Anonymous Referee #1

We thank this reviewer for helpful comments and suggestions. Below we
provide a point-by-point response to this referee’s comment. The page
numbers refer to the original version published in ACPD.

Comment:

This paper and its predecessor, Wang et al. (2011), analyze the same data set and
discussing same topic, i.e. new particle formation events observed during the 2008
summer campaign in Beijing, China. The underlying hypotheses of the two papers are
different; Wang et al. (2011) considered sulfuric acid as the single precursor of new
particles, whereas Wang et al. (2013) suggested organics were at least as important as
sulfuric acid. Actually, Wang et al. (2011) indicated the importance of organics at the
end of the paper. Thus Wang et al. (2011) and Wang et al. (2013) can be considered
as part 1 and part 2 of a single paper. In this context, |1 expected some critical
intercomparisons of the results of the two studies in the current work. Unfortunately, |
did not find them. Thus, after reading the two papers, I’'m confused by their separate
and inconsistent arguments. Moreover, | wonder what would happen if the authors
add another species, e.g. ammonia?

Response:

Both our paper published in 2011 and this present one investigated the nucleation
mechanisms in polluted urban environment of Beijing. However, the aspects dealt
with in both two papers are totally different. For our paper published in 2011, we have
explored the relationships between the ambient sulfuric acid concentrations and new
particle formation parameters (N3¢ or J) on a daily basis. In that work, two kinds of
NPF events were identified in Beijing: Case I, the exponent is between 1 and 2 in the
correlation of the particle formation rates and sulfuric acid concentrations, which is
similar with other observations in less polluted environments, implying that activation
or kinetic nucleation represents the possible nucleation mechanism (Sihto et al., 2006;
Riipinen et al., 2007; Kuang et al., 2008). For Case Il, the exponent is larger than 2.5,
which has been rarely observed in clean environments. However, more than half of
the NPF events (58% in 17 investigated days) in Beijing belong to the second type.

The large exponent found in Beijing suggested that other species might be involved in
the atmospheric new particle formation process, especially in polluted urban
environment. In addition, numerous recent studies (Zhang et al., 2004; Laaksonen et



al., 2008; Zhang et al., 2009; Zhao et al., 2009; Wang et al., 2010a; Wang et al., 2010b;
Zhang, 2010; Donahue et al., 2011; Wang, L. et al., 2011; Riipinen et al., 2012; Zhang
et al., 2012) have showed the significant contributions of organic compounds to
nanoparticle growth, indicating that organic molecules play a crucial role in
atmospheric new particle formation.

In this paper, followed the methods described by Paasonen et al. (2010), we have
considered organic molecules (oxidation products of monoterpenes, MTOP) as one of
the new particle formation precursors and explored several representations for the
nucleation theories (Egs. 7-14 in the MS) involving the organics. We have found good
correlations (R=0.67) between J and organic vapors concentrations, implying that
organics play an important role in new particle formation in Beijing.

In revision, we have added several sentences to describe the critical intercomparisons
of the results of our two studies:

“...0ur previous study (Wang, Z. B. et al., 2011) has showed that two kinds of NPF
events are identified in the polluted Beijing environment, i.e., case | with the exponent
between 1 and 2 and case Il with the exponent of larger than 2.5. To investigate the
two types of NPF events, in this study we utilize the methods described by Paasonen
et al. (2010) and analyze the relationship between the particle formation rates and
precursor concentrations, accounting for the participation of organic vapors, which
was not included in Wang et al. (2011). In this work, the contribution of organics to
the nucleation process is evaluated and the two types of nucleation events in the urban
atmosphere of Beijing are discussed.”

Furthermore, we have found out the different roles of organics in the two kinds of
NPF events (See page 3432, 3.4 Case studies). As suggested, we have modified
Figure 6 and added the correlation coefficient in the kinetic nucleation (J=K[H2S04]?)
for comparison, which was derived from our 2011 publication. Our results suggest
that the mean correlation coefficients in the kinetic nucleation expression are identical
in the two types of NPF events, suggesting a similar role of sulfuric acid in all NPF
events. However, the mean correlation coefficients in case Il are higher than those in
case | in all nucleation expressions considering the organic vapors. This phenomenon
implies that the important role of organic vapors in the new particle formation process
on polluted days.



I n <2.5 (7 events) M n > 2.5 (10 events) |

J = K[H,S0,)?
J = Ap,,[Org]
J=A([H,S0,]+[Org])
J = K,,,[Org]?

J = K, [H,SO,][Org]

J = Ks(IH,SO,|*+[H,80,][Org])

0.0 0.2 0.4 0.6 0.8 1.0
Correlation coefficient R

Fig. 6. Comparisons of correlation coefficients in different nucleation mechanisms between two kinds
of NPF events days. Red ones indicate days with the exponent smaller than 2.5, blue ones indicate the

days with the exponent larger than 2.5.
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