
ACPD
13, C4008–C4012, 2013

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Atmos. Chem. Phys. Discuss., 13, C4008–C4012, 2013
www.atmos-chem-phys-discuss.net/13/C4008/2013/
© Author(s) 2013. This work is distributed under
the Creative Commons Attribute 3.0 License.

EGU Journal Logos (RGB)

Advances in 
Geosciences

O
pen A

ccess

Natural Hazards 
and Earth System 

Sciences

O
pen A

ccess

Annales  
Geophysicae

O
pen A

ccess

Nonlinear Processes 
in Geophysics

O
pen A

ccess

Atmospheric 
Chemistry

and Physics

O
pen A

ccess

Atmospheric 
Chemistry

and Physics

O
pen A

ccess

Discussions

Atmospheric 
Measurement

Techniques

O
pen A

ccess

Atmospheric 
Measurement

Techniques

O
pen A

ccess

Discussions

Biogeosciences

O
pen A

ccess

O
pen A

ccess

Biogeosciences
Discussions

Climate 
of the Past

O
pen A

ccess

O
pen A

ccess
Climate 

of the Past
Discussions

Earth System 
Dynamics

O
pen A

ccess

O
pen A

ccess

Earth System 
Dynamics

Discussions

Geoscientific
Instrumentation 

Methods and
Data Systems

O
pen A

ccess

Geoscientific
Instrumentation 

Methods and
Data Systems

O
pen A

ccess

Discussions

Geoscientific
Model Development

O
pen A

ccess

O
pen A

ccess

Geoscientific
Model Development

Discussions

Hydrology and 
Earth System

Sciences

O
pen A

ccess

Hydrology and 
Earth System

Sciences

O
pen A

ccess

Discussions

Ocean Science

O
pen A

ccess

O
pen A

ccess

Ocean Science
Discussions

Solid Earth

O
pen A

ccess

O
pen A

ccess

Solid Earth
Discussions

The Cryosphere

O
pen A

ccess

O
pen A

ccess

The Cryosphere
Discussions

Natural Hazards 
and Earth System 

Sciences

O
pen A

ccess

Discussions

Interactive comment on “Dependence of particle
nucleation and growth on high molecular weight
gas phase products during ozonolysis of
α-pinene” by J. Zhao et al.

J. Zhao et al.

zhaoj@umn.edu

Received and published: 21 June 2013

The authors would like to thank the reviewer for valuable comments. The reviewer’s
comments are addressed point by point below.

1. On page 9334 line 15, the authors mentioned the growth rate enhancement factor
Γ. Is Γ also concentration dependent? For example, a higher concentration of organics
results in the larger value of Γ. Similarly, a lower sulfuric acid concentration results in
larger Γ value. As a result, a comparison of the value under different experiments of
different concentrations may be less meaningful.
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We agree. The cited reference and the following relevant sentence on p 9334 was
deleted, “A recent chamber experiment of α-pinene photo-oxidation (Riccobono et al.,
2012) showed that organic vapors contribute significantly even for particles close to
1.5nm (a growth rate enhancement factor Γ of about 3) even at the sulfuric acid con-
centrations of mid-106 cm−3.”

2. On page 9335 line 7, the authors claimed that the category I products are highly
oxidized and high molecular weight compounds (or high molecular weight multifunc-
tional, HOM). Since NO3-(HNO3) is used as reagent ion in the detection, carboxylic
acids could not be detected, because the proton affinity of carboxylate is larger than
that of nitrate. Which category of compounds does HOM belongs to, polyol? Can the
authors provide any speculation?

We do not agree with the reviewer that carboxylic acids could not be detected with NO3-
(HNO3) as the reagent ion. The proton affinities of some carboxylates (e.g., oxalic acid:
322.6 kcal mol-1; malonic acid: 318.2 kcal mol-1) are smaller than that of the nitrate
(323.5 kcal mol-1) (Ehn et al., 2010). In fact, we carried out experiments that have
shown that the Cluster CIMS can detect oxalic acid and malonic acid when the nitrate
dimer ion is used as the reagent ion. It is possible that detection sensitivities would
increase if a reagent ion (e.g., acetate dimer ion) with a higher proton affinity than
nitrate dimer was used. Because the Cluster CIMS only has a mass resolution of unit
amu, we cannot definitely determine the structures of category I products. A similar
chamber study of ozonolysis of α-pinene (Ehn et al., 2012) has postulated that those
high molecular species are highly oxidized multifunctional compounds and they may
contain carboxylic functional groups. The proton affinities of the category I anions are
not known, but they are likely lower than that of nitrate dimer ion because they were
indeed measured with the nitrate dimer ion.

3. Still on page 9335 line 14, the authors mentioned that the category I products
likely have even lower saturation vapor pressures than those (10-11 atm=0.01 ppb for
category I, 10-9 atm=1 ppb for category II) estimated in Winkeler et al. (2012). The
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authors would need to provide some value as Winkeler et al.

We cannot provide accurate vapor pressures for both category I and II products based
on the current data. However, we estimate a saturation vapor pressure of about 10-
14 to 10-12 atm for category I products assuming a saturation concentration of about
105-107 cm-3. We modified the sentence as “The highly oxidized Category I products
likely have even lower saturation vapor pressures (∼ 10-14 - 10-12 atm) than those
estimated in Winkler et al. (2012) due to their higher molecular weights and higher
oxygen contents.”

4. On page 9336, the authors mentioned carboxylic acids are likely one of the products
twice on lines 16 and 27. It is worthy pointing out that carboxylic acids alone may not
be able to explain the early growth of nanoparticles smaller than 10 nm. This may not
be a definite statement because most of the saturation vapors of carboxylic acids in
the literature are highly uncertain. "... ...". These compounds are probably category I
compounds. All of the above reasoning is based on the current literature value for C* of
carboxylic acids. Of course, if the literature is invalid, the above reasoning needs to be
modified. Also, particle-phase reactions, such as acid-catalyzed or hydration reactions,
may lead to non-volatility prodcuts, as previously demonstrated on bulk-phase surfaces
and nanoparticles (i.e., Zhao et al., Geophys. Res. Lett. 32, L09802, doi:10.1029/
2004GL022200, 2005; Zhao et al., Environ. Sci. Technol. 40, 7682, 2006; Wang et al.,
Nature Geosci. 3, 238, 2010). Such an aspect needs to be adequately discussed in
their paper.

As mentioned above (#3), we believe that the category I products are likely highly ox-
idized multifunctional compounds that may contain carboxylic functional groups rather
than mono carboxylic acids themselves. Hence they might have lower saturation vapor
pressures than mono carboxylic acids. We cannot accurately measure the saturation
vapor pressures of those compounds. It is possible that their vapor pressures are in
the 10-14-10-12 atm range (see #3 above). We also do not exclude the possibilities of
the contributions from other pathways such as heterogeneous particle phase reactions.
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Two sentences were added on p.9336 after “The identification of . . .. . . by Winkler et
al. (2012).”, “Those compounds may contribute to particle growth by particulate phase
reactions such as acid-catalyzed reactions or polymerization (e.g., Wang et al., 2010;
Zhao et al., 2006; Zhao et al., 2005; Hall and Johnston, 2012a; Hall and Johnston,
2011). Alternatively, reactions between carboxylic acid and basic gases on or within
freshly nucleated particles may also contribute to nanoparticle growth (Barsanti et al.,
2009; Smith et al., 2010; Yli-Yuuti et al., 2013)."
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