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The presence of thiophene and 2-methylthiophene in
Wilmington, Calif., crude oil was recently reported (2); 3-
methylthiophene also was suspected to be present but could not
be identified with certainty. Figure 1 outlines preparation of a
sulfur concentrate, in which 3-methylthiophene was identified,
from the 38 to 111° C. boiling-range distillate of Wilmington
crude oil. All percentages shown are weight-per cents based on
total crude oil. By successive percolations of the 38° to 111°C.
concentrate through alumina, a sulfur concentrate representing
0.0089, of the crude oil was obtained. While the sulfur content
of the final concentrate was only slightly in excess of 19, this
represented more than a 100-fold increase in the sulfur content

38-111° C.
WILMINGTON DISTILLATE
3419 g
(2. 44%)
T
Alumina
Perco:mion

rate of 100 ml. per minute was used. The sensing element was a
thermistor type used in a conventional bridge circuit. The sam-
ple introduction system was that described by Tenney and
Harris (7), which is now available in commercial models. In
this work a 0.02-ml. sample was used.

Figure 2 (top panel) shows the gas-liquid chromatogram ob-
tained on the 38° to 111°C. sulfur concentrate (see Figure 1,
last block). Peaks in the curve corresponding in emergence
times to those of thiophene, 2-, and 3-methylthiophene, toluene,
benzene, carbon tetrachloride, and chloroform were obtained
and are evident in the figure. The material emerging from the
column during the formation of the two small peaks labeled
“carbon tetrachloride’ and “‘chloroform” was trapped in glass
U-tubes cooled with liquid air and identified by mass spectrom-
etry. The addition of small amounts of carbon tetrachloride
and chloroform to the sample enhanced the height of the peaks
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Figure 1. Summary of the processing of a 38°
to 111° C. boiling-range distillate from
Wilmington crude oil.
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of the original distillate. The remainder of the concentrate con-
sisted largely of toluene and benzene, with minor percentages of
pentane, chloroform, and carbon tetrachloride, solvents used in
preparing the concentrate and not eliminated in the processing.
Possibly, extremely small percentages of sulfur compounds
other than thiophene and its two methyl derivatives also were
present, but no traces of these were found. The reason for sus-
pecting that such compounds are present is that it is difficult to
believe that they are wholly absent in any crude oil. This
question is being investigated further.

The gas-chromatographic column used in the identification
work was a 1/4-inch-diameter by 6-foot-long copper tube filled
with 40 to 50 mesh, acid-washed firebrick treated with 20 grams
of Dow Corning silicone oil per 100 grams of firebrick. The op-
erating temperature was 38°C.; a carrier gas (helium) flow
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Relative Intensity

2-Methyl- 3-Methyl-
m/e Fraction Toluene thiophene thiophene
91 100.0 100.0
92 72.7 72.0 . S
97 100.0 S 100.0 100.0
98 52.4 S 53.5 53.0

In the small concentrations present, mass spectrometry was not
able to distinguish positively between 2- and 3-methylithio-
phene, and it was necessary to resort to infrared spectrometry
to establish these identifications. This was accomplished in the
manner described below.

The sampling procedure for the preparation of an infrared
sample employed a specially designed glass trap consisting of
a small reservoir at the bottom, a coiled inlet tube to provide
relatively large surface area for condensation, and a straight,
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Figure 2. Gas-liquid chromatographic analysis of
Wilmington 38° to 111° C. sulfur concentrate.

vertical tube on the outlet side to permit the withdrawal of
sample from the bottom of the reservoir by means of a syringe
and a long hypodermic needle. The trap was filled with helium,
immersed in liquid air, and attached to the exit end of the gas
chromatographic column for collection of sample which was be-
gun on the trailing shoulder of the 2-methylthiophene peak.
After the material forming the peak attributed to 3-methyl-
thiophene had passed into the trap, the trap was disconnected.
Because of the low concentration of 3-methylthiophene in the
concentrate, the above trapping procedure was repeated in
three additional chromatographic runs. The liquid-air cooled
trap then was evacuated and raised from the coolant until only
the reservoir remained immersed, and the upper portion of the
trap warmed to effect a vapor transfer of the trapped material
from the walls of the coiled tube to the reservoir. Helium then
was admitted to the trap and 0.2 ml. of carbon disulfide added
to dissolve the trapped 3-methylthiophene and produce a sam-
ple of sufficient size to fill an infrared cell.

Figure 3 shows the radiant energy transmitted through the
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Figure 3. Absorption spectra of 3-methylthiophene fraction
from C. gas-liquid chromatography of sulfur concentrate
from Wilmington crude oil with comparison spectra.

cell and instrument path when the cell is filled with (A) carbon
disulfide, (B) the collected sample diluted with 0.2 ml. of car-
bon disulfide, (C) a blend of toluene, 2-, and 3-methylthiophene
in carbon disulfide, and (D) 3-methylthiophene in carbon disui-
fide. The strong absorption band of 3-methylthiophene at 13.16
microns is recognized immediately in the spectrum of the sam-
ple, as is the intense absorption band of toluene at 13.7 microns.
2-Methylthiophene is undoubtedly also present in the trapped
sample, but its strong absorption bands at 11.78 and 12.24
microns are outside the wave length range used in scanning
the Wilmington concentrate. Of the four probable components
of the sample, carbon disulfide, toluene, 2- and 3-methylthio-
phene, the 13.16 microns absorption band is unequivocally
that of 3-methylthiophene, and its presence in the sample
spectrum is confirming evidence of the presence of this thio-
phene in Wilmington crude oil.

Because of the limited quantity of sulfur concentrate result-
ing from the processing of this low sulfur distillate it was con-
sidered impractical to expend any in the determination of total
sulfur. However, a calculated value of slightly over 19 is in
good agreement with the 1.09}, value determined by GLC.
This is to be expected because no evidence of sulfur com-
pounds other than the three thiophenes could be found. The
concentration of the 3-methylthiophene in the crude oil is not
known with certainty, but it is estimated to be about 0.00006
weight %,
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