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Analysis of Bakken Oil Samples

conducted by
lowa State University

Chemical Instrumentation Facility
July-August 2016

A local landowner obtained a small volume of oil from an employee at an
undisclosed well near New Town, North Dakota.

The Bakken oil samples were then sent for analysis at lowa State University's
Chemical Instrumentation Facility.

Tests were performed using a high-resolution gas chromatograph mass
spectrometer, and mass defect filters, to determine whether the Bakken oil
samples contained cancer-causing compounds like benzene, toluene and ethyl
benzene, or aromatic and poly-aromatic hydrocarbons (PAH’s).

The tests came back positive for benzene, toluene, ethyl benzene and several
other VOC's ("volatile organic compounds") that are known to cause cancer and
other serious negative health impacts, including heart, liver, kidney and lung
damage.

Any spill on the proposed Dakota Access "Bakken" pipeline into the environment
and ground water would release these cancer-causing and otherwise toxic
compounds as well.

Bottom line: It's nearly impossible to remediate these "volatile organic
compounds" like benzene and toulene once they are in the ground water, and it's
an expensive and time-consuming process to bring levels to within acceptable
thresholds.

Full results of the Bakken oil sample analysis are attached.
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SCOPE

On July 29, 2016, at 2:30 PM | received two samples of “crude oil” from Mr. Tim Hooper. These samples were
presented to me in 1L plastic bottles, labeled “1” and “2". | transferred duplicate aliquots of each into glass 10 ml
vials with caps. These vials were labeled “1”, “1A”, “2”, and “2A". The vials were then stored in a secure refrigerator
in 1238 Hach Hall.

We discussed characterizing whether the samples were authentic Bakken crude. | explained that to do that a
certified reference sample would be needed so that GCMS and IR data could be obtained on “reference” and
“unknown” samples for comparison.

We discussed characterizing the nature of the unknown samples. | suggested FTIR using ATR sampling as a cost-
effective means of obtaining a gross characterization of the samples. | also suggested a basic GCMS analysis as a
means of obtaining partial characterization of the components of the mixture. The major chromatographic peaks
would be tentatively identified using the mass spec library “search match” program and the mass spec elemental
composition program. The data would be available should you also request that we search for specific
compound(s). The only specific compound discussed today was benzene.

On August 9, 2016, at 10:30 AM | received two additional samples of “crude oil” from Mr. Tim Hooper. These
samples were presented to me in 1L plastic bottles, labeled “1” and “2”. It was stated that these were the same
bottles presented on July 29. It was stated that these bottles each contained the same oil, taken sequentially from a
common source. The bottles were 75% full. | transferred 20 aliquots of each into glass 1.5 ml vials with caps.
These vials were each labeled “1” or “2”. The vials were then stored in a secure (locked) refrigerator in 1238 Hach
Hall.

A quantitative analyses of these samples was requested for benzene, toluene and ethyl benzene. A
characterization of the oil was also requested with respect to other compounds in the mixture less saturated than
alkenes or alkynes, specifically aromatic and poly-aromatic hydrocarbons (PAH’s). This characterization was to be
done using chromatograms acquired from the samples received on July 29 or on the samples received August 9.
We discussed the use of Chemical Abstract Service (CAS) numbers to provide direction when requesting searches
for specific compounds, and we discussed the use of “mass defect filters” to search generally for less saturated
and/or aromatic compounds in the mixture.
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ANALYSES and RESULTS

FTIR Measurements - July 29.

Aliquots of samples 1A and 2A were transferred with disposable glass pipettes into a Horizontal Attenuated Total
Reflectance (HATR) boat assembly; the surface of the germanium crystal was completely covered with material.
Infrared spectral data was acquired in the spectral range from 4000 — 850 wavenumbers (cm'l). The instrument
used was a Tensor 37 FTIR (Bruker Instruments, Billerica, MA). Data was acquired at 2 cm™ resolution; 16 scans
were co-added for the reference (empty boat assembly) and sample single-beam curves. The y-axis was scaled in
“ATR Units” (similar to absorbance units).

Both spectra showed features consistent with hydrocarbon molecules. The infrared spectra of the two samples
were extremely similar; | was unable to discern differences. The spectrum of 2A was searched against the NIST
Vapor Phase Infrared Spectra Library which contains ~3500 entries. The top two matches were with OCTANE and
N-DECANE. It should be noted that all n-alkanes of the formula C,H .., , regardless of the value of “n”, have similar
infrared spectra. For example, the match with “Vaseline”, petroleum jelly composed of alkanes with n>25, was also
good.

GCMS Measurements - August 1

Four GCMS analyses were performed, three on sample 1A and one on sample 2A. All analyses were performed
using a Waters GCT high-resolution gas chromatograph mass spectrometer system (GCMS). The gas
chromatograph potion of the instrument is an Agilent 6890 GC. MassLynx software was used to acquire and
process the data. Neat samples were injected (0.5 to 1 uL) at a split ratio of 100:1. The injector temperature was
280 °C; the GC oven was programmed from 40 °C to 310 °C. The column used for all analyses was an Agilent
J&W DB-5MS column (p/n 122-5532) with dimensions 30 meters x 0.25 mm i.d. x 0.25 micron film thickness.
Carrier gas was UHP grade helium. The mass spectrometer was scanned over the mass range 35-650 Daltons, at
a speed of 0.5 seconds per scan, with a resolution of ~6000 (FWHM). All of the data was acquired with accurate-
mass precision (+/- 0.001 Daltons, typical), and one run was acquired with accurate-mass accuracy (data acquired
in the presence of an internal lock-mass compound). Complete typical GC and MS configuration details are
included in the accompanying instrument log file, Appendix A.

1. A preliminary run of a neat sample taken from vial 1A was obtained by programming at 15 degrees per
minute. This data was used to help establish reasonable injection parameters for these samples, including
injection volume, GC split ratio, et cetera. The goal was to inject a small enough sample so that the mass
spectrometer detector would not saturate. That is difficult with neat samples, but injection parameters and
mass spectrometer parameters were adjusted so that most of the hundreds of GC peaks in the mixture were
not saturating, or only slightly saturating, the detector.

2. A slow run under "accurate mass conditions" (programming at 2.5 degrees per minute) was performed for
the sample taken from vial #1A. The lock-mass compound used was 2,4,6-Tris(difluoromethyl)-1,3,5-triazine.
Data from this run was used to assist in evaluating library search-match results obtained in runs 3 and 4.

3. A slow run under "precise mass conditions" of the same sample taken from vial #1A was performed. This
data is more suitable for library "search-match", and can be used in conjunction with the accurate mass data
to help suggest compound identifications.

4. A slow run under "precise mass conditions" of a sample taken from vial #2A was performed.

The data was processed with the intent of generally characterizing the two samples, and suggesting
identifications for the 20-30 largest peaks in the mixture. The only targeted compound search initially
performed was for benzene, however | considered the data acquired to be suitable for later targeted
compound searching should that be requested. The chromatograms for samples 1A and 2A were essentially
the same when adjusted for the injection amount variability. See Figure 1. Expansions of the chromatogram
for sample 2A are shown in Figure 2a thru 2f.
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Figure 1 — Chromatographic comparison of sample 1A and 2A. Runs swv-08-01-16-03 and swv-08-01-16-04
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Figure 2a — Chromatographic expansion of sample 2A; 0 — 10 minutes.. Run swv-08-01-16-04
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Figure 2b — Chromatographic expansion of sample 2A; 10 — 20 minutes.. Run swv-08-01-16-04
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Figure 2c — Chromatographic expansion of sample 2A; 20 — 30 minutes.. Run swv-08-01-16-04
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Figure 2d — Chromatographic expansion of sample 2A; 40 — 60 minutes.. Run swv-08-01-16-04
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Figure 2e — Chromatographic expansion of sample 2A; 60 — 80 minutes.. Run swv-08-01-16-04
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Figure 2f — Chromatographic expansion of sample 2A; 80 — 100 minutes.. Run swv-08-01-16-04

Spectra and library match results for approximately thirty of the largest peaks were provided shortly after
these initial runs were performed.

As seen in the chromatograms, this sample is an extremely complex mixture. Upon inspection, many of the
chromatographic peaks shown above consist of overlapping, unresolved peaks. A reasonable estimate of the
number of compounds in this sample would be >500.
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Analysis for Benzene, Toluene, and Ethyl benzene - August 16

The quantitative analysis for three compounds present in the oil was conducted on August 16 and August 17.
Standards were reagent grade obtained from Fisher Scientific and from Sigma Aldrich. The internal standard

chosen was fully deuterated benzene (D6 benzene). Dilution was in diethyl ether. The purity of all of the standards
was verified by GCMS. See Figure 3.
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Figure 3 Testing purity of the quantitation standards and diethyl ether solvent.
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The spectra of the standards were evaluated to determine appropriate quantitation ion(s). Since benzene and D6
benzene partially co-elute, the spectra were examined to ensure suitable quantitation ions. See Figures 4-5
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Figure 5 Spectra of benzene and D6-benzene standards
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The quantitation ions chosen were:

o Benzene m/z 78.043 +/- 0.05 R.T.=2.70 min
. D6 benzene m/z 84.08 +/- 0.05 R.T.=2.67 min
. Toluene m/z 92.061 +/- 0.05 R.T. =4.80 min
. Ethyl benzene m/z 106.078 +/- 0.05 R.T.=7.67 min

The response factors used were the average of four runs. Relative response factors were then calculated with
respect to the internal standard, D6-benzene. A typical response factor chromatogram is shown in Figure 6.
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Figure 6 Typical response factor chromatogram (four replicates were performed)
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swv-18-16-16-01
Compound - quant mass
Benzene - 78.04

D6 benzene - 84.08
Toluene - 92.06

Ethyl benzene - 106.08

swv-18-16-16-02
Compound

Benzene - 78.04

D6 benzene - 84.08
Toluene - 92.06

Ethyl benzene - 106.08

swv-18-16-16-03
Compound

Benzene - 78.04

D6 benzene - 84.08
Toluene - 92.06

Ethyl benzene - 106.08

swv-18-16-16-04
Compound

Benzene - 78.04

D6 benzene - 84.08
Toluene - 92.06

Ethyl benzene - 106.08

Benzene

D6 benzene
Toluene

Ethyl benzene

Benzene
D6 benzene
Toluene

Ethyl benzene

Table 1 Response Factor and R R F Calculations

RT (min)
2.699
2.666
4.808
7.658

RT (min)
2.699
2.674
4,799
7.667

RT (min)
2.700
2.675
4.800
7.667

RT (min)
2.700
2.667
4.800
7.659

Density
0.874
0.950
0.865
0.867

RRf (avg)
0.959
1.000
0.567

0.270

Pk Ht Pk Area Area Ratio
3334 72.92 0.881
3638 82.74 1.000

803 40.26 0.487
375 20.62 0.249

Pk Ht Pk Area Area Ratio
2950 66.09 0.884
3267 74.72 1.000

808 40.29 0.539
352 17.74 0.237

Pk Ht Pk Area Area Ratio
3259 73.98 0.880
3481 84.07 1.000

908 40.56 0.482
375 20.79 0.247

Pk Ht Pk Area Area Ratio
2819 65.46 0.885
3087 73.97 1.000

876 41.28 0.558
366 18.67 0.252

Amt Mass

(ul) (mg) Vol (mL)
10.0 8.74 100.0
10.0 9.50 100.0
10.0 8.65 100.0
10.0 8.67 100.0

RRf (stdev)
0.003
0.000
0.042

0.007

Response factors (Rf)are in units of area/weight per unit volume
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Resp. Fac.
0.834
0.871
0.465
0.238

Resp. Fac.
0.756
0.787
0.466
0.205

Resp. Fac.
0.846
0.885
0.469
0.240

Resp. Fac.
0.749
0.779
0.477
0.215

Conc (ug/mL)
87.400
95.000
86.500
86.700

Rel. Resp. Fac
0.958
1.000
0.534
0.273

Rel. Resp. Fac
0.961
1.000
0.592
0.260

Rel. Resp. Fac
0.957
1.000
0.530
0.271

Rel. Resp. Fac
0.962
1.000
0.613
0.277



Two vials of crude oil #1 obtained on August 9 were weighed into a volumetric flask and diluted with diethyl ether. A
D6-benzene standard was prepared in diethyl ether and an aliquot was added to the crude oil volumetric. This
solution was analyzed in duplicate. A fresh solution using two vials of crude oil #2 was prepared. A new D6-
benzene standard was prepared and added to the crude oil volumetric. This solution was then analyzed in
duplicate. Typical chromatographic results are shown in Figure 7. Note the presence of additional C2-alkyl-
benzenes.
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Figure 7. Quantitation chromatographic results, typical (four replicates were performed)
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Table 2 Quantitation Calculations
Crude oil #1, vials 2&3, first d6-benzene std

swv-08-16-16-05

m/z
benzene 78.044
d6 benzene 84.084
toluene 92.059
ethyl benzene 106.078
swv-08-16-16-06

m/z
benzene 78.044
d6 benzene 84.084
toluene 92.059
ethyl benzene 106.078

RT

(min) Pk Ht
2.700 3149
2.675 1225
4809 3874
7.668 979

RT

(min) Pk Ht
2.708 6059
2.674 2017
4825 7215
7.675 1827

Crude oil #2, vials 1&2, new d6-benzene std

swv-08-16-16-07

m/z
benzene 78.044
d6 benzene 84.084
toluene 92.059
ethyl benzene 106.078
swv-08-16-16-08

m/z
benzene 78.044
d6é benzene 84.085
toluene 92.059
ethyl benzene 106.079

RT

(min) Pk Ht
2.700 6996
2.674 2516
4.817 9018
7.675 2149

RT

(min) Pk Ht
2.707 7495
2.682 2299
4.824 8830
7.675 2248

Pk
Area
66.9
25.9
132.2
31.3

Pk
Area
124.6
48.1
237.7
545

Pk
Area
148.5
51.5
280.9
68.4

Pk
Area
150.1
50.6
276.5
67.8

Area Ratio Wt (ppm)
2.58 406
1.00
5.10 1357
1.21 674
Area Ratio Wt (ppm)
2.59 408
1.00
4.94 1315
1.13 633
Area Ratio Wt (ppm)
2.88 454
1.00
5.46 1453
1.33 743
Area Ratio Wt (ppm)
2.97 467
1.00
5.47 1456
1.34 750

NOTE: d6-benzene internal standard added: 151 ppm by weight

RRf (avg)
Benzene 0.959
D6 benzene 1.000
Toluene 0.567
Ethyl benzene 0.270
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Wt (%)
0.0406

0.1357
0.0674

Wt (%)
0.0408

0.1315
0.0633

Wt (%)
0.0454

0.1453
0.0743

Wt (%)
0.0467

0.1456
0.0750



Quantification Results (average of four runs)

Wt (ppm) Stdev

Benzene 434
Toluene 1395
Ethyl benzene 700

Data Analysis to ldentify Unsaturated Compounds — August 19 and 21

Wt
(%)  Stdev
32 0.043  0.003
71 0.140  0.007
56 0.070  0.006

Data file swv-08-01-16-04 acquired on August 1 was re-examined to determine the presence of unsaturated
compounds where rings+double bonds is four or greater. Because the data was acquired with accurate mass
precision, two approacheds were used to find unsaturated compounds. First, alkyl-benzenes were located by
searching for the predicted or observed masses of the molecular ions. RDB=4 for this class of compounds. Results
are summarrized in Table 3 below, and shown in Figures 8 and 9.

TABLE 3 Presence of Alkyl-Benzenes

um of sat. alkyl groups Formula
C6H6
C7H8
C8H10
C9H12
C10H14
C11H16
C12H18
C13H20
C14H22
C15H24

ONONONONONONONONONQN
I I IR I

O©CO~NOOOUITAWNEO

Mol.Wt Target lon
78..043
92.061
106.076
120.091
134.111
148.127
162.143
176.157
190.174
204.188

Notes
benzene
toluene
Figure 8
Figure 8
Figure 8
Figure 8
Figure 9
Figure 9
Figure 9
Figure 9

# of compounds
1

1

4

8
~17
~29
~26
~39
~30
~13

Note: Quantitation was only performed for benzene, toluene, and ethyl-benzene. Approximate amounts of the other
alkyl benzenes with respect to ethyl benzene could be determined from the areas of the single-ion chromatograms,
but this would only be a rough approximation.

Note: The presence of unsaturated alkyl-benzenes where RDB=5 was also observed. A systematic approach to
find these compounds using accurate target ions for RDB=5 and RDB=6 could be performed with this data.
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TH2A

sWv-08-01-16-04 TOF MS El+
923 106.076 0.02Da
100 6.05€3
#] 5 7o 2;“-38 [<— alkyl benzenes. C=2]
Y 16.37 26.01 26 70 3241
14.38 17.94 1987 22.92 10 2929.29.80 3173
- e
O-brrereperirirrrre "'.'I""I"A'A'll 'n'"|JIII""|"|Il"'|""|A'-'“"|""|'J\'"|""|""L|A'J'\"|""|'H|""'|'H|"" 2
10.00 12.50 15.00 17.50 20.00 22 50 25.00 27.50 30.00 32.50
sWv-08-01-16-04 TOF MS El+
16.37 120.091 0.02Da
1004 8.08e3
2 17.94 =3yl benzenes. G=3]

2150 29 395 2578 31.35 3205 33 4

U_
10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50
swy-08-01-16-04 TOF MS El+
2578 134111 0.02Da
1007 5913
= 23.98 [-- alkyl benzenes, C=4]

2378
19.67  21.88 23718

18.0048 29 99.10.29.54
1 S ASSMSMMMNUMUS— T ¥ GRASY 1.8 W1 1/ . | S, PRS- vl W SV SRR B S
10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50
swv-08-01-16-04 TOF MS El+
29.53 148127 0.02Da
100+ 1.44e3
2910
oy lalkyl benzenes, C=5 > 26.36 S

10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50

swv-08-01-16-04 TOF MS El+
11.08 TIC
100 ce
17.08 23.22 29.13 99084
29 84
9.46 12.97 18 38
£ 13.26..14.63 25 78 33.12
10.28 26.32 31.27
1931 21.3222.96 | 23 98 7 0 41 { 330003390,
!y
0t T e T e e T e e e Time
10.00 12 50 15.00 17 50 2000 22 50 2500 2750 3000 32 50

Figure 8 Alkyl benzene profiles, C=2,3,4,5
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TH 2A

~

swy-058-01-16-04 TOF MS El+
47.81 204188 0.02Da
1[][]—_ 360
1 alkyl benzenes, C=9
L £ =] |
39.77 1210 432
] 77 4185 50.87
38.56.. ™~ - - 5256
0 ~mpemrry LA L L L R B L IR S N e "
20.00 25.00 30.00 35.00 40.00 45.00 50.00
swy-05-01-16-04 TOF MS El+
100- 42 B4 190174 0.02Da
1 864
] [alkyl benzenes_ =8 —>]
aE_
] 3714 39 29
L B e e L
20.00 2500 30.00 35.00 50.00
swy-058-01-16-04 TOF MS El+
100- 39.38 176157 0.02Da
| 1.22e3
2] [alkyl benzenes, C=T7 ——=|
] 36.05
L e e e e AL
20.00 2500 30.00 35.00 40.00 4500 50.00
swv-06-01-16-04 TOF MS El+
32.65 162.143 0.02Da
1[][]—_ 381
= (alkyl benzenes, C=6 =] 33.82
28.02 3718
RN
] 25.3?\ - 521152 48
U —— ——— Ill . B al i ey . gt
ED_IDU I ES_IDU 30.00 35.00 40.00 4500 50.00
swy-058-01-16-04 TOF MS El+
_ 34.74 45 (2 TIC
1001 2322 29.13 100 4974 -
2984 51.87
#) &1 33 33-12 i 42 5:3-01
1 2132 |p3ss | 2632 “~J3.90[35.55 3808 4316 | 4730275 | 6005 [ g2 g7
‘+--———rr———T—rr L L B B L L L UL B B L B DL L = Time
20.00 2500 30.00 35.00 40.00 4500 50.00

Figure 9 Alkyl benzene profiles, C=6, 7, 8,9
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Another approach to finding unsaturated compounds in the crude oil sample involved using “mass defect filters” to

create mass-defect chromatograms.

The approach used above to locate specific alkyl-benzenes requires a

knowledge of their molecular weights and also relies on the molecular ion being significant in the spectrum. The
approach can be used (although not as selectively) with less precise quadrupole mass spec data. Mass defect
filters rely only on the fact that as a hydrocarbon becomes more unsaturated (RDB increases) the mass defect of the
accurate mass from the integer mass, while still positive, becomes less as the degree of unsaturation increases. |If
the compound contains O, N, or other heteroatoms such as P, S or Cl, the mass defect will also be less than for
saturated alkanes. Mass defect filters can only be used with precise mass spec data.

The mass defect filters used to extract data were:

Filter Name

OTMmMmoOO®>

Mass Defect o

&

0.020

Mass Range
100 - 450
100 - 450
100 -450
130-450
140 - 450
160 — 450
180 - 450

Mass Defect Range
0.02- 0.04
0.04-0.06
0.06 - 0.08
0.08-0.10
0.10-0.12
0.12-0.14
0.14-0.16

Mass Defects vs Rings+Double Bonds

Figure 10 Mass Defect algorithms used

mM/z

—— ROB=0

RDB=2

RDB=4

RDB=6

RDB=8

RDB=10

RDB=12

f RDB=14

RDB=16

Using mass defect chromatograms, poly-unsaturated compounds with various molecular weights were extracted as
examples. At m/z values of 156.092, 160.129, 170.111, 184.127, 188.160, and 210.144. These are shown in
Figures 11-16. Representative spectra and library match results are also shown.

® Page 16



TH 2A

swy-08-01-16-04 TOF MS El+ |
40.42 156.092 0.02Da|
100 i4083 2.76e3|
4 II 1|
I £
j hese are all substituted napthalenes, wi
I R = two corbons, &g C12H12
" = |
39.7539.84 |
| .; l | 41.42
A
| A
39.17 i I / A\ 42,08
s | [\ I
f\ |\ 4yl I \
o - et . Yoy
38.00 39.00 40.00 41.00 42.00 43.00 44.00
swy-08-01-16-04_d-AMF TOF MS El+
At 39.37 TIC|
| 9.30e3|
|
aQ_
43.81
A A
38.00 44.00
swv-08-01-16-04 TOF MS El+
- 40,02 TIC
100 | 7.23e4
|

100 156
141
504
57 7
115 128 a7 1e|| 159
B 5158|5983 | 7sn ®esspoes 102 que | 11s L 08 | M P, 1890 13 1em 193197 204 20 m
Y i N BN ES 98 mr LT T
3 [ 7 ) 102
1) 77 H‘S E 139] 159]
50
141
10 156
30 40 50 60 70 20 50 100 110 120 130 140 180 160 170 180 150 200 210 220 230
B m E ead 1o Tal MF=7 g ~ [aphthalene. 2 b-dimethyl-
Difference ) Head to Tail /,_S5e by 5= j,_Subtraction 7 784 926R 17.6P
Name: Naphthalene, 2,6-dmethyl- e
100 6 Fomua: C3H12
o WY, 156 Exact Mass: 156.093901 CAS#. 581420 NIST, 113299 104 22619 DB. replip
Cther DBs: Fine, EPA, HODOC. NIH. EINECS. IRDB
Cortrbutor: NIST Mass Spectrometry Data Certer, 1990
10lzrmest peaks:
156 999 141863| 155384 115225] 128189
Q 153147] 771401 1621361 1571281 76126
ymonyms
50 T 126 Dimethylnaphthalene:
Estimaled non-polar relertion index in-alkane scalel:
Vaue: 1458
15 e Corfidence interval (Aromatic Hydrocarbons): 55(50%) 238(85%)iu
o 8 7 Retention index
3 83 102 || ‘ | 1. Value: 1425 6u
o Y PR TA! | Column Type: Capillary

30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 150 200 210 220 230
freplb) Naphthalere. 2 6<imethyi-

Cc‘:\umn Class: Standard non-polar
< "

PlotiText of Hit /_Pltof At
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TH 2A
swy-08-01-16-04

TOF MS El+

3388 160.129 0.02Da|
100 3sa|
E..u'.mu‘.ou benzens, napthalenes, and indenas|
ith formula C12H16 —I 34,20
31.08 f
|,.31 10
1 134.28
! 3897
iy 2800 3087 3352 i/ 2724
921 | 3 i ‘
r ] e B9
28.35 (/13118
Nl || "1%3240] | | \ 4060
2?‘?0 || I ' I 13141 | I|| \ ! || | | 3804 I 2018 J! 40,82
2580 | ' h 4‘] "
| 1 .|5|\ L ” W"w”'””"wm .am‘L"\,a“
= I L 4
26.00 28, 00 30.00 32.00 34.00 36.00 38.00 40.00
swy-08-01-18-04_e-AMF TOF MS EI+
B 37.26 TIC|
i 3388 38.20 1.55e3
| _34.20
{ 31.08
1 27.92 PP
J 2621 | 36.16 e
34.44 |
& | ‘ 30.85
|
1 27.70 | 26.42 \“| aage | 3978 s0se
|25.00 j |
j | aoa7 flf| , t 13
2581 I ||| '| ! il 1 !
| ze2s ||l ()] | f .14 ... | M
| | |||'.r ||“ L .'.J 'u
,Lr_,..,.,_4_:.:r,.-.i-’.‘.'4‘,d¢ i Jh - LML I ey
26.00 28.00 30.00 32.00 34 oo 36 DU 38.00 40 DO
swy-08-01-156-04 TOF MS El+ |
100+ 34.74 TIC|
2913 8.58e4
1 ‘ 40,02
! 20.84 |
i I I
1 1 - aser
#2578 | i I |
4 1 |
|| I || | 39,37 ||
J2480 |28.32 2898 og | | oaa127 asos| | || | 4084
l‘ [ J/I P | Y 2o | | apss
l-’ AT, A e ’ (\| \A L 5
T T - Time

28100

Figure 12 M/Z 160.129. These appear

30,00

32.00 34.00 3600 | 38.00 40.00

to be C12H16 substituted benzenes, naphthalenes and indenes

145
1004
504
125 160
38 515 62 71 77T 1 102 Ns120 7)) N L 192 197 258
T T FETTTEE Ht
PN N A T R L 1L TE
160
504
1004 145
30 40 50 60 T 80 100 110 120 130 140 150 50 170 180 130 200 210 220 230 240 250 260 270
Swrv-OB-01-16-04 2104 (92, 196) Lm & ﬂ}?ﬁ'ﬂ%dﬁ”] T Headto Tal MF=637 RMF=717 4 [aphthalene, 1.2, 44etrahydro-1.8-dimethyl-
Ymnmm _Head to Tail /5= by 5i3= Jh_Subtracton J ©97 T1TR 13.69F
145 Mame: MNaphthalene, 1,2,3,44etrahydro-1,8-dimethyl- o
1004 Formula: C12H1g
MW: 160 Exact Mass: 160.1252 CAS#: 25419-33-4 NIST#: 35302 ID# 118378 DB: mainib
Other DBs: None
Contributor: CONTINENTAL QIL CO., PONCACITY, OKLA., USA
10 largest peaks:
1459591 160 1951 1461231 1151211 128104
125 851 39 241 130 801 117 681 77 67
Synonyms:
504 1.1,8-Dimethyl{1,2, 3, 44etrahydronaphthalens]
2.1 .8-Dimethyttetralin
Estimated non-polar retention index in-slkane scale):
160 Value: 13411y
115 Corfidence interval {Aromatic Hydrocarbons): 55(50%) 238(35%) iu
2 128
| 51 s 77 91 ‘ I Retention index
o i alland st iy o T Value: 13436iu
40 60 a0 100 120 140 160 180 200 220 240 260 Column Tvoe: Caoillary X
(mainlib) Naphthalene. 1.2.3.44strahydro-1,8-dimethyl- <| 111} r
 PlotiText of Hit £_Flot of Fit J
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TH2a

swy-08-01-16-04 TOF MS El+
g 46,62 170.111 0.02Da
2,08e3
45,97
4565 | |
NeS Of iNdenes ~
| as 85
| Pamesr
= R . 1
[ 48.47
4473 | | |
| | |
o | 4823
¥ |
a220 438335 || ) | 50.05 50.97 5124
38.00 40.00 42.00 44.00
Swy-08-01-16-04_d-AMF TOF MS El+
i 38.37 TIC
100 9.30e3
|
#| 40.4390.63 4255
B
i
4!
44749566 sraﬁ | =
4240 44 13\. il | 48.9250.32
A 4381 i\ .
" P ad e e "\~'I"“\ d
38.00 40.00 42.00 44.00
Swy-08-01-16-04 TOF MS El+ |
100 45,02 TiC|
| 4974 8.36e4|
40.02
|
38.67 430
é? “
39.37 |
Frie a2s8)| oo

| \ a8y a2n) (|7
I f e

44.00

46,00

Figure 13 M/Z 170.111. These appear to be C13H14 substituted naphthalenes and indenes

155
1004 170
504
32 5155 63 gy 75 24ssgy sgq02 108 118 128 13814 ] |l 175 181186 193 193204 208 215 224 232237 250
39 5195 63 71 76 B4 88 SE102 110 {{s 138 139 LI |
504
185
10 7
30 40 50 60 70 ] 50 100 110 120 130 140 150 160 170 180 180 200 210 220 220 240 250 260
a Y- B g m +5607)) T Headto Tail MF=052 RMF=007 [+ Haphthalene, 2.3,64nmethyl-
[\ _Difference k Head to Tail f_Sa= by S 7 854 BETR 34 3P
170 Name: Naphthalene. 2.3 64imethyl-
100 Fomula: C13H14
MW 170 Bxact Mass: 170.10955 CASH, 825-26-5 NIST#: 228329 |0 140753 DE: mainlb
Cther DBs: EPA, HODOC, NIH, EINECS, IRDE
Contributor: Japan AIST/NIMC Database- Spectrum MS-NW-6143
10 largest peaks:
170999 1555811 1691741 171143] 153112
155 152 811 156 811 128 611 154 551 115 46
O Synoryms:
54 1.2.3.6-Tiimethylnaphthalene
Estimated non-polar retention index fn-alkane scale:
Value: 157110
Confidence interval (fromatic Hydrocarbons): 55(50%) 238{35%) iu
198 Retention index.
39 51 63 TEM g 118 14 1. Value: 1509.73 iu
o s alle oLl [ T L Column Type: Capilary
40 60 80 100 120 140 1e0D 180 200 220 240 260 | Column Class: Standard non-polar
(mainlib) Maphthalene, 2,3,64trimethyl- & 1
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TH 2A

swy-08-01-16-04 TOF MS El+
5283 184.127 0.02Da
1005 928
1 5229
q | !
Eunsl'lu:e-'a naphihaienes and azuienes]
4 ith formuta C14H16
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|
(|
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sy \ i
M__af ot e Ao e
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3.12e3
4597 J
4585 |
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i 45,46 52,29 5397 56,15
| i 5005 g5 .40 | || 5380, | 54.88 55 22
I | [ | | 143 | [ ] 56.37
| |I {4763 f 49£3 I l‘l b 1 II 'H Wl 1 -IJ' ﬁli _56.42
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\\52iﬂ? 54 Qi |
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Estimated non-polar retention index in-alkane scale)
Value: 1684 iu
Corfidence interval (Aromatic Hydrocarbons): 55(50%) 238(95%) iu

{mainlib) Naphthalene, 1.2,3.44etramethiyl-

141 153 )
15 128 Retention index.
Bse Woag | | |H | ‘ 1. Valus: 1768 1
(T I I S 1 Column Type: Capillary
a0 60 80 100 130 140 160 180 200 230 240 260 Colurmn Class: Semi-standard nor-oalar

<
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1004
504
105 153 16 218
38 50 58 63 gn 76 82 87 98 | 110118 127 133 139144 o450 ' | 175 81| 191 200 207 213218 24 23 42 247 261
T T T T T
3 515 3 B9 77 83 & 102 115 iy 1‘Il1 1‘5”3 e
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184
[ 189
30 40 50 e 70 80 %0 100 110 120 130 140 150 160 170 180 130 200 210 220 290 240 250 260 270
[a W OB0T-16-04 6351 B2032) Cm GaB 1 (6a07+5052) T Headto Tal MF=/21 AMT=014 [d Flaphthalene. 1.2.3 dtetamethyl-
Difference }_Head to Tail /_Sie= by S= J,_Sublacton J 721 814R 34.0P
Name: Naphthalene, 12,3 44etramethyl- -
100 188 Formuls: C14H 15
MVV: 184 Exact Mass: 184.1252 CASH: 3031-15-0 NIST&: 155139 ID&: 140097 DB: mainlip
104 Other DBs: HODOC
Contributor: Chemical Concepts
10 Iargest peaks:
1699991 1847971 1701431 1411421 153139
1541371 1851351 1521251 128 921 165 90
Synoryms:
504 1123 4-Tetramethylnaphthalene #
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TH 2A
swv-08-01-16-04 TOF MS El+
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165
le:ummcmlusl l
with formuta C14H20 4367
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172 Mame: 1,1.4.5.6-pentamethyl-2, 3-dihydro-1H4ndene
1004 Fomula: C14Hap
MW 188 Exact Mass: 188.156501 NIST#: 374138 |D&: 143479 DE: mainlib
Contributor; Marianne Tauber, University of Carolo Wilhelmina at Braunschweig, 2000
10 Izrgest peaks:
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Synoryms:
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Estimated non-polar retention index fn-alkans scale).
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A5 87 8 Ll ll -
60 50 120 180 180 210 240 270 300 330 360
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[TH 2A

swv-08-01-16-04 TOF MS El+
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405
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MW 210 Exact Mass: 210.140851 CASH: 61141-66-0 NISTH: 62426 |D: 167944 DB: mainlb
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