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Abstract 37 

This work describes the first documented case of an effect defined herein as “octane hyperboosting” by an 38 

oxygenated fuel compound, 3-methyl-2-buten-1-ol (prenol).  Octane hyperboosting is characterized by 39 

the Research Octane Number (RON) of a mixture (e.g. an oxygenate biofuel blended into gasoline) 40 

exceeding the RON of the individual components in that mixture. This finding counters the widely held 41 

assumption that interpolation between the RON values of a pure compound and the base fuel provides the 42 

bounds for the RON performance of the blend. This is clearly distinct from the more commonly observed 43 

synergistic blending of oxygenates with gasoline, where the RON never exceeds the performance of the 44 

highest performing component.  Octane hyperboosting was observed for blends of prenol and six different 45 

gasoline fuels with varying composition. Testing of compounds chemically similar to prenol yielded no 46 

qualitatively similar instances of octane hyperboosting, which suggests that the effect may not be 47 

widespread among fuel candidates.  The phenomenon suggests an unexplored aspect of autoignition 48 

kinetics research for fuel blends, and may provide a new mechanism for significantly increasing fuel 49 

octane number, which is necessary for increasing combustion efficiency in spark ignition engines. This 50 

phenomenon also increases the potential candidate list of biofuels, as compounds hitherto discounted due 51 

to their lower pure component RON may exhibit hyperboosting behavior, and thereby enhanced 52 

performance, in blends. 53 

54 
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1: Introduction: Challenging the assumptions of fuel octane metrics 55 

The ability to accurately predict engine performance based on an understanding of basic fuel chemistry 56 

has been a major goal of combustion science and engineering since the advent of the internal combustion 57 

engine.  As mid-to-low boiling range petroleum distillates became the standard raw material to power 58 

spark ignition (SI) combustion engines, a significant quantity of SI combustion research has focused on 59 

identifying fuel additives that could increase a fuel’s ability to resist autoignition, and thereby prevent a 60 

phenomenon known as engine knock.1,2  Historically, additives such as tetra-ethyl lead (TEL) and methyl 61 

tert-butyl ether (MTBE) were used to minimize engine knock.3 However, health and environmental risks 62 

associated with these additives resulted in each being phased out of the US market, with ethanol 63 

becoming the dominant oxygenate and octane enhancer for gasoline blending by the mid-2000s.4  64 

Resistance to autoignition is quantified by the octane rating, with Research Octane Number (RON) and 65 

Motor Octane Number (MON) ASTM tests having long been used as the two metrics to quantify a fuel’s 66 

octane or antiknock performance.5-7  Increasing octane number would enable several efficiency 67 

improvement technologies to be implemented in SI engines including increased compression ratio, 68 

increased turbocharging, and reduction of carbon monoxide and soot.8  Clearly, the impact of higher 69 

octane fuels can be significant, with Chow et al reporting that if the RON of gasoline was globally raised 70 

to 98, overall greenhouse gas emissions could be 4.5 – 6% lower than the baseline case of lower octane 71 

gasoline.9 72 

Numerous studies have been conducted to understand the RON and MON performance of both neat 73 

compounds and blended fuels.10-13 More recently efforts have focused on using first principles 74 

approaches, such as chemical kinetics, to predict antiknock properties, however, these have been limited 75 

to low complexity fuel surrogates and computational modeling approaches.14-17  Despite these efforts, a 76 

detailed understanding of why certain fuel additives blend synergistically (i.e. generate higher octane 77 

number than that which would be predicted based on the relative mole fraction of the additive and a linear 78 

blending rule), while others blend antagonistically is still not well understood.  This is because these 79 

Pursuant to the DOE Public Access Plan, this document represents the authors' peer-reviewed, accepted 
manuscript. The published version of the article is available from the relevant publisher.



phenomena intrinsically depend on chemical interactions among the numerous components of the fuel 80 

blend in the combustion cycle.14,18-20   81 

In previous efforts to identify new fuel additives for increasing engine efficiency, hundreds of biofuel 82 

molecules have been evaluated for neat RON and MON to establish suitability as an octane boosting or 83 

antiknock agent, as the neat octane of fuels is commonly used to interpolate the RON of mixtures under 84 

the assumption that the RON of a mixture will never exceed the bounds of the RON values for the base 85 

fuel of the bioblendstock.13,21-23 This has held true in all known studies published to date, with recent 86 

efforts using the neat RON as a means to screen potential renewable fuel candidates.23 The work 87 

presented here provides new data that question the implicit bounds of the RON interpolation assumption, 88 

documented for the case of a potential biobased fuel candidate, 3-methyl-2-buten-1-ol, also known as 89 

prenol. 90 

2: Experimental methodology and materials 91 

2.1 General approach and octane number testing 92 

Prenol was blended volumetrically into five different gasoline blendstocks, referred to as Reformulated 93 

Blendstocks for Oxygenated Blending (RBOBs). We denote these five RBOBs as RBOB 1, 2, 3, 4 & 5. 94 

The composition of the RBOB samples, where available, is provided in Appendix A. Prenol was also 95 

blended into a simplified surrogate gasoline consisting of iso-octane (55 vol%), n-heptane (15 vol%), 96 

toluene (25 vol%), and 1-hexene (5 vol%) that has been used as a base fuel for comparing blending 97 

octane numbers for a wide range of potential high-octane gasoline blendstocks.23,26,27 Finally, prenol was 98 

blended into 10% ethanol blends of this surrogate and RBOB5. The RON and MON of these mixtures in 99 

different blend ratios were measured.  RON and MON were determined via ASTM D2699 and ASTM 100 

D2700 respectively. More than one RON and MON testing laboratory was used to ensure robust data 101 

quality and reproducibility. Volumetric blending and RON & MON measurements of prenol from 0 – 102 

30% v/v into RBOB 1, RBOB 2, RBOB 3, and RBOB 4 was done at Intertek Inc., Benecia, CA.  RON 103 

and MON measurements of neat prenol, prenol blends from 0 - 30% v/v into the surrogate fuel, 0 – 100% 104 
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v/v into RBOB 5 and the E10 samples were made at Southwest Research Institute (SwRI) in San Antonio, 105 

TX. The detailed hydrocarbon analysis of RBOB 4, RBOB 5, and the surrogate fuel was measured and is 106 

shown in A-1. One of the operating conditions of both the RON and MON tests is that the fuel level in the 107 

vertical jet, at maximum knock intensity, must be between 1.78 and 4.32 cm below the center line of the 108 

venturi.  Due to the lower stoichiometric air/fuel mass ratio of the high prenol containing samples, the jet 109 

size was increased to allow for the higher fuel flow needed to maintain the required fuel level.24 110 

2.2 Confirmation of sample volume fractions 111 

Concentrations of prenol in blends were measured by gas chromatography (GC). Details on equipment 112 

and the specific method used can be found in Appendix E. Instrument response was calibrated with a 113 

gravimetrically prepared mixture of prenol at five calibration points, in the region corresponding to the 114 

expected concentration of the blends. Calibration curves were found to have R2 values of 0.998 or greater 115 

for all compounds.23 116 

2.3 Chemicals and purities used for RON testing 117 

Sigma-Aldrich was used as the vendor for all the chemicals investigated. High purity samples (>98%) 118 

were purchased to ensure data reproducibility. The exact product number and associated purity can be 119 

seen in the appendix in table B-2. Samples were used for testing immediately after the containers were 120 

opened to avoid sample degradation. 121 

2.4 Removal of polar contaminants from prenol samples. 122 

Potential polar contaminants, such as peroxides and hydrates, were removed from the neat prenol sample 123 

using a silica column following the protocol outlined by Mueller, et al.25  RON testing of this sample was 124 

carried out to confirm that these contaminants were not affecting the RON measurement. The sample 125 

containers were stored at 85% capacity and sealed with parafilm to limit exposure to air and peroxide 126 

formation after the silica column treatment; testing was performed within 10 days of the treatment. 127 

2.5 Determination of prenol sample purity 128 

The peroxide number of the silica column treated sample (sample processed as described in section 2.4) 129 

was tested by the ASTM D3703 method at the Southwest Research Institute in San Antonio, TX. This 130 
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method quantifies the concentration of hydroperoxides in a sample within the range of 0 – 50 mg/kg 131 

(ppm). To further validate the >98% purity of the prenol used for RON and MON testing, samples were 132 

analyzed for contaminants via GC-MS with only trace contaminants found as shown in the appendix as 133 

table B-2.  134 

2.6 Uncertainties 135 

For fuels in the 90 to 100 RON range, the method reproducibility is ±0.7 ON (repeated tests would differ 136 

by more than 0.7 ON, no more than 5% of the time).5  The absolute value of the average error from the 137 

target volume range for the samples that were determined was 1.39 volume % so the samples that were 138 

not quantified by GC can be expected to have a similar blending volume error. Multiple gasoline samples 139 

were used to address variability in materials. 140 

3: Results and discussion 141 

3.1: Octane hyperboosting phenomena 142 

RON Values of neat prenol and blends into different gasoline RBOBs as well as a fuel surrogate were 143 

measured by SwRI and Intertek as outlined in section 2.1. The neat RON value of prenol is reported as 144 

93.6 and is the average of four independent measurements with a standard deviation of 0.55 which is 145 

within the accepted error of the test (± 0.7). The RBOBs used cover a wide range of starting RON values 146 

and each has a unique hydrocarbon composition.  147 

Figure 1 shows the results from the RON tests of neat prenol and each of the blends investigated. It was 148 

observed that the RON of the prenol containing fuel blends can exceed the RON of both neat prenol and 149 

the base fuels at some blending level. We refer to this effect as octane hyperboosting to distinguish it 150 

from synergistic blending or RON boosting commonly used to describe non-linear RON blending. RON 151 

testing of prenol in the surrogate fuel with 10% by volume ethanol was also carried out and is discussed 152 

in detail in section 3.3. The octane hyperboosting effect was observed at the 20% v/v prenol blend level 153 

and higher in all base fuels, with RBOB 2 and the surrogate showing the hyperboosting effect by 10% v/v 154 

prenol. The range of the observed RON hyperboosting effect at 30% v/v varied from 1.3 to 4.8 ON, which 155 
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is well outside of the experimental variability (±0.7 ON) of the test over this range. To the authors’ 156 

knowledge, whilst a study by Foong et al., showed a similar effect under MON conditions in simple 157 

surrogates of two or three components, RON hyperboosting in complex fuel mixtures outside the 158 

expected error of the tests has not been documented to-date. 28 Westbrook et al., modelled similar systems 159 

and found that adding species such as toluene to the binary surrogate reduced the effect.29 The same study 160 

referenced by Foong et al., reported the RON of an iso-octane/ethanol blend to be as high as 110.2, which 161 

is above the RON of both iso-octane (100) and ethanol (108.5). However, method reproducibility of the 162 

RON test for values from 104 to 108 is ±3.5 octane numbers5 and error has not been quantified for higher 163 

values bringing into question if the value of 110.2 is significantly different from that for pure ethanol.10  164 

 165 
Figure 1 shows the RON of prenol blended into six different gasoline mixtures along with the structure of prenol. Each of the 166 
mixtures shows blended RON values greater than the neat RON of prenol by the 20% volume fraction, with the surrogate and 167 
RBOB 2 showing hyperboosting at just 10% by volume. The highest blended RON that was achieved was 98.3, which is 4.8 168 
RON points higher than prenol’s neat RON value. The ordinate error bars represent the ±0.7 ON reproducibility within this range 169 
of the RON test 5 and the abscissa error bars represent ±1.4% volume error. 170 

Motor Octane Numbers were also measured for each blend. Prenol has a MON of 74.2 as a neat fuel 171 

which is lower than the MON of gasoline mixtures, or any of the gasoline blendstocks examined here. 172 

Adding prenol up to 30 vol% had only a small effect on MON with the results showing a small increase 173 

in some cases or a weak decreasing trend in others.  These data are shown the Appendix as figure D-1. 174 
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As stated, the purity of the prenol sample evaluated was always > 98%.  It has been previously shown that 175 

impurities such as peroxides can have large impacts on the cetane values for diesel fuels because these 176 

impurities can be a trigger to an already auto-ignition sensitive fuel. Since high octane fuels quench 177 

radical pool-building reactions, the impurities previously listed would likely require significant loadings 178 

to cause a meaningful effect. To fully validate impact of polar impurities such as peroxides on the neat 179 

RON measurement of prenol, a sample was processed to remove possible polar contaminants as 180 

demonstrated by Wallace et al 30 and Mueller et al 25 and described in detail in Section 2.2. The outcome 181 

from the ASTM D3703 test for hydroperoxides on this processed sample showed “non-detect”, with a 182 

testing range of 0 – 50 mg/kg. The neat RON of the treated prenol sample was measured as 94.6, 183 

indicating that polar impurities may have been depressing the neat RON measurement slightly, but not to 184 

a level that would question the nature of the octane hyperboosting phenomenon, given the uncertainty 185 

ranges in the tests. The list of the five most abundant impurities in the prenol sample used as determined 186 

by GC-MS are shown in Table B-1. Further blending and octane testing was carried out beyond the 10, 20 187 

and 30 % blend levels to determine the blending volume where the octane hyperboosting effect was no 188 

longer observed and the RON was reduced to that of neat prenol. Blending was done at 10% v/v 189 

increments up to 90% to eliminate the possibility that additional nonlinearities were present at other 190 

blending ratios.  In addition, a closely related isomer (3-methyl-3-buten-1-ol, or isoprenol), which has 191 

significantly higher RON, was tested to determine if it also showed the hyperboosting behavior. The 192 

RBOB used for the full blend range had a low octane, so it represents a lower bound for the 193 

hyperboosting effect, as additional boosting would need to occur to exceed the neat RON of prenol. The 194 

full blending range for prenol and isoprenol is shown in Figure 2. When blended from 0 – 100% in 195 

RBOB 5 the octane hyperboosting effect was seen at every data point between 30% and 90% v/v for 196 

prenol.  No octane hyperboosting was observed for isoprenol, suggesting that the underlying chemical 197 

basis for octane hyperboosting is present in prenol but not isoprenol. The octane hyperboosting effect for 198 

RBOB 5 is the least extreme case of octane hyperboosting among all the gasoline blendstocks 199 

investigated. The largest difference between a blended RON value and the neat RON of prenol is just 2 200 
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RON points and was observed at the 80% blend, while the hyperboosting effect was not noticed until 201 

beyond 20% v/v.  202 

 203 
Figure 2: full blending profile of prenol and isoprenol in RBOB 5 gasoline sample. Isoprenol reaches its neat RON value 204 
between 50% and 60% by volume but never exceeds it. Dashed lines represent the theoretical “linear” blending curve when 205 
blended as a function of blending molar fraction. 206 

To further investigate if octane hyperboosting is unique to prenol, three additional compounds with 207 

structural similarities to prenol (2-methyl-1-butanol, 3-methyl-1-butanol (isopentanol), and 2-methyl-3-208 

buten-2-ol) were evaluated, despite previous investigations not revealing octane hyperboosting for these 209 

compounds.21,23,31 The structures for these molecules, including isoprenol, are shown in figure 3. 210 

Blending of 2-methyl-1-butanol, isopentanol, and 2-methyl-3-buten-2-ol was done into the RBOB 4 211 

sample, while isoprenol was blended into the RBOB 5 sample as previously described. The RON testing 212 

of these compounds is shown in figure 4 and shows that none of these compounds demonstrate octane 213 

hyperboosting.  214 

 215 
Figure 3: Structures of the compounds similar to prenol investigated in this study. Each compound explored contains five 216 
carbons and an alcohol functional group. 217 
 218 
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 219 
Figure 4: Investigation of additional C5 alcohol candidates for octane hyperboosting. 2-methyl-1-butanol, Isopentanol, and 2-220 
methyl-3-buten-2-ol were blended into RBOB 4 (starting RON 86.9) while isoprenol was blended into RBOB 5 (starting RON 221 
85.4). The solid lines represent the experimental RON data of the blends while the dotted lines represent the neat RON 222 
measurement for each of the compounds investigated. 223 

The fact that prenol is the only compound to demonstrate this behavior despite being only subtly 224 

structurally different from the other compounds investigated should be explored further and other 225 

compounds that share structural similarities or similar reaction intermediates should be investigated. 226 

Work is currently underway to understand this unique behavior via targeted experiments and kinetic 227 

modeling. If fully understood, octane hyperboosting could have significant impacts on how fuels are 228 

blended, the way the RON and MON tests are used, and could be leveraged for design of new 229 

biofuel/bioblendstocks for maximum antiknock performance. 230 

3.2: Evaluation of prenol as a fuel additive 231 

Table 1 provides many relevant fuel properties for prenol and other octane boosting biofuels that have 232 

been extensively investigated for use as additives to gasoline. It also highlights the high octane sensitivity 233 

of prenol, which is defined as the difference between the RON and MON measurements. Recent studies 234 

have suggested that high octane sensitivity may be critical to limiting engine knock and improving 235 

efficiency in modern downsized turbocharged engines as well as in advanced combustion strategies 236 

currently in development.1,32 Sensitivity values for all the blends of prenol examined in this study can be 237 

seen in Appendix D. Additionally, many of prenol’s physical properties such as molecular weight, 238 
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density, lower heating value, and others are very similar to those of traditional gasoline components, 239 

while features such as low water solubility should lead to enhanced infrastructure compatibility compared 240 

to existing biofuels such as ethanol. The reasonably high boiling point of prenol may lead to issues under 241 

certain engine conditions for higher prenol blends. Investigation of these effects were outside the scope of 242 

this work but should carried out. 243 

Table 1: Relevant fuel properties for a selection of industrially used and promising octane boosting biofuels. Each of the 244 
properties listed is anticipated to have some contribution to the octane performance of the molecule or is important from an 245 
infrastructure compatibility perspective. All values shown are experimental values sourced from the US-DOE Co-optima fuel 246 
property database.33 + Measured at 25 °C.  247 
 248 

Compound Neat 
RON 

Neat 
MON 

Octane 
Sensitivity 

(RON-MON) 

Heat of 
Vaporization 

[kJ/kg] + 

Water 
Solubility 

[g/L] + 

Boiling 
Point 
[°C] 

Lower Heating 
Value 
[MJ/L] 

ethanol 109 90 19 919 1000 78.5 20.2 

n-propanol 104 89 15 789 1000 97.2 24.7 

isopropanol 112.5 96.7 15.8 744 1000 82.5 24.1 

isobutanol 105 90 15 685 85 107.9 26.6 

diisobutylene 106 87 19 318 4 101.4 31.7 

cyclopentanone 101 89 12 504 61 130.6 30.2 

prenol 93.5 74.2 19.3 512 41 140.0 29.6 

3.3 Prenol in combination with ethanol 249 

To assess the impact of ethanol on prenol’s blending behavior, prenol was blended into two gasoline base 250 

fuels containing 10% by volume ethanol (referred to as E10 fuels). These results are shown in Table 2 251 

and demonstrate that prenol/ethanol blends have elevated RON and sensitivity values that are beyond 252 

what each component can provide individually. This is clearly shown for the 20% volume addition of 253 

prenol into the surrogate E10 (30% by volume total biofuel) which has a high RON of 99.3 and a 254 

sensitivity value of 13.7, which is significantly higher than the sensitivity value of 30% ethanol in the 255 

surrogate, as reported by McCormick et al to be 11.4.21 The potential for optimized blends of 256 

ethanol/prenol may allow for improved engine efficiency as well as the opportunity to bypass the ethanol 257 

“blend wall” which would allow for increased biofuel use and reduced carbon emissions. 258 
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Table 2: Antiknock metrics of prenol blended in base fuels with 10% by volume ethanol added (E10 fuels). Blends were tested 259 
for the 4-component surrogate and RBOB 5. 260 

Measurement Base Fuel 
Volume % Prenol Added 

0 10 20 30 

RON 
Surr. E10 95.6 98.1 99.3 99.1 

RBOB 5 E10 91.2 94.2 95.3 96.3 

MON Surr. E10 88.3 87.2 85.6 84.5 
RBOB 5 E10 83.5 82.4 81.9 81.5 

Sensitivity Surr. E10 7.3 10.9 13.7 14.6 
RBOB 5 E10 7.7 11.8 13.4 14.8 

3.4: Production routes to prenol 261 

Due to the promising octane boosting behavior of prenol and its potential as a biofuel, a review of 262 

strategies for large scale production of prenol was carried out. Prenol is produced industrially via a 263 

catalytic route as an intermediate in the production of citral34, with other patents and publications focusing 264 

on catalyst development and reaction conditions.35,36 Additionally, significant work has been done around 265 

biological production of prenol by dephosphorylation of metabolic intermediates of the isoprenoid 266 

biosynthetic pathways, isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP), via the 267 

expression of a promiscuous phosphatase enzyme.37,38 While the most successful engineering strategies 268 

reported to date have primarily demonstrated the production of isoprenol (~2.5 g/L), there are reports that 269 

suggest that it is possible to selectively produce prenol using enzymes that preferentially dephosphorylate 270 

DMAPP 39, suggesting potential for prenol as an industrially relevant biofuel. 271 

4: Summary and impact of results 272 

A promising means to significantly increase the efficiency of the gasoline engine fleet is to increase the 273 

compression ratio, which would be enabled by the use of higher octane fuels. This work describes the first 274 

documented case of an effect described as octane hyperboosting by an oxygenated fuel compound, prenol, 275 

as characterized by the RON of a mixture exceeding the RON of both the neat blending agent and the 276 

blendstock. This finding counters the widely held assumption that interpolation between the RON values 277 

of a pure compound and the base fuel provides the bounds of the RON performance of the blend. This is 278 

clearly distinct from synergistic blending of oxygenates with gasoline that has been observed to-date.  279 
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Octane hyperboosting was observed for blends of prenol into a variety of gasoline mixtures and tested by 280 

multiple commercial laboratories.  Testing of structurally similar molecules showed prenol to be unique 281 

in its octane hyperboosting effect. This phenomenon suggests an unexplored area for combustion research 282 

by potentially providing a new approach for improving SI combustion efficiency and enabling 283 

identification of previously overlooked fuels based on presumed limitations of their anti-knock 284 

performance. Prenol itself has promising properties as a biofuel such as extremely high octane sensitivity, 285 

low water solubility, and energy density close to that of gasoline; the hyperboosting effect means that 286 

prenol could outperform biofuels currently in the market if used in a correctly formulated blendstock.  287 
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Supplemental Materials 382 
 383 
Appendix A 384 
 385 
Table A-1: RBOB 4 Detailed Hydrocarbon Analysis 386 
 387 

Minutes Index Group Component Mass % Volume % Mol % 
6.588 200.000 P2 ethane 0.0035 0.0075 0.0115 
6.645 300.000 P3 propane 0.0888 0.1315 0.2019 
7.578 374.690 I4 i-butane 0.824 1.0954 1.4208 
8.177 392.130 O4 isobutylene 0.0032 0.0039 0.0056 
8.206 392.820 O4 1,3-butadiene 0.0061 0.0073 0.0113 
8.463 398.380 P4 n-butane 4.2636 5.4565 7.3522 
8.818 410.210 O4 vinyl acetylene 0.0425 0.0484 0.0788 
8.908 413.330 I5 2,2-dimethylpropane 0.022 0.0276 0.0305 
9.350 427.050 O4 c-butene-2 0.0276 0.0329 0.0492 

10.798 460.620 O5 3-methylbutene-1 0.0126 0.0149 0.018 
11.743 476.900 I5 i-pentane 5.9405 7.1019 8.2523 
12.652 490.010 O5 pentene-1 0.0905 0.1047 0.1294 
13.089 495.640 O5 2-methylbutene-1 0.2505 0.2853 0.358 
13.350 498.830 P5 n-pentane 1.3516 1.5989 1.8776 
13.654 504.120 O5 2-methylbutadiene-1,3 0.0152 0.0166 0.0224 
13.898 508.890 O5 t-pentene-2 0.3993 0.4563 0.5706 
14.233 515.150 O5 3,3-dimethylbutene-1 0.0077 0.0088 0.011 
14.398 518.150 O5 c-pentene-2 0.226 0.2553 0.3229 
14.713 523.680 O5 2-methylbutene-2 0.7399 0.8275 1.0573 
14.891 526.730 O5 1t,3-pentadiene 0.0193 0.0211 0.0284 
15.537 537.240 O5 cyclopentadiene 0.0048 0.0055 0.0072 
15.688 539.600 I6 2,2-dimethylbutane 0.2404 0.2743 0.2796 
15.927 543.230 O5 1c,3-pentadiene 0.0261 0.028 0.0385 
16.882 556.920 O5 cyclopentene 0.1078 0.1034 0.1586 
17.231 561.610 O6 4-methylpentene-1 0.0505 0.0561 0.0602 
17.296 562.460 O6 3-methylpentene-1 0.0862 0.0962 0.1026 
17.628 566.770 N5 cyclopentane 0.1821 0.1809 0.2602 
17.806 569.010 I6 2,3-dimethylbutane 0.8178 0.9156 0.9512 
17.940 570.680 O6 2,3-dimethylbutene-1 0.1104 0.1197 0.1315 
18.074 572.340 -- unknown 0.0545 0.0577 0.0649 
18.164 573.430 I6 2-methylpentane 3.5399 4.0149 4.1171 
18.304 575.120 O6 4-methyl-t-pentene-2 0.2522 0.2773 0.3003 
19.189 585.390 I6 3-methylpentane 2.3548 2.6258 2.7388 
19.616 590.080 O6 2-methylpentene-1 0.2697 0.2917 0.3212 
19.697 590.960 O6 hexene-1 0.1368 0.1495 0.163 
20.394 598.270 O6 2-ethylbutene-1 0.02 0.0214 0.0239 
20.565 600.000 P6 n-hexane 1.3708 1.5398 1.5943 
20.784 602.860 O6 t-hexene-3 0.1887 0.2049 0.2247 
20.842 603.620 O6 c-hexene-3 0.0704 0.0761 0.0838 
20.986 605.460 O6 t-hexene-2 0.3668 0.398 0.4369 
21.174 607.860 O6 2-methylpentene-2 0.5499 0.5893 0.6548 
21.394 610.620 O6 3-methyl-c-pentene-2 0.2985 0.3168 0.3555 
21.494 611.870 O6 3-methylcyclopentene 0.0644 0.0626 0.0786 
21.729 614.750 O6 c-hexene-2 0.2073 0.2219 0.2469 
21.926 617.130 O6 O14 0.0096 0.0103 0.0114 
22.250 620.990 O7 3,3-dimethylpentene-1 0.4754 0.5017 0.4853 
22.530 624.270 I7 2,2-dimethylpentane 0.0434 0.0477 0.0434 
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22.695 626.160 N6 methylcyclopentane 1.8936 1.8737 2.255 
23.094 630.680 I7 2,4-dimethylpentane 0.4852 0.5343 0.4853 
23.305 633.020 O7 cyclic diolefin or triolefin-[1] 0.0174 0.0181 0.0212 
23.472 634.850 I7 2,2,3-trimethylbutane 0.0486 0.0522 0.0487 
23.626 636.530 -- unknown 0.0117 0.0124 0.0117 
23.813 638.550 O7 cyclic diolefin or triolefin-[2] 0.0177 0.0185 0.0216 
24.145 642.070 O7 O17 0.0057 0.006 0.0068 
24.244 643.110 O7 3,4-dimethylpentene-1 0.0139 0.0147 0.0142 
24.599 646.790 O7 4,4-dimethyl-c-pentene-2 0.0218 0.0229 0.0222 
24.714 647.960 O7 2,4-dimethylpentene-1 0.0207 0.022 0.0212 
24.818 649.020 O6 1-methylcyclopentene 0.3421 0.3251 0.4174 
24.958 650.430 A6 benzene 0.8639 0.7281 1.1085 
25.185 652.700 O7 2-methyl-c-hexene-3 0.0246 0.0261 0.0251 
25.383 654.660 I7 3,3-dimethylpentane 0.0499 0.0533 0.0499 
25.481 655.610 O7 5-methylhexene-1 0.039 0.0415 0.0398 
25.643 657.200 -- unknown 0.0162 0.0171 0.0165 
25.756 658.280 N6 cyclohexane 0.4317 0.4107 0.5141 
26.053 661.120 O7 2-methyl-t-hexene-3 0.0525 0.056 0.0536 
26.225 662.760 O7 2-ethyl-3-methylbutene-1 0.0241 0.025 0.0246 
26.357 663.990 O7 4-methylhexene-1 0.0377 0.0398 0.0385 
26.613 666.370 O7 4-methyl-t/c-hexene-2 0.1005 0.1057 0.1026 
26.758 667.710 I7 2-methylhexane 1.9287 2.1053 1.9292 
26.902 669.020 I7 2,3-dimethylpentane 0.6906 0.7359 0.6908 
27.182 671.550 N7 1,1-dimethylcyclopentane 0.0699 0.0686 0.0714 
27.470 674.120 O6 cyclohexene 0.0545 0.0498 0.0665 
27.689 676.040 I7 3-methylhexane 1.9568 2.1096 1.9573 
28.097 679.580 O7 3,4-dimethyl-c-pentene-2 0.0569 0.0587 0.0581 
28.375 681.960 N7 1c,3-dimethylcyclopentane 0.6263 0.6229 0.6393 
28.695 684.660 N7 1t,3-dimethylcyclopentane 0.5438 0.538 0.5551 
28.859 686.020 I7 3-ethylpentane 0.2291 0.243 0.2291 
29.016 687.320 N7 1t,2-dimethylcyclopentane 0.4195 0.4135 0.4282 
29.172 688.600 I8 2,2,4-trimethylpentane 0.2353 0.2519 0.2065 
29.301 689.650 O7 2-ethylpentene-1 0.0713 0.0757 0.0727 
29.955 694.910 O7 3-methyl-c-hexene-3 0.0735 0.0758 0.075 
30.418 698.530 O7 t-heptene-3 0.2195 0.2314 0.224 
30.607 700.000 P7 n-heptane 0.9866 1.0689 0.9868 
30.898 702.050 O7 3-methyl-c-hexene-2 0.2871 0.2984 0.293 
31.037 703.030 O7 3-methyl-t-hexene-3 0.1154 0.1232 0.1178 
31.266 704.620 O7 t-heptene-2 0.1076 0.113 0.1099 
31.471 706.030 O7 3-ethylpentene-2 0.0776 0.0793 0.0792 
31.897 708.930 O7 2,3-dimethylpentene-2 0.2304 0.2331 0.2352 
32.388 712.210 O7 c-heptene-2 0.1132 0.1178 0.1155 
32.565 713.380 O7 3-ethylcyclopentene 0.0147 0.0139 0.0153 
32.942 715.840 O7 O26 0.0158 0.0163 0.0162 
33.174 717.340 N7 1c,2-dimethylcyclopentane 0.3011 0.3046 0.3074 
33.291 718.090 N7 methylcyclohexane 1.2717 1.2244 1.2982 
33.719 720.810 I8 2,2-dimethylhexane 0.176 0.1875 0.1544 
34.282 724.320 O7 O31 0.0121 0.0122 0.0123 
34.601 726.280 O7 O32 0.0091 0.0092 0.0092 
35.058 729.040 N7 ethylcyclopentane 0.3985 0.3851 0.4068 
35.210 729.950 I8 2,5-dimethylhexane 0.2708 0.2892 0.2376 
35.513 731.750 I8 2,4-dimethylhexane 0.4171 0.4412 0.366 
35.804 733.460 O7 O33 0.0179 0.0181 0.0183 
36.438 737.130 N8 1c,2t,4-trimethylcyclopentane 0.2555 0.248 0.2283 
36.645 738.310 I8 3,3-dimethylhexane 0.0254 0.0265 0.0223 
37.032 740.500 O7 O35 0.0102 0.0103 0.0104 
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37.693 744.170 N8 1t,2c,3-trimethylcyclopentane 0.1624 0.1561 0.145 
38.169 746.770 I8 2,3,4-trimethylpentane 0.0969 0.0998 0.085 
38.379 747.900 I8 I1 0.2174 0.224 0.1908 
38.646 749.330 O7 O39 0.0503 0.0509 0.045 
38.921 750.790 I8 2,3,3-trimethylpentane 0.0703 0.0717 0.0616 
39.139 751.940 A7 toluene 4.7942 4.096 5.2149 
39.742 755.080 O8 O43 0.0762 0.0771 0.0681 
40.245 757.660 I8 2,3-dimethylhexane 0.3627 0.3773 0.3182 
40.728 760.090 N8 1,1,2-trimethylcyclopentane 0.0501 0.0481 0.0448 
41.048 761.690 O8 O44 0.0779 0.0788 0.0695 
41.482 763.830 I8 2-methylheptane 1.0509 1.1154 0.922 
41.783 765.300 I8 4-methylheptane 0.4 0.4205 0.351 
41.998 766.340 -- unknown 0.0661 0.07 0.058 
42.104 766.850 I8 3-methyl-3-ethylpentane 0.0664 0.0691 0.0583 
42.657 769.490 N8 1c,2c,4-trimethylcyclopentane 0.1667 0.162 0.1489 
43.063 771.410 I8 3-methylheptane 1.0339 1.0851 0.9072 
43.340 772.700 -- unknown 0.5426 0.5742 0.4761 
43.517 773.530 N8 1c,2t,3-trimethylcyclopentane 0.1418 0.1364 0.1267 
43.769 774.690 N8 1t,4-dimethylcyclohexane 0.1988 0.1931 0.1776 
44.212 776.710 O8 1,3-octadiene 0.0142 0.0138 0.0129 
44.990 780.220 N8 1,1-dimethylcyclohexane 0.0234 0.0222 0.0209 
45.485 782.410 I9 2,2,5-trimethylhexane 0.1403 0.147 0.1096 
45.837 783.950 N8 3c-ethylmethylcyclopentane 0.3027 0.2923 0.2703 
46.345 786.150 N8 3t-ethylmethylcyclopentane 0.2247 0.217 0.2007 
46.647 787.450 N8 2t-ethylmethylcyclopentane 0.1707 0.1644 0.1525 
47.290 790.170 N8 1,1-methylethylcyclopentane 0.048 0.0455 0.0428 
47.807 792.330 -- unknown 0.1922 0.2033 0.1716 
48.086 793.490 N8 1t,2-dimethylcyclohexane 0.0434 0.0414 0.0387 
48.839 796.560 O8 t-octene-3 0.1114 0.1147 0.0995 
49.245 798.200 N8 1t,3-dimethylcyclohexane 0.0361 0.0345 0.0323 
49.502 799.230 N8 1c,2c,3-trimethylcyclopentane 0.5861 0.5572 0.5235 
49.694 800.000 P8 n-octane 0.3186 0.3359 0.2795 
50.576 803.600 O8 t-octene-2 0.0413 0.0425 0.0369 
51.076 805.620 O8 O49 0.099 0.1019 0.0884 
51.493 807.280 N8 i-propylcyclopentane 0.1264 0.1206 0.1129 
52.832 812.520 O8 c-octene-2 0.0283 0.0291 0.0225 
53.246 814.100 N8 N1 0.0132 0.0125 0.0118 
54.015 817.020 I9 2,2,3,4-tetramethylpentane 0.0346 0.0347 0.0271 
54.539 818.970 N8 N2 0.0973 0.0924 0.0869 
55.074 820.950 O9 O52 0.0303 0.0312 0.0241 
55.822 823.680 O9 O53 0.0197 0.0203 0.0156 
56.382 825.700 N8 1c,2-dimethylcyclohexane 0.2264 0.2106 0.2022 
57.183 828.540 I9 2,2-dimethylheptane 0.0157 0.0164 0.0123 
57.986 831.350 N9 1,1,4-trimethylcyclohexane 0.3756 0.3603 0.2982 
58.610 833.500 N8 N4 0.1235 0.1173 0.1104 
59.076 835.090 I9 2,2,3-trimethylhexane 0.0363 0.0376 0.0284 
59.721 837.260 I9 4,4-dimethylheptane 0.1069 0.1107 0.0835 
60.122 838.600 N8 ethylcyclohexane 0.0155 0.0147 0.0139 
60.523 839.940 N9 *1c,3c,5-trimethylcyclohexane 0.0452 0.0435 0.0359 
60.851 841.020 N8 n-propylcyclopentane 0.2933 0.2799 0.262 
61.237 842.280 I9 2,5-dimethylheptane 0.0638 0.0659 0.0499 
61.601 843.460 I9 3,3-&3,5-dimethylheptane 0.048 0.049 0.0375 
62.034 844.860 I9 3,5-dimethylheptane 0.0859 0.0881 0.0672 
62.621 846.740 O9 2,4-dimethylheptene-1 0.0557 0.0604 0.0442 
63.812 850.490 N8 N8 0.0362 0.0343 0.0323 
64.672 853.150 N9 1c,2t,4t-trimethylcyclohexane 1.4785 1.404 1.1738 
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65.192 854.730 A8 ethylbenzene 0.168 0.1436 0.1586 
66.185 857.730 I9 I4 0.0626 0.0636 0.049 
66.769 859.470 O9 2-methyloctene-2 0.0373 0.0405 0.0297 
68.021 863.140 A8 1,3-dimethylbenzene 4.1317 3.5414 3.9005 
68.370 864.150 A8 1,4-dimethylbenzene 1.786 1.5365 1.6861 
69.209 866.560 -- unknown 0.0651 0.0689 0.0615 
69.464 867.280 I9 3,4-dimethylheptane 0.1109 0.1123 0.0867 
69.942 868.630 I9 3,4 -dimethylheptane 0.0688 0.0697 0.0538 
70.376 869.850 N9 N14 0.1049 0.0996 0.0833 
71.446 872.820 I9 4-ethylheptane 0.3957 0.407 0.3092 
71.805 873.800 I9 4-methyloctane 0.5712 0.5875 0.4464 
72.264 875.050 I9 2-methyloctane 0.0661 0.0687 0.0517 
73.023 877.100 -- unknown 0.0346 0.0367 0.0271 
73.436 878.200 N9 1c,2t,3c-trimethylcyclohexane 0.0878 0.0858 0.0697 
73.884 879.400 I9 3-ethylheptane 0.6008 0.6125 0.4695 
74.464 880.930 I9 3,3-diethylpentane 0.0377 0.0368 0.0295 
74.755 881.690 N9 1c,2t,4c-trimethylcyclohexane 0.0137 0.0132 0.0109 
75.198 882.850 A8 1,2-dimethylbenzene 2.0961 1.764 1.9788 
76.274 885.620 I9 I6 0.0276 0.028 0.0216 
76.857 887.110 -- unknown 0.0939 0.0994 0.0734 
77.085 887.680 N9 N18 0.2011 0.191 0.1597 
77.689 889.210 -- unknown 0.0685 0.0725 0.0544 
78.104 890.240 N9 N20 0.0544 0.0517 0.0432 
78.509 891.250 I9 I8 0.0185 0.0188 0.0144 
78.934 892.300 I9 I9 0.0929 0.0942 0.0726 
80.188 895.370 O9 t-7-methyloctene-3 0.0406 0.044 0.0322 
80.487 896.090 N9 N22 0.0136 0.0129 0.0108 
80.889 897.060 N9 N23 0.0462 0.0439 0.0367 
81.344 898.150 O9 c-nonene-3 0.0686 0.0744 0.0545 
81.842 899.330 I9 I10 0.3395 0.3445 0.2653 
82.123 900.000 P9 n-nonane 0.1125 0.1161 0.0879 
82.851 904.020 O9 t-nonene-3 0.0668 0.0678 0.053 
83.099 905.380 N9 N25 0.0139 0.0131 0.0111 
84.173 911.220 N9 N26 0.0599 0.0561 0.0475 
84.566 913.340 N9 N27 0.0835 0.0783 0.0663 
85.100 916.200 I10 I11 0.0497 0.0504 0.035 
85.837 920.110 I10 I12 0.0551 0.0559 0.0388 
86.103 921.520 I10 2,4-dimethyloctane 0.0194 0.0198 0.0137 
86.445 923.320 I10 2,2-dimethyloctane 0.0798 0.0816 0.0562 
87.152 927.010 N9 N28 0.0233 0.0218 0.0185 
87.699 929.840 -- unknown 0.0957 0.1013 0.076 
88.055 931.680 I10 2,6-dimethyloctane 0.1321 0.1345 0.093 
88.750 935.240 -- unknown 0.0519 0.0549 0.0365 
89.005 936.530 N9 n-butylcyclopentane 0.112 0.1058 0.089 
89.543 939.260 N10 N30 0.0183 0.0169 0.013 
89.973 941.430 I10 I14 0.1255 0.1274 0.0884 
90.198 942.560 I10 3,3-dimethyloctane 0.019 0.019 0.0134 
90.467 943.910 N10 N31 0.0454 0.0421 0.0325 
90.817 945.650 -- unknown 0.4439 0.4697 0.3172 
91.023 946.680 A9 n-propylbenzene 0.0427 0.0367 0.0356 
91.183 947.470 I10 3,6-dimethyloctane 0.0504 0.0507 0.0355 
91.392 948.500 -- unknown 0.0462 0.0489 0.0325 
91.803 950.530 N10 N32 0.0275 0.0254 0.0196 
92.482 953.860 A9 1,3-methylethylbenzene 1.982 1.6982 1.6527 
92.844 955.620 A9 1,4-methylethylbenzene 0.8188 0.7043 0.6828 
94.031 961.340 A9 1,3,5-trimethylbenzene 1.0633 0.9103 0.8867 
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94.375 962.990 I10 2,3-dimethyloctane 0.1133 0.1138 0.0798 
95.261 967.200 I10 5-methylnonane 0.1125 0.1137 0.0792 
95.594 968.770 -- unknown 0.2598 0.2749 0.183 
95.816 969.810 I10 4-methylnonane 0.6327 0.6333 0.4457 
96.091 971.100 A9 1,2-methylethylbenzene 0.3154 0.2653 0.263 
96.405 972.570 I10 2-methylnonane 0.0164 0.0168 0.0116 
96.665 973.790 -- unknown 0.0554 0.0586 0.039 
96.968 975.190 I10 3-ethyloctane 0.0342 0.0342 0.0241 
97.282 976.650 N10 N35 0.3119 0.2888 0.2229 
97.921 979.590 I10 I18 0.0281 0.0281 0.0198 
98.660 982.970 A9 1,2,4-trimethylbenzene 3.2959 2.7876 2.7484 
99.253 985.660 I10 I20 0.0784 0.0785 0.0552 
99.509 986.820 N10 i-butylcyclohexane 0.0768 0.0714 0.0549 
99.775 988.010 I10 I21 0.0409 0.041 0.0288 

100.203 989.930 I10 I23 0.046 0.046 0.0324 
100.883 992.970 O10 2,3-dimethyloctene-2 0.0526 0.0527 0.0376 
101.417 995.330 A10 i-butylbenzene 0.0463 0.0402 0.0346 
101.862 997.300 I10 I25 0.0734 0.0735 0.0517 
102.348 999.430 P10 n-decane 0.251 0.2546 0.1768 
102.857 1002.750 N10 N38 0.0219 0.0203 0.0157 
103.336 1006.220 A9 1,2,3-trimethylbenzene 0.6961 0.5765 0.5805 
103.751 1009.210 A10 1,3-methyl-i-propylbenzene 0.0694 0.0597 0.0518 
104.232 1012.660 A10 1,4-methyl-i-propylbenzene 0.0546 0.0472 0.0408 
104.805 1016.740 I11 I29 0.033 0.033 0.0212 
105.117 1018.960 A10 2-3-dihydroindene 0.5483 0.4213 0.465 
105.501 1021.680 -- unknown 0.0257 0.0272 0.0218 
105.816 1023.900 N10 sec-butylcyclohexane 0.0781 0.0711 0.0558 
106.128 1026.090 I11 I30 0.0272 0.0272 0.0175 
106.276 1027.120 A10 1,2-methyl-i-propylbenzene 0.0693 0.0586 0.0517 
106.779 1030.640 I11 3-ethylnonane 0.0271 0.027 0.0174 
107.061 1032.610 N11 N40 0.1287 0.1191 0.0836 
107.608 1036.400 I11 I32 0.0402 0.0373 0.0261 
107.811 1037.800 -- unknown 0.0267 0.0283 0.0174 
108.080 1039.650 A10 1,3-diethylbenzene 0.3024 0.2592 0.2258 
108.471 1042.340 A10 1,3-methyl-n-propylbenzene 0.5624 0.4839 0.42 
108.697 1043.890 I11 I33 0.0643 0.0644 0.0412 
109.030 1046.160 -- unknown 0.3308 0.3501 0.2121 
109.182 1047.200 A10 1,4-methyl-n-propylbenzene 0.1675 0.1445 0.125 
109.535 1049.600 A10 1,3-dimethyl-5-ethylbenzene 0.6449 0.5428 0.4816 
109.820 1051.520 A10 1,2-diethylbenzene 0.0683 0.0575 0.051 
109.993 1052.700 I11 I34 0.0252 0.0253 0.0162 
110.215 1054.190 -- unknown 0.0325 0.0344 0.0209 
110.733 1057.680 A10 1,2-methyl-n-propylbenzene 0.2508 0.2126 0.1873 
111.257 1061.180 I11 I36 0.0249 0.025 0.016 
111.432 1062.350 I11 I37 0.1393 0.1394 0.0893 
111.875 1065.290 I11 I38 0.1362 0.1364 0.0874 
112.276 1067.950 A10 1,4,dimethyl-2-ethylbenzene 0.4385 0.3703 0.3275 
112.513 1069.510 A10 1,3-dimethyl-4-ethylbenzene 0.7308 0.6299 0.5457 
113.260 1074.420 I11 I40 0.4395 0.4399 0.2818 
113.385 1075.240 A10 1,2-dimethyl-4-ethylbenzene 0.7488 0.6342 0.5591 
114.009 1079.310 -- unknown 0.0236 0.025 0.0176 
114.218 1080.660 A10 1,3-dimethyl-2-ethylbenzene 0.071 0.059 0.053 
114.587 1083.060 -- unknown 0.0138 0.0146 0.0103 
114.747 1084.090 A11 1,4-methyl-t-butylbenzene 0.0176 0.0153 0.0119 
114.904 1085.100 I11 I43 0.0183 0.0184 0.0118 
115.094 1086.330 -- unknown 0.0226 0.0239 0.0145 
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115.475 1088.780 -- unknown 0.0351 0.0372 0.0225 
115.698 1090.200 O11 undecene-1 0.0296 0.0292 0.0192 
115.968 1091.930 -- unknown 0.0644 0.0681 0.0418 
116.169 1093.220 A10 1,2-dimethyl-3-ethylbenzene 0.1952 0.1621 0.1458 
116.654 1096.300 A11 1,2-ethyl-i-propylbenzene 0.0231 0.0193 0.0156 
116.806 1097.260 -- unknown 0.0247 0.0261 0.0167 
117.004 1098.510 -- unknown 0.0201 0.0213 0.0136 
117.238 1100.000 P11 n-undecane 0.2073 0.2064 0.1329 
117.817 1104.860 A10 1,2,4,5-tetramethylbenzene 0.4149 0.3463 0.3098 
118.286 1108.780 A10 1,2,3,5-tetramethylbenzene 0.6152 0.5118 0.4594 
118.712 1112.330 -- unknown 0.0489 0.0517 0.0365 
119.124 1115.750 -- unknown 0.0452 0.0479 0.0338 
119.307 1117.260 -- unknown 0.0289 0.0306 0.0216 
119.609 1119.750 -- unknown 0.0414 0.0438 0.0309 
119.748 1120.900 A11 1,2-methyl-t-butylbenzene 0.043 0.0358 0.029 
120.138 1124.100 -- unknown 0.0111 0.0118 0.0075 
120.501 1127.090 A10 5-methylindan 0.6483 0.5395 0.4915 
120.959 1130.820 I12 I44 0.0691 0.068 0.0407 
121.268 1133.340 A10 4-methylindan 0.1783 0.1484 0.1352 
121.605 1136.070 A11 1,2-ethyl-n-propylbenzene 0.2316 0.1928 0.1566 
121.803 1137.680 A10 2-methylindan 0.6425 0.5268 0.4871 
122.089 1139.980 A11 1,3-methyl-n-butylbenzene 0.0671 0.0558 0.0453 
122.355 1142.130 -- unknown 0.1971 0.2086 0.1333 
122.553 1143.730 A12 1,3-di-i-propylbenzene 0.2151 0.179 0.1328 
123.125 1148.310 -- unknown 0.1863 0.1971 0.1151 
123.243 1149.250 A11 n-pentylbenzene 0.0897 0.0746 0.0606 
123.641 1152.430 N12 1t-M-2-(4-MP)cyclopentane 0.0991 0.0917 0.059 
123.753 1153.320 A12 1,2-di-i-propylbenzene 0.1053 0.0876 0.065 
123.951 1154.890 -- unknown 0.0132 0.014 0.0082 
124.192 1156.800 -- unknown 0.1283 0.1358 0.0792 
124.417 1158.590 A12 1,4-di-i-propylbenzene 0.2055 0.1711 0.1269 
124.873 1162.190 A10 tetrahydronaphthalene 0.1073 0.0819 0.0813 
125.278 1165.370 I12 I45 0.1452 0.1428 0.0854 
125.502 1167.130 A10 naphthalene 0.8894 0.6426 0.6955 
126.190 1172.510 A12 1,4-ethyl-t-butylbenzene 0.233 0.1939 0.1439 
126.546 1175.280 -- unknown 0.0258 0.0273 0.0159 
126.728 1176.690 -- unknown 0.2848 0.3014 0.1759 
126.927 1178.240 I12 I46 0.1583 0.1557 0.0932 
127.166 1180.090 I12 I47 0.0178 0.0175 0.0104 
127.436 1182.170 I12 I48 0.1791 0.1762 0.1054 
127.907 1185.790 -- unknown 0.168 0.1778 0.0989 
128.091 1187.210 I12 I49 0.1837 0.1807 0.1081 
128.299 1188.800 A12 1,3-di-n-propylbenzene 0.1249 0.104 0.0772 
128.535 1190.610 A12 A5 0.033 0.0274 0.0204 
128.760 1192.330 O12 dodecene-1 0.0286 0.028 0.017 
129.118 1195.060 -- unknown 0.0147 0.0156 0.0088 
129.363 1196.920 -- unknown 0.1009 0.1068 0.0601 
129.531 1198.190 A12 A6 0.1624 0.1351 0.1003 
129.769 1200.000 P12 n-dodecane 0.0195 0.0192 0.0115 
129.948 1201.730 -- unknown 0.0654 0.0692 0.0385 
130.430 1206.360 -- unknown 0.0634 0.0671 0.0373 
130.792 1209.840 -- unknown 0.0314 0.0333 0.0185 
130.962 1211.460 -- unknown 0.0363 0.0384 0.0214 
131.405 1215.690 A12 1,3,5-triethylbenzene 0.1633 0.1359 0.1009 
131.722 1218.710 -- unknown 0.02 0.0212 0.0124 
131.937 1220.760 -- unknown 0.1155 0.1222 0.0713 
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132.157 1222.840 -- unknown 0.1635 0.173 0.101 
132.569 1226.740 A12 1,2,4-triethylbenzene 0.0664 0.0553 0.041 
132.766 1228.600 -- unknown 0.0376 0.0398 0.0232 
132.914 1229.990 -- unknown 0.0632 0.0668 0.039 
133.473 1235.250 -- unknown 0.1323 0.14 0.0817 
133.954 1239.750 -- unknown 0.2667 0.2822 0.1647 
134.215 1242.180 A12 1,4-methyl-n-pentylbenzene 0.1043 0.0869 0.0644 
134.464 1244.500 -- unknown 0.0275 0.0291 0.017 
134.711 1246.800 -- unknown 0.0306 0.0324 0.0189 
134.981 1249.300 -- unknown 0.0506 0.0536 0.0313 
135.152 1250.880 -- unknown 0.0753 0.0797 0.0465 
135.450 1253.640 A12 n-hexylbenzene 0.1909 0.1589 0.1179 
135.632 1255.320 -- unknown 0.06 0.0635 0.0371 
135.869 1257.510 -- unknown 0.0905 0.0957 0.0559 
136.144 1260.030 -- unknown 0.0534 0.0565 0.033 
136.317 1261.620 -- unknown 0.0292 0.0309 0.0181 
136.457 1262.900 -- unknown 0.0148 0.0157 0.0091 
136.651 1264.680 -- unknown 0.1134 0.12 0.07 
136.920 1267.130 -- unknown 0.067 0.0709 0.0414 
137.126 1269.010 -- unknown 0.0241 0.0255 0.0149 
137.218 1269.850 -- unknown 0.0174 0.0185 0.0108 
137.481 1272.240 I13 I50 0.2223 0.2178 0.1209 
137.787 1275.030 A11 1,2,3,4,5-pentamethylbenzene 0.0142 0.0105 0.0096 
138.127 1278.110 -- unknown 0.0447 0.0473 0.0302 
138.422 1280.770 A11 2-methylnaphthalene 0.5416 0.3933 0.3792 
138.867 1284.780 -- unknown 0.0661 0.0699 0.0463 
139.109 1286.960 -- unknown 0.0487 0.0516 0.0341 
139.501 1290.470 O13 tridecene-1 0.0213 0.0206 0.0117 
139.684 1292.110 -- unknown 0.0148 0.0156 0.0081 
139.814 1293.270 -- unknown 0.0305 0.0323 0.0168 
140.121 1296.010 -- unknown 0.1835 0.1942 0.1009 
140.345 1298.010 A11 1-methylnaphthalene 0.1045 0.0759 0.0731 
140.753 1301.930 + C14+ 0.0271 0.0263 0.0137 
140.967 1304.190 + C14+ 0.0087 0.0085 0.0044 
141.120 1305.800 + C14+ 0.0122 0.0119 0.0062 
141.407 1308.820 + C14+ 0.0143 0.0139 0.0072 
141.585 1310.690 + C14+ 0.0393 0.0382 0.0199 
141.950 1314.500 + C14+ 0.0398 0.0387 0.0201 
142.198 1317.090 + C14+ 0.0152 0.0147 0.0077 
142.349 1318.670 + C14+ 0.0196 0.0191 0.0099 
142.546 1320.720 + C14+ 0.0115 0.0112 0.0058 
142.854 1323.920 + C14+ 0.0204 0.0198 0.0103 
143.510 1330.710 + C14+ 0.0217 0.0211 0.011 
145.524 1351.380 + C14+ 0.0115 0.0112 0.0058 
145.811 1354.300 + C14+ 0.011 0.0107 0.0056 
145.811 1354.300 + C14+ 0.011 0.0107 0.0056 

 388 
 389 
Table A-2: RBOB 5 Detailed Hydrocarbon Analysis 390 
 391 

Pk# Time CASNO Group Component %Wgt %Vol %Mol 
1 6.849  ? Unidentified 0.002 0.002 0.004 
2 7.434  ? Unidentified 0.000 0.000 0.000 
3 7.511 74-98-6 P3 Propane 0.063 0.092 0.140 
4 8.756 75-28-5 I4 i-Butane 0.192 0.254 0.325 
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5 9.565  ? Unidentified 0.011 0.014 0.020 
6 9.606  ? Unidentified 0.009 0.011 0.015 
7 9.960 106-97-8 P4 n-Butane 0.826 1.054 1.401 
8 10.353  ? Unidentified 0.001 0.002 0.002 
9 10.444 463-82-1 I5 2,2-Dimethylpropane 0.059 0.074 0.081 

10 10.570  ? Unidentified 0.003 0.004 0.004 
11 11.180 590-18-1 K4 c-Butene-2 0.038 0.045 0.066 
12 13.365  ? Unidentified 0.014 0.013 0.030 
13 14.990 78-78-4 I5 i-Pentane 4.425 5.276 6.045 
14 16.621 109-67-1 K5 Pentene-1 0.063 0.072 0.088 
15 17.465 563-46-2 C5 2-Methylbutene-1 0.206 0.233 0.289 
16 18.017 109-66-0 P5 n-Pentane 3.128 3.690 4.272 
17 19.109 646-04-8 K5 t-Pentene-2 0.471 0.536 0.661 
18 19.753  ? Unidentified 0.003 0.003 0.004 
19 20.136 627-20-3 K5 c-Pentene-2 0.195 0.220 0.274 
20 20.813 513-35-9 C5 2-Methylbutene-2 0.925 1.032 1.300 
21 21.329  ? Unidentified 0.002 0.002 0.003 
22 22.936 75-83-2 I6 2,2-Dimethylbutane 0.077 0.088 0.089 
23 25.586 142-29-0 B5 Cyclopentene 0.038 0.037 0.056 
24 26.747  ? Unidentified 0.009 0.010 0.011 
25 26.836 71-23-8 X3 n-Propanol 0.017 0.015 0.027 
26 27.437 287-92-3 M5 Cyclopentane 0.452 0.448 0.636 
27 28.174 79-29-8 I6 2,3-Dimethylbutane 0.986 1.101 1.127 
28 28.575  ? Unidentified 0.023 0.023 0.025 
29 29.035  ? Unidentified 0.016 0.018 0.018 
30 29.282 107-83-5 I6 2-Methylpentane 2.579 2.917 2.949 
31 29.681 674-76-0 C6 4-Methyl-t-pentene-2 0.070 0.077 0.082 
32 31.907 96-14-0 I6 3-Methylpentane 1.711 1.903 1.957 
33 33.049 763-29-1 C6 2-Methylpentene-1 0.103 0.112 0.121 
34 33.276 592-41-6 K6 Hexene-1 0.025 0.027 0.029 
35 35.678 110-54-3 P6 n-Hexane 3.167 3.548 3.622 
36 36.252 13269-52-8 K6 t-Hexene-3 0.123 0.133 0.144 
37 36.728 4050-45-7 K6 t-Hexene-2 0.249 0.269 0.291 
38 37.219 625-27-4 C6 2-Methylpentene-2 0.327 0.350 0.383 
39 37.629 922-62-3 C6 3-Methyl-c-pentene-2 0.178 0.189 0.209 
40 38.548 7688-21-3 K6 c-Hexene-2 0.096 0.103 0.113 
41 39.899 637-92-3 X6 Ethyl tert-butyl ether 0.419 0.420 0.405 
42 40.504 96-37-7 M6 Methylcyclopentane 2.483 2.450 2.908 
43 41.221  ? Unidentified 0.004 0.005 0.004 
44 42.055 108-08-7 I7 2,4-Dimethylpentane 1.681 1.846 1.653 
45 42.573 464-06-2 I7 2,2,3-Trimethylbutane 0.032 0.034 0.031 
46 44.285  ? Unidentified 0.007 0.006 0.007 
47 45.219 1528-30-9 E7 C6-Diolefin-1 0.003 0.003 0.003 
48 45.433 71-42-3 Q6 Benzene 0.640 0.538 0.807 
49 45.620 693-89-0 B6 1-Methylcyclopentene 0.280 0.265 0.336 
50 46.446 3404-61-3 C7 3-Methylhexene-1 0.005 0.005 0.005 
51 47.064  C7 2-Methyl-c-hexene-3 0.112 0.118 0.112 
52 47.419 110-82-7 M6 Cyclohexane 3.881 3.683 4.545 
53 47.836  ? Unidentified 0.027 0.029 0.027 
54 47.991 71-36-3 X4 n-Butanol 0.021 0.020 0.028 
55 48.607  ? Unidentified 0.001 0.001 0.001 
56 49.049 15840-60-5 C7 2-Methyl-c-hexene-3(1) 0.032 0.034 0.032 
57 49.402 3769-23-1 C7 4-Methylhexene-1 0.005 0.006 0.005 
58 50.065 3404-55-5 C7 4-Methyl-t/c-hexene-2 0.061 0.064 0.061 
59 50.525 591-76-4 I7 2-Methylhexane 5.142 5.598 5.058 
60 50.963 110-83-8 B6 Cyclohexene 0.032 0.029 0.038 

Pursuant to the DOE Public Access Plan, this document represents the authors' peer-reviewed, accepted 
manuscript. The published version of the article is available from the relevant publisher.



61 52.313 589-34-4 I7 3-Methylhexane 1.820 1.956 1.790 
62 53.134 1759-58-6 M7 1t,3-Dimethylcyclopentane 0.479 0.473 0.481 
63 53.712 2532-58-3 M7 1c,3-Dimethylcyclopentane 0.417 0.414 0.419 
64 54.335 822-50-4 M7 1t,2-Dimethylcyclopentane 0.698 0.687 0.701 
65 54.699  C7 C7 - Iso-Olefin - 2 0.033 0.034 0.033 
66 55.037 540-84-1 I8 2,2,4-Trimethylpentane 4.899 5.230 4.227 
67 55.254 592-76-7 K7 Heptene-1 0.010 0.010 0.010 
68 55.384  M7 C7 - MonoNaph - 1 0.025 0.024 0.022 
69 56.572 4914-89-0 C7 3-Methyl-c-hexene-3 0.047 0.049 0.047 
70 57.097 14686-14-7 K7 t-Heptene-3 0.094 0.099 0.094 
71 57.449 2/6/6094 C7 2-Methylhexene-1 0.180 0.191 0.181 
72 57.884 142-82-5 P7 n-Heptane 2.097 2.266 2.063 
73 58.072 10/6/7642 K7 c-Heptene-3 0.092 0.096 0.092 
74 58.321 2738-19-4 C7 2-Methyl-2-hexene 0.139 0.145 0.140 
75 58.562 10574-36-4 C7 3-Methyl-c-hexene-2 0.086 0.089 0.086 
76 58.944 14686-13-6 K7 t-Heptene-2 0.081 0.084 0.081 
77 59.133 816-79-5 C7 3-Ethylpentene-2 0.040 0.041 0.040 
78 59.411 16491-15-9 M7 Cyclopentene, 1,5-dimethyl- 0.050 0.049 0.050 
79 59.846 20710-38-8 C7 3-Methyl-t-hexene-2 0.112 0.115 0.112 
80 60.631 4914-91-4 C7 2-Pentene, 3,4-dimethyl-, (Z)- 0.076 0.078 0.077 
81 60.984 694-35-9 B7 3-Ethylcyclopentene 0.007 0.006 0.007 
82 61.306 1192-18-3 M7 1c,2-Dimethylcyclopentane 1.710 1.725 1.716 
83 62.201 4516-69-2 M8 1,1,3-Trimethylcyclopentane 0.144 0.143 0.127 
84 62.592 590-73-8 I8 2,2-Dimethylhexane 0.057 0.060 0.049 
85 63.320  ? Unidentified 0.008 0.008 0.007 
86 63.706  ? Unidentified 0.008 0.008 0.007 
87 64.043 1640-89-7 M7 Ethylcyclopentane 0.253 0.244 0.254 
88 64.428  B8 C8 - Naph-Olefin - 2 0.011 0.011 0.010 
89 64.680 564-02-3 I8 2,2,3-Trimethylpentane 0.128 0.132 0.111 
90 64.932 592-13-2 I8 2,5-Dimethylhexane 0.564 0.601 0.487 
91 65.279 589-43-5 I8 2,4-Dimethylhexane 0.791 0.834 0.682 
92 66.101 4850-28-6 M8 1c,2t,4-Trimethylcyclopentane 0.180 0.174 0.158 
93 66.492 563-16-6 I8 3,3-Dimethylhexane 0.079 0.082 0.068 
94 67.618 15890-40-1 M8 1t,2c,3-Trimethylcyclopentane 0.149 0.143 0.131 
95 67.958 16746-86-4 C8 2,3-Dimethyl-1-hexene 0.034 0.034 0.030 
96 68.295 565-75-3 I8 2,3,4-Trimethylpentane 1.619 1.663 1.397 
97 68.539 2146-38-5 B7 1-Ethylcyclopentene 0.156 0.158 0.137 
98 68.959 108-88-3 Q7 Toluene 9.178 7.820 9.817 
99 69.428  ? Unidentified 0.006 0.006 0.005 

100 69.428  ? Unidentified 0.006 0.006 0.005 
101 69.599  C8 3-Ethyl-3-Hexene 0.023 0.024 0.020 
102 69.599  B7 C8-Napht-Olefin 0.023 0.023 0.020 
103 69.968  ? Unidentified 0.003 0.003 0.003 
104 70.272  C8 C8 - Diolefin - 1 0.085 0.082 0.075 
105 70.576 609-26-7 I8 2-Methyl-3-ethylpentane 0.688 0.714 0.594 
106 70.719  ? Unidentified 0.050 0.052 0.043 
107 70.891 591-49-1 B7 Cyclohexene, 1-methyl- 0.078 0.079 0.069 
108 71.051  C8 C8 - IsoOlefin - 4 0.030 0.028 0.026 
109 71.854 592-27-8 I8 2-Methylheptane 1.007 1.065 0.868 
110 72.093 589-53-7 I8 4-Methylheptane 0.466 0.488 0.402 
111 72.237 583-48-2 I8 3,4-Dimethylhexane 0.090 0.093 0.078 
112 72.371  M8 1-c,2-t,4-trimethyl cyclopent 0.027 0.027 0.024 
113 72.490  M8 1c,2t,3-Trimethylcyclopentane 0.026 0.025 0.023 
114 72.797  C8 C8 - IsoOlefin - 5 0.020 0.019 0.018 
115 73.009  M8 1,3-dimethyl-t-cyclohexane 0.341 0.327 0.299 
116 73.162 589-81-1 I8 3-Methylheptane 0.979 1.024 0.844 
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117 73.326 619-99-8 I8 3-Ethylhexane 0.333 0.345 0.287 
118 73.763  ? Unidentified 0.004 0.004 0.004 
119 73.989  ? Unidentified 0.007 0.007 0.007 
120 74.229  ? Unidentified 0.052 0.050 0.046 
121 75.033 3522-94-9 I9 2,2,5-Trimethylhexane 0.813 0.849 0.625 
122 75.381  M8 3c-Ethylmethylcyclopentane 0.128 0.123 0.112 
123 75.600  ? Unidentified 0.103 0.098 0.091 
124 75.890  C8 C8 - IsoOlefin - 7 0.052 0.049 0.045 
125 76.300 4485-16-9 C8 3-Heptene, 4-methyl- 0.211 0.203 0.185 
126 76.463  C8 C8 - Diolefin - 2 0.067 0.064 0.059 
127 76.763 14850-23-8 K8 t-Octene-4 0.040 0.041 0.035 
128 77.161 1/8/4919 K8 t-Octene-3 0.135 0.139 0.119 
129 77.687 111-65-9 P8 n-Octane 1.589 1.671 1.371 
130 78.243 111-23-6 K8 t-Octene-2 0.050 0.051 0.044 
131 78.451  M8 C8 - MonoNaph - 3 0.094 0.090 0.083 
132 78.613  I9 C9-Isoparaffin-x 0.050 0.050 0.038 
133 78.733 14850-22-7 C8 C8-IsoOlefin-9 0.060 0.058 0.053 
134 79.017  ? Unidentified 0.008 0.008 0.007 
135 79.462  C9 2,3,3-Trimethylhexene-1 0.020 0.021 0.015 
136 79.644  C8 C8 - IsoOlefin - 10 0.025 0.024 0.022 
137 79.805  ? Unidentified 0.006 0.006 0.004 
138 80.128 1069-53-0 I9 2,3,5-Trimethylhexane 0.133 0.136 0.102 
139 80.276 930-89-2 M8 Cyclopentane, 1-ethyl-2-methyl 0.049 0.047 0.043 
140 80.506  B8 C8 - Naph-Olefin - 5 0.019 0.019 0.016 
141 80.685  C8 C9 - IsoOlefin - 1 0.033 0.031 0.029 
142 80.887 70688-47-0 B8 1,4-Dimethyl-1-cyclohexene 0.019 0.019 0.017 
143 81.136 112-13-4 M8 1c,2-Dimethylcyclohexane 0.048 0.044 0.042 
144 81.304 1071-26-7 I9 2,4-Dimethylheptane 0.138 0.144 0.106 
145 81.520  ? Unidentified 0.016 0.016 0.013 
146 81.951 1678-91-7 M8 Ethylcyclohexane 0.463 0.436 0.407 
147 82.122 16747-25-4 I9 2,2,3-Trimethylhexane 0.025 0.026 0.019 
148 82.261 1072-05-5 I9 2,6-Dimethylheptane 0.228 0.237 0.175 
149 82.473  ? Unidentified 0.018 0.020 0.014 
150 82.628 1068-19-5 B8 1-Ethyl-2-Methylcyclopentene 0.039 0.039 0.035 
151 82.750  M9 C9 - MonoNaph - 1 0.182 0.174 0.142 
152 83.204  I9 2,5-Dimethylheptane 0.309 0.319 0.237 
153 83.384  ? Unidentified 0.061 0.058 0.047 
154 83.524 7094-27-1 M9 1,1,4-Trimethylcyclohexane 0.031 0.029 0.024 
155 83.699 3073-66-3 M9 1,1,3-Trimethylcyclohexane 0.046 0.044 0.036 
156 83.92 4588-18-5 C9 2-Methyloctene-1 0.044 0.048 0.035 
157 84.298 2738-18-3 C9 3-Heptene, 2,6-dimethyl- 0.023 0.025 0.018 
158 84.579 100-41-4 Q8 Ethylbenzene 2.476 2.110 2.299 
159 84.699  ? Unidentified 0.080 0.081 0.064 
160 84.944 7667-60-9 M9 1c,2t,4t-Trimethylcyclohexane 0.105 0.099 0.082 
161 85.153 33933-74-4 C8 3-Heptene, 4-ethyl- 0.030 0.029 0.024 
162 85.468  M9 C9 - MonoNaph - 4 0.033 0.032 0.026 
163 85.829 108-38-3 Q8 m-Xylene 3.788 3.238 3.516 
164 85.960 106-42-3 Q8 p-Xylene 1.619 1.389 1.503 
165 86.273 19549-87-2 C9 2,4-Dimethylheptene-1 0.041 0.045 0.032 
166 86.379  C8 C9-IsoOlefin-3 0.041 0.039 0.032 
167 86.546  I9 3,5-Dimethylheptane 0.035 0.036 0.027 
168 86.671 2216-32-2 I9 4-Ethylheptane 0.087 0.090 0.067 
169 86.863 16993-86-4 C9 2-Methyloctene-2 0.024 0.026 0.018 
170 87.081 2216-34-4 I9 4-Methyloctane 0.302 0.310 0.232 
171 87.215 3221-61-2 I9 2-Methyloctane 0.377 0.390 0.289 
172 87.405  K9 C9 - Olefin - 1 0.025 0.027 0.019 
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173 87.634  B9 C9 - NaphOlefin - 2 0.030 0.030 0.024 
174 87.901 15869-80-4 I9 Heptane, 3-ethyl- 0.089 0.090 0.068 
175 88.07 2216-33-3 I9 3-Methyloctane 0.478 0.490 0.368 
176 88.235  M9 1c,2t,4c-Trimethylcyclohexane 0.029 0.028 0.023 
177 88.386  K9 C9-isoolefin 0.013 0.015 0.010 
178 88.775 95-47-6 Q8 o-Xylene 2.108 1.769 1.957 
179 89.108  I10 C10 - IsoParaffin - 1 0.224 0.227 0.155 
180 89.381  ? Unidentified 0.008 0.008 0.005 
181 89.531 3728-57-2 M8 Cyclopentane, 1-methyl-2-propy 0.083 0.070 0.077 
182 89.697  M9 trans-1,3-Diethylcyclopentane 0.164 0.137 0.128 
183 89.954 14720-74-2 I10 2,2,4-trimethylheptane 0.364 0.370 0.252 
184 90.312  ? Unidentified 0.023 0.024 0.016 
185 90.487 20063-92-7 K9 t-Nonene-3 0.034 0.037 0.027 
186 90.767 10405-85-3 K9 trans-4-Nonene 0.046 0.050 0.036 
187 90.954 20237-46-0 K9 c-Nonene-3 0.020 0.022 0.016 
188 91.185 3074-64-4 C9 2,3-Dimethylheptene-2 0.034 0.037 0.027 
189 91.553 111-84-2 P9 n-Nonane 1.043 1.074 0.802 
190 91.88 6434-78-2 K9 t-Nonene-2 0.023 0.022 0.018 
191 92.063 4926-90-3 M9 1,1-Methylethylcyclohexane 0.105 0.096 0.082 
192 92.407  M9 1-ethyl-4-t-methylcyclohexane 0.046 0.043 0.036 
193 92.888 98-82-8 Q9 i-Propylbenzene 0.260 0.223 0.213 
194 93.054  ? Unidentified 0.020 0.019 0.016 
195 93.054  ? Unidentified 0.020 0.021 0.014 
196 93.054  ? Unidentified 0.020 0.015 0.014 
197 93.182 696-29-7 M9 1-Methyl-2-propyl-cyclopentan 0.015 0.013 0.011 
198 93.182  C10 C10-IsoOlefin-4 0.015 0.015 0.010 
199 93.182  I10 C10-isoparaffin-x 0.000 0.000 0.000 
200 93.393  C10 C10 Iso-olefin - 5 0.063 0.066 0.044 
201 93.619  I10 2,3-Dimethyloctane 0.176 0.179 0.122 
202 93.841 15869-87-1 I10 2,2-Dimethyloctane 0.096 0.098 0.067 
203 94.053  ? Unidentified 0.015 0.015 0.012 
204 94.053  ? Unidentified 0.015 0.016 0.011 
205 94.153  B10 C9-NaphthenoOlefin-6 0.000 0.000 0.000 
206 94.153  C10 C10 Iso-olefin - 6 0.017 0.018 0.012 
207 94.519  ? Unidentified 0.020 0.020 0.014 
208 94.651 15869-89-3 I10 2,5-Dimethyloctane 0.085 0.086 0.059 
209 94.845  M9 1,2,3,5-t-Tetramethylcyclohex 0.120 0.114 0.093 
210 95.123 2040-95-1 I10 2,7-Dimethyloctane 0.051 0.051 0.035 
211 95.279 2051-30-1 I10 2,4-Dimethyloctane 0.123 0.125 0.085 
212 95.454  ? Unidentified 0.014 0.014 0.011 
213 95.683  I10 2,6-Dimethyloctane 0.168 0.170 0.116 
214 95.846  ? Unidentified 0.026 0.027 0.018 
215 96.156  C10 C10-IsoOlefin-7 0.030 0.031 0.021 
216 96.350 103-65-1 Q9 n-Propylbenzene 0.590 0.505 0.484 
217 96.544  I10 3-Methyl-5-ethylheptane 0.089 0.091 0.062 
218 96.793  C10 C10 - IsoOlefin - 8 0.015 0.015 0.010 
219 96.934  K10 C10-n-Olefin 0.020 0.019 0.014 
220 97.217 620-14-4 Q9 1-Methyl-3-ethylbenzene 1.336 1.142 1.095 
221 97.440 622-96-8 Q9 1-Methyl-4-ethylbenzene 0.586 0.502 0.480 
222 98.054 108-67-8 Q9 1,3,5-Trimethylbenzene 0.644 0.550 0.528 
223 98.319  ? Unidentified 0.012 0.013 0.009 
224 98.507 15869-85-9 I10 5-Methylnonane 0.063 0.064 0.044 
225 98.7 17301-94-8 I10 4-Methylnonane 0.134 0.135 0.093 
226 98.904  I10 2,2,6-Trimethyloctane 0.658 0.669 0.455 
227 99.137 611-14-3 Q9 1-Methyl-2-ethylbenzene 0.479 0.401 0.392 
228 99.356 5881-17-4 I10 3-Ethyloctane 0.036 0.036 0.025 
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229 99.673 1465-08-4 I10 3-Methylnonane 0.124 0.125 0.086 
230 99.835  C10 C10-IsoOlefin-12 0.046 0.049 0.032 
231 100.132  ? Unidentified 0.058 0.043 0.036 
232 100.265  I11 C11-Isoparaffin-1 0.118 0.117 0.074 
233 100.474  I11 C11-Isoparaffin-2 0.043 0.043 0.027 
234 100.802 95-63-6 Q9 1,2,4-Trimethylbenzene 1.928 1.626 1.580 
235 100.934  ? Unidentified 0.058 0.061 0.041 
236 101.065  I10 C10 - IsoParaffin - 5 0.055 0.055 0.038 
237 101.239 1678-98-4 M10 i-Butylcyclohexane 0.051 0.047 0.036 
238 101.687 69405-42-1 C10 3-Nonene, 3-methyl-, (E)- 0.026 0.026 0.018 
239 101.852  ? Unidentified 0.008 0.007 0.005 
240 102.112 62016-30-4 I11 2,3,3-trimethyloctane 0.105 0.104 0.066 
241 102.404 538-93-2 Q10 i-Butylbenzene 0.111 0.096 0.081 
242 102.588 124-18-5 P10 n-Decane 0.297 0.301 0.206 
243 102.970  ? Unidentified 0.049 0.049 0.031 
244 103.454  ? Unidentified 0.009 0.007 0.007 
245 103.642 526-73-8 Q9 1,2,3-Trimethylbenzene 0.541 0.447 0.443 
246 104.023 535-77-3 Q10 1-Methyl-3-i-propylbenzene 0.042 0.036 0.031 
247 104.185  I11 C11 Isoparaffin-4 0.027 0.027 0.017 
248 104.402 99-87-6 Q10 1-Methyl-4-i-propylbenzene 0.031 0.027 0.023 
249 104.823  H9 Indan 0.184 0.141 0.154 
250 105.032  I11 C11-Isoparaffin-5 0.046 0.046 0.029 
251 105.415  I11 2,5,6-Trimethyloctane 0.137 0.136 0.086 
252 105.832  M10 n-ButylCyclohexane 0.020 0.018 0.014 
253 106.136  I11 C11-Isoparaffin-7 0.056 0.056 0.036 
254 106.334 141-93-5 Q10 1,3-Diethylbenzene 0.075 0.064 0.055 
255 106.592 1074-43-7 Q10 1-Methyl-3-n-propylbenzene 0.262 0.225 0.192 
256 106.956 105-05-5 Q10 1,4-Diethylbenzene 0.141 0.121 0.104 
257 107.054 104-51-8 Q10 n-Butylbenzene 0.063 0.054 0.046 
258 107.175 934-74-7 Q10 1,3-Dimethyl-5-ethylbenzene 0.159 0.133 0.116 
259 107.462 135-01-3 Q10 1,2-Diethylbenzene 0.035 0.030 0.026 
260 107.679  I11 C11-Isoparaffin-8 0.011 0.011 0.007 
261 107.867  I11 C11-Isoparaffin-9 0.021 0.021 0.013 
262 108.027 1074-17-5 Q10 1-Methyl-2-n-propylbenzene 0.080 0.068 0.059 
263 108.122  ? Unidentified 0.022 0.018 0.018 
264 108.225  I11 C11- Isoparaffin-10 0.010 0.010 0.006 
265 108.352  I11 C11- Isoparaffin-11 0.087 0.087 0.055 
266 108.532  I11 C11- Isoparaffin - 12 0.022 0.022 0.014 
267 108.687  I11 C11- IsoParaffin - 13 0.024 0.024 0.015 
268 108.875 1758-88-9 Q10 1,4,Dimethyl-2-ethylbenzene 0.185 0.156 0.136 
269 109.038 874-41-9 Q10 1,3-Dimethyl-4-ethylbenzene 0.123 0.104 0.091 
270 109.215  H10 2-Methylindan 0.044 0.034 0.033 
271 109.542 934-80-5 Q10 1,2-Dimethyl-4-ethylbenzene 0.248 0.210 0.182 
272 110.081 2870-04-4 Q10 1,3-Dimethyl-2-ethylbenzene 0.079 0.065 0.058 
273 110.339  ? Unidentified 0.001 0.001 0.000 
274 110.499  ? Unidentified 0.007 0.006 0.004 
275 110.689 693-61-8 K11 2-Undecene, (E)- 0.011 0.011 0.008 
276 110.839  ? Unidentified 0.013 0.013 0.009 
277 110.999  Q11 1-Methyl-4-t-butylbenzene 0.019 0.017 0.013 
278 111.080  Q11 1-Ethyl-3-i-propylbenzene 0.020 0.017 0.013 
279 111.216 933-98-2 Q10 1,2-Dimethyl-3-ethylbenzene 0.072 0.060 0.053 
280 111.489 1120-21-4 P11 n-Undecane 0.070 0.069 0.044 
281 111.675 4218-48-8 Q11 1-Ethyl-4-i-propylbenzene 0.027 0.022 0.018 
282 111.885  Q11 C11 - Aromatic - 1 0.008 0.007 0.005 
283 112.152  Q10 1,2,4,5-Tetramethylbenzene 0.121 0.101 0.089 
284 112.420 527-53-7 Q10 1,2,3,5-Tetramethylbenzene 0.172 0.143 0.126 
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285 112.596  Q11 C11 - Aromatic - 2 0.006 0.005 0.004 
286 112.761  ? Unidentified 0.009 0.008 0.007 
287 112.853  ? Unidentified 0.004 0.003 0.003 
288 112.943  I12 C12 - IsoParaffin - 1 0.012 0.011 0.007 
289 113.320  I12 C12 - IsoParaffin - 2 0.022 0.022 0.013 
290 113.409  ? Unidentified 0.007 0.007 0.004 
291 113.617  ? Unidentified 0.052 0.043 0.035 
292 113.750 874-35-1 H10 5-Methylindan 0.052 0.043 0.038 
293 113.877  Q12 1,2-Di-i-propylbenzene 0.017 0.014 0.010 
294 114.094 1595-16-0 Q11 1-methyl-4-(1-methylpropyl)be 0.034 0.028 0.022 
295 114.257  Q11 C11 - Aromatic - 4 0.022 0.018 0.014 
296 114.502 824-22-6 H10 4-Methylindan 0.058 0.048 0.043 
297 114.663 5161-04-6 Q11 Benzene, 1-methyl-4-(2-methylp 0.031 0.026 0.020 
298 114.751 824-63-5 H10 2-Methylindan(1) 0.077 0.064 0.057 
299 115.060 538-68-1 Q11 n-Pentylbenzene 0.029 0.024 0.019 
300 115.294  Q11 tert-Pentylbenzene 0.035 0.029 0.023 
301 115.421  ? Unidentified 0.005 0.005 0.003 
302 115.497  I12 C12 - Isoparaffin - 3 0.007 0.007 0.004 
303 115.610 577-55-9 Q11 1-Methyl-2-n-butylbenzene 0.014 0.011 0.009 
304 115.733  Q11 C11 - Aromatic - 7 0.033 0.029 0.022 
305 115.888  ? Unidentified 0.008 0.008 0.005 
306 116.042  I12 C12 - IsoParaffin - 4 0.013 0.013 0.008 
307 116.183 100-18-5 Q12 1,4-Di-i-propylbenzene 0.031 0.026 0.019 
308 116.622 91-20-3 G10 Naphthalene 0.122 0.088 0.094 
309 116.754  ? Unidentified 0.028 0.028 0.016 
310 116.934  ? Unidentified 0.005 0.004 0.004 
311 117.080  H11 1,1-Dimethyl Indane 0.017 0.013 0.011 
312 117.223  H12 Dimethyl Indane - 1 0.012 0.010 0.008 
313 117.468  Q11 C11 - Aromatic - 10 0.024 0.021 0.016 
314 117.713  Q12 1,3-Di-n-propylbenzene 0.034 0.029 0.021 
315 117.821  Q11 C11 - Aromatic - 11 0.019 0.016 0.012 
316 118.002  ? Unidentified 0.004 0.004 0.002 
317 118.225 112-40-3 P12 n-Dodecane 0.025 0.025 0.015 
318 118.375  Q11 C11 - Aromatic - 12 0.022 0.019 0.014 
319 118.759  ? Unidentified 0.007 0.006 0.004 
320 118.973  Q11 C11 - Aromatic - 13 0.011 0.009 0.007 
321 119.173  Q11 C11 - Aromatic - 14 0.007 0.006 0.005 
322 119.312 102-25-0 Q12 1,3,5-Triethylbenzene 0.019 0.016 0.011 
323 119.652  ? Unidentified 0.004 0.003 0.003 
324 119.835  H11 C2 Indane - 1 0.013 0.010 0.009 
325 119.965  Q12 C12 - Aromatic - 1 0.013 0.011 0.008 
326 120.052  ? Unidentified 0.010 0.008 0.006 
327 120.142  ? Unidentified 0.005 0.004 0.003 
328 120.329  Q12 C12 - Aromatic - 3 0.005 0.004 0.003 
329 120.455  ? Unidentified 0.006 0.005 0.003 
330 120.697  H12 C3-Indane-2 0.006 0.005 0.004 
331 120.885  H11 4,7-DimethylIndane 0.019 0.015 0.013 
332 121.077  Q12 C12 - Aromatic - 7 0.005 0.004 0.003 
333 121.249  J11 Diimethyl Indene - 2 0.005 0.004 0.004 
334 121.249  Q12 C12 - Aromatic -8 0.005 0.004 0.003 
335 121.478  ? Unidentified 0.003 0.003 0.002 
336 121.681  H12 Dimethyl Indane - 3 0.017 0.013 0.011 
337 121.867  H12 Dimethyl Indane - 4 0.014 0.010 0.009 
338 122.053  ? Unidentified 0.005 0.004 0.003 
339 122.193  Q12 C12 - Aromatic - 11 0.012 0.010 0.007 
340 122.321  ? Unidentified 0.003 0.002 0.002 
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341 122.493 877-44-1 Q12 1,2,4-Triethylbenzene 0.019 0.016 0.012 
342 122.661 700-12-9 Q11 Pentamethylbenzene 0.018 0.013 0.012 
343 122.926  H12 Trimethyl Indane - 4 0.002 0.002 0.001 
344 123.265 91-57-6 G11 2-Methylnaphthalene 0.089 0.064 0.061 
345 123.660 629-50-5 P13 n-Tridecane 0.011 0.011 0.006 
346 124.131 90-12-0 G11 1-Methylnaphthalene 0.067 0.048 0.046 
347 124.664  H12 5-Ethyltetralin 0.020 0.016 0.012 
348 125.520  ? Unidentified 0.006 0.004 0.003 
349 126.119  Q13 C13 - Aromatic - 2 0.005 0.004 0.003 
350 126.119  I14 C14-Isoparaffin-1 0.005 0.005 0.002 
351 126.430  ? Unidentified 0.003 0.003 0.002 
352 126.684  ? Unidentified 0.006 0.005 0.003 
353 126.820  ? Unidentified 0.003 0.002 0.002 
354 127.133  ? Unidentified 0.010 0.010 0.005 
355 127.412  ? Unidentified 0.002 0.002 0.001 
356 127.583  ? Unidentified 0.002 0.002 0.001 
357 128.110  H12 C3 Indane - 6 0.019 0.015 0.012 
358 128.238 629-59-4 P14 n-Tetradecane 0.007 0.006 0.003 
359 128.635  G12 Dimethylnaphthalene-3 0.010 0.007 0.006 
360 128.713  G12 Dimethylnaphthalene-4 0.009 0.007 0.006 
361 129.302  G12 Dimethylnaphthalene-5 0.023 0.018 0.015 
362 129.478  G12 Dimethylnaphthalene - 6 0.013 0.010 0.008 
363 130.209  G12 Dimethylnaphthalene-5(1) 0.008 0.006 0.005 
364 130.327  ? Unidentified 0.003 0.002 0.002 
365 130.868  G12 Dimethylnaphthalene-6 0.009 0.007 0.006 
366 131.685  ? Unidentified 0.002 0.002 0.001 
367 132.076  ? Unidentified 0.006 0.006 0.003 
368 132.285 629-62-9 P15 n-Pentadecane 0.001 0.001 0.000 
369 132.560  ? Unidentified 0.002 0.002 0.001 
370 132.834  ? Unidentified 0.008 0.007 0.004 
371 133.213  ? Unidentified 0.004 0.003 0.002 
372 133.536  ? Unidentified 0.002 0.002 0.001 
373 133.695  ? Unidentified 0.005 0.005 0.002 
374 133.935  ? Unidentified 0.006 0.005 0.003 
375 134.545  ? Unidentified 0.004 0.004 0.002 
376 134.733  ? Unidentified 0.005 0.005 0.002 
377 135.168  ? Unidentified 0.005 0.004 0.002 
378 135.338  ? Unidentified 0.003 0.003 0.001 
379 135.665  ? Unidentified 0.002 0.002 0.001 
380 135.896  ? Unidentified 0.004 0.004 0.002 
381 136.144  ? Unidentified 0.004 0.004 0.002 
382 136.552  ? Unidentified 0.006 0.006 0.003 
383 136.864  ? Unidentified 0.002 0.002 0.001 

 392 
 393 
Table A-3: 4-Component Surrogate Detailed Hydrocarbon Analysis: 394 
 395 

Pk# Time CASNO Group Component %Wgt %Vol %Mol 
1 8.589 75-28-5 I4 i-Butane 0.001 0.002 0.002 
2 9.766 106-97-8 P4 n-Butane 0.000 0.001 0.001 
3 26.413 71-23-8 X3 n-Propanol 0.009 0.008 0.016 
4 27.721 79-29-8 I6 2,3-Dimethylbutane 0.010 0.011 0.012 
5 32.890 592-41-6 K6 Hexene-1 4.437 4.804 5.444 
6 34.989  ? Unidentified 0.011 0.011 0.013 
7 36.263 4050-45-7 K6 t-Hexene-2 0.006 0.007 0.008 
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8 37.164 922-62-3 C6 3-Methyl-c-pentene-2 0.003 0.003 0.003 
9 41.551 108-08-7 I7 2,4-Dimethylpentane 0.010 0.011 0.010 

10 49.980 591-76-4 I7 2-Methylhexane 0.030 0.032 0.031 
11 51.816 589-34-4 I7 3-Methylhexane 0.020 0.022 0.021 
12 52.667 1759-58-6 M7 1t,3-Dimethylcyclopentane 0.004 0.004 0.004 
13 53.893 822-50-4 M7 1t,2-Dimethylcyclopentane 0.007 0.007 0.007 
14 55.042 540-84-1 I8 2,2,4-Trimethylpentane 50.378 53.448 45.538 
15 57.694 142-82-5 P7 n-Heptane 13.939 14.966 14.363 
16 60.833 108-87-2 M7 Methylcyclohexane 0.015 0.014 0.015 
17 62.169 590-73-8 I8 2,2-Dimethylhexane 0.265 0.280 0.240 
18 64.251 564-02-3 I8 2,2,3-Trimethylpentane 0.228 0.234 0.206 
19 64.484 592-13-2 I8 2,5-Dimethylhexane 0.006 0.006 0.005 
20 64.825 589-43-5 I8 2,4-Dimethylhexane 0.012 0.012 0.011 
21 67.889 565-75-3 I8 2,3,4-Trimethylpentane 0.787 0.803 0.711 
22 68.799 108-88-3 Q7 Toluene 29.449 24.934 33.001 
23 70.209 584-94-1 I8 2,3-Dimethylhexane 0.345 0.355 0.312 
24 74.678 3522-94-9 I9 2,2,5-Trimethylhexane 0.005 0.006 0.004 
25 75.664  ? Unidentified 0.002 0.002 0.002 
26 79.905  ? Unidentified 0.008 0.007 0.007 
27 84.215 100-41-4 Q8 Ethylbenzene 0.005 0.004 0.005 
28 85.430 108-38-3 Q8 m-Xylene 0.004 0.003 0.004 
29 85.586 106-42-3 Q8 p-Xylene 0.002 0.002 0.002 
30 100.503 95-63-6 Q9 1,2,4-Trimethylbenzene 0.002 0.002 0.002 

 396 
 397 
Appendix B 398 
 399 

Table B-1: List of contaminants and their corresponding m/z from the unprocessed sample used for blend 400 
testing as determined via GC-MS. 401 
 402 

Compound Dominant m/z 
1,4 pentadiene 67.1 
1-butene, 3-methyl-3-[(3-methyl-
2-butenyl) oxy] 

139.1 

1-pentanol 70.1 
3-methyl-3-buten-1-ol 68.1 
2-pentene,4,4’-oxybis 64.1 

 403 
 404 
Tables B-2: List of chemical vendor, purity, and product numbers for chemicals used 405 

Chemical Vendor Product Number Purity 
3-methyl-2-buten-1-ol Sigma-Aldrich W364703 >98% 
3-methyl-3-buten-1-ol Sigma-Aldrich W519308 >97% 
2-methyl-3-buten-2-ol Sigma-Aldrich W503908 >98% 
3-methyl-1-butanol Sigma-Aldrich M32658 98% 
2-methyl-1-butanol Sigma-Aldrich 65990 >98% 

 406 
Appendix C 407 
 408 
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 409 
Figure C-1: The full 0-100% by volume blending of both prenol (plot A) and isoprenol (plot B) into RBOB 5. The RON 410 
hyperboosting effect is seen from 30% blending volume to 90% blending volume in prenol. In isoprenol, the RON hyperboosting 411 
effect is not seen at any volume %, as the RON levels out at the neat RON value above 60% by volume.  412 
 413 
 414 
Appendix D: 415 

B 

A 
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 416 
Figure D-1: Plot of MON for each blend investigated in this study 417 
 418 

 419 
Figure D-2: Plot of sensitivity values for each blend investigated in this study.  420 
 421 
Table D-1: Tabulated values for figure D-1 showing sensitivity (RON-MON) for each blend investigated. 422 

 Volume % into Blendstock 

 0 10 20 30 
RBOB 1 2.3 7 10.9 13.7 
RBOB 2 2.7 8.2 10.9 12.4 
RBOB 3 1.4 5.8 9.4 10.4 
RBOB 4 4.4 8 11.4 13.2 
RBOB 5 5.3 8.5 10.8 12.5 
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Surrogate 5.6 8.5 11.8 13.4 
 423 
Appendix E: 424 
 425 
Prenol was separated from the hydrocarbon matrix by two-dimensional heart-cutting GC with an Agilent 426 

7890A GC equipped with a microfluidic switching valve and dual flame ionization detectors. The 427 

columns used were an Equity-1, 100% polydimethyl siloxane (30m × 0.25 mm, 0.25 μm df) as the non-428 

polar phase and a Supelco, IL-59 ionic liquid (30 m × 0.25 mm, 0.2 μm df) as the polar phase. A 429 

deactivated fused silica restrictor (0.77 m × 0.1 mm) was used to connect from the non-polar column from 430 

the microfluidic switch to the flame ionization detector. The GC oven was set to 50°C and held for 15 431 

minutes followed by a temperature ramp of 10°C/min to a final temperature of 250°C. The injection port 432 

temperature was set to 250°C, and both detectors were set to 275°C. The injection volume was 1 μL with 433 

a split ratio of 200:1. 434 
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