Author reply to review by anonymousr efer ee #2:

We would like to thank referee #2 for his usefuneoents, which helped clarifying and
improving this paper. The review comments are reggean black font and the author
replies are highlighted irblue font (italic style is used for modifications to the
manuscript).

This paper furthers current understanding relatinthe detection efficiency of the single
particle soot photometer, which previously appedoetie well understood (Schwarz et
al., 2010). The paper describes the interestingltrésat spark-generated soot particles
are poorly detected by the SP2.

This is clearly important for studies using spaoktsas a surrogate for atmospheric BC
and although, as the authors note, there is nepeayet of a similar effect in ambient
or other chamber data, it is certainly useful tarltais in mind.

While their conclusions of precisely why they hdwend this result require some further
justification, the poor detection efficiency isllsa worthwhile result to publish. The
details of the experiments are very clear and thiten English is generally very good.

I recommend this paper is published after addrggsia following points.
Specific comments

There are 3 explanations for the apparent lackadndescence by spark soot particles in
the SP2:

1) Differences in the chemical structure of spadotsprevent it from incandescing
efficiently in the SP2 (this is addressed moreyfbly the other reviewer)

2) Fractal spark soot particles disperse towardseitiges of the laser beam, thereby
experiencing a lower laser power and scatter butadencandesce

3) The spherules in spark soot do not conduct é#fiaiently between one another, and
vaporise before they reach incandescence tempesatur

The first explanation is possible and could bedwat by collapsing the fractal structure
of the soot, for example by condensation of sulghaeid, then thermodenuding to leave
just the collapsed core, then selecting the sanss wigparticle.

We would indeed expect that collapsing the PALAStsachieved by e.g. exposure of
the PALAS soot sample to high RH before measurematht the SP2, would make it
detectable by the SP2, or at least decrease tashitid laser power required for proper
detection. Unfortunately we were not able to addhstollow-up experiments to the
original schedule of the BC-Act measurement campaig



The following paragraph has been added to the edvimanuscript in response to the
review by R. Niessner to rule out chemical reattivas a reason for missing

incandescence:

“The nanocrystalline structure differs between eliént BC types and with that also their
chemical reactivity. PALAS soot has been shownetdhke most reactive BC material
among several BC types, and this results in a loe@nbustion temperature during

thermal(-optical) analysis (e.g. Schmid et al., 20%chuster et al., 2011). The question
to be answered here is whether the PALAS sootgbestiose a substantial fraction of
their mass through combustion before they reacir thaporisation temperature in the

SP2. The heating rate of BC particles in the SPar@uind nine orders of magnitude
faster than that applied in thermal(-optical) ansily, which leaves very little time for
combustion. Analysis of the time-resolved scattersignal of the non-incandescent
PALAS soot particles revealed that the BC doesheeievaporate nor react away in

substantial amounts, while the particles cross ldmer beam. Consequently, the high
chemical reactivity can be excluded as a reasonfermissing incandescence signals.”

The second explanation has been identified ancubigors have attempted to rule it out,
however their conclusion does not appear fullyifest- it is possible that the larger
spark soot particles scatter enough light to bedledtl efficiently with the PSD but do not
incandesce efficiently, whilst the smaller part;levith their smaller scattering cross
section, do not scatter enough light to be deteetiédently even with the PSD.

Different types of instruments apply different medk to collimate particles to a narrow
beam. Aerosol mass spectrometers typically usedgieamic lenses to focus the particles
into a narrow beam upon expansion of the sampte tim vacuum, at the same time
separating the particles from the air. With thiprapch the width/divergence of the
particle beam depends on particle size and morglyolbhe SP2, where no separation of
the particles from the air is needed, uses a cadncemzzle jet system with a small
pressure drop. The particles exit through the eentizzle, while an eight times higher
flow exiting through the outer nozzle forms a shefldw that focuses the particles. No
substantial differences in the particle beam wiltlergence as a function of particle size
and/or morphology are expected for this focussirgthmd, though one never really
knows. The fact that unit detection efficiency shig@ved with the position sensitive
detector (light scattering), shows that the pastisbam is narrower than the laser beam.
Furthermore, a large divergence of the particlarbeauld affect the scattering signals
and incandescence signals in different ways. H®nelom noise of the scattering cross
section measured for multiple particles of equake swould increase, as individual
particles would be exposed to substantially difieraser intensities. In contrast, the
incandescence signal is independent of laser imyensxcept for the fact that it
completely disappears, if the laser power fallsoethe incandescence threshold. A
comparison of the ratio between the scattering inodndescence signals for the larger
PALAS soot particles does not show increased randoiee compared to other BC
samples, which indicates a well-confined particar.



The discussion of the particle beam divergence Ibesn adapted in the revised
manuscript:

“The divergence of the particle beam could possibéy larger for the PALAS soot
particles with a very low effective density than tlee other BC samples with a higher
effective density, thereby causing a similar effasta misalignment. However, no
substantial influence of particle size/morphologyexpected for the concentric-nozzle jet
system applied in the SP2. Furthermore, the biggiees of the PALAS soot particles
(Dmob= 305 and 500 nm) are properly counted by the SRigisition sensitive detector
(open green symbols in Fig. 2a), which detectstiekty scattered light (while the
smallest investigated PALAS soot particles falbisethe normal lower detection limit of
the position sensitive detector, such that onlyntiétiply charged patrticles, ~20 % of the
total number, are counted at the nominal size gf,® 200 nm). This shows that the
particle beam has a smaller width than the lasearbealso for PALAS soot patrticles.
Thus, the hypothesis of larger particle beam dieang can be discarded.”

The authors have concluded the third explanatiaimescorrect one through process of
elimination, but in light of the above this doeg seem fully justified.

Our third hypothesis is that particle morphologyg laasubstantial influence on the lower
detection limit of the SP2, i.e. that agglomerateth a low fractal dimension and small
primary particles require much high laser power feaching incandescence than
compact particles of equal BC mass. (By the wagt kkenduction between the primary
particles of an agglomerate is unimportant, as #iegbsorb the laser light themselves.
Important is the fact that heat conduction to tlne@inding air is approximately equal to
the sum of the heat conduction of the isolated @rynparticles.)

Above we provide additional arguments to rule dwe first and second hypotheses.
Additional analysis of the data set, including aaswement performed at higher laser
power, provides further supporting evidence for thed hypothesis. This is now
included in the revised manuscript:

“...Consequently, for particles with a low fractalnggénsion and very small primary
particles, the physical limit for reaching the vajsation temperature at a certain laser
power depends, for the most part, on the primanyiga size, with a minor influence of
the total BC mass in the agglomerate. This effeiftssthe lower detection limit to much
higher BC mass, or makes them completely undetectabmore detailed analysis of the
light scattering and incandescence signals shoved timit detection efficiency was
actually achieved for the largest multiply charg@8LAS soot particles with a BC mass
of >4-6fg. This corresponds to an increase of the lower detedimit by a factor of
~5-10.

Varying the laser power provided further evidenbattthe unreliable detection of
small PALAS soot particles is caused by the infleeaf particle morphology on the
threshold laser intensity rather than chemical raty effects. An increase of the
counting efficiency from ~12% to ~20% (dark greeanmbnd in Figs. 2a and 3) was
achieved for PALAS soot particles with a mobilit)andeter of DRop,= 305 nm by
increasing the laser power as much as possible%e-Agher intensity).”



It is also surprising that discussion of detectdiiciency has not made any reference to
coincidence and the duty cycle of the SP2, botwlath can greatly affect the detection
efficiency of the instrument. It should be notedvhmuch if at all these affected the
results, or if the dilution involved in the samglimade them negligible.

These are indeed additional potential reasonsoferdounting efficiency. However, the
samples were sufficiently dilute to avoid coincidenand the data acquisition was
powerful enough to always maintain a duty cycle>80%. This is now explicitly
addressed with modifications made to the followpagagraph:

“The SP2 records the signals from a particle onflyat least one signal crosses the
trigger threshold for data storage, which is settire data acquisition software. The
position sensitive detector’s signal triggered sty of the signals from all detectors for
all PALAS soot particles with £, =305 or 500 nm. The total number concentration of
detected particles agreed within uncertainty witlatt measured by the CPC (Fig. 2a).
This proves that neither coincidence nor duty cymeblems caused the low counting
efficiency. On the contrary, the signal from th@dmband incandescence detector was
recorded for all particles but it contained only dedine noise without a true
incandescence peak for most PALAS soot particless Tailure of signal triggering or
any other issue with the data acquisition softwaar be excluded.”

Their conclusion that the SP2 is “essentially uaabldetect PALAS soot particles with
the incandescence detector” is too strong, fig@resxd 3 show the larger particles are
detectable by the incandescence detectors, justlovt efficiency. The title of the paper
is similarly too strongly worded, the SP2 does deRALAS soot particles, but not well.
The statement in the conclusions reads rfdis study reveals that the SP2 is unable to
reliably detect PALAS soot particles with the ind@scence detector, even if they contain
substantially more BC mass than the typical lonetedtion limit of the SP2.”

The title reads now:Technical Note: The single particle soot photometails to
reliably detect PALAS soot nanopatrticles”

Technical corrections

The authors make several references to the fadt th®ar result is “surprising” or
“unexpected”. While this may be true, the way iniehhit is currently phrase make this
sound like their opinion, rather than a logical dosion based on previous literature.
They should revise their use of these words to nthkestatements look more based on
verifiable facts than opinions.

That is exactly what we tried to express. Previlitesature (e.g. Bladh et al., 2011) on
pulsed laser-induced incandescence shows that wlogheffects must be expected for
the lower detection limit of the SP2. However, thigential issue has not been addressed
in previous literature on the continuous-wave lasduced incandescence method
applied in the SP2. Instead the lower detectiorit laha certain laser power was simply
considered to be determined by the total BC massa iparticle. Several sentences
throughout the manuscript have been adapted. Te givexample from the abstract:
“Previous knowledge from pulsed laser-induced irdestence indicated that particle
morphology might have an effect on the SP2’s lodetection limit, however, an



increase of the lower detection limit by a factér~&6—10, as reported here for PALAS
soot, was not expected.”

4906 line 6 several tenths of a femtogram
Done.

4907 line 2 climatic not climate
Adapted.

4907 line 5 not just organic carbon, organic adrostay be best to just use
“nonrefractory aerosol”

Not changed. Dust is a refractory aerosol compomdrith can interfere with light
absorption measurements.

4907 line 7-8 Please rewrite these 2 sentenceslint@place “few years ago” with
“recently”
Done.

4907 line 20 Remove “to our knowledge” as thisnsecessary, and sounds like you are
speaking for people who are not coauthors of thgep
Done.

4907 line 24 “we stumbled across” sounds too infdriplease rephrase this sentence
Done.

4909 line 4 — 12 Please let the reader know whethant this is the standard SP2 setup
and if not what is different.
Done.
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