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Abstract: Highly-branched iso-alkanes are an important class of hydrocarbons found in conventional 

petroleum-derived and alternative renewable fuels used for combustion applications. However, chemical 

kinetics for most of these iso-alkanes, especially at low-to-intermediate temperatures, have not been well 

studied. Recognizing this, autoignition of selected iso-alkanes, including iso-octane (2,2,4-

trimethylpentane), iso-nonane (2,2,4,4-tetramethylpentane), iso-dodecane (2,2,4,6,6-

pentamethylheptane), and iso-cetane (2,2,4,4,6,8,8 heptamethylnonane), has been investigated both 

experimentally and numerically in this study. Experiments using a rapid compression machine have 

been conducted to understand and compare the ignition characteristics of these iso-alkanes at varying 

pressures, temperatures, equivalence ratios, and dilution levels. By comparing their experimental 

pressure traces and ignition delay times, the fuel molecular structure effect on autoignition under low 

temperature combustion conditions for these highly-branched iso-alkanes are demonstrated and 

discussed. Furthermore, a newly-developed chemical kinetic model covering C8–C16 iso-alkanes is 

detailed herein. Simulated results using this model are then compared to the experimental data obtained 

in this study and available in the literature. The ability of the current chemical kinetic model to predict 

the experimental trends is illustrated. Chemical kinetic analyses have also been conducted to identify the 

important reaction pathways controlling autoignition at varying conditions. 

Keywords: iso-alkane, autoignition, rapid compression machine, low temperature combustion, 

chemical kinetics 

1. Introduction 

As fuel surrogates containing only a few representative components are used to emulate the physical and 

chemical characteristics of the target real fuels, understanding the combustion characteristics of those 

pure components can greatly benefit the development of comprehensive surrogate models for simulating 

real fuel combustion [1]. Among various representative fuel components found in conventional and 

alternative transportation fuels, highly-branched iso-alkanes are one important hydrocarbon class and 

plays a significant role in the autoignition properties of the real fuels. As such, previous studies 

extensively investigated the autoignition characteristics of iso-octane (2,2,4-trimethylpentane, iC8) at 

low-to-high temperatures [2-22] and iso-cetane (2,2,4,4,6,8,8-heptamethylnonane, iC16) at low-to-high 
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temperatures [4,23-26]. While limited autoignition data for iso-dodecane (2,2,4,6,6-pentamethylheptane, 

iC12) were reported in [4,27], autoignition of iso-nonane (2,2,4,4-tetramethylpentane, iC9) has not been 

studied yet. It is also noted that for most of iso-alkanes, their autoignition chemistry at low-to-

intermediate temperatures has not been well understood. In view of the above, developing a 

comprehensive chemical kinetic model that covers iso-alkanes from C8 to C16 with low-to-intermediate 

temperature chemistry, as well as providing model validation datasets of iC9 and iC12 over a wide range 

of conditions, are of fundamental importance. 

In this investigation, a rapid compression machine (RCM) is used to measure ignition delay times of 

iC8/air, iC9/air, and iC12/air mixtures at varying pressures (15, 20, and 30 bar), equivalence ratios (0.7, 

1.0, 1.2, and 2.0), and temperatures (600–900 K). The current RCM measurements are compared with 

the previous RCM data of iC8 [2] and the shock tube (ST) data of iC8 [3] and iC12 [4], demonstrating 

the consistency of the current RCM data and the literature RCM/ST data. In addition, the present 

experimental data of iC8, iC9, and iC12 are compared with the RCM data of iC16 reported in [23,24] to 

understand the fuel molecular structure effect on autoignition under low temperature combustion 

relevant conditions. Figure 1 shows the molecular structures of the iso-alkanes investigated in this study. 

A detailed chemical kinetic model, including low-to-high temperature chemistry, for iso-alkanes is also 

developed. The performance of this chemical kinetic model is validated against the newly-acquired 

RCM measurements and the literature data. Furthermore, model-based sensitivity analysis is performed 

to identify the key reaction pathways controlling the autoignition of the iso-alkanes studied herein. 

 
Figure 1: Molecule structures of iso-octane, iso-nonane, iso-dodecane, and iso-cetane. 

 

2. Experimental Specifications 

The RCM used in this study is a single piston arrangement and is pneumatically driven and hydraulically 

stopped. The device has been described in detail previously [28,29] and will be described here briefly 

for reference. The end of compression (EOC) temperature and pressure, TC and PC, respectively, are 

independently changed by varying the overall compression ratio, initial pressure, and initial temperature 

of each experiment. The primary diagnostic on the RCM is the in-cylinder dynamic pressure which is 

measured using a shock-resistant Kistler 6125C pressure transducer. The raw pressure data is processed 

by a Python package called UConnRCMPy [30], which determines PC, TC, and ignition delay time(s). 

Figure 2(a) shows the non-reactive and reactive experimental pressure traces obtained by the RCM and 

the definitions of the first-stage ignition delay (τ1) and the total ignition delay (τ). Namely, τ1 and τ are 

defined as the time from the EOC to the respective maximum of the first order time derivative of 

pressure (dP/dt). In addition, to determine the machine-specific effect (i.e., the heat loss effect [31]) on 

the reactive experiment and to confirm that there is no exothermicity during the compression stroke, the 

corresponding non-reactive experiment is also conducted by replacing O2 in the reactive mixture with N2. 
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It is shown in Fig. 2(a) that the pressure trace of the reactive experiment during the compression stroke 

and prior to the first-stage ignition after reaching the EOC is well captured by the non-reactive 

counterpart. Moreover, heat loss during or after the compression stroke is modeled here as changing the 

volume of the reaction chamber [28,32]. 

At least four consecutive runs were taken for each experimental condition to ensure repeatability, as 

shown in Fig. 2(b). Among repeated experiments, the one with τ closest to the averaged value is selected 

as the representative pressure trace. The associated parameters (such as PC and TC) and outputs (such as 

τ and τ1) of each representative experiment are reported instead of reporting all repeated experiments. 

The typical scatters of τ1 and τ for repeated experiments are less than 15% of the reported values. 
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Figure 2: (a) Example experimental pressure traces demonstrating the definitions of the τ1 and τ with 

iC12/air at ϕ=1.0, PC=20 bar, and TC=647 K. (b) Representative and repeated experimental pressure 

traces with iC8/air at ϕ=1.0, PC=20 bar, and TC=685 K. 

 

Table 1. Summary of test conditions and literature data 

Fuel type 
Equivalence 

ratio, ϕ 
PC (bar) 

Molar proportions (%) Temperature regime 

covered Fuel O2 N2 

iC8 

0.7 20 1.1628 20.7641 78.0731 ITR/NTC/LTR 

1.0 15,20,30 1.6529 20.6612 77.6859 ITR/NTC/LTR 

2.0 20 3.2520 20.3252 76.4228 NTC/LTR 

iC9 

0.7 20 1.0395 20.7900 78.1705 ITR/NTC/LTR 

1.0 15,20,30 1.4784 20.6978 77.8238 ITR/NTC/LTR 

1.2 20 1.7689 20.6368 77.5943 ITR/NTC/LTR 

2.0 20 2.9137 20.3963 76.6900 ITR/NTC/LTR 

iC12 

0.7 20 0.7886 20.8427 78.3687 ITR/NTC/LTR 

1.0 15,20,30 1.1228 20.7725 78.1047 ITR/NTC/LTR 

2.0 20 2.2207 20.5419 77.2374 ITR/NTC/LTR 

iC16 

(literature) 

1.0 15,20 [23] 0.8502 20.8298 78.3200 ITR/NTC 

1.0 15 [24] 0.8502 20.8298 78.3200 ITR 

 

The fuel-oxidizer mixture is prepared in a pre-vacuumed stainless-steel mixing tank at room 

temperature. A known amount of liquid fuel is injected into the mixing tank first. Then, O2 and N2 are 

filled into the mixing tank consecutively based on barometric measurements. After filling the reactants, 
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the heaters and magnetic stirrer are switched on, and the system is allowed for 4 hours to reach steady 

state. The molar ratio of N2 and O2 is kept at 3.76 throughout this study. Table 1 summarizes the molar 

proportions of the test mixtures and the corresponding test conditions investigated herein, along with 

those studied in [23,24] for iC16. Most of the test conditions covered the low temperature regime (LTR), 

the negative temperature coefficient (NTC) regime, and the intermediate temperature regime (ITR). 

 

3. Computational Specifications 

3.1. Chemical kinetic model for iso-alkanes 

The detailed chemical kinetic model of iso-alkanes developed in this study enclosed the sub-models of 

iC8 and iC12. This is a portion of the full model [33] that includes iC8, iC9, iC12, and iC16 sub-models. 

The model of iC8 and iC12 is built hierarchically on the model of Zhang et al. [34] for alkanes and the 

C0–C4 base chemistry of AramcoMech 2.0 [35]. Briefly, the current model describes both the high 

temperature and low temperature kinetics of iC8 and iC12 using a consistent set of reaction pathways 

and the associated reaction rates. The reaction rates for the high temperature reaction classes 1–9, as 

described by Curran et al. [36], have largely been taken from the earlier work of Mehl et al. [37], with an 

exception to H-abstraction via  which was taken from the work of Badra and Farooq [38]. The rates 

for the low temperature reaction classes 10–25, as described by Curran et al. [36], which are the low 

temperature chain branching peroxy reactions, have been adopted from the ab-initio works of [39-42]. In 

addition to the above-mentioned 25 classes, the reaction classes corresponding to the concerted 

elimination of alkyl peroxy radicals (commonly referred as radicals) and hydroperoxyl 

alkylhydroperoxides (commonly referred as  radicals), as well as the alternative isomerization 

reactions of  radicals producing the dihydroperoxy alkyl radicals (commonly referred as 

 radicals), have also been modeled. Those additional low temperature reaction pathways are for 

revising the details of the chain branching, chain propagation, and chain termination functions in the 

model. It is necessary to point out that the reaction pathways of  is largely based on analogies 

from . As the isomerization reaction of  is similar to , 

analogies from the latter are adapted to describe the formation of . Likewise, as the  

and  radicals are similar in nature, the  radicals have been modeled to undergo reactions 

identical to those of  radicals and analogies are used for describing the reactions of  

radicals. The important low temperature reaction classes and their sources are summarized in Table 2. 

The thermodynamic properties of the intermediate species have been estimated using the group 

additivity method with the recent group values taken from Burke et al. [43]. As the iso-alkanes studied 

herein are severely branched, the Gauche interactions and H-1,5 interactions were also counted during 

the estimation of the thermodynamic properties. The procedure used for counting those interactions is 

similar to that used in the study of Atef et al. [2]. 
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Table 2. Important low temperature reaction classes and the corrospond sources 

Reaction Class Source 

 
Miyoshi [39] 

 
Villano et al. [40] 

Concerted elimination of  and   Villano et al. [40] 

 
Miyoshi [39], Villano et al. [41] 

 
Villano et al. [41] 

 
Miyoshi [39] 

 
Sharma et al. [42] 

 
Villano et al. [40] 

Decomposition of  and  Villano et al. [41] 

 
Miyoshi [39], Villano et al. [41] 

 

3.2. Simulation methods 

Two types of simulations are performed using the Python interface of Cantera 2.3.0 [44] in this study. 

The first type is ‘RCM simulation’ [45] that accounts for the machine-specific effect by modeling it as 

volume change. A volume trace is deduced using the corresponding non-reactive pressure trace by 

assuming that the constant-composition mixture undergoes an isentropic compression during the 

compression stroke and an isentropic expansion after the EOC. The volume trace is then fed to the 

IdealGasReactor in Cantera to generate a simulated reactive pressure trace, from which the τ1 and τ 

values of RCM simulation are obtained following the same procedure of determining experimental 

ignition delays described in Section 2. 

The second type of simulation is ‘CONV simulation’ that uses a constant-volume, adiabatic reactor, 

which is the IdealGasReactor in Cantera without accounting for changes in the reactor volume. The 

simulated τ values are defined as the time required for the simulated temperature to increase by 400 K 

over the initial temperature in the simulation. The CONV simulations in this study are mainly used to 

perform ST simulations and model-based analyses. The non-ideal facility-dependent effects of ST 

simulation [46,47] are not considered in this work. 

 

3.3. Sensitivity analysis 

To identify the dominating reaction pathways in each iso-alkane’s autoignition process, model-based 

sensitivity analyses for  to the pre-exponential factor of each reaction rate are performed utilizing 

CONV simulations in Cantera with the current chemical kinetic model. By perturbing the pre-

exponential factor of the target reaction by a factor of 2 or 0.5, the corresponding τ values are simulated 

and recorded. The sensitivity coefficient is defined as , where  and  are 

the total ignition delays when the pre-exponential factor modification equal to a factor of 2 and 0.5, 
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respectively. From this analysis, the reactions that promote (inhibit) the reactivity exhibit a negative 

(positive) sensitivity coefficient. 

4. Results and Discussion 

4.1. Comparison with literature data 

Figure 3 compares the total ignition delays of stoichiometric iC8/air and iC12/air mixtures at 20 bar 

obtained from the current RCM experiments to the literature RCM data of iC8 [2] and the ST data 

reported in [3] and [4] for iC8 and iC12, respectively. Overall, the current RCM measurements 

complement well with the literature ST data, illustrating the importance of the new RCM datasets for 

model validation at low-to-intermediate temperatures, for the case of iC12 in particular. Regarding the 

RCM data comparison for iC8, while small discrepancies in the LTR and the NTC regime are noticed 

between the previous and current measurements, the newly-acquired τ and τ1 of iC8 generally match 

well with those reported in [2], especially considering varying heat loss characteristics and initial 

temperature/pressure conditions in different RCM experiments. Using the chemical kinetic model 

developed in this study, the RCM and ST data are modeled using ‘RCM simulation’ and ‘CONV 

simulation’, respectively. Figure 3 shows that the simulated results agree well with the experimental τ 

and τ1 of iC8 and iC12, illustrating the predicting capability of the current model over a wide range of 

temperatures. It has to be pointed out in both iC8 and iC12 cases that ‘CONV simulation’ slightly over-

predicts the literature ST data. These discrepancies are likely induced by the non-ideal, facility-

dependent effects in the shock tube experiments. Including the facility-dependent effects in ST 

simulations is expected to improve the agreement between simulated and experimental results. 
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Figure 3: Comparison of ignition delay times of stoichiometric (a) iC8/air and (b) iC12/air mixtures 

between the current RCM study and the literature RCM and shock tube (ST) data. Experimental results 

are shown as symbols. Filled symbols: total ignition delay times. Open symbols: first-stage ignition 

delay times. Simulated results are presented as lines. Solid line: total ignition delay times; dashed line: 

first-stage ignition delay times. 

 

4.2. Autoignition characteristics of selected iso-alkanes 

Figure 4 demonstrates the pressure trace comparison for stoichiometric iC8/air, iC9/air, and iC12/air 

mixtures at PC=15 bar with three representative temperatures of TC ~ 645 K, 745 K, and 837 K, covering 

the LTR, NTC regime, and ITR, respectively. All three iso-alkanes exhibit two-stage ignition behavior 

at LTR, as shown in Fig. 4 (a). In the NTC regime for TC~745 K, Fig. 4(b) shows that iC8 exhibits a 

two-stage ignition behavior with very short τ1, while both iC9 and iC12 display single-stage ignition 
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behavior. Further increasing TC to 837 K (ITR), all three iso-alkanes exhibit single-stage ignition 

behavior, as illustrated in Fig. 4(c). While iC9 consistently exhibits the shortest τ compared to iC8 and 

iC12 among all tested temperatures, a clear reactivity crossover between iC8 and iC12 is observed as 

temperature increases from the LTR to the ITR. Namely, iC8 has shorter τ than iC12 in NTC regime, but 

becomes longer in the LTR and ITR. This reactivity crossover will be discussed in detail in Section 4.3. 

It is also noted that for all three fuels shown in Fig. 4(a), their machine settings in RCM experiments are 

similar. As the values of heat of combustion on a unit mass of fuel basis are similar for iC8/iC9/iC12, 

their peak pressures after hot-ignition are similar (~64 bar). Furthermore, it has to be pointed out that the 

observed differences in the post-hot-ignition peak pressure values among iC8, iC9, and iC12 in Figs. 4(b) 

and 4(c) are caused by the different machine settings used in RCM experiments to achieve the desired 

compressed conditions for each fuel. 
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Figure 4: Pressure trace comparison of stoichiometric iC8/air, iC9/air, and iC12/air mixtures at PC=15 

bar and three different compressed temperatures of (a) TC~645 K (LTR), (b) TC~745K (NTC), and (c) 

TC~837 K (ITR). 
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Figure 5: Experimental and simulated ignition delay times of iC8, iC9, and iC12 at varying ϕ and PC. (a) 

iC8, ϕ=1.0, and varying PC; (b) iC8, PC=20 bar, and varying ϕ; (c) iC9, ϕ=1.0, and varying PC; (d) iC9, 

PC=20 bar, and varying ϕ; (e) iC12, ϕ=1.0, and varying PC; (f) iC12, PC=20 bar, and varying ϕ. 

Experimental results are shown as symbols. Filled symbols: total ignition delay times. Open symbols: 
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first-stage ignition delay times. Simulated results are presented as lines. Solid lines: total ignition delay 

times. Dashed lines: first-stage ignition delay times. 

 

Figure 5 shows the measured τ1 and τ for the iC8/air, iC9/air, and iC12/air mixtures investigated. 

Among all three iso-alkanes at various test conditions, τ decreases with increasing TC in the LTR and 

ITR, while it increases with increasing TC in the NTC regime. On the other hand, τ1 decreases 

monotonically with increasing TC. The magnitude of NTC response, reflected by the slope in the 

Arrhenius plot, is also different among three iso-alkanes; iC8 shows the strongest NTC response while 

iC9 exhibits the weakest one at the same conditions of PC and ϕ. In addition, Figs. 5(a), 5(c), and 5(e) 

demonstrate the effect of pressure on ignition delay times of stoichiometric iC8, iC9, and iC12 mixtures 

in air, respectively. In general, both τ1 and τ decrease with increasing PC, with τ showing stronger 

pressure sensitivity than τ1. It is further noted that the NTC response becomes weaker when increasing 

PC to 30 bar for all three fuels. Moreover, unlike the other two iso-alkanes, the τ1 of iC9 is nearly 

insensitive to pressure change. At PC=20 bar, Figs. 5(b), 5(d), and 5(f) show the effect of equivalence 

ratio on ignition delay times for iC8, iC9, and iC12, respectively. Since “air” is used as the oxidizer here, 

the effect of equivalence ratio represents the effect of fuel loading. In general, for all three iso-alkanes, 

increasing ϕ (i.e. fuel concentration) decreases τ for a given TC, while τ1 is far less sensitive to the 

change in ϕ as compared to τ. 

Using the current chemical kinetic model, RCM simulations of iC8 and iC12 are conducted at 

various conditions. Overall, the simulated results of τ1 and τ show good agreement against experimental 

data at varying PC and ϕ for both iC8 and iC12. Nonetheless, some discrepancies are still noticed at a 

few test conditions. For iC8 in the ITR, the current model under-predicts τ at PC=15 and 20 bar but over-

predicts τ at PC=30 bar, as shown in Fig. 5(a). For iC12, the simulated τ1 and τ in the LTR are slightly 

longer than the RCM data, especially at PC=30 bar as shown in Fig. 5(e). These observations suggest 

that pressure dependency of some low-to-intermediate temperature reactions in the model may require 

refinements. Despite the above-mentioned discrepancies, the performance of the current model is sound, 

illustrating its predicting capability as well as its potential of being used in understanding the 

autoignition characteristics of iso-alkanes. 

 

4.3. Comparison of iC8, iC9, iC12, and iC16 

To provide an insight into the differences and similarities between the selected iso-alkanes at low-to-

intermediate temperatures, Figs. 6 and 7 compare the newly-acquired ignition delay data of iC8/air, 

iC9/air, and iC12/air mixtures at varying test conditions. Moreover, the literature RCM data of 

stoichiometric iC16/air mixtures at PC=15 bar [23,24] and 20 bar [23] are also included in Fig. 6 for 

comparison. It needs to be pointed out that some discrepancies between the two literature iC16 datasets 

are noted in Fig. 6, which can be attributed to the differences in heat loss characteristics in the respective 

RCM experiments. Thus, the effects of heat loss among different RCMs need to be considered when 

comparing and discussing the current iC8/iC9/iC12 results and the literature iC16 data. 

As presented in Fig. 6 (comparison including iC16 data) and Fig. 7 (comparison without iC16 data), 

the four iso-alkanes exhibit distinct autoignition characteristics. First, iC9 and iC8 exhibits the weakest 

and strongest NTC response, respectively. Second, the temperature windows of the NTC regime are 

different among the four iso-alkanes, with those of iC8 and iC12 being situated at higher temperatures 
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relative to that of iC16. In addition, the NTC temperature window of iC9 is much narrower than those of 

the other three iso-alkanes.  
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Figure 6: Experimental and simulated ignition delay times of stoichiometric iC8/air, iC9/air, iC12/air, 

and iC16/air mixtures at (a) PC=15 bar and (b) PC=20 bar. Experimental results are shown as symbols. 

Filled symbols: total ignition delay times. Open symbols: first-stage ignition delay times. Simulated 

results are presented as lines. Solid lines: total ignition delay times; dashed lines: first-stage ignition 

delay times. 
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Figure 7: Experimental and simulated ignition delay times of iC8/air, iC9/air, and iC12/air mixtures at 

different compressed pressures and equivalence ratios. (a) PC=30 bar and ϕ=1.0, (b) PC=20 bar and 

ϕ=0.7, and (c) PC=20 bar and ϕ=2.0. Experimental results are shown as symbols. Filled symbols: total 

ignition delay times. Open symbols: first-stage ignition delay times. Simulated results are presented as 

lines. Solid lines: total ignition delay times; dashed lines: first-stage ignition delay times. 

 

Based on Figs. 6 and 7, the reactivity of each iso-alkane is examined at various test conditions. For ϕ 

≥1, the most reactive iso-alkane is iC9 as it exhibits the shortest τ. When ϕ<1, the τ of iC9 in the NTC 

regime becomes longer than those of iC8 as shown in Fig. 7(b). Comparing iC8 and iC12, the τ of iC8 is 

consistently longer than that of iC12 in the LTR/ITR; however, in NTC regime the τ of iC8 becomes 

shorter than that of iC12. This indicates that there is a reactivity crossover between iC8 and iC12 over 

different temperature regimes. The similar reactivity crossover is also observed among iC8, iC12, and 

iC16 as seen in Fig. 6. In the NTC regime, the τ of iC16 is longer than those of iC8 and iC12. However, 

the τ of iC16 in the ITR is the shortest compared to those of iC8 and iC12. As all experiments of iC8, 

iC9, and iC12 in this study were performed using the same RCM, their heat loss profiles are similar at 

the same test condition (ϕ, TC, PC). Thus, the observed reactivity crossover is not affected by different 

heat loss characteristics among three iso-alkanes. Comparing the simulated τ between iC8 and iC12, the 

experimentally observed reactivity crossover is successfully captured by the current model at various 
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test conditions. This further substantiates the potential of the current model as a tool to understand the 

autoignition of iC8 and iC12 at low temperatures. 

It is of interest to note that the above-mentioned reactivity crossovers among iso-alkanes are not 

observed in the comparison among n-alkanes [48]. The total ignition delay times of n-alkanes are shown 

to slightly decrease with increasing carbon number over a wide range of temperatures due to the lower 

carbon-carbon bond energy for larger n-alkanes [48]. For iso-alkanes, however, the bond energy theory 

alone cannot explain the reactivity crossover observed in the low-to-intermediate temperature regime. 

Therefore, the uniqueness of the molecular structure for each iso-alkane may lead to different reactivity 

trends among them. 

Another interesting observation from Figs. 6 and 7 is that the experimental τ of iC9 and iC12 in the 

LTR overlap well at all test conditions except for the ϕ=2.0 case, while iC8 has different τ in the LTR as 

compared to iC9 and iC12. On the other hand, the experimental τ1 comparison among the four iso-

alkanes shows a more consistent trend. At all test conditions, the τ1 ranking generally follows 

iC9<iC12<iC8, and the slopes of τ1 in the Arrhenius plots are very close among them. However, iC16 

exhibits a gentler τ1 slope compared to iC8/iC9/iC12, and hence crosses with iC9 as shown in Fig. 6. 

This could be attributed to the different heat loss characteristics between the RCMs used in this work 

and in Yu et al. [23]. Moreover, the simulated results of τ1 well capture the experimental τ1 ranking of 

iC8 and iC12 at various test conditions. 

 

4.4 Model-based sensitivity analysis 

As a work in progress, preliminary sensitivity analyses are performed for stoichiometric iC8/air and 

iC12/air mixtures at initial conditions of 20 bar and 750 K to understand the reactivity crossover 

between iC8 and iC12 in the NTC regime, as shown in Figs. 8(a) and 8(b). The molecular structures of 

important species can be found in Fig. 8(c). As stated earlier, the reactions with positive (negative) 

sensitivity coefficient tend to inhibit (promote) the overall reactivity. 

-1 -0.5 0 0.5 1

IC8 + OH <=> H2O + IC8-5R

IC8 + OH <=> H2O + IC8-1R

IC8OOH3-1R + O2 <=> IC8OOH3-1O2R

HO2 + IC8 <=> H2O2 + IC8-3R

IC8OOH5-3R + O2 <=> IC8OOH5-3O2R

IC8OOH1-3R + O2 <=> IC8OOH1-3O2R

IC8OOH4-1R + O2 <=> IC8OOH4-1O2R

IC8-4O2R <=> HO2 + IC8D4

IC8-4R <=> IC4H8 + TC4H9

IC8-1O2R <=> IC8OOH1-4R

IC8-5O2R <=> HO2 + IC8D4

IC8OOH5-3R <=> IC8O3-5 + OH

IC8-3O2R <=> HO2 + IC8D3

IC8 + OH <=> H2O + IC8-4R

Sensitivity coefficient

iC8/air

 = 1.0

20 bar

750K

(a)

  
-1 -0.5 0 0.5 1

OH + XC12H26 <=> H2O + X2C12H25

OH + XC12H26 <=> H2O + X1C12H25

OH + XC12H26 <=> H2O + X4C12H25

O2 + XC12OOH2-2P <=> XC12OOH2-2PO2

HO2 + XC12H26 <=> H2O2 + X2C12H25

XC12H25O2-1 <=> XC12OOH1-2

O2 + XC12OOH1-2 <=> XC12OOH1-2O2

XC12H25O2-2 <=> HO2 + XC12H24-3

XC12OOH1-2 => OH + XC12CYO1-2

X1C12H25 <=> X3C12H25

XC12OOH4-2 => OH + XC12CYO2-4

OH + XC12CYO1-3 => H2O + IC3H6CHO + IC8D4

XC12OOH2-2P => OH + XC12CYO2-2P

XC12H25O2-1 <=> XC12OOH1-3

OH + XC12H26 <=> H2O + X3C12H25

Sensitivity coefficient

iC12/air

 = 1.0

20 bar

750K

(b)

 

 

Figure 8: Sensitivity coefficients of important reactions to total ignition delay time at ϕ=1.0, 20 bar, and 

750 K for (a) iC8/air and (b) iC12/air. The molecular structures of important species are shown in (c). 
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For both iC8 and iC12 cases, τ is most sensitive to the rate of -mediated H-abstraction reactions 

from fuel molecule. Different fuel H-abstraction paths, however, demonstrate drastically distinct 

influences of τ. As shown in Figs. 8(a) and 8(b), the production of primary and secondary radicals of 

fuel (such as IC8-1R and X2C12H25, respectively) is essential in promoting the reactivity of the 

reacting system. On the other hand, the production of tertiary radicals of fuel (such as IC8-4R and 

X3C12H25, respectively) is the strongest inhibiting reaction. This is because the tertiary fuel radicals 

have weaker ability to facilitate low temperature chain branching steps compared to primary and 

secondary fuel radicals. For iC12 in particular, the overall reaction rate is sensitive to the reaction 

X1C12H25 X3C12H25 in the iC12 sub-model, while the counterpart iC8-1R iC8-4R in the iC8 

sub-model is far less important at the condition investigated. This could be one reason that causes the 

reactivity crossover between iC8 and iC12 in the NTC regime, namely iC12 tends to produce more 

tertiary fuel radicals (X3C12H25) in the NTC regime and hence suffers more from the resulting 

inhibiting effect. As a result, iC12 has longer τ than iC8 in the NTC regime. Since other chemical 

interactions may also play an important role leading to the reactivity crossover, more detailed model-

based analyses are needed to understand the reactivity crossover among the iso-alkanes studied herein. 

 

5. Conclusions 

The autoignition experiments of iso-octane (iC8), iso-nonane (iC9), and iso-dodecane (iC12) in air are 

performed using a rapid compression machine in this study at varying compressed pressures and 

equivalence ratios. All three iso-alkanes show similar autoignition trend that the total ignition delay time 

decreases with increasing temperature in the low temperature regime (LTR) and the intermediate 

temperature regime (ITR) but increases as temperature is increased in the negative temperature 

coefficient (NTC) regime. The three iso-alkanes also demonstrate similar responses to the pressure and 

equivalence ratio variations; the total ignition delay time decreases with increasing pressure and ϕ. On 

the other hand, the first-stage ignition delay times are less sensitive to the pressure and ϕ variations, 

especially in the iC9/air case. 

Comparing the newly-acquired iC8/iC9/iC12 data and the literature iC16 data, the four iso-alkanes 

all exhibit NTC response but in different extent, with iC8 showing the strongest NTC response while 

iC9 displaying the weakest one. In the ITR, the reactivity order is iC9>iC16>iC12>iC8, while iC8 and 

iC12 have similar total ignition delay times. In the LTR, the total ignition delay times of iC9 and iC12 

overlaps well and iC8 shows longer total ignition delay times. Furthermore, the total ignition delay 

crossovers among iC8/iC12/iC16 are observed in the NTC regime over the conditions investigated. This, 

in turn, suggests that there are more complicated chemical kinetics involved in the NTC regime for iso-

alkanes due to their different molecular structures, leading to the observed reactivity crossovers. 

Comparing the first stage ignition delay times among iso-alkanes, a more consistent trend is shown and 

the first-stage ignition delay order generally follows iC9<iC12<iC8 at all test conditions. Whether iC16 

exhibits longer or shorter first-stage ignition delay times requires further investigation by accounting for 

the heat loss effects in different RCM experiments. 

Furthermore, a detailed chemical kinetic model of iC8 and iC12 is developed in this study and 

validated against the newly-acquired autoignition data. Overall, the current model presents good 

agreement against experimental data at various test conditions with small discrepancies likely caused by 

the missing pressure dependency for some reactions. Moreover, the reactivity crossover in the NTC 
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regime between iC8 and iC12 and the general first-stage ignition delay trend have been successfully 

captured by the current model. Model-based sensitivity analyses show that one possible reason leading 

to the reactivity crossover is the different influence of isomerization reaction of primary fuel radical in 

the iC8 and iC12 sub-mechanisms. 

This study provides insights and validation datasets for understanding the fuel molecular structure 

effect on autoignition characteristics of the selected highly-branched iso-alkanes at low-to-intermediate 

temperatures. Future work will focus on the development of iC9 and iC16 sub-models and involving 

more different branched-chain alkanes to achieve comprehensive understanding of low temperature 

combustion of branched hydrocarbons. 
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