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ABSTRACT: This study investigates the ignition behavior of six dimethylcyclohexane (DMCH) isomers and cis-/trans-decalin,
focusing on the effects of molecular geometry and substitution patterns. Ignition delay and derived cetane number (DCN) were
measured using a CFR ignition quality tester under ASTM D6890 conditions. Among the DMCH isomers, cis-1,3-DMCH exhibited
the highest reactivity (DCN = 37.4), while cis-1,2-DMCH showed the lowest (DCN = 21.8). The most significant stereochemical
effect was observed between cis- and trans-1,3-DMCH, with a 12-unit DCN difference. Temperature- and pressure-dependent tests
of decalin isomers revealed that cis-decalin consistently ignited faster and exhibited stronger pressure sensitivity, supporting a
mechanistic interpretation based on 1,5- versus 1,6-H shift pathways. Additionally, the impact of trace polar degradation products on
ignition delay (ID) was assessed, revealing significant ID reduction in trans isomers after storage. These findings highlight the need
to consider geometric isomerism in kinetic modeling, sustainable aviation fuel formulation, and surrogate design, particularly for fuels
rich in cycloalkanes.

1. INTRODUCTION

The commercial aviation industry is facing mounting pressure
to reduce greenhouse gas (GHG) emissions. In the United
States, the Sustainable Aviation Fuel Grand Challenge has set
ambitious goals: a 50% reduction in aviation-related GHG

historical uncertainty regarding cycloalkane behavior in
combustion, original equipment manufacturers (OEMs) and
regulatory bodies continue to limit the cycloalkane content
within certain D7566 annexes and specifications. One key
distinction between cycloalkanes and other hydrocarbon

emissions and full substitution of fossil-based jet fuel with
Sustainable Aviation Fuel (SAF) by 2050." Similarly, the
ReFuelEU Aviation Regulation mandates that SAF comprise at
least 2% of jet fuel at EU airports by 2025, rising to 70% by
2050.> Achieving these targets requires not only scale-up of
existing production but also the approval of new SAF
production pathways. However, most currently certified
ASTM D7566 pathways (e.g., A2 HEFA, AS AT]) primarily
yield synthetic paraffinic kerosene (SPK), which consists
almost entirely of n- and iso-alkanes. Although some pathways
(e.g, A6 CHJ, A8 ATJ-SKA) can produce aromatic and
cycloalkane components, their commercial-scale output
remains limited.

There is growing interest in SAF candidates derived from
novel feedstocks and conversion technologies, particularly
those that produce predominantly aromatic and cycloalkane-
rich fuels. Many of these are progressing through the ASTM
D4054 approval process. However, due to limited research and
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classes found in jet fuel (e.g, n- and iso-alkanes, aromatics)
is the presence of cis—trans isomerism, also known as
geometric isomerism. Although alkenes also exhibit geometric
isomerism, their poor thermal stability renders them present
only in trace amounts in conventional jet fuels and absent from
all currently approved SAFs.

Ignition delay (ID) and derived cetane number (DCN) are
key metrics used to characterize the combustion reactivity of
liquid fuels.>* Ignition delay is defined as the time between the
start of fuel injection and the onset of significant combustion.
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DCN, a dimensionless quantity, is inversely related to ignition
delay and serves as a standardized indicator of ignition quality.
For aviation turbine fuels, maintaining DCN in the range of 35
to 60 is critical to ensure safe and efficient engine operation.”
Fuels with excessively low DCN (i.e., long ignition delay) may
increase the risk of lean blowout (LBO), particularly under
high-altitude or low-load conditions.” Conversely, fuels with
excessively high DCN (i.e, short ignition delay) may
contribute to hardware durability issues, especially upstream
of the primary reaction zone where large heat release is not
anticipated by the hardware designers. As a result, under-
standing and controlling ignition delay behavior is essential for
SAF certification and performance optimization.

The ignition behavior of hydrocarbons is strongly influenced
by their molecular structure, particularly in the case of cyclic
and branched alkanes. Cycloalkanes like DMCH are of
growing interest in SAF formulations and surrogate develop-
ment due to their abundance in lignin-derived fuels.”*
Dimethylcyclohexane (DMCH), with its multiple positional
and geometric isomers, offers an ideal molecular platform to
examine the structural sensitivity of fuel reactivity. However,
their behavior during autoignition differs substantially from
linear or branched alkanes. The cis—trans configuration,
resulting from the rigid ring structure, modulates steric strain,
radical stability, and low-temperature reaction pathways. For
instance, cis-isomers tend to ignite more readily than trans-
isomers, owing to reduced conformational strain and more
favorable intramolecular hydrogen shift (1,5-H shift) mecha-
nisms.” This trend is consistent across several cycloalkane
systems, including decalin, where Heyne et al.'” reported a
significantly higher derived cetane number (DCN = 41.6) for
cis-decalin than trans-decalin (DCN = 32.0) under identical
IQT conditions. This trend is further supported by detailed
structural and experimental analysis of decalin. Decalin exists
as a fused bicyclic cycloalkane with two ring junction
configurations: cis-decalin, where both hydrogens at the ring
junctions are on the same face, and trans-decalin, where they
are on opposite faces. The cis isomer adopts a more flexible
conformation, which allows for enhanced low-temperature
reactivity due to more favorable hydrogen abstraction and
chain-branching pathways. In contrast, the trans isomer
exhibits a more rigid structure with lower reactivity under
similar conditions.

Beyond geometry, positional isomerism also plays an
important role. Prior studies report that 1,2-DMCH exhibits
significantly lower reactivity than 1,3-DMCH, attributed to
steric hindrance around the methyl groups and fewer accessible
P-scission pathways."' Experimental work by Kang et al.'"* and
Yang & Wang'’ supports this trend, demonstrating that 1,3-
isomers produce earlier low-temperature heat release and
higher radical concentrations in motored engine studies and
quantum kinetic calculations.

These structural effects are also reflected in DCN measure-
ments. Using IQT, Jameel et al."* measured a DCN of 24 for
1,2-DMCH and 30.5 for 1,3-DMCH, supporting the view that
increased substitution near the ring reduces reactivity.
However, their study did not provide detailed characterization
of isomer purity or cis—trans ratios, limiting interpretation of
configurational effects. Similarly, Do et al.'® investigated ring-
opening reactions of 1,2- and 1,3-DMCH over iridium-based
catalysts and predicted cetane numbers using artificial neural
networks, obtaining CN = 22 for 1,2-DMCH and CN = 30 for
1,3-DMCH. These predicted and experimental values align

well with the trend that increased substitution near the ring
reduces reactivity, but also highlight the sensitivity of these
metrics to both position and geometry of substituents.

A recent comprehensive study by Yang et al.'® provided
direct comparative insight into the oxidation kinetics of 1,2-
and 1,3-DMCH using flow reactor experiments and detailed
chemical kinetic modeling. Their work revealed that 1,2-
DMCH exhibits stronger high-temperature reactivity, whereas
1,3-DMCH is more reactive under low-temperature con-
ditions, particularly within the negative temperature coefficient
(NTC) regime. Their study contributed validated kinetic
submodels for both isomers, yet did not differentiate cis- and
trans- configurations, highlighting a critical gap in under-
standing the role of geometric isomerism in ignition behavior.

Other modeling efforts, such as those by Kubic,” used group
contribution methods and neural networks to predict DCNs
across a wide molecular domain. These models confirmed that
ring substitution, branching, and unsaturation consistently
reduce cetane numbers, primarily through their inhibitory
effects on early stage radical formation and propagation.
Additionally, Rosado-Reyes and Tsang'” explored the isomer-
ization kinetics of cis-1,2-DMCH in a single-pulse shock tube.
Their findings showed unexpectedly slow cis-to-trans isomer-
ization, suggesting kinetic bottlenecks due to steric hindrance
in cyclic transition states.

Collectively, these findings emphasize the necessity of
treating geometric and positional isomers as discrete species
in kinetic models. Their differences are not merely of academic
interest but bear significant implications for SAF performance
metrics such as ignition delay, lean blowout risk, and nvPM
emissions.'® Despite growing understanding of DMCH
oxidation chemistry, there remains a lack of experimental
data that clearly isolates geometric isomerism effects under
tightly controlled conditions. Many previous studies either
used mixed isomer samples or did not specify isomeric purity,
limiting mechanistic conclusions. As a result, detailed
characterization of ignition delay and DCN as a function of
cis—trans configuration remains an open research question.

In this work, we present a systematic investigation of the
effect of geometric isomerism specifically cis vs trans
configurations—on the ignition delay of high-purity dimethyl-
cyclohexane and decalin isomers. This study aims to fill a
critical knowledge gap in surrogate fuel modeling and
contribute to the broader understanding of how molecular
structure dictates fuel performance in advanced combustion
systems.

2. MATERIAL AND METHODS

2.1. Reference Materials. All six configurations of DMCH and
their mixtures were purchased for testing as shown in Table 1. Some
configurations of fuel were purchased twice to acquire different lot
numbers and used for cross referencing.

2.2. Sample Preparation. As with any hydrocarbon-based fuel,
prolonged exposure to atmospheric oxygen can lead to the formation
of trace oxygenates and peroxides. These oxidative degradation
products can significantly affect ignition delay measurements by
altering fuel reactivity. To minimize these effects and ensure
consistent sample quality, solid phase extraction (SPE) was employed
to remove potential contaminants prior to testing. The material
retained in the SPE trap was subsequently analyzed by gas
chromatography—mass spectrometry (GC—MS), and representative
oxygenated species are reported in the results section.

A Thermo Scientific HyperSep Silica SPE cartridge (1000 mg) was
used for this process. The procedure was as follows. An initial S mL
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Table 1. Hydrocarbons Used in This Study, Including
Source and Purity

molecules purity lot number company
cis-1,2-dimethylcyclohexane >98%  FIJ01-KU TCI America
trans-1,2-dimethylcyclohexane ~ >99%  KRFHJ-QIL TCI America
cis-1,2-dimethylcyclohexane >98%  FHAOI-BN TCI America
trans-1,2-dimethylcyclohexane ~ >99%  KRFHJ-BQ TCI America
cis-1,3-dimethylcyclohexane >99%  FB001-OX TCI America
trans-1,3-dimethylcyclohexane ~ >95%  HD6TH-CM TCI America
trans-1,3-dimethylcyclohexane ~ >98%  HD6TH-OK TCI America
cis-1,4-dimethylcyclohexane >98%  FHCO01-NOJD  TCI America
trans-1,4-dimethylcyclohexane ~ >95%  G3HHM-US TCI America
trans-1,4-dimethylcyclohexane ~ >95%  X7YKC-TT TCI America
cis-decalin >98%  TED3A-SN TCI America
trans-decalin >98%  7SQEF-LB TCI America

portion of the fuel sample was passed through the cartridge to
precondition the column and then discarded. Subsequently, 25 mL of
test fuel was passed through the cartridge under positive pressure to
maintain a uniform collection rate. After extraction, the sample was
filtered through a fine membrane (0.2 ym) to remove any residual
sorbent particles. The cleaned sample was then used directly for
ignition delay measurements in the IQT system.

2.3. Experimental Setup and Procedure. The ID and DCN
measurements were conducted using a CFR Ignition Quality Tester
(IQT-LM model) in accordance with ASTM D6890. Traditionally,
approximately 150 mL of fuel was required to complete a DCN test,
but the new IQT system acquired by Washington State University in
2024 includes manufacturer updates that significantly reduce the fuel
volume needed. In this method, the fuel is injected into a heated,
temperature-controlled constant-volume combustion chamber
(CVCC) precharged with compressed air. Each injection triggers a
compression ignition event, and the ignition delay defined as the time
between the start of fuel injection and the onset of significant
combustion is recorded. Each test consists of 15 preinjections, used to
condition the chamber and purge residual fuel, followed by 32
injections from which ignition delay values are averaged. An equation
is used to correlate ID to CN using ASTM D613, resulting in a DCN.
The eq 1) is used when ID ranges from 2.64 to 6.90 ms (75.1 DCN to
31.5 DCN).

DCN = 4.460 + 186.6/ID (1)

The IQT is able to measure ID outside of this range, however the
precision may be affected. When outside the ID range 2.64 to 6.90 ms,
eq 2) should be used for the correlation of ID to DCN.

DCN = 83.99(ID — 1.512)7%6%) 4 3547 2)

It should be noted that the eq 1) and eq 2) are not equal at both
end points (2.64 and 6.90 ms). However, the resolution of this
discrepancy is outside the scope of this work. All measurements were
calibrated following ASTM protocol using n-heptane (Haltermann
solution, 99.86 vol %) with a measured ID of 3.78 + 0.01 ms and
methylcyclohexane (CFR Engine, purity unspecified) with an ID of
10.4 + 0.5 ms. The charge air pressure was maintained at 310 psi, and
the average charge air temperature was 582 °C.

3. RESULTS AND DISCUSSION

3.1. Experimental Ignition Delay Measurements.
Ignition delay measurements were conducted for all six
isomers of DMCH and two isomers of decalin using the
CFR IQT system, and the corresponding DCNs are
summarized in Table 2. Among the tested DMCH isomers,
cis-1,3-DMCH exhibited the highest reactivity, with a DCN of
37.4, while cis-1,2-DMCH showed the lowest reactivity, with a
DCN of 21.8. This represents a substantial difference of 15.6
DCN units among structurally similar isomers of DMCH,

Table 2. Ignition Delay and DCN of Pure Compounds

compound ignition delay, ms DCN
cis-1,2-DMCH 11.690 21.8
trans-1,2-DMCH 11.404 22.1
cis-1,3-DMCH 5.660 374
trans-1,3-DMCH 9.250 25.4
cis-1,4-DMCH 9.742 24.5
trans-1,4-DMCH 7.797 28.6
cis-decalin 5.062 41.3
trans-decalin 6.734 322

underscoring the significant influence of both positional and
geometric isomerism on ignition behavior.

For the 1,2-substituted isomers, cis-1,2-DMCH and trans-
1,2-DMCH yielded nearly identical DCNs of 21.8 and 22.1,
respectively. This suggests that geometric isomerism has a
negligible effect on ignition delay for 1,2-DMCH. This
observation is consistent with values reported in the NREL
Compendium of Experimental Cetane Numbers,"” which lists
a DCN of 24.0 for a mixed 1,2-DMCH sample. In contrast, the
effect of stereochemistry is most pronounced in the 1,3-
substituted isomers. The DCN of cis-1,3-DMCH (37.4) is
significantly higher than that of trans-1,3-DMCH (25.4), a
difference of 12 DCN units. The DCN value of 30.5 reported
in the NREL compendium for a mixed 1,3-DMCH sample falls
between these two values, further supporting the sensitivity of
ignition behavior to stereochemistry in this isomer group. For
the 1,4-DMCH isomers, a moderate stereochemical effect is
observed. The cis isomer exhibited a DCN of 24.5, whereas the
trans isomer reached 28.6, resulting in a difference of 4.1 DCN
units. When averaged across stereoisomers, the DCN trend by
substitution position follows the order: 1,3-DMCH > 1,4-
DMCH > 1,2-DMCH, indicating that positional isomerism
also plays a significant role in ignition reactivity, independent
of geometry. Figure 1 summarizes DCN comparison among
DMCH isomers.
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Figure 1. DCN comparison among DMCH and decalin isomers.

To further validate the role of stereochemistry, cis- and
trans-decalin were also evaluated under identical IQT
conditions. Cis-decalin yielded a DCN of 41.3, while trans-
decalin yielded 32.2—a difference of 9.1 DCN units. These
results closely match those of Heyne et al,'® who reported
values of 41.6 and 32.0 for cis- and trans-decalin, respectively.
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3.2. Possible Kinetic Explanation of DMCH Isomers.
The observed variation in DCN among the isomers of DMCH
reflects differences in molecular conformation and the
corresponding impact on low-temperature oxidation kinetics.
These effects are governed by the steric accessibility of
hydrogen abstraction sites, the population and stability of
reactive conformers, and the propensity for chain-branching
pathways such as 1,5-H shifts and f-scission. Collectively, these
parameters influence the onset and rate of exothermic radical
chemistry that drives low-temperature heat release. The
ignition behavior differences among DMCH isomers can be
mechanistically explained by examining their molecular
conformations, particularly the accessibility of hydrogen
abstraction sites and the feasibility of intramolecular hydrogen
shifts. Figure 2 illustrates the most stable chair conformations

CH3
CH3
CH3 CH3
cis-1,2 DMCH trans-1,2 DMCH
CH3
L
H3C H3C
cis-1,3 DMCH trans-1,3 DMCH
CH3
CH3
H3C
cis-1,4 DMCH trans-1,4 DMCH

Figure 2. Chair conformations of six DMCH isomers, highlighting the
relative position and stereochemistry of the two methyl groups. Each
structure represents the most stable conformer.

of the six DMCH isomers, showing the relative positions of
methyl groups and highlighting stereochemical effects that
influence reactivity.

Both cis- and trans-1,2-DMCH exhibit similarly low DCNs
(~22), indicating that positional substitution at adjacent
carbon atoms (Cl and C2) significantly hinders reactivity
regardless of stereochemistry. This behavior stems from severe
steric congestion between the two methyl groups, which limits
access to secondary axial hydrogens, the preferred sites for
initial hydrogen abstraction by OH or HO, radicals.*”
Quantum chemical studies confirm that these isomers
predominantly occupy low-energy chair conformers with
restricted conformational interconversion. In particular, Bian
et al.>' showed that inversion between conformers in cis-1,2-
DMCH involves high energy barriers (>13 kcal/mol), and
productive 1,5-H transfer is accessible only in rare, energeti-
cally disfavored geometries. Similarly, Sakurai et al.** found
that radical cation fragmentation in 1,2-DMCH is stereo-
selective and limited, reinforcing the notion that conforma-
tional strain suppresses radical reactivity. Rossini and Pitzer™
further support this conclusion with thermodynamic data: cis-
1,2-DMCH has a higher enthalpy and lower entropy than its

trans counterpart, reflecting its greater steric strain and reduced
flexibility. Together, these findings indicate that 1,2-substitu-
tion locks the molecule into kinetically hindered conforma-
tions, reducing the formation of hydroperoxyalkyl radical
(QOOH) and other chain-branching intermediates at low
temperature.

In contrast, the 1,3-isomers show a pronounced stereo-
chemical influence on DCN. The cis-1,3 isomer exhibits the
highest DCN (37.4) of all isomers studied, while the trans
form displays significantly lower reactivity (DCN = 25.4). Ab
initio studies by Bian et al.”' demonstrate that cis-1,3-DMCH
favors low-energy conformers such as C13Cee, where both
methyl groups occupy equatorial positions. This geometry is
sterically favorable and facilitates intramolecular 1,5-hydrogen
shifts via accessible transition states. At 500 K, the population
of this conformer exceeds 99%, ensuring a high likelihood of
radical isomerization and early OH regeneration through
QOOH pathways. By contrast, trans-1,3-DMCH in its stable
chair conformation must adopt an axial—equatorial (C13Cea)
geometry due to the trans-1,3 substitution pattern. This
configuration leads to more linear molecular geometries that
are less favorable for internal hydrogen shift reactions,
potentially delaying the onset of OH formation compared to
the cis isomer. These conformers restrict chain-branching,
delay low-temperature heat release, and result in a lower DCN.
This stereochemical dependence on 1,5-H migration is
consistent with prior kinetic models by Yang et al,'® which
identify H-shift rates and QOOH formation as sensitive to ring
geometry and substituent orientation.

The 1,4-DMCH isomers fall between the extremes observed
in 1,2- and 1,3-substitution. Both cis and trans forms exhibit
intermediate DCNs, with only a modest difference between
stereoisomers. In these structures, the methyl groups are
positioned at para-positions, on opposite poles of the
cyclohexane ring, which minimizes steric interference and
preserves conformational flexibility. Quantum calculations
show relatively low energy differences among conformers
and lower inversion barriers, suggesting that both isomers
maintain access to reactive geometries over a wide temperature
range.”* This pattern is supported by pyrolysis data from
Gillespie et al,,”> who found that 1,4-DMCH readily undergoes
radical fragmentation via ring hydrogen abstraction, consistent
with the structural accessibility of reactive sites in these
isomers.

These structure reactivity trends are reinforced by kinetic
modeling and flow-reactor studies. Yang et al.'® showed that
1,2-DMCH is more reactive at high temperatures, where ring-
breaking dominates. While 1,3-DMCH exhibits enhanced
reactivity under low-temperature conditions due to its
propensity for H-migration and QOOH generation. Their
sensitivity analyses confirmed that cis-isomers generally
promote earlier formation of chain-branching intermediates,
correlating with shorter ignition delays and higher DCN.

3.3. Temperature and Pressure Dependence of
Decalin Isomers. To further investigate the mechanistic
differences between cis- and trans-decalin in low temperature
oxidation chemistry, a comprehensive series of ID measure-
ments were conducted over a range of temperatures (400—620
°C) and pressure (250—350 psi). These conditions span the
peroxy radical chemistry and hydrogen shift isomerization
regime, allowing detailed investigation of conformational
effects. During the temperature sweep, pressure was held
constant at 310 psi, while the pressure sweep was performed at
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a fixed temperature of 450 °C, enabling isolated analysis of
each variable’s influence on ignition behavior.

Figure 3 illustrates the pressure and temperature depend-
ence of ID for cis- and trans-decalin. The top panel displays
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Figure 3. Pressure and temperature dependence of ignition delay for
cis- and trans-decalin. ID is expressed in milliseconds before taking the
logarithm. Data points represent duplicate measurements with error
bars showing one standard deviation (SD). Each point is the mean of
32 injections; error bars are one SD across injections; two markers at
a condition indicate independent duplicate tests. Dashed lines are
linear fits to the logarithm of ignition delay, with coefficients of
determination (R?) included in the legend.

strong Arrhenius behavior, with high linearity for both cis- and
trans-decalin (R2 = 0.992 and 0.992, respectively). Although
both exhibit similar slopes, the cis isomer consistently displays
shorter ID times across the entire temperature range studied.
This indicates that the overall reactivity of cis-decalin is higher,
likely due to greater accessibility of low-temperature chain-
branching pathways, particularly below 550 °C, where RO2
and QOOH intermediates play key roles.”® >’ As these
reactions involve complex networks rather than single
elementary steps, the observed differences in ID may reflect
variations in the number or efficiency of reactive pathways
available to each isomer, rather than differences in a single
activation energy barrier.

The bottom panel of Figure 3 shows that cis-decalin also
exhibits stronger pressure dependence (R* = 0.854), while
trans-decalin shows weak sensitivity to pressure changes (R* =
0.428). This differential response implies that cis-decalin
benefits significantly from pressure assisted stabilization of
radical intermediates, which is consistent with unimolecular
reaction pathways that involve third-body collisions.””*

Figure 4 expands on these observations by directly
comparing the ratio of ID (cis/trans-decalin) across temper-

0.90 --- Weighted fit (R2=0.006)
& Cis/Trans Ratio (Temperature)

kel
s 0.84
o
. }
2078 L-- & Too1 .
© p s
- i
S~
L
O 0.72

0.66

700 750 800 850 900
Temperature (K)
--- Weighted fit (R?2=0.379)

0.90 o Cis/Trans Ratio (Pressure)
kel
]
©
& 0.84
a
2 o )
© _ | [ TTTTreee—eol
=078 R
; 4 g Tl -
O

0.72

260 280 300 320 340

Pressure (psi)

Figure 4. Effect of temperature and pressure on cis/trans ignition
delay ratio of decalin isomers. Data points represent ratios derived
from independent replicate measurements of cis- and trans-decalin;
error bars were propagated from the replicate standard deviations.
Dashed lines show linear fits with R* reported in the legend.

ature and pressure sweeps. In the top panel, the ID ratio
decreases slightly with increasing temperature but remains
below one across the full range. This reinforces the conclusion
that cis-decalin is consistently more reactive, particularly at
lower temperatures where peroxy radical isomerization
dominates. The weak temperature dependence and low R*
(0.006) indicate that the ratio of ignition delays between cis-
and trans-decalin remains nearly constant across the studied
temperature range. This supports the earlier observation that
both isomers have similar apparent activation energies in this
regime. Each point represents one of many pairwise
combinations between individual cis- and trans- measurements,
with error bars reflecting the propagated uncertainty from both
isomers. The resulting scatter reflects real experimental
variability while still preserving the overall trend.

In contrast, the bottom panel of Figure 4 reveals a negative
correlation between the ID ratio and pressure (R* = 0.379).
This supports the interpretation that the pressure-enhanced
reactivity of cis-decalin is not matched by trans-decalin, likely
due to geometric constraints that limit efficient 1,6-H shift
isomerization in the trans isomer. As pressure increases, the
efficiency of pressure-dependent low-temperature path-
ways”"”0 (e.g, RO, = QOOH and O,QOOH formation)
disproportionately benefits cis-decalin, driving the ratio lower.
Figure S illustrates a representative 1,5-H abstraction transition
state in cis-decalin, where axial hydrogen accessibility supports
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Figure S. Illustration of a 1,5-hydrogen abstraction transition state in
cis-decalin. The axial hydrogen at the 7-position is abstracted by a
peroxy radical (ROO-), initiating QOOH formation. The adjacent
equatorial hydrogen and other abstractable sites are shown for
reference. This geometry supports efficient low-temperature chain
branching, consistent with the enhanced reactivity and pressure
sensitivity observed experimentally. Adapted from Heyne et al.'’
Copyright 2009 Energy Fuels.

faster QOOH formation under low-temperature and high-
pressure conditions.

Taken together, the temperature and pressure dependence
of ID in cis- vs trans-decalin highlight the mechanistic role of
H-shift pathways. The data support a scenario where 1,5-H
shift isomerization in cis-decalin is more accessible and
pressure-enhanced, whereas trans-decalin is constrained to
slower or less pressure-responsive 1,6-H pathways. These
insights clarify the structure—reactivity relationship and aid in
modeling low-temperature oxidation behavior of bicyclic
hydrocarbons. A full computational treatment of the isomer-
dependent oxidation pathways lies beyond the scope of this
work, but represents an important avenue for future study.

3.4. Polar Contaminant Effect on Ignition Delay.
Trace polar species, particularly peroxides and oxygenates, are
well-known to accelerate low temperature combustion
chemistry and reduce ID. These compounds can form during
ambient storage through slow autoxidation of hydrocarbons in
the presence of oxygen, and even at ppm levels, they can

significantly bias DCN measurements by promoting radical
generation and chain branching.

To assess this effect, each DMCH isomer was tested
immediately upon opening (“as received”), then stored under
ambient, light-protected conditions for 135 days in sealed
amber bottles (although no purge using inert gas was
performed). No further purification was applied prior to
retesting. Figure 6 compares ID values before and after storage,
with error bars representing standard deviations from 32
injections per test.

Among the DMCH isomers, trans-1,2-DMCH showed the
most significant ID reduction from 11.40 to 9.81 ms, well
beyond experimental uncertainty. Smaller but measurable
decreases were also observed for trans-1,3-DMCH and trans-
1,4-DMCH. In contrast, the cis isomers exhibited less change
over time, indicating greater oxidative (storage) stability which
is likely due to conformational constraints that hinder peroxide
formation or radical propagation.

A similar trend was observed in trans-decalin, which initially
showed an abnormally low ID of 5.33 ms (DCN = 39.5),
inconsistent with literature values (~32). Following SPE to
remove polar contaminants, the ID increased to 6.73 ms
(DCN = 32.2), aligning with prior reports and confirming that
oxidative degradation had artificially enhanced the sample’s
reactivity. This validates both the susceptibility of trans-fused
cycloalkanes to oxidative change and the efficacy of SPE
purification.

GC-MS analysis of the SPE retained polar fraction from
trans-decalin confirmed the presence of multiple oxygenated
species, including ketones and hydroxylated decalin derivatives,
further supporting the hypothesis that oxidative byproducts
were responsible for the observed ID reductions. A full
chromatogram, annotated peak identities, and mass spectra are
provided in Supporting Information (SI). It should be noted
that while SPE GC-MS analysis is qualitative in nature, these
results reinforce the need for careful fuel handling and
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Figure 6. Ignition delay comparison of DMCH isomers before and after 135 days of storage.
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purification when evaluating ignition properties particularly for
fuels prone to peroxide formation. This is especially important
for accurate kinetic model validation and experimental
repeatability in surrogate fuel testing. The scope of this polar
study is not to quantify the kinetics or concentrations of these
impurities, but rather to alert the community to their potential
impact on ignition measurements.

It should be noted that while the IQT provides a
standardized and certification relevant platform for ignition
delay and DCN determination, it does not capture the full
range of autoignition behavior accessible with complementary
equipment such as shock tubes or rapid compression
machines. IQT measurements are most sensitive to mid
temperature reactivity, whereas low-temperature chain branch-
ing and high-pressure kinetics are better resolved by other
devices. Thus, while the present work emphasizes relative
trends among isomers under ASTM D6890 conditions, a
broader mechanistic picture will require integration with
complementary methods in future studies. Although a
comprehensive ab initio calculation/kinetic modeling of the
isomer dependent oxidation network (conformers, H-abstrac-
tion sites, RO,/QOOH isomerization, and pressure effects)
would be valuable, it lies beyond the scope of this experimental
study and would constitute a separate contribution. Here we
focus on delivering an isomer-resolved, internally consistent
IQT data set under certification-relevant conditions (ASTM
D6890), together with a literature based mechanistic context
that can be used to benchmark and refine future models and
surrogate fuel formulations.

4. CONCLUSIONS

Here, we investigated the impact of stereochemistry on the ID
behavior of DMCH isomers. Among the isomers tested, cis-
1,3-DMCH exhibited the highest reactivity, with a DCN of
37.4, while cis-1,2-DMCH was the least reactive, with a DCN
of 21.8. The most pronounced stereochemical effect was
observed between cis- and trans-1,3-DMCH, which showed a
significant DCN difference of 12.0. In contrast, the effect was
minimal for cis- and trans-1,2-DMCH, with only a 0.3 DCN
difference. These variations are attributed to differences in
molecular conformation, which directly influence low-temper-
ature oxidation pathways and the formation of reactive
intermediates during combustion.

To validate and extend these findings, cis- and trans-decalin
were examined under a range of temperatures and pressures.
Cis-decalin consistently exhibited faster ignition and stronger
pressure sensitivity, consistent with its ability to access more
favorable low-temperature chain-branching mechanisms (e.g.,
1,5-H shift). The trans isomer, in contrast, was limited by
conformational rigidity and exhibited weaker pressure depend-
ence, likely due to inefficient 1,6-H isomerization. These
results clarify the mechanistic basis for structure—reactivity
trends among fused bicyclic hydrocarbons.

We also evaluated the impact of trace polar contaminants
formed during ambient storage. Trans isomers, particularly
trans-decalin, showed notable ignition delay reductions due to
oxidative degradation. SPE and GC-MS confirmed the
presence of oxygenated byproducts, such as ketones and
hydroxylated species. These findings underscore the need for
careful sample preparation to ensure accurate ignition property
comparisons across isomer classes.

Taken together, these findings demonstrate that molecular
stereochemistry and positional isomerism play critical roles in

governing ignition behavior. This work deepens the mecha-
nistic understanding of structure—reactivity relationships in
cycloalkanes and offers valuable guidance for surrogate fuel
formulation, SAF pathway evaluation, and chemical kinetic
model development. Although this study focused on pure cis-
and trans-cycloalkanes, such measurements are directly
relevant to multi component SAF mixtures. Because DCN
typically follows a linear by volume blending rule, accurate
pure-component data expand the DCN database and support
both hydrocarbon type analysis and quantitative structure
property relationship (QSPR) modeling. These insights help
address knowledge gaps on cycloalkanes and strengthen
confidence in their role within sustainable aviation fuel
blending strategies.
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