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ABSTRACT

it has been lound that by examination of the near infra-red absorption
Spectrum of & gusoline information can be obtained regarding the atomic
groups present. In particular, the presence of unsaturstes and aromatics
can be ascerteined, although the sensitivity of the test in detecting very
smell concentrations of di-iso-butylene in iso-octane is not grest. This
limitation of the method is offset by the fact that it is capable of determining
the precence of additions such &s aromatics which would defeat the purpose of|
present chemicel tests. The method is proposed as & supplement to chemical
investigations of the molecular structure and stebility of gasoline.




1. INTRODUCTION

(a; Authorization

1 This problem was suthorized by Burezu of Aeronsutics letter
her-E-46-MN  JJ7Gl of 30 September 1936.

(b) Statement of Problem

2 Part of the problem &s stated in the letter of suthorization
is to study the stability of avietion fuel blends. NRL Report No. P-1360
discusses the "acid heat" of evietion gasolines. In the report P1360, it
is shown that the presence of sromatic hydrocarbons tend to neutralize the
effect due to the presence of unsaturated hydrocarbons.

(¢) Known Facts Besring on the Problem

34 The application of infra-red and Raman spectroscopy to investi-
gations of molecular structure is well established (1j. A recent compendium
of Ramen frequencies of organic compounds has been made by Hibben (2, and
Barnes (3 has given & survey of the empericul rules underlying the epplication
of infra-red spectroscopy to the determination of structure of complex orgenif
molecules. The infra-red spectra of the principal types of compounds present
in gesoline have been measured by Kettering snd Siestor (4) who worked with pure
compounds in the vapor phase.

Los The present Investigation was proposed to supplement chemical duta
dealing with stability and gum forming properties of gasolines. Accordingly,
its general purpose was the detection and identification of unsaturates in the
gasoline.

Ii. GUMMARY OF RESULTL

-

s it has been found possible to identify linkages of the type X = X
and to distinguish between C = C and C = Q linkages by inspection of the infra-
red absorption spectrum of a compound.

6. 4 limitation of the method is in the quantitative investigation
of the concentration of unsaturates. It has been found that 1% di-iso-butylehe
in iso-octane can just be detected by its effect upon the infra-red absorption,
while this concentration gives & very positive resction in chemical tests. On
the otlier hand, addition of aromutics, which vitiates the chemicul tests,
produces & pronounced effect upon the infra-red absorption spectrum.

7. The method, therefore, offers definite value as a research tool
for the determination of molecular structure types, which may be difficult
chemically, and as a supplement to the current chemical specification test for
the presence of unsaturates.

LlI. pXPERIMANTAL HETHOD

B The compounds have been investigated in the liquid state in order
that the effect of gums and other non-volatile components might not be over-
looked. Organic liquids absorb very strongly so that tain cells (0.0l em -
0.03 cmj were required. It has been found that the type of cell described by

S




Barnes (5) fitted with rock szlt windows is entirely satisfactory. The |
spectrometer was eguipped with a rock s&lt prism end & Pfund type vacuum
thermo-couple. &lit widths were kept as narrow &s permitted good galveanometer
deflections end rangfd from & maximum effective width of about 250 em=t at

1.5 1 to about 9 em™ at 10p, depending upon the dispersion of the rock saly
prism.

9. The usuel procedure was followed in obteaining transmission curves.
The galvenometer deflection with the cell in the path of the radiation fror
the Nernst lamp was compared ut each wave-length to the deflection with thej
cell removed. The ratio was plotted as percent trensmission against wave-
lengtn.

10, Readings were made at intervals of 0.1u, the positions of maxima
of absorption being rechecked to 0.05u.

IV. CHARACTERIOTIC SPECTRA OF HYDROCARBONS

13, Plate 1 shows the infra-red absorption spectra of cyclo-hexene
and normal heptane and is introduced to show the remarkable similarity in tdoe
absorption spectre of compounds having similar groups of atoms. Where toe
origin of & given band is clear it has been designated on tne Flate. The
bend at 3.454, for exumple, arises from vibration of & carbon relative to &
hydrogen atom. Normal heptane, containing no double bonds, does not show é&n
absorption band in the &4 region, whereas cyclo-hexene shows two, one at
5.3u and a stronger band at 6.1u. These may both be due to the C=C bond,
the double frequency arising from the equality of the masses attached to the
two carbon atoms involved in the vibration.

12. In the 7p region cyclo-hexene shows a single band arising from |
deformation of the CH, group, while heptane, having botn CH» and CHB groups,
gives two bands, at 6.8y and 7.24. -

13, The remeainder of the spectral interval from & to 10u is occupied‘
by bands resulting from X-X btonds. These may all be caused by C-C bands, or
sonie of the wesk bands may well be overtones of strong bands at longer wave-
lengths. This region of the spectrum is consequently more difficult of
interpretation than that lying &t shorter wave-lengths, but fortunately for
the purpose &t hend, the double and triple bond vibrations lie between /p
end 6.5p and can usuzlly be readily identified.

V. QUANTITATIVE DETERMINATION OF UNSATURATES

1Z. The importance of test methods for the detectlon of unsaturates |
gaesoline and the limitutions of the present "acid heat" method have been|
cussed in Naval Kesearch Laboratory Report No. P-1360 (7). In that '
port it is pointed out that unsatisfactory gasolines may pass the present |
st and that the addition of aromatics to &n unsaturated gasoline may
vitiate the zcid heat test by masking the temperzture rise which normally
tukes place when acid is added to an unsaturated gasoline.

15. Lt was anticipated, therefore, that the method of infra-red
spectroscopy might prove of some practical use as a supplement to the acid
heat test because it possesses the advantage that whatever information it is
capeble of giving cannot be negated by the addition of aromatics.
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On the contrary, the method affords a good test for the presence of |
sromatics since these compounds have absorption spectra readily distinguish-
able from the absorption spectra of aliphatic hydrocarbons. The success of
the infra-red method as a complete substitute for the acid heat test

depends accordingly upon its ability to detect concentrations of unsaturates
comparable with those which given measurable reactions in the acid heat test.

L& Isc-octane and di-iso-butylene may be considered as typical
Satursted and unsaturated components of gasoline. The infra-red absorption
spectra of these compounds over the wave length interval 1p to 10y are shown
in Plate 2. The general similarity of the two curves is characteristic of
the near infra-red spectra of similar organic compounds containing similar|
groups of atonms.

17, The most interesting part of the spectrum is the Oy region in |
which more explicit identification of the bands is possible then at longer
wave-lenghs. It is observed that iso-octane has a shallow absorption band
at ou. A shallow band at this location seems to be characteristic of saturated
branch chain compounds, although it falls in the spectral region usually
ocrupied by bands due to X = X bonding. This cshallow band is readily
distinguishable from the sharp absorption band at 6.2u in di-iso-butylene
which is definitely due to vibration of the C = C group. L1t is probable tha
the weaker band at 5.6y is also due to the C = C bond, &lthough it is more
probubly &n overtone of & strong band zt longer wuve-length.

(2}
+
c+

18, in order to determine the ocmallect concentration of unszturates
in iso-octene detectable by observations on the C = C absorption at 6.2y,
absorption coefficients of 1%, 10% znd 20% di-iso-butylene in iso-octane were
measured in the 6u region. These were obtained by the usual method of
comparing the intensities of light transmitted by two ubsorption cells of
different thickness. The absorption coefficient, <A , is then given by the
relation

where 1o, 1y, and t,, ty, &re tne intensitiss of truasmitted light ond thicknesc
(-_

of cell, respectively, for cells 1 and 2.

19. The results are shown in Plate 3 In which not the zctual absorption
coefficient but log Is 1is plotted ageinst wave-length.
.
1
20. It iz clear that 1% di-iso-butylene in iso-octune produces a

meusurable increase in sbsorption over pure iso-octane, but it is also obvious
that given a gasoline of wunknown constituency it would be difficult to determine
what pert of the sksorption in the &y region was due to undesirable unsaturates
and what part due to pure iso-octane or other saturated branch chain compounds
because of the general similarity in shupe of the absorption bands representing
different concentrstions of unsaturates snd that due to pure iso-octane.

21, It has been established that the acid heat test is highly sensitive
to concentrations of 1% di-iso-butylene in iso-octuine, but that addition of 15%
aromatics to & gasoline conteining unsaturactes may conceal the presence of
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the unsaturates because of the temperature rise resulting from the reaction ‘
of the acid used in the test with the azrometies.

22. The infra-red absorption spectrum of such & mixture, however, is
celly different in the 6y region from thet of & gasoline contazining no
turhteu. Plate /4 shows the absorption spectra in the &u region of pure
_ —octane (curve & and 1% di-iso-butylene in iso-octane (curve bj. Curve

¢ is the absorption spectrum from 1pto lq;of a mixture containing 1% di-iso-
butylene, 15% mixed aromatics, and 84% iso-octane. Lach curve is drawn

to & different set of ordinates in order to avoid over-laepping. 1t is clear‘
‘that there ie little ditference between curves \z) snd (b). The band:z at
" 5.24, 5.64, and 6.2 in curve (cj are due to the presence of aromatics, the |
. lest arising from vibration of C=C bonds. Tae bznd &t € in curves (2) and
{bj is somewhat sherper than the iso-octane &bsorption band in the cy region|
of Plate 1. This difference is probebly experimental in nzture.
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23, Inspection of such absorption spectra as those chown in Plate 4
is perhaps the most convenient method of determining whether & gasoline having
& high acid hect velue contains double bonds in its sliphatic components or
in eromatic components which have been &dded for the purpose of concedl ng
the precence of unsteble double tonds.

V1. CONCLUSIONS AND REGOB“ {LLTIONE

The work reported here has been exploratory. It has establiched
ities which warrant further investigetion with the purpose of
iching more definitely the limitetions which must be placed on
entitative mezsurements. To this end, it is proposed to determine the
mallest concentrations of various oxidation products which can be detected
and to compare the sensitivity of the method with that of chemicsl tests.
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25. The anticipated zddition of & KCL prism to the spectroscepic
equipment will extend the range of measurements to 224, thus ineluding the
entire gpectrel renge in which molecular vibration frequencies occur.

This will facilitate the identification of structure in the molecule beczuse
the remzrkeble cimilarity of the spectra of different compounds which ig
obzerved at wave lengths less than 10y does not obtain st longer wave length
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