e 
I is more aromatic bv a factor of about 2 or 3. An 
idea of the m ean chaii1lcngth, and thus of branching, 
is obtained by observation of the in tensities of the 
C- H band at 13.8 /L and t be shoulder found on the 
short wavelength s ide of this band. In general, the 
longer chains absorb at longer wavelengths than the 
shorter chains. Simple III shows evidence of 
slightly more branching than sample II , alld sample 
I is considerabh- more branched . This observation 
is verified by the intensities of the CH3 bands at 
7.24 f.i. , the more highl,\- branched samples showing 
stronger CH3 absorption . 

The presence of c,nloparaffill s in hydrocarbon 
mixtures is believed [2] to result in increased ab­
sorption in the rather broad region cen ter ed at 
about 10.2 /L . H ence, sample III is slightl.'- more 
cycloparaffini c in nature than II , and sample lis 
much more C',vcloparaffinic. 

Th e water-white oil separated from a weathered 
sample II is almost identical to the unweather ed 
sample, except for a slight deerease in intensity of 
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FIG U RE 1. I nfrared spectra of water-white oil frac tions of asphalts . 
a, Unweathered ; b, weathered. 
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the aromatic bands and perhaps a sligh t reduction 
in bra nching. Sample III displays, in addition to 
J"educ('d a.romaticity, a more pronounced reduction 
in branching as wcll as r educed a.bsorp t ion in the 
c~~dop araffin r cgio]l. Afte)" weal hering, t hc watcr­
\dlite o ils from asp halts 111 aJldH arc nea.rh' ident­
ical, wi t h tll e former being ve ry sligh tly less branched. 
Th e aromatic and c.n'lopf1raffi n absorption of sample 
I is reduced after weatb ering, but the branching 
seems to bo una.ltel'ed . 

T he relatively greater loss of cycloparaffin and 
branched aliphatic COmpOll eJl ts during weathering 
is ill agreemen t with the greater reacti vit~T of such 
compounds . Furthermore, sample I , which is richest 
in lilese compounds, loses a greater fract ioll of t he 
\\~ater-w hi te oils origin aU,\T preseJlt (sec table 1) . 

3.2. Dark Oils 

Th e darl,:: oils (fig . 2) arc highl,\' arom atic in na tlll'e, 
as shown b.\' t he ballds at 6.2 1, 11 .48, 12.24 , all d 
1:3.35 Il. SubstitutioJl on lhe rings ill various wa~-s 
or fu sed r ings produce t he three-band patteI'll be­
tween 11 and 13.5 J.l. III addi t ion, two bands are 
found at 13.68 anel ] 3.87 J.l that are difficult to in 
terpret . They arc probably du e ill part to - CH 2-

cha. ins, as in t he water-white oils, because th(']"e arc 
certainly aliphatic CH2 and CH 3 groups present. 
Bands comparable ill appearance to these were not 
found in the heav.\T petroleum fract ions previously 

st udi ed [2 , :3]. T hese fractions conta in oxyge ll in 
t he form of O- H groups absorb ing at 2.95 J.l (th is 
band could also bc due to N- H groups), C=O 
groups absorbing at 5.86 J.l , and perhaps C- O groups 
contr ibuting Lo Lhe general absorption from 8 to 
10 J.l. Sample I /tas more C= O, O- H , C- O, aro­
matic, a.nd branched aliphatic groups than samples 
II or III. Sample III lI as t he least absorption b.\' 
C= O groups, whereas sample II has the leas t 
branc hing and absorp t ion b)T O- H groups. Sample 
II has a stronger band at 6.21 J.l but weaker bands 
at 12.24 a.nd 13.35 I" t han sample III. In none of 
th ese are the differences in the a rom at ic bands very 
great. 

As expacted, th e dark-oil fractiolls separated from 
the weathered asphalts show in creased absorption b~~ 
C= O groups, indicating increases ill carbonyl con­
ce ntrations by factors of abou t l.4 for sample II and 
about 2 for I and III. There arc no ch anges in the 
O- H bands, and onl~r sample I shows increased ad­
sorp tion in the C- O band regioll . The aromatici ty 
of the samples is not greatly ehan gecl , but may be 
slightl)T reduced by weathering. III all of the samples 
the pair of bands at 13.68 and 13.87 J.l h ave beell 
greatl~r accentuated . As in the case of the water­
white oils, the dark oil s separ ated from weathered 
asph alts II and III arc Il earl~' identical , although 
the dark-oil fr a.ctions from the ullweathered asphalts 
a rC' diA'('"}'en t. 
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F I GURE 2. Infrared spectra of dark-oil fractions of asphalts . 

a, Unweathered; b, weathered. 
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n, U nweathered; b, weathered. 
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3 .3 . Asphaltic Resins 

The asphaltic resin fractions (fig. 3) appear to bc 
mOl'e aromat ic 3 than the dark oils, and to contain 
more C= O groups. The broad absorptiolls Il ea]' 
3 J.L extend to longer wavelengths th an th ey do in 
the dark oil, and there is a definite absorption at 6 J.L , 
especially noticeable in sample I , sugges ting th e 
presen ce of amides or amin es. The s trong band 
found in aU samples at 9.62 J.L is puzzling . It occurs 
in a region where certain C- O, S= O, alld Si- O 
groups absorb [5] . Because the intensity of a.bso1'p­
t ion by these groups is fairly large, the band a t 
9.62 J.l does no t necessarily indicate a high concen­
tra tion. The b and does not coincide with thc band 
found in this region in the spectrum of fuller 's earth 
[6] J.L. 

Of the tJu'ee samples, m aterial I is probably most 
I aromatic, and con tains more oxygenated groups 
th an thc ot hers . The b and at 9.62 J.L is stronges t in 
samples I and III. 

The fractions obtained from weathered asphalt 
sho,,- increased C= O absorption , as well as stronger 

3 This observation is based on the intensity of the band at 6.25 1'. The C- H 
out·of·plane vibration bands between 11 and 14 p. are weaker than those in tIle 
dark·oil fractions, suggesting that the asphaltic resins contain condensed or 
highly substituted aromatic ring systems. It is to be em phasized, however, that 
conclusions based on the a.ssumption of invariant in tensities of bands are question­
able nntil the inYa r iance of such bands is well established experimentally. 

absorption in thc C--O region . The gaiu ill concen ­
tration of carbonyl groups measur ed at 5.S6 J.L , under 
thc assumption of const ant absorp tivity of carbonyl 
groups, is again larger for sample I (about 2.8 times) 
than for samples II and III (about l.7 anell.S times, 
respect ively) . The band at 9.6 J.L seems to be weak er 
in thc fractions from weathered asphalt , whereas 
b and s at S.S and 7.7 J.L become stronger. This is 
consis tcll t with an oxidation of s ulfoxides to form 
sulfones, for example. Once more, the neal' identity 
of th e samplcs from wea thered asphalts II and III 
is striking. 

3 .4. Asphaltenes 

The spectr a of the asphaltenes (fig. 4) haH a 
washed-out appearance, tha,t is, the con trast between 
b ackground and absorption peak s is relatively low. 
This is ofteJ l the case when rather large p articles are 
observed in suspension, even though scatter is con­
trolled by proper choi ce of suspension medium [7,S]. 
The spectra show evidence of aliph atic and aroma,tic 
groups and for C= O and C--O groups. Howeyer, 
no O--H or N- H absorption is observed . There is 
a little difference among th e spectr a of unweathered 
asphaltenes and even less among the weathered 
specimens. Weathering appears to increase some­
what the aromati c and carbonyl content of the 
m aterial. 
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FIG l ' Im <\ . I nfl'a/'ed spectra of asphaitenes separated from asphalt I . 

____ , U ll weathered ; __ ~ __ , weat hered. 

Samples w(' re suspended in potass iulll iodide pell cis, except for observation in the 2.75· to 3.25·,u rcgion , where min cnll·oil suspens iolls W('I'O used. 

4 . Discussion and Conclusion 

Infrared ilJlfl,lI'sis is most valuable \\-hell used ill 
conj llJ1('( iO]l wi tit other chemical and ph~-sical infol' 
mation. The discussioll of the structures found in 
th c fract ions of asphalts I and II is for the most part 
in qll fl.J itative agreement with the elemental analyses 
[9] of th e same or, in t he case of weatbered material , 
similar fractions. 

All of the frad ions of asp halt I have a higher car­
bon- to-hydrogen ratio t han t be fractiollS of II , except 
for the asp lll11telles, and all t he fractions of asp halt 
I CO Jl tain more ox~'gen , sulfur, and ni trogell. The 
carbon-to-lrychogen ratio increases regularly in the 
order water wb ite oils, dark oils, asphal tic reSiJ1S , 
asphaltenes, and, al though som e oxygen and nitrogen 
afe reported in t he dark oils, these elements are more 
pre,' alen t in tb e asphaltic resins and asp haltenes. 
The sulfur analysis, unfortunately', docs not neces­
saril~' support the possible assignment, of the 9.6-,u 
band in the asp halLic resins to S= O groups. 

In general, weathering appears to reduce sli g htl~' 
the carbon-to-h'\'drogen ratio of all of the fractions 
and to increase the oxygen conten t of the dark oils, 
fl.sp halti c resins, and asphaltelles. 

In conclusion , the information derived from the 
infrared spectr a of asp halt fract ions call he sum­
mari7.ecl as fo11o\·\'s : 

1. The fradions from as phalt III rese mble those 
from asp balt II , both before and after \\-eflt hering. 

2. Wate l'-white oils arc preclominantl.\' saturated 
alipiJat ics, wit It slight aromaLic cont ent . Asphalt 
II has Jess aroma tic, brand led aliphat ic, and eyclo­
parflffin content than 1. ' iVea tilcrillg r e(lu ecs t he 
aroma t ic, b ranched-cha in, and cyelopanlffin nature, 
pfl.l'ticularly of asphalt 1. 

3. Dark oils have considerable aromatic structure 
and somc oxygenated groups. Asphalt II has less 

aro lllat ic , branched cha in and ox.\-g('ll ated chamcter 
thall LWeath(']'ing in('l'euses t he carbonyl content 
aJl(l pel'haps reduces the n,romaLic Il ature slightly, 
espf'c iall."in asp halt 1. 

4. Asphalt ic resin s arc highl .\' aroma ti c with car­
hOllyls ami o th er oxygell groups and possibly amide, 
S = O, aml S i- O grollps; asphalL I containing more 
of all of Lhese groups. 'Weathering increases th e 
C = O con tellt and changes Lhe S or S i absorpt ion . 
Aga i)l , asph aIt I is most afrected. 

.5. Asp ha ltenes arc aromat ic with C = O and C- O 
grou ps. Weatil ering produces some in creases in aro­
matic and carbonyl conte) lt. There seems to be 
Ii ulc' difre)'ell('e amOl lg mat rrials from difre)'ell t as­
pl lft]ts. 

The author is grateful to L . R. Kl einschmidt \\-110 

prov ided til(' fractionated samples and to S. H . 
Gree nfeld for his unpublished data on p hysical a,nd 
ciwmical properties of the fractioJl s . 
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