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Abstract

A newly developed experimental set-up for studying liquid hydrocarbon com-
bustion in the well-established Yale burner was used to investigate the correlation
between fuel composition and its sooting propensity. Soot particle size distribu-
tions (PSDs) and flame temperatures along the centreline of an n-heptane/toluene
co-flow diffusion flame are reported. The addition of toluene (0, 5, 10, and 15 mol%)
to heptane moved soot inception to lower heights above the burner (HAB). The ear-
lier inception extended the soot growth zone in the toluene-laden flames, leading
to larger soot primary and agglomerate particles. Toluene addition had little influ-
ence on the maximum soot number density, indicating that increases in soot volume
fraction can mainly be attributed to the observed increase in particle size. In order
to explain the reasons for earlier soot inception in the presence of toluene, fuel
decomposition and PAH formation were simulated in a perfectly-stirred reactor,
with conditions corresponding to the fuel-rich regions at low HAB. Combining the
experimental results with this simple model shows that one- and two-ring species
form significantly faster in the presence of toluene, explaining the higher sooting
propensity of aromatic fuels. The reported PSDs inside a vapour-fed diffusion
flame are the first of their kind and provide a comprehensive dataset for future
studies of combustion chemistry and soot particle models.
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Highlights

• Influence of heptane/toluene mixture on soot formation in a vapour-fed co-flow
diffusion flame (Yale burner) was studied

• Newly developed quartz probe to take soot samples from within the flame

• Particle size distributions along the centreline were measured

• Toluene leads to earlier soot nucleation and growth to larger particles

• No influence of toluene on particle number densities

1



Contents

1 Introduction 3

2 Materials and methods 5

2.1 Co-flow diffusion flame . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Flame temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.3 Soot particle size and number . . . . . . . . . . . . . . . . . . . . . . . 6

3 Results and discussion 7

4 Conclusions 14

References 15

2



1 Introduction

Soot formed by incomplete combustion of hydrocarbons has adverse effects on hu-
man health [27] and is a major contributor to anthropogenic climate change [20, 23,
39]. However, useful carbonaceous particles such as carbon black are also prepared
through combustion on an industrial scale and are used as rubber filler for tire reinforce-
ment [37], additive for electrically conductive polymers [22], or electrode material in
batteries [3, 48]. The aim of soot research is to gain a fundamental understanding of
the chemical reactions, inception process and PAH clustering, and soot growth leading
to soot formation in practical applications. Such an understanding could then be used
to mitigate soot emission and enhance the efficiency during energy conversion (internal
combustion engines, jet engines, gas turbines, etc.) or to produce tailor-made carbona-
ceous nanoparticles for industrial applications. In this context, investigating soot for-
mation in laminar flames using aliphatic and aromatic fuel mixtures encountered in real
combustion systems is an important area of research [17, 35, 43].

Traditionally, soot research in laminar flames has focused on gaseous fuels because they
are easy to handle, with ethylene being amongst the most common choices [7, 25, 30,
42]. In order to study more realistic fuels, less sooty methane flames have been used
and doped with small amounts of aromatics and aliphatics [13, 15]. This approach was
used to quantify the sooting propensity of a range of aliphatics [15], aromatics [33], and
oxygenated [32, 34] fuels by measuring the maximum soot volume fraction inside the
doped methane flame. The maximum soot volume fraction can hereby be measured us-
ing laser-induced incandescence [32–34] or flame pyrometry [13–15] and converted into
apparatus-independent yield sooting indices (YSIs) [32]. McEnally and Pfefferle [31]
also doped five different one-ring aromatics (benzene, toluene, ethylbenzene, styrene,
phenylacetylene) into a methane diffusion flame and illustrated the importance of the
side chain attached to the phenyl ring (H, CH3, CH=CH2, or C≡CH). Their experiments
indicated that the naphthalene concentration and soot volume fraction are proportional,
making naphthalene formation a crucial step in polycyclic aromatic hydrocarbon (PAH)
growth from aromatic fuels [31]. Other researchers linked the amount of key species
(benzene, pyrene, acetylene) to the onset and rate of soot inception [44]. Differences
in the type and quantity of such species ultimately reflected in the soot number density
and size of the soot particles [6, 12, 44]. Adding aromatics such as n-propylbenzene
to n-dodecane/methane diffusion flames was reported to result in earlier soot inception
and increased soot number density [49]. Similarly, the addition of toluene to a methane
diffusion flame caused a significant increase in the soot volume fraction compared to
n-heptane addition [12].

Research on pure liquid fuel combustion is less common, partly due to experimental
difficulties. One of the simplest set-ups to study liquid fuels is the wick-fed diffusion
flame. Such flames have mainly been used to measure smoke points of fuels to assess
the fuel’s sooting propensity and to calculate apparatus-independent sooting indices,
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such as the threshold soot index (TSI) [8] or oxygen extended sooting index (OESI) [4].
Using wick-fed flames to measure smoke points is the standard method for characteris-
ing kerosine and aviation turbine fuel as specified in ASTM Standard D1322-15e1. This
methodology was used to study sooting propensity of fuel surrogates such as heptane
and toluene [5, 6] or oxygenated diesel additives such as polyoxymethylene dimethyl
ethers [44]. In addition to sooting propensities, this flame was used to measure parti-
cle size distributions (PSD) as a function of fuel flow rate using a differential mobility
spectrometer and hole-in-tube probe for sampling [5, 6]. The probe design did not al-
low sampling from within the flame but an increased mean particle size was observed
at the flame tip when toluene was added to the wick-fed heptane flame [6]. More re-
cently, a premixed flat flame was fed with pre-vaporised heptane/toluene and PSDs were
measured using the burner stabilised stagnation (BSS) approach [44]. Hereby, the hole-
in-tube sampling line is incorporated into the stagnation plate, enabling the sampling of
stagnation flames with minimal flame perturbation [2]. The study showed that in pre-
mixed flames containing toluene, soot nucleation starts earlier while larger soot particles
and volume fractions were detected in the heptane fed flame [44]. One drawback of the
BSS is that the soot evolution from the burner surface to the stagnation point can not be
studied. Only information about the soot at the stagnation point is retrieved. However,
there remains a lack of experimental data in well-defined laminar flames using more
realistic fuels such as pre-vaporised heptane as also recognised during the International
Sooting Flame (ISF) workshop 2018 [1]. Having PSDs inside such flames would further
extend the recent efforts to simulate PSDs in ethylene-fed BSS flames [29, 36, 46] to
more realistic fuel surrogates.

The purpose of this study is to provide a comprehensive dataset of soot PSDs (as op-
posed to averaged sizes or volume fractions) inside a well-defined liquid-fueled co-flow
diffusion flame. Four different fuel mixtures containing heptane and toluene were stud-
ied to evaluate the influence of aromatics on the evolution of particle size and number
along the centreline of the flame. The soot was sampled using a newly developed quartz
probe that facilitated the monitoring of the entire soot evolution process, starting with
soot nucleation, followed by growth, aggregation and agglomeration, and finally soot
oxidation. The presented experimental and numerical results explain why toluene has
a higher sooting propensity and how it reflects in the PSD evolution. The PSD dataset
is attached in the supporting information to provide a reference for the soot community
and to test the various soot particle models used in literature [26, 29, 36, 45–47].
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2 Materials and methods

2.1 Co-flow diffusion flame

A new experimental flame set-up was developed to study vapour-fed co-flow diffu-
sion flames (Fig. 1a). A syringe pump (New Era NE-501) delivered 7 g h−1 of fuel
to an evaporator (Bronkhorst CEM). Here, the fuel was mixed with 200 mL min−1 Ar
(Bronkhorst El-Flow) and evaporated. The fuel/carrier gas mixture was passed through
heated lines (150 °C) to the central 1/4" stainless steel tube (inner diameter 0.218") of
a Yale burner [13, 14]. Compressed air at 50 L min−1 (Bronkhorst El-Flow) was used
for the co-flow through a 3" stainless steal honeycomb mesh (0.017" wire diameter,
18x18 mesh). The burner was mounted on a vertical translational stage (Festo) with a
positioning accuracy of 0.1 mm.

In this study, four different fuel mixtures (pure heptane, and 5, 10, and 15 mol% toluene
in heptane) were used. The required volumetric quantities of n-heptane (VWR, 99.8 %)
and toluene (Sigma-Aldrich, 99.8 %) were calculated based on the desired mol% com-
position. The densities of the mixtures required for the syringe pump were determined
experimentally by measuring the mass of a known volume of fuel.

2.2 Flame temperature

The flame temperatures were measured with a S-type thermocouple having a wire di-
ameter of 0.2 mm and microscopically measured bead size of 0.6 mm. Two pull-action
computer-controlled solenoids enabled the rapid insertion and removal of the thermo-
couple to/from the flame. Temperatures were measured over 60 s to detect the height
above the burner (HAB) at which soot starts to form. In the presence of soot, the deposi-
tion of soot on the thermocouple causes the measured temperature to decrease over time
due to an increasing emissivity and bead size [16]. After each temperature measure-
ment, the thermocouple was placed above the flame tip to burn off any soot deposits.
The temperature extrapolated to t = 0 s was used as the thermocouple junction temper-
ature Tj. It was corrected for emission to obtain the gas temperature Tg [41]:

Tg = Tj + ε j ·σ
(T 4

j −T 4
w)d

k ·Nu
(1)

The temperature junction emissivity ε j was calculated with the reported cubic poly-
nomial for S-type thermocouples [41] while Nu was calculated for a cylindrical pro-
file [18]. Tw is the ambient temperature, σ is the Stefan-Boltzmann constant, and k is
the thermal conductivity of the gas. The mapping of the centreline temperature was
repeated 7 times and calculated gas temperatures were averaged.
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Figure 1: Left: Experimental flame set-up for the vapour-fed co-flow diffusion flame.
Right: Soot sampling using a quartz tube with a 0.4 mm orifice.

2.3 Soot particle size and number

Soot samples from flames are most commonly taken with a hole-in-tube probe, i.e., a
stainless steel tube having a small orifice to draw in a sample [9–11, 24, 50]. Previous
studies have used such probes to sample soot from the flame tip as well as from within
flames, and risk significantly perturbing the flame with respect to the flow field and
temperature profile [9, 50]. In this study, a newly developed sampling probe based on
the report by Hepp and Siegmann [21] was used to take soot samples from within the
flame. Advantages over the hole-in-tube approach are a reduced flame disturbance when
sampling from within the flame and that the probe geometry induces enhanced mixing
between the sample and diluent [19, 21]. Except the quartz tube, all parts required for
assembling the sampling probe are standard fittings. A technical drawing of the design
as well as the part numbers of the used fittings are provided at the end of the supporting
information.

The quartz tube used for soot sampling had an outer diameter of 12 mm, inner diame-
ter of 8 mm, and a tip with a 0.4 mm pinhole (Fig. 1b). The geometry of the tip was
developed to minimise flame disturbance and residence time of the sample in the tip

6



before mixing with the diluent. Immediately after the tip, the sample was diluted with
approx. 8.5 L min−1 N2 and sucked into a central 6 mm stainless steel tube. The ex-
act N2 flow rate was adjusted to achieve the same flow rate through the nozzle in each
experiment. The dilution ratio in the probe was in the range 170–250 for all experi-
ments. However, the exact ratio was not constant because it changed depending on the
temperature at the probe tip, progressive clogging of the orifice in highly sooting re-
gions of the flame, and limitations of the DMS500 mass flow meters (see below). The
diluted sample was passed through a conductive silicon tube to a Differential Mobility
Spectrometer (Cambustion DMS500), where a further dilution by a factor of 500 was
achieved with a rotating disc diluter.

At each HAB, the particle size distribution was recorded for 15 s at a rate of 10 Hz and
averaged. Each experiment was repeated four times and error bars are reported as min/-
max values to indicate the reproducibility of the experiments. A log-normal function
was fitted to the measured curves to deconvolute bimodal particle size distributions and
to obtain the size and number density of each mode.

3 Results and discussion

The fuel, carrier gas, and sheath air flow rates were chosen such that all flames are
slightly lifted (1–1.5 mm, Fig. 2) to minimise heat transfer into the fuel tube and to
simplify the boundary conditions in any future numerical simulations. The luminescent
flame height of the n-heptane flame is 37 mm. Adding toluene to the fuel mixture suc-
cessively increases the flame height (41 mm for 15 mol% toluene) and elongates the
yellow luminescence zone towards lower height above burner (HAB). A shift of the
luminous zone towards lower HAB and elongation of the flame with increasing aro-
matic content is in agreement with previous reports where n-propylbenzene was added
to a n-dodecane/methane diffusion flame [49]. The given explanation was earlier soot
inception and increased time before complete soot oxidation [49].

The temperatures of the four flames are almost identical at low HAB, increasing from
860 K at 3 mm HAB to 1260 K at 17 mm HAB (Fig. 3). At 15 mm HAB, the tem-
peratures start to diverge slightly with the pure heptane flame reaching slightly higher
temperatures. At 23 mm HAB, all flames show a local maximum. Above 27 mm HAB,
the divergence in flame temperatures becomes more pronounced. All flames reach a lo-
cal temperature minimum around 27–29 mm HAB after which the temperatures start to
increase again. The temperature difference between the heptane and toluene-containing
flames is up to 350 K at 31 mm HAB, indicating substantial differences in the flame
chemistry or heat radiation. It is assumed that the slightly lower flame temperatures
of the toluene containing flames between 15–27 mm HAB are caused by a higher soot
volume fraction, causing an increase in the radiative cooling. The drop in temperature
above 23 mm HAB and local minimum at 27–29 mm HAB indicates a high soot vol-

7



mm HAB

0

10

20

30

40

Increase % toluene

Figure 2: Photographs of the co-flow diffusion flames fed with four different fuel
compositions but identical fuel mass flow rates. From left to right: pure
n-heptane, 5 mol% toluene/heptane, 10 mol% toluene/heptane, 15 mol%
toluene/heptane.

ume fraction in these regions, leading to substantial cooling due to radiative heat loss.
This would also be in agreement with the higher temperature drop of the sootier toluene
containing flames. The maximum temperature of the heptane flame is at 33 mm HAB
(1792 K), while adding toluene reduces the maximum temperature (1716 K for 5 %
toluene) and shifts the maximum towards larger HAB (37 mm HAB).

The transient thermocouple response can give a qualitative impression of the HAB at
which soot starts to form. For the heptane flame, the temperature remains constant at
11 mm HAB and decreases as a function of time at 13 mm HAB (Fig. S2). The de-
crease in temperature is hereby caused by soot deposition on the thermocouple, causing
its emissivity and bead size to increase [16]. The addition of toluene causes a time
dependent temperature decrease at lower HAB, indicating earlier soot inception. The
earlier soot formation with increasing toluene concentration explains the shift of the lu-
minescence zone towards lower HAB as observed in Fig. 2 and is in agreement with
previous reports [31, 44].

Exemplary particle size distributions inside the flame measured with a differential mo-
bility spectrometer (DMS) are shown in Fig. 4 as log-log plots. The full data set can
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Figure 3: Measured centre line flame temperatures as a function of HAB and fuel com-

position. The error bars show the 95% confidence interval.

be found in the Supporting Information, Tables S2–S5. At 10 mm HAB, an increase
in the toluene content leads to more soot particles while at higher HAB, the particle
size distribution seems to be shifted towards larger particles. Contour plots with a linear
scale for dN/dlogDp are shown in Fig. 5 as they illustrate the key trends most clearly.
The onset of soot formation as determined using the DMS (Fig. 5) indicates that soot
starts to form earlier in the flame as the toluene content is increased. This is in good
qualitative agreement with the elongated luminescence zone observed in Fig. 2. For all
flames, the size and number of soot particles steadily increases with increasing HAB
up to about 26 mm HAB. Thus toluene addition does not simply shift the reaction zone
towards lower HAB but extends the time for soot formation and growth prior to oxida-
tion. Above 26 mm HAB, the particles continue to increase in size and the PSD starts
to become bimodal (also see Fig. 4c). At increasing HAB, the soot particles continue
growing in size with toluene leading to notably larger particles. Most soot is oxidised by
40 mm HAB for the heptane flame but not for the 15 mol% toluene containing flame, ex-
plaining the increased flame height with increasing toluene content observed in Fig. 2.
It is worth noting that the luminescent flame height is simply the point where a clear
signal was detected with the given camera setting and is therefore not identical with the
point where all soot is oxidised.

The averaged mean particle size and number densities give a more quantitative insight
into the soot evolution inside the four flames (Fig. 6). In case of a bimodal PSD, the
two modes are referred to as major (Fig. 6a and b) and minor mode (Fig. 6c and d)
based on the number of soot particles they contain. For the heptane flame, the first
soot particles can be observed around 15 mm HAB while toluene addition results in
earlier soot nucleation (9 mm HAB for 15 mol% toluene). This onset of soot formation
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Figure 4: Particle size distributions inside the four studied diffusion flames at (a) 10 mm

HAB, (b) 18 mm HAB, (c) 26 mm HAB, and (d) 34 mm HAB.

agrees well with the HAB at which soot deposition starts to cause the thermocouple
temperature to decrease with time (Fig. S2). As intrusive techniques and insufficient
sample dilution would shift the soot formation towards lower HAB [21, 40], the results
indicate good sample quenching and minimal coagulation in the sampling lines. With
increasing HAB, the size and number of the soot particles increase steadily up to 25 mm
HAB for the heptane flame and 20 mm HAB for the 15 mol% toluene flame (Fig. 6a
and b). At 15–21 mm HAB, the particle size distribution shifted towards larger sizes
and another mode with average size of 7 nm becomes visible (Fig. 6c and d). It is
probable that this minor mode is also present at lower HAB but is obscured by the
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Figure 5: Measured particle size distribution as function of height above burner and

fuel structure. The minor mode discussed in the text and quantified in Fig. 6
is indicated in (c).

major mode. The number density of this minor mode decreases with HAB (Fig. 6d),
suggesting its consumption by coalescence or aggregation with other particles. The
frequently reported inception mode below 5 nm [44, 46, 50] was not observed due to
the detection limit of the DMS (∼5 nm).

Following the near linear increase in soot diameter up to 20–25 mm HAB, the parti-
cle size increase becomes more rapid (Fig. 6a). Notably, the HAB at which the slope
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Figure 6: Particle sizes and number densities of the major and minor modes observed

in the particle size distribution. The error bars represent the max. and min.
values.

in particle size growth changes (Fig. 6a) coincides with the HAB of maximum parti-
cle number density (Fig. 6b). Thus the rapid increase in particle size is accompanied
with a decrease in particle number, suggesting that aggregation and agglomeration now
dominate. The maximum size varies significantly with fuel structure, increasing from
90 nm for pure heptane to 121 nm for 15 mol% toluene/heptane. Previous DMS500
measurements at the tip of a wick-fed diffusion flame using n-heptane/toluene mixtures
as fuel showed a similar trend [6]. At 26–30 mm HAB, the PSD starts to become bi-
modal and a mode with a size around 20 nm becomes visible (Fig. 6c and d). Similar
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to the minor 7 nm mode between 15–27 mm HAB, the 20 nm mode is expected to be
obscured at lower HAB. The size range of about 20 nm [6, 28] is in good agreement
with the primary particles frequently observed in TEM [6, 7, 28]. The mean size of
these primary particles depends on the fuel structure, increasing from about 19 nm for
heptane to 24 nm for 15 mol% toluene-heptane. The trend of increasing primary particle
size with increasing toluene content was also observed in TEM images of soot sampled
from a wick-fed diffusion flame [6]. The HAB at which the primary particles and soot
aggregates/agglomerates reach a maximum size is at 35–36 mm for all fuels. Above
36 mm HAB, both the size and the number of particles decrease, indicating that the soot
is rapidly consumed by oxidation.

The maximum number density is similar for all flames (Fig. 6b). The key difference
between the four fuel mixtures is the HAB at which soot nucleation starts. Soot formed
earlier in the flame has more time to grow in size prior oxidation, explaining the larger
primary particle size as seen in Fig. 6c. The larger primaries collide to form larger ag-
gregates and agglomerates as seen in 6a. The morphology of these agglomerates/aggre-
gates was not studied here, thus the relationship between soot size and volume fraction
or mass is unknown. Assuming spherical particles is an oversimplification but can nev-
ertheless give a rough estimate of the order of magnitude in soot volume change. Keep-
ing the soot number constant but increasing its size from 91 nm (heptane) to 121 nm
(15 mol% toluene-heptane) would increase the soot volume by a factor of 2.4. This
significant increase in soot volume fraction would cause higher heat loss from the flame
due to thermal radiation, which can be observed in Fig. 3.

It is worth noting that the uncertainties in the dilution corrected soot numbers are not
caused by changes in the experimental conditions. Notably, the measured particle size
distributions remain stable with time (Fig. S3a). The dilution factor recorded by the
DMS fluctuated significantly however due to the limitations of the mass flow meters
inside the DMS, introducing significant fluctuations into the dilution corrected number
densities (Fig. S3b). This explains the relatively small error bars in the mean particle
sizes (Fig. 6a and c) but large uncertainties in the number densities (Fig. 6b and d).
Therefore, a more accurate method to measure sample dilutions is expected to have the
most significant impact on decreasing the experimental uncertainties.

To explain why toluene addition leads to earlier soot inception, simulations of perfectly-
stirred reactors (PSRs) with heptane and 15 mol% toluene/heptane at temperatures ob-
served before, during and after soot inception (800, 1000, and 1200 K) were performed
(Table S1 and Fig. S4). The PSR was not an attempt to model the centreline of the
flame, but to examine the relative chemical (as opposed to mixing) rates of processes
that contribute to PAH growth. The chemical mechanism was developed for gasoline
surrogates [38] and previously successfully used for modelling soot formation in lam-
inar co-flow diffusion flames of gasoline/ethanol blends [26]. The simulation results
indicate that both, toluene and heptane form naphthalene and thus larger PAHs through
vinylacetylene (C4H4) addition to phenyl radicals and ehtylene (C2H4) addition to 2-
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ethynylphenyl radicals. However, heptane needs to form aromatics through the cyclisa-
tion of linear hydrocarbons while toluene already consists of an aromatic ring. Conse-
quently, the naphthalene precursors phenyl and 2-ethynylphenyl radicals form orders of
magnitude faster in the presence of toluene. The higher concentration in naphthalene
precursors leads to higher formation rates of naphthalene and subsequently larger, soot
forming PAHs. The more efficient production of soot precursors at lower temperatures
explains the earlier soot inception in the presence of toluene as seen in Fig. 5 and 6.

4 Conclusions

A well-established Yale burner was extended by a vapour delivery system to study soot
formation during the combustion of more realistic, liquid hydrocarbons. The effect of
toluene on the soot particle evolution inside a n-heptane flame was characterised by
measuring the particle size distribution with a differential mobility spectrometer. The
soot samples from the flame centreline were hereby taken with a newly developed quartz
probe that is expected to cause less flame disturbance and enhance diluent/sample mix-
ing. The DMS results showed that soot inception starts closer to the burner when the
proportion of toluene is increased. This finding is in agreement with the luminescence
zone observed in flame photographs and the HAB at which soot starts to deposit on
the thermocouple, causing the measured temperature to decrease with time. The ear-
lier soot inception is suggested to be caused by much higher rates of PAH formation in
the presence of toluene. This is consistent with simulations using a simple perfectly-
stirred reactor model, which showed differences in the rates of one- and two-ring PAH
formation by orders of magnitude. The earlier soot inception in the toluene-containing
flames increased the time for soot growth prior to oxidation. The resulting larger parti-
cles inside the toluene flames required more time to fully oxidise, which led to a slight
increase in the luminescent flame height. The experimental particle size distribution
measurements inside a vapour-fed co-flow diffusion flame are the first of their kind and
can aid the soot simulation community in testing their models.
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Supporting information

These supporting information provide additional figures and tables to substantiate the
results and discussions presented in the main article. In addition, all the raw data pre-
sented in Fig. 5 of the main manuscript are provided in Tables S2–S5 to facilitate the
validation of numerical soot models and comparison to other experimental studies. The
values are corrected for dilution and the temperature at the sample tip but not sample
losses in the lines. The numbers are in dN/dlogDp (cm−3); the absolute particle number
density can be obtained by summation over all particle sizes and dividing by 16 in ac-
cordance with the DMS500 manual. A technical drawing of the quartz probe developed
to take the soot samples from within the flame is shown on the last page.

Figure S1: Uncorrected flame temperatures as measured by fast insertion of a S-type
thermocouple.
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Figure S2: Time resolved flame temperature measurements at different HAB. The
dashed lines are linear regressions between 3.5-10 s and the resulting equa-
tions are shown in the figure legends.
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Figure S3: Particle size distribution in the centre of a heptane flame at 22 mm HAB.
The as-measured data shown in (a) was corrected for N2 dilution in (b).
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Figure S4: Rates of (a) benzene (A1), (b) ethylbenzene (A1C2H5), and (c) naphtha-
lene (A2) formation from pure heptane and 15 % toluene/heptane at 800 K,
1000 K, and 1200 K. Also shown are the main reactions contributing to the
overall rate of formation.
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Table S2: Averaged measured soot particle size distributions along the centreline of the
heptane flame in dN/dlogDp (cm−3).

HAB (mm)
Dp (nm) 10 11 12 13 14 15 16 17 18 19 20

4.87 9.1044E+07 9.4909E+07 9.3828E+07 2.4625E+08 4.5570E+08 6.3897E+08 6.6337E+08 6.5728E+08 5.1116E+08 2.2908E+08 2.2965E+08
5.62 1.0898E+08 1.1172E+08 1.1019E+08 3.6486E+08 7.8661E+08 1.6244E+09 1.9674E+09 1.8228E+09 1.5938E+09 6.9696E+08 4.6650E+08
6.49 9.5710E+07 9.1974E+07 8.8019E+07 3.3408E+08 8.2806E+08 2.3943E+09 3.4800E+09 3.6745E+09 3.4815E+09 2.2356E+09 1.8336E+09
7.5 8.3543E+07 7.9767E+07 6.7290E+07 2.3366E+08 6.1851E+08 2.4601E+09 4.6155E+09 6.1154E+09 7.0765E+09 6.7517E+09 6.6202E+09
8.66 6.1847E+07 5.7982E+07 4.1010E+07 1.1630E+08 3.1289E+08 1.8677E+09 4.9792E+09 8.3055E+09 1.1359E+10 1.3110E+10 1.4280E+10
10 5.9074E+07 5.4586E+07 3.5342E+07 4.8477E+07 9.1200E+07 1.0573E+09 4.4580E+09 9.0942E+09 1.4342E+10 1.8607E+10 2.2386E+10
11.55 6.4747E+07 5.9947E+07 3.6083E+07 3.2057E+07 1.7910E+07 4.3711E+08 3.2431E+09 7.9300E+09 1.4589E+10 2.0937E+10 2.8203E+10
13.34 6.2672E+07 5.8496E+07 2.8987E+07 2.7950E+07 1.2058E+07 1.2160E+08 1.8006E+09 5.4127E+09 1.2301E+10 1.9695E+10 3.0070E+10
15.4 6.0673E+07 5.6862E+07 2.4585E+07 2.8008E+07 1.3251E+07 2.5181E+07 6.5160E+08 2.7111E+09 8.6874E+09 1.5834E+10 2.7548E+10
17.78 5.6324E+07 5.1658E+07 2.1103E+07 2.7250E+07 1.5483E+07 9.0183E+06 8.9182E+07 8.7606E+08 5.1144E+09 1.0881E+10 2.1487E+10
20.54 4.7428E+07 4.0904E+07 1.5028E+07 2.2924E+07 1.3786E+07 9.9161E+06 4.8499E+06 1.0575E+08 2.4051E+09 6.2571E+09 1.4049E+10
23.71 3.8428E+07 3.1160E+07 1.1014E+07 1.8588E+07 1.1390E+07 9.9394E+06 3.7241E+06 5.6478E+06 7.8135E+08 2.9281E+09 7.5930E+09
27.38 3.0936E+07 2.4876E+07 9.0827E+06 1.4959E+07 9.2114E+06 9.0408E+06 3.3806E+06 4.1035E+06 1.2341E+08 9.4620E+08 3.2282E+09
31.62 2.6386E+07 2.1977E+07 8.8008E+06 1.2748E+07 7.8862E+06 8.2109E+06 5.0652E+06 3.8501E+06 2.4989E+06 9.9617E+07 8.7922E+08
36.52 2.3805E+07 2.0911E+07 8.8951E+06 1.1210E+07 7.2982E+06 7.5953E+06 7.8930E+06 4.5124E+06 4.4513E+06 1.2434E+06 4.6252E+07
42.17 2.2298E+07 2.0650E+07 9.2600E+06 1.0329E+07 7.3655E+06 7.1477E+06 1.0127E+07 5.9437E+06 5.5526E+06 3.5466E+06 7.9739E+06
48.7 2.1594E+07 2.0310E+07 9.6503E+06 9.8706E+06 7.5792E+06 6.7240E+06 1.0532E+07 7.2130E+06 5.6805E+06 5.4414E+06 9.1478E+06
56.23 2.0983E+07 1.9577E+07 9.8904E+06 1.0028E+07 7.5996E+06 6.5062E+06 9.8212E+06 7.4958E+06 6.2354E+06 5.9066E+06 1.0196E+07
64.94 2.0035E+07 1.8457E+07 9.6202E+06 1.0163E+07 7.2093E+06 6.3573E+06 8.7613E+06 6.6537E+06 7.2029E+06 5.2436E+06 1.0753E+07
74.99 1.8390E+07 1.6534E+07 8.6215E+06 9.8919E+06 6.5417E+06 5.9706E+06 7.6799E+06 5.2876E+06 7.6675E+06 4.8510E+06 9.9341E+06
86.6 1.6237E+07 1.4228E+07 7.3182E+06 8.9374E+06 5.5631E+06 5.2770E+06 6.7572E+06 4.4569E+06 6.9582E+06 4.8947E+06 8.4760E+06
100 1.3896E+07 1.1925E+07 5.9704E+06 7.4852E+06 4.6222E+06 4.4905E+06 5.9243E+06 4.0467E+06 5.3590E+06 4.2084E+06 6.9780E+06
115.48 1.1577E+07 9.8364E+06 4.7768E+06 5.9000E+06 3.8644E+06 3.6380E+06 4.9887E+06 3.8679E+06 3.9270E+06 2.9010E+06 5.8322E+06
133.35 9.4308E+06 7.9176E+06 3.7688E+06 4.4995E+06 3.1953E+06 2.8504E+06 4.0276E+06 3.4445E+06 3.2916E+06 2.3879E+06 4.7705E+06
153.99 7.3875E+06 6.1812E+06 2.9675E+06 3.4219E+06 2.5069E+06 2.2316E+06 3.1650E+06 2.6815E+06 2.8093E+06 2.3845E+06 3.9778E+06
177.83 5.5109E+06 4.6610E+06 2.3618E+06 2.6434E+06 1.8474E+06 1.8051E+06 2.4436E+06 1.8859E+06 2.3677E+06 2.4719E+06 3.2773E+06
205.35 4.0886E+06 3.5073E+06 1.8587E+06 2.0635E+06 1.3214E+06 1.4520E+06 1.8796E+06 1.3184E+06 1.8837E+06 2.2839E+06 2.7184E+06
237.14 3.2284E+06 2.7100E+06 1.4076E+06 1.6169E+06 9.7375E+05 1.1144E+06 1.5005E+06 9.7032E+05 1.4416E+06 1.8658E+06 2.1623E+06
273.84 2.7739E+06 2.1457E+06 1.0741E+06 1.2833E+06 7.6851E+05 8.2912E+05 1.2404E+06 7.5761E+05 1.0838E+06 1.3957E+06 1.6525E+06
316.23 2.4842E+06 1.7427E+06 8.3851E+05 1.0238E+06 6.3247E+05 6.1896E+05 1.0329E+06 6.1561E+05 8.8893E+05 1.0235E+06 1.2364E+06
365.17 2.1677E+06 1.4112E+06 6.7706E+05 8.2356E+05 5.3274E+05 4.8118E+05 8.4550E+05 5.1907E+05 7.7255E+05 7.8824E+05 9.3883E+05
421.7 1.7870E+06 1.1294E+06 5.7282E+05 6.5445E+05 4.4262E+05 3.8397E+05 6.7214E+05 4.4134E+05 6.6024E+05 6.4004E+05 7.3234E+05
486.97 1.3888E+06 8.8331E+05 5.0667E+05 5.0444E+05 3.5528E+05 3.1243E+05 5.1650E+05 3.7054E+05 5.5191E+05 5.2121E+05 5.8779E+05
562.34 1.0515E+06 6.7105E+05 4.5500E+05 3.8862E+05 2.8856E+05 2.7332E+05 3.8592E+05 3.0865E+05 4.4744E+05 4.1499E+05 4.6069E+05
649.38 8.4648E+05 5.2221E+05 4.2676E+05 3.1569E+05 2.4378E+05 2.5254E+05 3.0527E+05 2.6335E+05 3.5180E+05 3.3449E+05 3.7254E+05
749.89 7.8635E+05 4.4249E+05 4.1130E+05 2.8069E+05 2.2131E+05 2.4140E+05 2.6983E+05 2.3813E+05 2.8876E+05 2.9256E+05 3.4260E+05
865.96 8.2392E+05 4.1870E+05 3.9556E+05 2.7130E+05 2.0732E+05 2.2229E+05 2.5988E+05 2.2752E+05 2.5704E+05 2.8159E+05 3.5837E+05
1000 9.2829E+05 4.5874E+05 3.8330E+05 2.7878E+05 1.9057E+05 1.9757E+05 2.5547E+05 2.1629E+05 2.5392E+05 2.8385E+05 4.1581E+05

HAB (mm)
dN/dlogDp (nm) 21 22 23 24 25 26 27 28 29 30 31

4.87 2.5255E+08 3.4230E+08 3.2966E+08 2.3339E+08 1.6321E+08 1.5076E+08 4.5997E+07 8.6046E+07 8.0102E+07 3.9431E+08 3.8587E+07
5.62 4.7265E+08 1.0074E+09 1.2331E+09 9.2682E+08 7.1089E+08 6.2079E+08 1.0836E+08 1.7979E+08 1.3043E+08 6.0054E+08 4.8292E+07
6.49 8.1064E+08 1.3007E+09 1.4701E+09 1.1355E+09 9.2826E+08 8.4976E+08 1.6852E+08 2.3016E+08 1.3353E+08 5.2619E+08 4.8881E+07
7.5 3.4251E+09 1.3567E+09 3.8825E+08 1.9491E+08 1.3268E+08 1.3440E+08 8.0755E+07 6.6765E+07 3.4234E+07 2.4798E+08 3.1877E+07
8.66 9.0658E+09 3.4996E+09 3.4026E+08 3.4847E+06 2.0452E+05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
10 1.7493E+10 1.0604E+10 4.2288E+09 2.3484E+09 1.1924E+09 3.2583E+08 6.2176E+06 0.0000E+00 0.0000E+00 6.9865E+05 0.0000E+00
11.55 2.6964E+10 2.3235E+10 1.5231E+10 1.1706E+10 9.7618E+09 8.5199E+09 1.9457E+09 2.5657E+09 1.0906E+09 6.2608E+08 6.2517E+07
13.34 3.4386E+10 3.7196E+10 3.0323E+10 2.6427E+10 2.4305E+10 2.3572E+10 6.4487E+09 7.9888E+09 3.6612E+09 2.4976E+09 1.0129E+09
15.4 3.6747E+10 4.6507E+10 4.3680E+10 4.1339E+10 4.0244E+10 4.1413E+10 1.2966E+10 1.4550E+10 5.9802E+09 4.0650E+09 2.0190E+09
17.78 3.2848E+10 4.7138E+10 5.0297E+10 5.1205E+10 5.2523E+10 5.7009E+10 2.0404E+10 2.0387E+10 6.4858E+09 3.8231E+09 2.0914E+09
20.54 2.4715E+10 4.0142E+10 4.9261E+10 5.4031E+10 5.8501E+10 6.6945E+10 2.7757E+10 2.5239E+10 5.7876E+09 2.1205E+09 1.1857E+09
23.71 1.5847E+10 2.9554E+10 4.2604E+10 5.0548E+10 5.7875E+10 6.9800E+10 3.4193E+10 2.9837E+10 5.8495E+09 6.8401E+08 0.0000E+00
27.38 8.5956E+09 1.8920E+10 3.3097E+10 4.2790E+10 5.1989E+10 6.6178E+10 3.8884E+10 3.4436E+10 8.1782E+09 1.4579E+09 0.0000E+00
31.62 3.7306E+09 1.0316E+10 2.3184E+10 3.3083E+10 4.2932E+10 5.7915E+10 4.1134E+10 3.8625E+10 1.3299E+10 5.6535E+09 1.3663E+09
36.52 1.2306E+09 4.6551E+09 1.4548E+10 2.3301E+10 3.2605E+10 4.6935E+10 4.0773E+10 4.1810E+10 2.0444E+10 1.3139E+10 5.5288E+09
42.17 1.9755E+08 1.7478E+09 8.0835E+09 1.4810E+10 2.2649E+10 3.5174E+10 3.7871E+10 4.3266E+10 2.8266E+10 2.2877E+10 1.2347E+10
48.7 1.5413E+07 4.7256E+08 3.9790E+09 8.4298E+09 1.4322E+10 2.4356E+10 3.2700E+10 4.2262E+10 3.5099E+10 3.3242E+10 2.1074E+10
56.23 3.2842E+06 6.3203E+07 1.7934E+09 4.2773E+09 8.1952E+09 1.5540E+10 2.6011E+10 3.8339E+10 3.8718E+10 4.1204E+10 2.9361E+10
64.94 7.7489E+06 3.0855E+06 7.4655E+08 1.9697E+09 4.2298E+09 9.1013E+09 1.8821E+10 3.1810E+10 3.7801E+10 4.4236E+10 3.4665E+10
74.99 1.2196E+07 1.2623E+06 2.4583E+08 8.5597E+08 1.9762E+09 4.8619E+09 1.2174E+10 2.3654E+10 3.2280E+10 4.1128E+10 3.5157E+10
86.6 1.3590E+07 6.0680E+06 5.8472E+07 3.1901E+08 8.1584E+08 2.3388E+09 6.8597E+09 1.5353E+10 2.3682E+10 3.2814E+10 3.0622E+10
100 1.1594E+07 1.1871E+07 1.3987E+07 9.2583E+07 2.7559E+08 9.6333E+08 3.2249E+09 8.3536E+09 1.4475E+10 2.1995E+10 2.2617E+10
115.48 8.0114E+06 1.3083E+07 1.6556E+07 2.6605E+07 7.9740E+07 3.2938E+08 1.1597E+09 3.5217E+09 6.9382E+09 1.1851E+10 1.3742E+10
133.35 5.3188E+06 9.9696E+06 1.9981E+07 1.5968E+07 2.7115E+07 9.3772E+07 2.5130E+08 9.3212E+08 2.2589E+09 4.6516E+09 6.4288E+09
153.99 4.0733E+06 5.7934E+06 1.5160E+07 1.4999E+07 1.8603E+07 3.3212E+07 2.9893E+06 1.7112E+07 2.8088E+08 9.8744E+08 1.9573E+09
177.83 3.7633E+06 3.3093E+06 7.2043E+06 1.0996E+07 1.4864E+07 1.7899E+07 1.0580E+07 9.6162E+05 0.0000E+00 0.0000E+00 1.6298E+08
205.35 3.5297E+06 2.6435E+06 2.2895E+06 5.5446E+06 9.8523E+06 1.3884E+07 2.2439E+07 6.5440E+06 0.0000E+00 0.0000E+00 0.0000E+00
237.14 3.0911E+06 2.8615E+06 1.2725E+06 2.0995E+06 5.3055E+06 1.1649E+07 2.5127E+07 1.4845E+07 7.0159E+04 0.0000E+00 0.0000E+00
273.84 2.5237E+06 2.9732E+06 1.7413E+06 9.8634E+05 1.7812E+06 7.2808E+06 1.7321E+07 1.4542E+07 5.0947E+05 5.0471E+06 0.0000E+00
316.23 1.9871E+06 2.7349E+06 2.0855E+06 1.3316E+06 5.2640E+05 2.8740E+06 8.3174E+06 1.0567E+07 1.6682E+06 1.1615E+07 0.0000E+00
365.17 1.5347E+06 2.2121E+06 2.0380E+06 1.5220E+06 5.9573E+05 6.8734E+05 2.6804E+06 5.9849E+06 2.9152E+06 1.5771E+07 0.0000E+00
421.7 1.1451E+06 1.5850E+06 1.6535E+06 1.4085E+06 6.5219E+05 4.3300E+05 6.8294E+05 2.5473E+06 2.8282E+06 1.3638E+07 0.0000E+00
486.97 8.2294E+05 1.0171E+06 1.1294E+06 1.1459E+06 6.0716E+05 4.6925E+05 1.0085E+04 5.1669E+05 1.1749E+06 6.6831E+06 2.3325E+04
562.34 5.6118E+05 5.9392E+05 6.7937E+05 9.0681E+05 5.1787E+05 4.2539E+05 1.9460E+04 0.0000E+00 0.0000E+00 1.9139E+03 3.4168E+04
649.38 3.8666E+05 3.4690E+05 3.9309E+05 7.6567E+05 4.3435E+05 3.6532E+05 5.2193E+04 1.5889E+04 0.0000E+00 0.0000E+00 0.0000E+00
749.89 3.2276E+05 2.8476E+05 3.2167E+05 7.2019E+05 3.8275E+05 3.2368E+05 1.0986E+05 1.1080E+05 0.0000E+00 0.0000E+00 0.0000E+00
865.96 3.6656E+05 3.6615E+05 3.7556E+05 7.2786E+05 3.7057E+05 3.0173E+05 1.8869E+05 2.5228E+05 0.0000E+00 0.0000E+00 0.0000E+00
1000 5.0929E+05 5.6873E+05 5.4179E+05 7.7281E+05 3.7408E+05 2.9500E+05 2.3966E+05 4.1085E+05 3.5649E+05 2.3422E+06 0.0000E+00

25



HAB (mm)
Dp (nm) 32 33 34 35 36 37 38 39 40

4.87 4.9644E+07 3.3701E+07 3.2681E+07 9.0203E+07 3.5729E+07 2.2481E+07 3.8238E+07 2.0300E+08 6.5385E+07
5.62 6.2019E+07 4.1439E+07 3.8983E+07 1.2819E+08 4.4983E+07 2.8470E+07 5.4205E+07 2.9661E+08 9.3117E+07
6.49 6.2182E+07 4.5527E+07 4.2351E+07 1.1857E+08 4.8239E+07 2.8994E+07 6.6654E+07 3.3483E+08 1.3945E+08
7.5 4.3445E+07 3.4737E+07 3.1951E+07 6.8653E+07 3.5140E+07 2.0853E+07 4.4847E+07 2.4018E+08 1.9769E+08
8.66 0.0000E+00 0.0000E+00 3.3579E+05 2.9510E+06 8.6929E+05 3.8403E+05 2.1943E+05 1.2237E+08 3.4292E+08
10 0.0000E+00 0.0000E+00 0.0000E+00 5.4152E+04 0.0000E+00 0.0000E+00 1.1844E+06 3.8597E+08 7.4293E+08
11.55 5.0071E+06 1.0469E+06 9.7945E+05 2.6053E+07 5.1100E+06 1.3646E+07 1.9174E+08 1.5903E+09 1.4238E+09
13.34 6.4250E+08 4.1948E+08 3.1441E+08 3.7093E+08 3.2162E+08 3.7200E+08 7.8039E+08 3.3722E+09 2.2420E+09
15.4 1.6448E+09 1.2618E+09 1.0108E+09 1.0491E+09 9.4722E+08 9.5094E+08 1.3693E+09 4.8461E+09 2.9837E+09
17.78 2.2644E+09 1.9564E+09 1.6378E+09 1.6381E+09 1.4584E+09 1.2681E+09 1.5148E+09 5.4002E+09 3.4892E+09
20.54 1.9984E+09 1.9271E+09 1.6709E+09 1.6462E+09 1.4338E+09 1.0648E+09 1.2057E+09 5.3989E+09 3.7478E+09
23.71 8.8642E+08 1.0114E+09 9.1268E+08 8.9600E+08 7.6055E+08 4.5329E+08 8.1487E+08 5.7414E+09 3.8309E+09
27.38 0.0000E+00 0.0000E+00 0.0000E+00 6.0080E+06 2.8487E+07 5.6146E+07 8.9347E+08 7.0622E+09 3.7753E+09
31.62 4.0311E+08 1.1180E+08 1.3161E+07 3.4748E+07 1.2288E+08 5.2998E+08 1.8998E+09 9.4988E+09 3.5780E+09
36.52 3.3502E+09 2.1904E+09 1.4862E+09 1.3804E+09 1.5720E+09 2.2585E+09 3.8119E+09 1.2685E+10 3.2607E+09
42.17 8.9988E+09 6.5841E+09 4.9948E+09 4.6785E+09 4.7031E+09 5.2758E+09 6.4187E+09 1.6019E+10 2.8329E+09
48.7 1.6918E+10 1.3110E+10 1.0582E+10 1.0035E+10 9.4508E+09 9.3523E+09 9.3640E+09 1.8782E+10 2.2986E+09
56.23 2.5199E+10 2.0337E+10 1.7144E+10 1.6437E+10 1.4828E+10 1.3546E+10 1.1887E+10 2.0083E+10 1.7075E+09
64.94 3.1439E+10 2.6243E+10 2.2890E+10 2.2151E+10 1.9351E+10 1.6663E+10 1.3236E+10 1.9396E+10 1.1328E+09
74.99 3.3618E+10 2.8968E+10 2.6039E+10 2.5409E+10 2.1604E+10 1.7696E+10 1.2927E+10 1.6706E+10 6.5009E+08
86.6 3.0966E+10 2.7572E+10 2.5510E+10 2.5092E+10 2.0802E+10 1.6258E+10 1.0997E+10 1.2628E+10 3.0706E+08
100 2.4394E+10 2.2522E+10 2.1470E+10 2.1284E+10 1.7199E+10 1.2809E+10 8.0220E+09 8.1776E+09 1.0879E+08
115.48 1.6094E+10 1.5515E+10 1.5289E+10 1.5282E+10 1.2004E+10 8.4633E+09 4.8661E+09 4.3484E+09 2.3345E+07
133.35 8.5137E+09 8.6800E+09 8.8997E+09 8.9779E+09 6.8165E+09 4.4782E+09 2.3031E+09 1.7374E+09 1.7813E+06
153.99 3.2773E+09 3.6239E+09 3.9121E+09 3.9897E+09 2.8979E+09 1.7107E+09 7.2798E+08 4.0925E+08 9.7444E+05
177.83 6.9304E+08 8.8805E+08 1.0371E+09 1.0736E+09 7.2902E+08 3.4214E+08 7.5162E+07 2.8981E+06 1.3578E+06
205.35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.4486E+05 1.3492E+06
237.14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.3863E+05 1.0510E+06
273.84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4132E+06 7.4977E+05
316.23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6333E+06 5.5110E+05
365.17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.9590E+04 1.8555E+06 4.4395E+05
421.7 0.0000E+00 0.0000E+00 0.0000E+00 6.1301E+03 0.0000E+00 0.0000E+00 1.5338E+05 2.3110E+06 3.6075E+05
486.97 0.0000E+00 0.0000E+00 0.0000E+00 2.4512E+05 0.0000E+00 1.5966E+03 2.6317E+05 2.0515E+06 2.9659E+05
562.34 0.0000E+00 2.5031E+03 6.0383E+03 5.5462E+05 3.8062E+02 4.9957E+03 1.9249E+05 1.0549E+06 2.7118E+05
649.38 9.4175E+02 8.4659E+03 1.3465E+04 4.6795E+05 6.8719E+03 7.3390E+03 4.0603E+03 1.7717E+05 2.5526E+05
749.89 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.1508E+05 2.3198E+05
865.96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.7454E+05 1.9348E+05
1000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.3975E+03 6.3919E+05 1.6277E+05
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Table S3: Averaged measured soot particle size distributions along the centreline of the
5 mol% toluene/heptane flame in dN/dlogDp (cm−3).

HAB (mm)
Dp (nm) 10 11 12 13 14 15 16 17 18 19 20

4.87 2.6610E+08 5.4392E+08 1.0140E+09 7.4898E+08 2.3610E+08 1.5545E+08 1.8158E+08 2.7060E+08 3.4126E+08 4.7434E+08 3.7734E+08
5.62 4.3008E+08 9.7341E+08 2.6869E+09 2.7331E+09 7.7377E+08 4.0605E+07 4.9856E+06 1.6593E+08 8.0178E+08 1.5939E+09 1.4529E+09
6.49 4.4709E+08 1.0686E+09 4.1247E+09 5.5750E+09 3.1260E+09 1.2395E+09 2.2888E+08 3.8676E+08 1.0361E+09 1.8593E+09 1.7226E+09
7.5 3.5790E+08 8.4657E+08 4.5070E+09 8.3499E+09 8.7811E+09 8.0039E+09 5.3104E+09 3.6118E+09 1.7532E+09 8.3849E+08 3.8250E+08
8.66 2.1194E+08 4.7284E+08 3.8183E+09 1.0016E+10 1.5793E+10 1.8498E+10 1.4633E+10 1.0959E+10 5.2761E+09 1.7123E+09 1.3442E+08
10 1.0094E+08 1.7224E+08 2.6172E+09 9.8043E+09 2.0337E+10 2.7526E+10 2.4978E+10 2.2110E+10 1.4062E+10 9.0106E+09 4.5877E+09
11.55 5.4961E+07 4.9159E+07 1.4939E+09 7.7060E+09 1.9866E+10 3.0707E+10 3.2576E+10 3.4648E+10 2.7720E+10 2.4123E+10 1.7352E+10
13.34 4.4601E+07 3.0929E+07 6.8815E+08 4.6672E+09 1.5203E+10 2.7632E+10 3.5102E+10 4.4251E+10 4.1533E+10 4.2101E+10 3.4840E+10
15.4 4.5093E+07 3.1149E+07 2.0943E+08 1.9608E+09 9.0753E+09 2.0582E+10 3.1916E+10 4.6745E+10 4.9433E+10 5.5372E+10 5.0045E+10
17.78 4.4782E+07 3.3296E+07 1.9489E+07 4.4716E+08 4.1456E+09 1.2648E+10 2.4160E+10 4.0584E+10 4.7751E+10 5.8437E+10 5.7013E+10
20.54 3.9207E+07 3.0728E+07 1.1131E+07 2.9333E+07 1.3483E+09 6.1278E+09 1.4794E+10 2.8876E+10 3.8323E+10 5.1830E+10 5.4853E+10
23.71 3.2524E+07 2.6696E+07 1.1301E+07 8.8883E+05 2.9096E+08 2.1219E+09 7.0362E+09 1.6778E+10 2.6008E+10 3.9848E+10 4.6255E+10
27.38 2.6560E+07 2.2891E+07 1.0392E+07 1.6443E+06 1.9978E+07 4.1465E+08 2.3121E+09 7.5848E+09 1.4721E+10 2.6715E+10 3.4667E+10
31.62 2.2831E+07 2.0513E+07 1.1060E+07 4.8146E+06 4.7903E+04 5.2112E+06 2.5623E+08 2.1659E+09 6.4510E+09 1.5291E+10 2.3009E+10
36.52 2.0265E+07 1.8771E+07 1.2414E+07 9.4949E+06 2.8169E+06 4.1769E+05 0.0000E+00 1.2708E+08 1.8278E+09 7.1323E+09 1.3236E+10
42.17 1.8483E+07 1.7652E+07 1.2950E+07 1.3114E+07 7.9175E+06 1.1889E+06 0.0000E+00 0.0000E+00 1.7781E+08 2.4657E+09 6.3021E+09
48.7 1.7656E+07 1.7101E+07 1.2731E+07 1.4285E+07 1.2659E+07 2.8085E+06 2.5778E+05 0.0000E+00 0.0000E+00 5.1038E+08 2.2901E+09
56.23 1.7392E+07 1.6686E+07 1.2085E+07 1.3507E+07 1.5582E+07 7.3735E+06 1.4690E+06 1.8732E+05 0.0000E+00 2.5540E+07 5.4022E+08
64.94 1.7171E+07 1.5791E+07 1.1328E+07 1.1516E+07 1.5605E+07 1.3372E+07 5.9613E+06 2.3275E+06 2.2734E+04 7.4552E+05 3.0695E+07
74.99 1.6308E+07 1.4173E+07 1.0418E+07 9.4357E+06 1.3335E+07 1.7254E+07 1.2621E+07 7.5256E+06 1.2292E+06 6.2290E+05 0.0000E+00
86.6 1.4501E+07 1.1989E+07 8.9341E+06 7.9808E+06 1.0700E+07 1.6629E+07 1.5988E+07 1.3644E+07 4.4670E+06 3.9804E+06 8.0746E+05
100 1.2113E+07 9.8246E+06 7.0810E+06 6.9348E+06 8.4351E+06 1.2504E+07 1.3530E+07 1.5315E+07 8.0097E+06 8.6415E+06 8.0683E+06
115.48 9.5177E+06 7.9808E+06 5.3977E+06 5.8083E+06 6.9200E+06 8.1044E+06 7.7587E+06 1.0992E+07 8.5309E+06 1.1370E+07 1.1881E+07
133.35 7.3246E+06 6.4415E+06 4.1571E+06 4.5497E+06 5.7699E+06 6.1470E+06 4.0512E+06 4.6619E+06 5.4548E+06 1.0282E+07 1.1040E+07
153.99 5.6836E+06 4.9603E+06 3.2795E+06 3.2766E+06 4.7377E+06 5.2459E+06 3.4931E+06 2.6335E+06 2.0259E+06 6.5015E+06 7.1800E+06
177.83 4.4379E+06 3.6917E+06 2.6542E+06 2.2648E+06 3.7326E+06 4.5811E+06 3.9439E+06 2.8641E+06 1.2548E+06 3.2349E+06 3.0788E+06
205.35 3.5417E+06 2.7315E+06 2.1176E+06 1.6385E+06 2.8609E+06 3.8469E+06 4.3214E+06 4.1445E+06 1.8501E+06 2.2181E+06 1.1002E+06
237.14 2.8421E+06 2.0910E+06 1.7063E+06 1.3519E+06 2.1921E+06 3.0713E+06 4.0740E+06 4.7938E+06 2.9349E+06 2.4334E+06 9.8916E+05
273.84 2.2926E+06 1.6882E+06 1.3970E+06 1.2169E+06 1.7649E+06 2.4304E+06 3.4187E+06 4.5004E+06 3.3848E+06 3.1042E+06 1.5648E+06
316.23 1.8681E+06 1.4479E+06 1.1400E+06 1.0749E+06 1.5495E+06 1.9927E+06 2.6632E+06 3.6332E+06 3.0606E+06 3.3643E+06 2.2955E+06
365.17 1.5414E+06 1.2512E+06 8.9117E+05 8.7855E+05 1.3669E+06 1.6926E+06 1.9973E+06 2.6662E+06 2.3183E+06 2.9961E+06 2.5141E+06
421.7 1.3005E+06 1.0489E+06 6.8434E+05 6.9275E+05 1.1251E+06 1.4100E+06 1.4593E+06 1.8644E+06 1.5563E+06 2.2626E+06 2.1696E+06
486.97 1.1023E+06 8.3485E+05 5.1885E+05 5.5988E+05 8.5862E+05 1.1300E+06 1.0763E+06 1.2872E+06 9.9144E+05 1.5108E+06 1.5437E+06
562.34 9.3473E+05 6.2901E+05 4.1400E+05 4.6716E+05 6.3611E+05 8.7598E+05 8.2135E+05 8.9815E+05 6.4569E+05 9.4627E+05 9.5363E+05
649.38 7.9302E+05 4.8301E+05 3.5049E+05 3.9573E+05 5.0249E+05 6.9485E+05 6.5954E+05 6.8642E+05 4.8995E+05 6.0694E+05 5.6784E+05
749.89 6.9999E+05 4.1180E+05 3.2052E+05 3.4909E+05 4.4880E+05 6.0553E+05 5.8069E+05 6.1256E+05 4.6952E+05 4.8112E+05 4.1584E+05
865.96 6.6605E+05 3.9084E+05 2.9877E+05 3.1871E+05 4.3780E+05 5.8499E+05 5.7337E+05 6.3814E+05 5.1305E+05 5.0937E+05 4.0538E+05
1000 6.9026E+05 4.0580E+05 3.0433E+05 3.0818E+05 4.6387E+05 6.2015E+05 6.5208E+05 7.7813E+05 6.1646E+05 7.0225E+05 5.1370E+05

HAB (mm)
Dp (nm) 21 22 23 24 25 26 27 28 29 30 31

4.87 2.8673E+08 1.5456E+08 1.5992E+08 1.1907E+08 1.1213E+08 7.6868E+07 7.8152E+07 6.7329E+07 5.1647E+07 5.8523E+07 6.3389E+07
5.62 1.0670E+09 6.6396E+08 5.7902E+08 3.2722E+08 2.2822E+08 1.5292E+08 1.2729E+08 9.7961E+07 7.0032E+07 8.0076E+07 8.5615E+07
6.49 1.3004E+09 9.0356E+08 7.9794E+08 4.7142E+08 3.0008E+08 2.0841E+08 1.3721E+08 1.0672E+08 7.9714E+07 8.3428E+07 8.5451E+07
7.5 2.3385E+08 1.6631E+08 2.2494E+08 2.4858E+08 1.8422E+08 1.1044E+08 4.8509E+07 5.6949E+07 5.7434E+07 5.6950E+07 5.8269E+07
8.66 1.7472E+06 0.0000E+00 0.0000E+00 2.3570E+06 1.1968E+07 2.9102E+06 0.0000E+00 0.0000E+00 0.0000E+00 9.3786E+05 2.2824E+06
10 2.1753E+09 5.4208E+08 2.9696E+08 8.9645E+07 1.5053E+08 9.1196E+07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
11.55 1.2523E+10 8.6467E+09 6.9476E+09 3.5512E+09 2.2057E+09 1.9837E+09 1.1385E+09 3.8123E+08 3.9093E+07 1.2841E+06 9.2851E+05
13.34 2.8623E+10 2.2919E+10 1.9404E+10 1.1373E+10 7.3080E+09 6.2739E+09 3.7067E+09 2.0630E+09 1.0834E+09 4.7469E+08 3.3052E+08
15.4 4.4581E+10 3.9019E+10 3.4581E+10 2.3156E+10 1.5956E+10 1.2759E+10 6.4180E+09 3.7312E+09 2.3691E+09 1.4157E+09 1.0969E+09
17.78 5.4629E+10 5.1928E+10 4.8378E+10 3.7055E+10 2.7550E+10 2.0800E+10 8.0790E+09 3.9149E+09 2.7719E+09 2.2179E+09 1.8437E+09
20.54 5.6735E+10 5.8632E+10 5.7573E+10 4.9949E+10 4.0014E+10 2.9664E+10 9.0658E+09 2.7121E+09 1.9647E+09 2.2129E+09 1.9373E+09
23.71 5.1927E+10 5.8323E+10 6.0437E+10 5.8690E+10 5.0687E+10 3.8489E+10 1.0688E+10 1.5271E+09 4.8204E+08 1.1750E+09 1.0856E+09
27.38 4.2668E+10 5.2208E+10 5.7251E+10 6.1750E+10 5.7491E+10 4.5983E+10 1.3807E+10 2.1810E+09 2.2811E+06 0.0000E+00 0.0000E+00
31.62 3.1680E+10 4.2567E+10 4.9643E+10 5.9220E+10 5.9346E+10 5.0766E+10 1.8474E+10 5.9921E+09 1.3864E+09 1.1267E+08 3.1752E+06
36.52 2.1043E+10 3.1469E+10 3.9408E+10 5.2087E+10 5.6349E+10 5.2212E+10 2.3979E+10 1.2688E+10 5.9932E+09 2.5008E+09 1.4671E+09
42.17 1.2216E+10 2.0812E+10 2.8450E+10 4.1954E+10 4.9271E+10 5.0039E+10 2.9288E+10 2.1381E+10 1.3803E+10 7.6307E+09 5.3139E+09
48.7 6.0162E+09 1.2134E+10 1.8529E+10 3.0719E+10 3.9347E+10 4.4303E+10 3.3221E+10 3.0746E+10 2.4139E+10 1.5332E+10 1.1822E+10
56.23 2.3812E+09 6.0835E+09 1.0751E+10 2.0240E+10 2.8438E+10 3.5911E+10 3.4398E+10 3.8170E+10 3.4450E+10 2.3962E+10 1.9915E+10
64.94 7.0390E+08 2.5358E+09 5.4608E+09 1.1786E+10 1.8312E+10 2.6320E+10 3.2159E+10 4.1331E+10 4.1700E+10 3.1130E+10 2.7503E+10
74.99 1.3795E+08 8.5143E+08 2.3806E+09 5.9161E+09 1.0283E+10 1.7136E+10 2.6738E+10 3.8977E+10 4.3470E+10 3.4599E+10 3.2317E+10
86.6 7.8963E+06 2.2597E+08 8.7383E+08 2.4644E+09 4.8711E+09 9.6549E+09 1.9401E+10 3.1716E+10 3.9067E+10 3.3171E+10 3.2736E+10
100 1.1061E+07 4.8880E+07 2.5734E+08 7.9921E+08 1.8288E+09 4.5042E+09 1.1947E+10 2.1832E+10 2.9948E+10 2.7311E+10 2.8580E+10
115.48 3.2220E+07 3.4407E+07 7.7911E+07 1.8362E+08 4.7181E+08 1.5942E+09 5.9395E+09 1.2217E+10 1.9083E+10 1.8985E+10 2.1247E+10
133.35 3.3963E+07 3.9412E+07 4.8318E+07 4.3497E+07 5.3630E+07 3.3789E+08 2.1403E+09 5.0985E+09 9.5667E+09 1.0736E+10 1.3070E+10
153.99 2.2105E+07 3.1144E+07 4.3936E+07 4.5298E+07 1.2012E+07 8.3229E+06 4.0257E+08 1.2438E+09 3.3144E+09 4.5456E+09 6.2379E+09
177.83 9.3527E+06 1.5890E+07 3.2069E+07 5.2994E+07 4.3920E+07 2.1532E+06 0.0000E+00 0.0000E+00 4.8735E+08 1.1389E+09 1.9624E+09
205.35 2.5502E+06 4.5860E+06 1.6465E+07 4.0892E+07 5.6125E+07 2.0446E+07 0.0000E+00 0.0000E+00 0.0000E+00 1.4428E+06 1.7426E+08
237.14 1.4281E+06 4.6156E+05 5.5051E+06 2.1521E+07 4.1594E+07 3.4889E+07 1.8187E+05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
273.84 1.7699E+06 1.0917E+05 1.0985E+06 7.1079E+06 1.9814E+07 2.9692E+07 1.6137E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
316.23 2.4751E+06 3.0899E+05 8.3687E+05 9.6310E+05 5.2977E+06 1.6856E+07 2.7518E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
365.17 2.8676E+06 6.1952E+05 1.3466E+06 2.3172E+05 4.8300E+05 5.8761E+06 4.2817E+06 1.8122E+04 0.0000E+00 0.0000E+00 0.0000E+00
421.7 2.6286E+06 8.1406E+05 1.5338E+06 5.1351E+05 6.4452E+04 8.5149E+05 4.6332E+06 1.0803E+05 0.0000E+00 0.0000E+00 0.0000E+00
486.97 1.9310E+06 8.0667E+05 1.3717E+06 7.6033E+05 1.6701E+05 9.7529E+03 2.5596E+06 3.4958E+05 2.3642E+04 0.0000E+00 0.0000E+00
562.34 1.1608E+06 6.6034E+05 1.0358E+06 8.4588E+05 3.6590E+05 0.0000E+00 3.9770E+04 2.1351E+05 2.8932E+04 6.5429E+03 2.6630E+04
649.38 6.2007E+05 4.8734E+05 7.2904E+05 8.4524E+05 5.8053E+05 2.2973E+04 0.0000E+00 0.0000E+00 0.0000E+00 3.3124E+04 3.7988E+04
749.89 4.0087E+05 3.6401E+05 5.5788E+05 8.0038E+05 7.3246E+05 1.3798E+05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
865.96 4.3645E+05 3.1025E+05 4.9308E+05 7.6984E+05 8.1798E+05 3.0187E+05 4.8509E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1000 6.8137E+05 3.1659E+05 5.6023E+05 7.8385E+05 8.5680E+05 4.5876E+05 2.2157E+05 1.3221E+04 0.0000E+00 0.0000E+00 0.0000E+00

27



HAB (mm)
Dp (nm) 32 33 34 35 36 37 38 39 40

4.87 5.6949E+07 5.6645E+07 6.0415E+07 5.6248E+07 5.0065E+07 5.2806E+07 5.3703E+07 4.8402E+07 5.7395E+07
5.62 7.6635E+07 6.9446E+07 7.3143E+07 6.5596E+07 5.9853E+07 6.5197E+07 7.0076E+07 6.6969E+07 8.0169E+07
6.49 7.7224E+07 7.0095E+07 6.8160E+07 5.9641E+07 5.7889E+07 6.6503E+07 6.6415E+07 6.9118E+07 7.8697E+07
7.5 5.8522E+07 6.1090E+07 6.2112E+07 5.7722E+07 5.6349E+07 5.8027E+07 4.8503E+07 4.7515E+07 5.1706E+07
8.66 1.5649E+07 3.2221E+07 4.2188E+07 4.1266E+07 4.0234E+07 3.0541E+07 1.4936E+07 8.3217E+06 2.0131E+07
10 6.9030E+05 6.9326E+06 1.7121E+07 2.0014E+07 1.8628E+07 1.0033E+07 2.0885E+06 3.9305E+06 4.6089E+07
11.55 4.3126E+05 5.2469E+05 1.2160E+06 2.6878E+06 3.0482E+06 5.1236E+06 1.8638E+07 7.6636E+07 2.2639E+08
13.34 1.8711E+08 1.1781E+07 3.2949E+06 2.5732E+06 1.0880E+07 5.2763E+07 1.8213E+08 3.2650E+08 5.0405E+08
15.4 7.0100E+08 3.6693E+08 2.8485E+08 2.2572E+08 2.4830E+08 3.4233E+08 5.1127E+08 6.2655E+08 7.3132E+08
17.78 1.2618E+09 1.0789E+09 8.9879E+08 7.3615E+08 7.4739E+08 8.1765E+08 8.2696E+08 7.8889E+08 8.0005E+08
20.54 1.3967E+09 1.6144E+09 1.3892E+09 1.1548E+09 1.1355E+09 1.1125E+09 8.8292E+08 7.2694E+08 7.5984E+08
23.71 8.4315E+08 1.4055E+09 1.2436E+09 1.0453E+09 1.0022E+09 8.8916E+08 5.6361E+08 5.0880E+08 7.5970E+08
27.38 5.8183E+07 6.1082E+08 5.7125E+08 4.8920E+08 4.5024E+08 3.2359E+08 1.4919E+08 3.9523E+08 9.3954E+08
31.62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.4150E+05 2.6877E+06 1.4473E+08 6.9615E+08 1.3713E+09
36.52 7.3016E+08 1.0539E+08 3.1964E+07 3.0700E+06 5.5306E+07 1.9790E+08 7.5585E+08 1.4917E+09 2.0068E+09
42.17 3.0881E+09 1.8731E+09 1.3771E+09 1.0610E+09 1.1748E+09 1.5533E+09 2.1948E+09 2.7697E+09 2.7481E+09
48.7 7.4389E+09 5.6722E+09 4.4569E+09 3.5902E+09 3.7717E+09 4.3246E+09 4.5102E+09 4.4319E+09 3.4666E+09
56.23 1.3227E+10 1.1098E+10 9.0405E+09 7.4468E+09 7.6728E+09 8.2072E+09 7.3316E+09 6.1232E+09 3.9608E+09
64.94 1.9054E+10 1.6916E+10 1.4149E+10 1.1828E+10 1.2045E+10 1.2306E+10 9.9612E+09 7.3878E+09 4.0717E+09
74.99 2.3240E+10 2.1544E+10 1.8427E+10 1.5580E+10 1.5717E+10 1.5488E+10 1.1634E+10 7.8296E+09 3.7320E+09
86.6 2.4412E+10 2.3520E+10 2.0542E+10 1.7533E+10 1.7533E+10 1.6730E+10 1.1789E+10 7.2784E+09 3.0144E+09
100 2.2142E+10 2.2163E+10 1.9764E+10 1.7014E+10 1.6861E+10 1.5588E+10 1.0343E+10 5.8838E+09 2.1075E+09
115.48 1.7198E+10 1.7931E+10 1.6348E+10 1.4187E+10 1.3920E+10 1.2445E+10 7.7608E+09 4.0605E+09 1.2364E+09
133.35 1.1193E+10 1.2232E+10 1.1436E+10 1.0005E+10 9.7018E+09 8.3430E+09 4.8446E+09 2.3069E+09 5.7267E+08
153.99 5.8275E+09 6.7657E+09 6.5230E+09 5.7566E+09 5.4984E+09 4.5004E+09 2.3727E+09 9.9720E+08 1.8179E+08
177.83 2.1891E+09 2.7821E+09 2.7963E+09 2.4933E+09 2.3320E+09 1.7784E+09 7.9298E+08 2.6470E+08 2.3333E+07
205.35 4.3310E+08 6.6308E+08 7.1342E+08 6.4540E+08 5.8327E+08 3.9184E+08 1.0350E+08 5.5536E+06 1.9755E+04
237.14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0228E+05
273.84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.6911E+05
316.23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.2110E+05
365.17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 6.7084E+05
421.7 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9299E+04 9.0611E+05
486.97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.5925E+03 1.5624E+05 8.3987E+05
562.34 8.8054E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.4188E+04 2.7477E+05 4.7655E+05
649.38 1.1478E+04 2.0236E+04 4.5967E+04 2.7660E+04 1.5263E+04 2.1377E+03 7.4999E+04 1.8896E+05 1.0734E+05
749.89 2.3258E+04 6.5763E+04 1.1987E+05 9.4384E+04 5.8838E+04 2.2221E+04 0.0000E+00 0.0000E+00 9.5882E+04
865.96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2483E+05
1000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.7040E+03 2.1438E+05
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Table S4: Averaged measured soot particle size distributions along the centreline of the
10 mol% toluene/heptane flame in dN/dlogDp (cm−3).

HAB (mm)
Dp (nm) 10 11 12 13 14 15 16 17 18 19 20

4.87 3.5054E+08 7.4079E+08 9.6481E+08 2.9731E+08 1.2010E+08 1.5889E+08 2.1988E+08 3.7303E+08 3.5298E+08 1.5684E+08 1.8641E+08
5.62 5.9723E+08 1.5365E+09 2.8486E+09 1.1166E+09 2.6075E+07 5.1973E+06 2.8140E+08 1.1320E+09 1.2880E+09 1.1116E+09 8.2142E+08
6.49 6.4746E+08 1.9518E+09 4.8066E+09 3.5950E+09 1.1168E+09 9.8515E+07 4.4216E+08 1.3632E+09 1.5301E+09 1.3584E+09 1.0681E+09
7.5 5.2452E+08 1.7959E+09 5.8649E+09 8.2495E+09 7.1928E+09 4.3528E+09 2.4875E+09 1.2886E+09 5.8925E+08 2.6862E+08 9.4789E+07
8.66 3.0677E+08 1.2340E+09 5.7055E+09 1.3341E+10 1.6520E+10 1.2711E+10 7.8965E+09 3.7982E+09 1.2165E+09 2.3850E+08 0.0000E+00
10 1.3275E+08 6.2670E+08 4.5942E+09 1.6014E+10 2.4316E+10 2.2672E+10 1.7334E+10 1.2520E+10 6.8811E+09 3.3737E+09 9.9201E+08
11.55 5.6565E+07 2.3567E+08 3.0581E+09 1.4633E+10 2.6654E+10 3.0835E+10 2.9228E+10 2.7736E+10 2.0095E+10 1.4551E+10 1.0870E+10
13.34 3.4727E+07 6.9886E+07 1.5972E+09 1.0234E+10 2.3374E+10 3.4548E+10 3.9379E+10 4.4174E+10 3.6685E+10 3.0367E+10 2.6991E+10
15.4 3.6843E+07 3.5937E+07 5.6524E+08 5.2389E+09 1.6797E+10 3.2512E+10 4.3230E+10 5.4576E+10 4.9557E+10 4.4374E+10 4.3245E+10
17.78 4.0198E+07 3.5233E+07 8.4839E+07 1.7772E+09 9.8487E+09 2.5335E+10 3.8672E+10 5.4238E+10 5.3255E+10 5.0999E+10 5.3565E+10
20.54 3.5653E+07 3.4147E+07 9.6713E+06 2.7516E+08 4.4667E+09 1.5950E+10 2.8335E+10 4.4781E+10 4.7955E+10 4.9336E+10 5.5806E+10
23.71 2.9374E+07 3.0594E+07 1.2183E+07 1.3200E+07 1.3736E+09 7.8651E+09 1.7092E+10 3.1447E+10 3.7452E+10 4.1784E+10 5.1014E+10
27.38 2.3983E+07 2.6410E+07 1.4623E+07 0.0000E+00 2.0807E+08 2.7607E+09 8.2119E+09 1.8673E+10 2.5611E+10 3.1473E+10 4.1713E+10
31.62 2.1132E+07 2.3974E+07 2.0195E+07 5.5400E+05 0.0000E+00 4.1518E+08 2.7127E+09 8.8938E+09 1.5117E+10 2.1068E+10 3.0685E+10
36.52 1.9108E+07 2.2229E+07 2.4772E+07 5.7812E+06 2.1906E+05 0.0000E+00 3.9920E+08 3.0376E+09 7.4559E+09 1.2334E+10 2.0060E+10
42.17 1.7787E+07 2.0977E+07 2.5743E+07 1.3139E+07 1.3717E+06 0.0000E+00 4.8531E+06 5.5471E+08 2.9040E+09 6.1099E+09 1.1321E+10
48.7 1.6964E+07 2.0364E+07 2.4142E+07 1.8482E+07 3.9594E+06 2.8749E+03 0.0000E+00 1.4885E+07 7.9167E+08 2.4614E+09 5.2856E+09
56.23 1.6159E+07 1.9880E+07 2.1430E+07 1.9851E+07 8.6922E+06 3.0449E+05 0.0000E+00 0.0000E+00 1.0423E+08 7.1272E+08 1.8674E+09
64.94 1.5150E+07 1.9154E+07 1.8624E+07 1.7536E+07 1.3295E+07 2.3130E+06 3.0443E+04 1.0651E+04 2.5022E+05 1.0540E+08 4.2235E+08
74.99 1.3717E+07 1.7746E+07 1.6120E+07 1.3563E+07 1.4734E+07 6.2042E+06 6.1065E+05 4.5847E+05 1.6711E+05 8.7363E+05 4.0793E+07
86.6 1.2019E+07 1.5529E+07 1.3915E+07 1.0584E+07 1.2805E+07 8.3156E+06 2.3871E+06 1.6934E+06 1.4235E+06 5.3106E+05 5.7179E+05
100 1.0269E+07 1.2882E+07 1.1888E+07 9.2769E+06 9.2796E+06 6.8966E+06 4.0784E+06 2.8713E+06 3.3899E+06 2.3218E+06 1.6567E+06
115.48 8.4443E+06 1.0168E+07 9.7403E+06 8.4867E+06 6.3121E+06 3.4128E+06 3.5377E+06 2.9376E+06 4.2501E+06 6.0977E+06 1.2442E+07
133.35 6.7383E+06 7.9006E+06 7.7398E+06 7.3571E+06 4.8987E+06 1.6487E+06 1.5592E+06 1.8201E+06 3.3650E+06 5.6168E+06 1.2593E+07
153.99 5.1272E+06 6.1343E+06 5.9860E+06 5.7971E+06 4.1981E+06 1.5932E+06 6.7964E+05 9.1820E+05 1.9515E+06 3.1732E+06 7.6787E+06
177.83 3.8563E+06 4.7735E+06 4.5158E+06 4.2334E+06 3.6495E+06 2.2752E+06 1.0071E+06 7.6337E+05 1.0480E+06 1.3090E+06 2.8441E+06
205.35 3.0326E+06 3.6819E+06 3.4085E+06 3.0379E+06 3.0647E+06 2.7943E+06 1.8837E+06 1.4296E+06 1.0977E+06 5.7207E+05 4.9366E+05
237.14 2.4397E+06 2.8185E+06 2.7002E+06 2.2414E+06 2.3979E+06 2.7075E+06 2.2910E+06 1.9769E+06 1.5503E+06 8.4470E+05 2.5881E+05
273.84 2.0208E+06 2.2294E+06 2.2290E+06 1.7470E+06 1.8018E+06 2.1824E+06 2.0682E+06 2.0411E+06 1.8949E+06 1.2900E+06 4.5797E+05
316.23 1.7379E+06 1.8907E+06 1.9275E+06 1.4825E+06 1.4008E+06 1.5663E+06 1.5431E+06 1.6945E+06 1.8863E+06 1.5290E+06 7.7538E+05
365.17 1.4938E+06 1.6776E+06 1.6608E+06 1.3123E+06 1.1206E+06 1.0787E+06 1.0353E+06 1.2486E+06 1.5554E+06 1.4369E+06 9.5144E+05
421.7 1.2503E+06 1.4510E+06 1.3726E+06 1.1282E+06 9.2349E+05 7.7698E+05 7.0093E+05 8.8964E+05 1.1197E+06 1.1228E+06 8.6756E+05
486.97 1.0016E+06 1.1770E+06 1.0707E+06 9.1501E+05 7.6668E+05 5.9049E+05 5.2543E+05 6.3403E+05 7.4414E+05 7.7129E+05 6.5621E+05
562.34 7.8389E+05 9.2930E+05 7.9347E+05 7.1042E+05 6.1703E+05 4.8467E+05 4.4423E+05 4.6355E+05 5.0024E+05 5.0955E+05 4.6263E+05
649.38 6.3316E+05 7.7443E+05 6.0858E+05 5.6144E+05 4.8725E+05 4.1476E+05 4.2466E+05 3.8631E+05 3.8907E+05 3.5986E+05 3.4896E+05
749.89 5.6102E+05 7.0715E+05 5.1377E+05 4.8175E+05 4.0947E+05 3.8239E+05 4.1748E+05 3.6842E+05 3.7577E+05 3.0499E+05 2.9442E+05
865.96 5.3537E+05 6.9608E+05 4.9433E+05 4.4363E+05 3.9068E+05 3.7765E+05 4.0263E+05 3.6900E+05 4.1055E+05 3.1322E+05 2.7088E+05
1000 5.4094E+05 7.1317E+05 5.3761E+05 4.6097E+05 4.2237E+05 3.9777E+05 4.0116E+05 3.8869E+05 4.6441E+05 3.6184E+05 2.6365E+05

HAB (mm)
Dp (nm) 21 22 23 24 25 26 27 28 29 30 31

4.87 1.3133E+08 9.9694E+07 7.5984E+07 5.0252E+07 5.5741E+07 6.0435E+07 4.2542E+07 4.5075E+07 4.6246E+07 5.7588E+07 6.2893E+07
5.62 5.2779E+08 3.2451E+08 1.6726E+08 8.8019E+07 7.0259E+07 8.8786E+07 7.5217E+07 5.7989E+07 6.0008E+07 7.4346E+07 6.8968E+07
6.49 7.2521E+08 4.8123E+08 2.5025E+08 1.2791E+08 8.7740E+07 1.1280E+08 9.8208E+07 6.2557E+07 6.8038E+07 8.2186E+07 6.7275E+07
7.5 1.0503E+08 1.5439E+08 1.6352E+08 1.2497E+08 8.9460E+07 7.4327E+07 6.0491E+07 4.5627E+07 5.2178E+07 6.7887E+07 6.4432E+07
8.66 0.0000E+00 1.1257E+07 6.0991E+07 1.2492E+08 7.1726E+07 0.0000E+00 0.0000E+00 2.5470E+06 5.4137E+06 1.9714E+07 3.6313E+07
10 2.4875E+08 5.1564E+07 1.6239E+08 1.8209E+08 1.3542E+08 1.3927E+06 0.0000E+00 0.0000E+00 1.1446E+06 6.4940E+05 1.2047E+07
11.55 7.2063E+09 4.7049E+09 2.4832E+09 1.0613E+09 7.8886E+08 6.6592E+08 4.6937E+08 6.4470E+06 1.1590E+06 4.5902E+05 1.1079E+06
13.34 2.0104E+10 1.5388E+10 8.7370E+09 3.8523E+09 2.9196E+09 2.5465E+09 1.8820E+09 4.7774E+08 2.4982E+08 1.8749E+08 7.2501E+07
15.4 3.4995E+10 3.0194E+10 1.9173E+10 9.0243E+09 6.8191E+09 5.3624E+09 3.7267E+09 1.3628E+09 8.6461E+08 8.1336E+08 5.0529E+08
17.78 4.7100E+10 4.5384E+10 3.2368E+10 1.6384E+10 1.2504E+10 8.6699E+09 5.2672E+09 2.0380E+09 1.5365E+09 1.6265E+09 1.3200E+09
20.54 5.3493E+10 5.7034E+10 4.5145E+10 2.4994E+10 1.9888E+10 1.2413E+10 6.3596E+09 1.9346E+09 1.7063E+09 1.9619E+09 1.8914E+09
23.71 5.3359E+10 6.2317E+10 5.4060E+10 3.3483E+10 2.8567E+10 1.6726E+10 7.4049E+09 9.6198E+08 1.0491E+09 1.3459E+09 1.5803E+09
27.38 4.7795E+10 6.0808E+10 5.7381E+10 4.0309E+10 3.7208E+10 2.1383E+10 8.9805E+09 1.5586E+07 1.2599E+08 2.7577E+08 6.3173E+08
31.62 3.8926E+10 5.3925E+10 5.5136E+10 4.4163E+10 4.4033E+10 2.5812E+10 1.1574E+10 4.1538E+08 9.2551E+06 3.6160E+05 0.0000E+00
36.52 2.8689E+10 4.3487E+10 4.8281E+10 4.4606E+10 4.7974E+10 2.9409E+10 1.4848E+10 2.5976E+09 1.1663E+09 6.6837E+08 2.5037E+08
42.17 1.8861E+10 3.1654E+10 3.8453E+10 4.1639E+10 4.8268E+10 3.1580E+10 1.8936E+10 6.9897E+09 4.1257E+09 3.6578E+09 2.3685E+09
48.7 1.0883E+10 2.0588E+10 2.7624E+10 3.5631E+10 4.4516E+10 3.1807E+10 2.3343E+10 1.4031E+10 9.6502E+09 9.5191E+09 7.0208E+09
56.23 5.3568E+09 1.1753E+10 1.7681E+10 2.7719E+10 3.7355E+10 2.9796E+10 2.6897E+10 2.2302E+10 1.6916E+10 1.7545E+10 1.3848E+10
64.94 2.1607E+09 5.7048E+09 9.8538E+09 1.9343E+10 2.8216E+10 2.5733E+10 2.8371E+10 2.9495E+10 2.4079E+10 2.5800E+10 2.1364E+10
74.99 6.8520E+08 2.2296E+09 4.6174E+09 1.1881E+10 1.8875E+10 2.0235E+10 2.6967E+10 3.3303E+10 2.8990E+10 3.1918E+10 2.7537E+10
86.6 1.7049E+08 6.3088E+08 1.7106E+09 6.2369E+09 1.0906E+10 1.4258E+10 2.2745E+10 3.2356E+10 2.9981E+10 3.3883E+10 3.0411E+10
100 2.6132E+07 1.0560E+08 4.3897E+08 2.6537E+09 5.2158E+09 8.8036E+09 1.6694E+10 2.6931E+10 2.6663E+10 3.0976E+10 2.8979E+10
115.48 2.0688E+07 2.2617E+07 5.6141E+07 8.1936E+08 1.8944E+09 4.5999E+09 1.0344E+10 1.8882E+10 2.0165E+10 2.4186E+10 2.3710E+10
133.35 2.9169E+07 4.5834E+07 2.0651E+07 1.3490E+08 4.1246E+08 1.9100E+09 5.1219E+09 1.0749E+10 1.2617E+10 1.5767E+10 1.6364E+10
153.99 2.4889E+07 5.2959E+07 4.8567E+07 1.3301E+07 5.6616E+06 5.5672E+08 1.8002E+09 4.5802E+09 6.1402E+09 8.1720E+09 9.1665E+09
177.83 1.3326E+07 3.5112E+07 5.1712E+07 1.7073E+07 1.6249E+06 9.0055E+07 3.1456E+08 1.1702E+09 1.9960E+09 3.0154E+09 3.8259E+09
205.35 4.1698E+06 1.3650E+07 3.1646E+07 3.1449E+07 1.9872E+07 1.0629E+07 4.1991E+05 3.5167E+07 2.1535E+08 5.5601E+08 9.3033E+08
237.14 6.0168E+05 2.5517E+06 1.0987E+07 3.1493E+07 3.4884E+07 1.3596E+07 4.7576E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
273.84 1.6408E+05 1.4083E+05 1.3492E+06 2.0969E+07 2.9698E+07 1.4482E+07 6.3374E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
316.23 3.9964E+05 1.4872E+05 2.8510E+04 9.4533E+06 1.6866E+07 1.1016E+07 5.4831E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
365.17 6.8955E+05 4.4208E+05 8.3476E+04 2.0576E+06 5.9061E+06 6.8522E+06 3.2780E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
421.7 8.3731E+05 6.9570E+05 2.0203E+05 7.1521E+04 1.1128E+06 3.4212E+06 1.7287E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
486.97 7.7577E+05 7.7569E+05 3.1363E+05 1.0347E+05 0.0000E+00 1.0643E+06 9.1837E+05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
562.34 5.9812E+05 7.0160E+05 3.9805E+05 1.2780E+05 0.0000E+00 1.3001E+05 5.1844E+05 0.0000E+00 4.0003E+03 2.2047E+03 9.3749E+02
649.38 4.2548E+05 5.8513E+05 4.6399E+05 1.8103E+05 3.0564E+04 7.2078E+04 0.0000E+00 0.0000E+00 1.8179E+04 9.2317E+03 3.4947E+03
749.89 3.1587E+05 4.9514E+05 4.9747E+05 2.8982E+05 1.2518E+05 1.6328E+05 6.0814E+03 0.0000E+00 0.0000E+00 0.0000E+00 5.1217E+03
865.96 2.7144E+05 4.4068E+05 4.8439E+05 4.1074E+05 2.8700E+05 2.5077E+05 6.9869E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1000 2.9436E+05 4.3541E+05 4.3983E+05 5.0150E+05 4.2435E+05 3.6012E+05 2.0093E+05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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HAB (mm)
Dp (nm) 32 33 34 35 36 37 38 39 40

4.87 3.4800E+07 4.3998E+07 3.9811E+07 4.1724E+07 3.5658E+07 4.6150E+07 4.1966E+07 3.9801E+07 4.8489E+07
5.62 3.3757E+07 4.4332E+07 4.0523E+07 4.4712E+07 3.7395E+07 4.9560E+07 4.3380E+07 4.4679E+07 5.8404E+07
6.49 3.4307E+07 3.8971E+07 3.9692E+07 4.2553E+07 3.8146E+07 4.7005E+07 4.1350E+07 4.7830E+07 5.5778E+07
7.5 4.3233E+07 4.7383E+07 5.0027E+07 5.1504E+07 4.6543E+07 5.4652E+07 4.8050E+07 4.9242E+07 5.0868E+07
8.66 3.0522E+07 3.6163E+07 3.9403E+07 4.4165E+07 3.6140E+07 4.4026E+07 4.0013E+07 3.5964E+07 3.2602E+07
10 1.5093E+07 2.3046E+07 2.5267E+07 3.3129E+07 2.5563E+07 3.1470E+07 2.9028E+07 2.4628E+07 2.1260E+07
11.55 1.6403E+06 1.9990E+06 2.8680E+06 9.0176E+06 5.6362E+06 7.7117E+06 8.0653E+06 1.1142E+07 2.2528E+07
13.34 6.3277E+06 5.7645E+05 1.7856E+04 7.6759E+04 0.0000E+00 6.3081E+05 2.3667E+06 2.0964E+07 8.4704E+07
15.4 2.2185E+08 1.1398E+08 6.8910E+07 4.8805E+07 2.6274E+07 4.5602E+07 7.7978E+07 1.6039E+08 2.7691E+08
17.78 8.1678E+08 6.3638E+08 5.0907E+08 4.2259E+08 3.7354E+08 4.1240E+08 4.0785E+08 4.8254E+08 5.5584E+08
20.54 1.3190E+09 1.1200E+09 9.4082E+08 8.1558E+08 7.6108E+08 8.0853E+08 7.3427E+08 7.4474E+08 7.2263E+08
23.71 1.1991E+09 1.0664E+09 9.2912E+08 8.4097E+08 8.1547E+08 8.5097E+08 7.3404E+08 6.7853E+08 6.0826E+08
27.38 5.6099E+08 5.3481E+08 5.0200E+08 4.9435E+08 5.1094E+08 5.2174E+08 4.1784E+08 3.4485E+08 3.3041E+08
31.62 0.0000E+00 0.0000E+00 3.4157E+07 8.0688E+07 1.1358E+08 1.0958E+08 6.8549E+07 6.2819E+07 2.0311E+08
36.52 6.5091E+07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.7566E+05 1.9078E+07 1.2427E+08 4.5079E+08
42.17 1.1574E+09 6.2755E+08 4.0187E+08 3.3766E+08 2.5936E+08 3.2433E+08 4.1257E+08 7.4711E+08 1.2376E+09
48.7 4.0383E+09 2.8317E+09 2.1288E+09 1.8158E+09 1.6182E+09 1.7805E+09 1.7728E+09 2.2114E+09 2.6866E+09
56.23 8.7188E+09 6.7939E+09 5.3736E+09 4.6322E+09 4.2827E+09 4.5729E+09 4.2245E+09 4.5091E+09 4.6729E+09
64.94 1.4347E+10 1.1926E+10 9.7067E+09 8.4288E+09 7.9265E+09 8.3460E+09 7.4226E+09 7.2447E+09 6.7977E+09
74.99 1.9510E+10 1.7025E+10 1.4156E+10 1.2365E+10 1.1752E+10 1.2264E+10 1.0642E+10 9.7618E+09 8.5207E+09
86.6 2.2636E+10 2.0596E+10 1.7447E+10 1.5321E+10 1.4676E+10 1.5211E+10 1.2956E+10 1.1317E+10 9.3188E+09
100 2.2657E+10 2.1443E+10 1.8495E+10 1.6322E+10 1.5740E+10 1.6215E+10 1.3597E+10 1.1383E+10 8.9105E+09
115.48 1.9535E+10 1.9242E+10 1.6908E+10 1.4997E+10 1.4552E+10 1.4902E+10 1.2318E+10 9.9094E+09 7.4014E+09
133.35 1.4319E+10 1.4740E+10 1.3222E+10 1.1791E+10 1.1512E+10 1.1713E+10 9.5434E+09 7.3714E+09 5.2548E+09
153.99 8.6595E+09 9.4155E+09 8.6635E+09 7.7742E+09 7.6415E+09 7.7139E+09 6.1812E+09 4.5589E+09 3.0881E+09
177.83 4.0523E+09 4.7795E+09 4.5586E+09 4.1240E+09 4.0872E+09 4.0791E+09 3.1949E+09 2.2162E+09 1.4079E+09
205.35 1.2460E+09 1.7236E+09 1.7480E+09 1.6006E+09 1.6055E+09 1.5704E+09 1.1825E+09 7.4063E+08 4.2529E+08
237.14 1.1643E+08 3.1083E+08 3.6834E+08 3.4533E+08 3.5457E+08 3.2931E+08 2.2273E+08 1.0472E+08 4.7552E+07
273.84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
316.23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
365.17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
421.7 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
486.97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3017E+03
562.34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.9631E+03 8.6206E+03
649.38 8.9065E+03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.7165E+03 1.0168E+03 1.6885E+04 7.1090E+04
749.89 4.1789E+04 2.9729E+04 9.3398E+04 1.6018E+05 1.0539E+05 1.4478E+05 1.0854E+05 1.2037E+05 1.8310E+05
865.96 4.5519E+03 1.3421E+04 1.4130E+05 2.0247E+05 1.4655E+05 1.7427E+05 1.3556E+05 1.0842E+05 1.0708E+05
1000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table S5: Averaged measured soot particle size distributions along the centreline of the
15 mol% toluene/heptane flame in dN/dlogDp (cm−3).

HAB (mm)
Dp (nm) 8 9 10 11 12 13 14 15 16 17 18

4.87 8.2456E+07 4.4206E+08 8.7275E+08 6.5531E+08 2.3429E+08 2.1556E+08 3.1163E+08 3.8764E+08 3.5639E+08 2.6052E+08 2.2076E+08
5.62 9.7223E+07 8.7204E+08 2.2027E+09 2.0061E+09 5.2932E+08 1.5250E+08 7.1802E+08 1.2977E+09 1.4443E+09 1.0771E+09 9.1938E+08
6.49 8.3396E+07 1.0641E+09 3.4914E+09 4.3090E+09 2.3594E+09 5.0034E+08 9.6318E+08 1.5626E+09 1.7419E+09 1.3229E+09 1.1768E+09
7.5 7.2561E+07 9.3145E+08 4.2611E+09 8.9153E+09 8.3299E+09 5.1231E+09 2.2978E+09 9.4335E+08 3.3567E+08 1.7087E+08 1.1827E+08
8.66 4.6974E+07 5.7856E+08 4.3033E+09 1.4456E+10 1.6842E+10 1.3992E+10 6.8655E+09 2.5645E+09 2.0840E+08 6.9810E+06 2.1471E+07
10 3.7593E+07 2.5350E+08 3.6717E+09 1.8215E+10 2.4050E+10 2.4812E+10 1.6630E+10 9.9490E+09 4.5543E+09 2.6737E+09 1.4868E+09
11.55 3.8594E+07 1.0149E+08 2.6022E+09 1.8267E+10 2.6770E+10 3.4211E+10 3.0830E+10 2.5348E+10 1.8384E+10 1.4004E+10 1.2372E+10
13.34 3.6098E+07 6.5413E+07 1.4376E+09 1.4990E+10 2.4625E+10 3.9169E+10 4.4508E+10 4.3734E+10 3.7295E+10 3.1366E+10 3.0366E+10
15.4 3.6822E+07 5.9563E+07 5.3572E+08 1.0151E+10 1.9177E+10 3.7860E+10 5.1558E+10 5.7066E+10 5.3405E+10 4.7887E+10 4.8771E+10
17.78 3.7144E+07 5.7291E+07 1.0181E+08 5.6446E+09 1.2665E+10 3.0544E+10 4.8535E+10 5.9470E+10 6.0175E+10 5.7058E+10 6.0738E+10
20.54 3.3259E+07 5.1334E+07 4.5234E+07 2.4693E+09 6.9338E+09 2.0257E+10 3.7816E+10 5.1748E+10 5.6928E+10 5.7183E+10 6.3708E+10
23.71 2.8073E+07 4.4530E+07 4.5719E+07 7.2944E+08 3.0453E+09 1.0893E+10 2.4813E+10 3.8800E+10 4.6992E+10 5.0245E+10 5.8711E+10
27.38 2.2758E+07 3.7408E+07 4.0316E+07 6.6865E+07 9.4946E+08 4.5149E+09 1.3556E+10 2.5209E+10 3.4305E+10 3.9392E+10 4.8489E+10
31.62 1.9090E+07 3.1328E+07 3.3002E+07 5.0144E+06 1.0590E+08 1.1862E+09 5.7634E+09 1.3862E+10 2.2010E+10 2.7611E+10 3.6137E+10
36.52 1.6041E+07 2.6134E+07 2.6603E+07 1.1844E+07 5.2344E+05 1.6031E+08 1.7129E+09 6.1891E+09 1.2122E+10 1.7053E+10 2.4061E+10
42.17 1.3910E+07 2.2387E+07 2.2826E+07 1.7059E+07 2.5588E+06 4.4901E+06 3.8061E+08 2.1265E+09 5.4718E+09 8.9848E+09 1.3969E+10
48.7 1.2757E+07 2.0390E+07 2.2187E+07 1.8093E+07 5.4432E+06 1.6598E+04 1.7716E+07 5.8146E+08 1.8921E+09 3.8509E+09 6.8376E+09
56.23 1.1925E+07 1.9408E+07 2.2955E+07 1.5752E+07 8.8100E+06 2.2782E+05 0.0000E+00 7.8935E+07 4.9459E+08 1.2372E+09 2.6473E+09
64.94 1.1256E+07 1.8809E+07 2.3042E+07 1.2298E+07 1.0957E+07 1.7803E+06 0.0000E+00 0.0000E+00 8.2460E+07 3.0487E+08 7.2895E+08
74.99 1.0334E+07 1.7819E+07 2.1211E+07 9.7712E+06 1.0822E+07 5.7643E+06 1.9641E+05 0.0000E+00 0.0000E+00 4.7674E+07 1.4552E+08
86.6 9.2523E+06 1.6199E+07 1.7694E+07 8.6538E+06 9.3505E+06 8.7542E+06 1.8719E+06 3.5543E+05 6.1624E+03 7.9356E+05 1.5726E+07
100 7.9866E+06 1.3989E+07 1.4030E+07 8.1526E+06 7.3605E+06 7.8376E+06 3.9014E+06 2.1189E+06 1.4006E+06 1.6163E+06 9.7822E+05
115.48 6.7246E+06 1.1445E+07 1.1226E+07 7.3909E+06 5.6493E+06 4.0445E+06 3.7595E+06 3.9660E+06 3.3327E+06 4.0024E+06 8.5725E+06
133.35 5.5399E+06 9.6509E+06 9.0013E+06 6.3330E+06 4.8387E+06 1.7156E+06 1.5235E+06 4.7899E+06 3.9168E+06 4.1959E+06 1.0492E+07
153.99 4.4183E+06 8.1336E+06 6.8133E+06 5.0517E+06 4.1423E+06 1.7903E+06 2.5187E+05 4.0443E+06 2.9491E+06 2.7381E+06 6.5357E+06
177.83 3.3749E+06 6.5224E+06 4.9643E+06 3.7292E+06 3.3383E+06 2.6515E+06 6.6007E+05 3.3985E+06 1.2012E+06 1.2423E+06 2.4253E+06
205.35 2.4564E+06 4.8841E+06 3.6231E+06 2.6498E+06 2.5293E+06 3.1950E+06 1.7798E+06 2.9091E+06 4.6211E+05 3.1702E+05 4.6378E+05
237.14 1.7947E+06 3.5106E+06 2.7900E+06 1.9549E+06 1.8837E+06 2.9599E+06 2.4991E+06 2.4385E+06 6.0745E+05 2.6376E+05 1.7069E+05
273.84 1.3769E+06 2.5855E+06 2.3416E+06 1.5693E+06 1.4526E+06 2.2589E+06 2.4105E+06 2.0343E+06 1.0972E+06 5.4424E+05 2.5995E+05
316.23 1.1474E+06 2.0588E+06 2.0620E+06 1.3398E+06 1.1711E+06 1.5362E+06 1.8506E+06 1.6927E+06 1.4029E+06 8.3498E+05 5.6613E+05
365.17 9.6141E+05 1.7171E+06 1.7760E+06 1.1272E+06 9.6283E+05 1.0233E+06 1.2252E+06 1.3500E+06 1.3301E+06 8.9683E+05 7.6408E+05
421.7 7.5904E+05 1.3583E+06 1.4195E+06 8.9513E+05 7.8768E+05 7.3102E+05 7.5247E+05 9.5262E+05 1.0230E+06 7.5688E+05 7.3901E+05
486.97 5.7231E+05 1.0178E+06 1.0258E+06 6.7897E+05 6.4336E+05 5.7916E+05 4.8412E+05 6.2181E+05 7.0272E+05 5.4810E+05 5.7767E+05
562.34 4.4616E+05 7.3550E+05 6.9540E+05 5.2367E+05 5.3220E+05 5.0074E+05 3.4408E+05 4.0802E+05 4.6981E+05 3.7229E+05 4.0909E+05
649.38 3.8303E+05 5.5797E+05 4.8416E+05 4.3717E+05 4.6649E+05 4.4620E+05 2.9414E+05 3.0404E+05 3.2980E+05 2.6339E+05 2.8149E+05
749.89 4.7031E+05 4.8155E+05 4.1165E+05 4.1429E+05 4.4319E+05 4.2202E+05 3.1853E+05 2.8367E+05 2.6473E+05 2.1841E+05 2.0743E+05
865.96 5.8054E+05 4.9659E+05 4.3972E+05 4.2304E+05 4.4020E+05 4.2565E+05 3.5134E+05 3.0375E+05 2.5787E+05 2.1649E+05 1.8834E+05
1000 6.4573E+05 5.9256E+05 5.6259E+05 4.4973E+05 4.4451E+05 4.5134E+05 3.9083E+05 3.6149E+05 2.9020E+05 2.4168E+05 2.1607E+05

HAB (mm)
Dp (nm) 19 20 21 22 23 24 25 26 27 28 29

4.87 1.8470E+08 1.5697E+08 1.0752E+08 6.1451E+07 4.6016E+07 4.9652E+07 3.9253E+07 2.6039E+07 2.9095E+07 2.4942E+07 2.2282E+07
5.62 7.3670E+08 5.6670E+08 3.1441E+08 1.6509E+08 8.0677E+07 6.4549E+07 5.1555E+07 3.9869E+07 4.9756E+07 2.7666E+07 2.7109E+07
6.49 9.7527E+08 7.4329E+08 4.3962E+08 2.6684E+08 1.2555E+08 7.3990E+07 5.7244E+07 5.1884E+07 6.0866E+07 3.2579E+07 3.2853E+07
7.5 1.1267E+08 1.2114E+08 1.7080E+08 1.5460E+08 1.1659E+08 8.4604E+07 4.8886E+07 2.8189E+07 3.2171E+07 2.5873E+07 2.7200E+07
8.66 0.0000E+00 0.0000E+00 1.0151E+07 0.0000E+00 7.5149E+07 9.6043E+07 2.5908E+07 1.2968E+05 5.6804E+05 0.0000E+00 4.8999E+06
10 6.6538E+08 5.0761E+08 3.3447E+07 2.1121E+05 8.7817E+07 1.6479E+08 8.4208E+07 1.1840E+07 8.1615E+06 0.0000E+00 0.0000E+00
11.55 9.8721E+09 7.5214E+09 3.8886E+09 2.4012E+09 1.1403E+09 7.0472E+08 6.4721E+08 5.3018E+08 4.4830E+08 2.0409E+07 0.0000E+00
13.34 2.6261E+10 2.1071E+10 1.2845E+10 8.6928E+09 4.3950E+09 2.5424E+09 2.6446E+09 2.0276E+09 1.7800E+09 7.3880E+08 1.8442E+08
15.4 4.4326E+10 3.7360E+10 2.5856E+10 1.8815E+10 1.0650E+10 6.5277E+09 6.4424E+09 4.2260E+09 3.2606E+09 1.8709E+09 8.1331E+08
17.78 5.7847E+10 5.1359E+10 4.0249E+10 3.1193E+10 1.9754E+10 1.3154E+10 1.1966E+10 6.3206E+09 4.0575E+09 2.5806E+09 1.4955E+09
20.54 6.3662E+10 5.9588E+10 5.2593E+10 4.2894E+10 3.0096E+10 2.2137E+10 1.9340E+10 8.4700E+09 4.0886E+09 2.4054E+09 1.6630E+09
23.71 6.1577E+10 6.0675E+10 5.9934E+10 5.0902E+10 3.9385E+10 3.2419E+10 2.8505E+10 1.1438E+10 4.0560E+09 1.4100E+09 9.8720E+08
27.38 5.3483E+10 5.5475E+10 6.1202E+10 5.3746E+10 4.5700E+10 4.2066E+10 3.8254E+10 1.5633E+10 5.2845E+09 7.0712E+08 0.0000E+00
31.62 4.2160E+10 4.6163E+10 5.6989E+10 5.1503E+10 4.7925E+10 4.8950E+10 4.6679E+10 2.0875E+10 8.2996E+09 1.8378E+09 0.0000E+00
36.52 2.9968E+10 3.4850E+10 4.8606E+10 4.5085E+10 4.6014E+10 5.2031E+10 5.2462E+10 2.6477E+10 1.3767E+10 5.2039E+09 9.3073E+08
42.17 1.8878E+10 2.3583E+10 3.7852E+10 3.5984E+10 4.0527E+10 5.0761E+10 5.4512E+10 3.1538E+10 2.1286E+10 1.1149E+10 4.3198E+09
48.7 1.0320E+10 1.4111E+10 2.6697E+10 2.5970E+10 3.2452E+10 4.5083E+10 5.2079E+10 3.5074E+10 3.0012E+10 1.9832E+10 1.0965E+10
56.23 4.7154E+09 7.2929E+09 1.6848E+10 1.6751E+10 2.3401E+10 3.6194E+10 4.5483E+10 3.6005E+10 3.7822E+10 2.9608E+10 2.0144E+10
64.94 1.7004E+09 3.1438E+09 9.3150E+09 9.4490E+09 1.4938E+10 2.5954E+10 3.6029E+10 3.3813E+10 4.2446E+10 3.7900E+10 2.9688E+10
74.99 4.5041E+08 1.0830E+09 4.3760E+09 4.5174E+09 8.2443E+09 1.6341E+10 2.5578E+10 2.8700E+10 4.2254E+10 4.2161E+10 3.6883E+10
86.6 7.0704E+07 2.5916E+08 1.6652E+09 1.7380E+09 3.7839E+09 8.7927E+09 1.5991E+10 2.1687E+10 3.7042E+10 4.0901E+10 3.9389E+10
100 2.0235E+06 3.3698E+07 4.7463E+08 4.8857E+08 1.3359E+09 3.8509E+09 8.5614E+09 1.4282E+10 2.8228E+10 3.4439E+10 3.6323E+10
115.48 1.9136E+07 2.0991E+07 9.6368E+07 8.6924E+07 2.9565E+08 1.2382E+09 3.7338E+09 7.9129E+09 1.8269E+10 2.4818E+10 2.8730E+10
133.35 2.6886E+07 3.6965E+07 3.8353E+07 2.8368E+07 1.4626E+07 2.1555E+08 1.1897E+09 3.4410E+09 9.6094E+09 1.4878E+10 1.9116E+10
153.99 1.8474E+07 3.3189E+07 4.7349E+07 4.1312E+07 1.8112E+07 1.4922E+06 2.0294E+08 9.9311E+08 3.7372E+09 7.0007E+09 1.0260E+10
177.83 6.9825E+06 1.7115E+07 4.3689E+07 4.1554E+07 4.3256E+07 2.3017E+07 2.2444E+06 9.3169E+07 8.1855E+08 2.2633E+09 4.0497E+09
205.35 1.0885E+06 4.2720E+06 2.5932E+07 2.4952E+07 4.4916E+07 4.7927E+07 2.6749E+07 6.6676E+05 0.0000E+00 3.2365E+08 8.9893E+08
237.14 1.2119E+05 3.7116E+05 1.0178E+07 8.6581E+06 2.7266E+07 4.9167E+07 4.2828E+07 7.4991E+06 0.0000E+00 0.0000E+00 0.0000E+00
273.84 1.3058E+05 2.4830E+05 2.5447E+06 1.3742E+06 9.7651E+06 3.1059E+07 3.4502E+07 1.3141E+07 0.0000E+00 0.0000E+00 0.0000E+00
316.23 3.6833E+05 5.7966E+05 3.1527E+05 1.1694E+04 1.2458E+06 1.2441E+07 1.7560E+07 1.2113E+07 1.8114E+05 0.0000E+00 0.0000E+00
365.17 6.9546E+05 1.0022E+06 6.4351E+05 3.0660E+04 1.3630E+02 2.6029E+06 4.4601E+06 8.0801E+06 6.0711E+05 0.0000E+00 0.0000E+00
421.7 8.2322E+05 1.1605E+06 8.9027E+05 1.0676E+05 9.9044E+03 3.1684E+05 1.0554E+05 4.1734E+06 1.2394E+06 0.0000E+00 0.0000E+00
486.97 7.2595E+05 1.0234E+06 8.9375E+05 2.0799E+05 2.3494E+04 2.0219E+04 0.0000E+00 1.7252E+06 1.2995E+06 0.0000E+00 0.0000E+00
562.34 5.3061E+05 7.3831E+05 7.3623E+05 2.8300E+05 4.6758E+04 2.8262E+04 0.0000E+00 5.1386E+05 6.8316E+05 1.0619E+04 0.0000E+00
649.38 3.7291E+05 4.6800E+05 5.6716E+05 3.3198E+05 1.0461E+05 7.1193E+04 1.3621E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
749.89 3.0926E+05 3.2281E+05 4.6909E+05 3.5000E+05 1.8639E+05 1.5844E+05 6.1510E+04 7.3580E+03 0.0000E+00 0.0000E+00 0.0000E+00
865.96 3.0860E+05 2.9635E+05 4.4588E+05 3.4055E+05 2.5285E+05 2.7253E+05 1.5380E+05 4.5118E+04 0.0000E+00 0.0000E+00 0.0000E+00
1000 3.3062E+05 3.7784E+05 4.7212E+05 3.1789E+05 2.6900E+05 3.4515E+05 2.5644E+05 9.9543E+04 0.0000E+00 0.0000E+00 0.0000E+00
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HAB (mm)
Dp (nm) 30 31 32 33 34 35 36 37 38 39 40

4.87 3.4612E+07 4.0826E+07 3.1626E+08 3.0786E+07 2.5566E+07 3.4918E+07 2.4073E+07 2.4962E+07 3.8550E+07 4.9787E+07 2.5571E+07
5.62 3.9234E+07 4.3757E+07 3.8220E+08 2.7498E+07 2.0697E+07 3.5369E+07 2.3468E+07 2.4314E+07 3.9421E+07 5.6610E+07 2.8285E+07
6.49 3.7085E+07 3.4780E+07 2.6537E+08 1.7397E+07 1.3462E+07 2.7934E+07 1.9511E+07 2.0381E+07 3.3497E+07 4.9292E+07 2.6878E+07
7.5 3.5389E+07 2.6481E+07 1.9011E+08 2.2391E+07 1.9198E+07 2.9438E+07 2.5391E+07 2.6114E+07 3.8704E+07 4.8470E+07 2.8747E+07
8.66 1.9064E+07 1.5201E+07 2.0196E+08 2.0689E+07 1.6081E+07 2.7621E+07 2.5186E+07 2.5468E+07 3.2358E+07 4.9429E+07 2.2236E+07
10 3.7670E+06 7.4216E+06 2.1370E+08 1.6101E+07 1.3371E+07 2.5147E+07 2.4890E+07 2.3266E+07 2.3228E+07 5.3355E+07 1.6759E+07
11.55 0.0000E+00 0.0000E+00 1.6540E+08 1.4589E+06 2.9956E+06 8.4409E+06 1.3253E+07 1.0627E+07 8.1681E+06 3.1314E+07 6.5477E+06
13.34 3.0835E+06 0.0000E+00 1.6971E+08 0.0000E+00 0.0000E+00 0.0000E+00 2.7550E+06 0.0000E+00 0.0000E+00 2.6376E+06 6.0777E+05
15.4 2.9736E+08 2.7596E+08 4.4880E+08 1.4088E+07 5.6406E+05 2.6657E+06 1.2017E+06 1.0119E+06 3.6384E+06 9.2794E+06 1.8567E+07
17.78 9.5365E+08 9.7765E+08 1.1277E+09 2.5300E+08 1.8001E+08 1.7919E+08 1.3849E+08 1.2514E+08 1.4981E+08 1.5343E+08 1.5371E+08
20.54 1.4965E+09 1.5855E+09 1.7047E+09 5.1730E+08 4.2641E+08 4.3328E+08 3.5768E+08 3.2188E+08 3.6618E+08 3.6826E+08 3.1681E+08
23.71 1.3539E+09 1.4746E+09 1.5902E+09 5.5757E+08 5.1878E+08 5.4341E+08 4.6842E+08 4.1947E+08 4.6033E+08 4.6329E+08 3.5638E+08
27.38 6.1646E+08 7.1271E+08 8.6089E+08 3.4866E+08 3.9081E+08 4.2939E+08 3.8791E+08 3.4517E+08 3.6270E+08 3.6871E+08 2.4498E+08
31.62 0.0000E+00 0.0000E+00 1.2470E+08 7.5894E+07 1.5366E+08 1.8492E+08 1.7861E+08 1.5760E+08 1.5513E+08 1.6109E+08 7.9489E+07
36.52 7.5980E+07 0.0000E+00 2.6040E+07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.9615E+05 1.5863E+06 4.1584E+06
42.17 1.7230E+09 1.4296E+09 1.0490E+09 2.6855E+08 1.3957E+08 9.2251E+07 4.2231E+07 4.4712E+07 8.9268E+07 1.0357E+08 2.0990E+08
48.7 5.9578E+09 5.5447E+09 4.3105E+09 1.9810E+09 1.4914E+09 1.3265E+09 9.9746E+08 9.7454E+08 1.1826E+09 1.2423E+09 1.3771E+09
56.23 1.2508E+10 1.2335E+10 1.0011E+10 5.5288E+09 4.4769E+09 4.1801E+09 3.3571E+09 3.2340E+09 3.7500E+09 3.7174E+09 3.6364E+09
64.94 2.0026E+10 2.0587E+10 1.7320E+10 1.0548E+10 8.8454E+09 8.4568E+09 7.0080E+09 6.6969E+09 7.6190E+09 7.2856E+09 6.6850E+09
74.99 2.6567E+10 2.8285E+10 2.4605E+10 1.6001E+10 1.3734E+10 1.3338E+10 1.1275E+10 1.0713E+10 1.2043E+10 1.1227E+10 9.8646E+09
86.6 3.0149E+10 3.3169E+10 2.9829E+10 2.0427E+10 1.7861E+10 1.7559E+10 1.5063E+10 1.4251E+10 1.5871E+10 1.4509E+10 1.2324E+10
100 2.9587E+10 3.3644E+10 3.1329E+10 2.2458E+10 1.9964E+10 1.9835E+10 1.7223E+10 1.6238E+10 1.7940E+10 1.6137E+10 1.3313E+10
115.48 2.5063E+10 2.9530E+10 2.8576E+10 2.1411E+10 1.9341E+10 1.9406E+10 1.7036E+10 1.6017E+10 1.7562E+10 1.5570E+10 1.2501E+10
133.35 1.8082E+10 2.2202E+10 2.2477E+10 1.7640E+10 1.6204E+10 1.6423E+10 1.4572E+10 1.3668E+10 1.4870E+10 1.3000E+10 1.0155E+10
153.99 1.0778E+10 1.3959E+10 1.4976E+10 1.2384E+10 1.1601E+10 1.1896E+10 1.0682E+10 9.9946E+09 1.0777E+10 9.2811E+09 7.0289E+09
177.83 4.9699E+09 6.9807E+09 8.1475E+09 7.1854E+09 6.9112E+09 7.2052E+09 6.5703E+09 6.1290E+09 6.5302E+09 5.5214E+09 4.0178E+09
205.35 1.4962E+09 2.4692E+09 3.3266E+09 3.2020E+09 3.2207E+09 3.4610E+09 3.2353E+09 3.0019E+09 3.1367E+09 2.5840E+09 1.7670E+09
237.14 1.2435E+08 4.1821E+08 8.0233E+08 8.9293E+08 1.0023E+09 1.1626E+09 1.1443E+09 1.0485E+09 1.0519E+09 8.2787E+08 4.9692E+08
273.84 0.0000E+00 0.0000E+00 0.0000E+00 1.7708E+07 9.4227E+07 1.7393E+08 2.0722E+08 1.8048E+08 1.5556E+08 1.0733E+08 3.0603E+07
316.23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
365.17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
421.7 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
486.97 0.0000E+00 0.0000E+00 4.1079E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
562.34 0.0000E+00 0.0000E+00 2.6604E+06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.4926E+04 4.8319E+03
649.38 3.5275E+04 1.6845E+05 7.3142E+06 5.2713E+05 3.5978E+05 7.0966E+04 2.6465E+04 1.0577E+05 1.8682E+05 2.8405E+05 2.8696E+05
749.89 1.2216E+05 2.8604E+05 8.5433E+06 1.3372E+06 9.3547E+05 8.6697E+05 6.5404E+05 7.9625E+05 9.0699E+05 1.1055E+06 6.7511E+05
865.96 0.0000E+00 2.0739E+04 5.0166E+06 9.8719E+05 7.2127E+05 8.2212E+05 7.4038E+05 8.5933E+05 9.1650E+05 1.1008E+06 5.2787E+05
1000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.5526E+04 2.0156E+05 2.7255E+05 2.3551E+05 3.2713E+05 3.6113E+04
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