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An error occurred in the paper “New particle formation
from sulfuric acid and ammonia: nucleation and growth
model based on thermodynamics derived from CLOUD measurements for a wide range of conditions” by Kürten (2019).
An index in one of the collision rates (Eq. S2f) of the code
was wrong, which caused an imbalance between the production and loss rate for the clusters A2 B1 and A2 B2 . In the
code representing the loss of cluster A2 B1 due to collision
with B1 (term K1,2 · B1 ) the collision rate K1,3 was used instead of K1,2 . This caused an imbalance since the loss rate
for the cluster A2 B1 from collision with B1 (Eq. S2f) needs
to match the production of cluster A2 B2 from the collision of
A2 B1 with B1 (see Eq. S2h). With the wrong collision rate
in only one of the equations this is not the case anymore.
As a result, for the same conditions, the error led to generally smaller nucleation rates because of the suppression of
A2 B1 cluster concentrations. The effect is more pronounced
for larger ammonia concentrations.
After fixing this bug in the code, all calculations described
in the article were repeated. The table and figures presented
in the corrigendum are based on the corrected model. This
applies also to Figs. S1 to S4 in the Supplement to this corrigendum.
The main differences between the original and the corrected version of the paper are highlighted in the following:
– The correct model yields a clear peak in the probability density function from the Monte Carlo method for
the cluster A2 B1 (Fig. 2). In the original article this
was the case for the cluster A2 B2 . The correct result

indicates that the cluster A2 B1 is important for sulfuric
acid–ammonia nucleation, which was also highlighted
in a study by Hanson and Eisele (2002).
– The corrected results indicate a good agreement between modeled and measured CLOUD data (Fig. 3).
However, the average error is somewhat larger compared with the results from the original article (factor
of ∼ 8 instead of ∼ 4).
– The updated results for the optimization method indicate a stronger dependence on NH3 (Fig. 4). This dependence is near to quadratic (instead of linear in the original article) for the warmer temperatures (248, 278 and
292 K). This leads to some overestimation in the modeled formation rates for these temperatures and high ammonia mixing ratios, especially at 278 K and NH3 above
100 pptv. However, this region of the parameter space is
not very well constrained by experimental data. On the
other hand, the model predicts lower formation rates at
292 K under background ammonia mixing ratios (estimated value of ∼ 4 pptv).
– Figure 5 indicates a close to quadratic dependence on
NH3 for 248 K and warmer temperatures. This is different to the original article with a linear dependence.
– No difference was found for the growth rates from the
model between the original and the corrected version
(Fig. 6 of the original paper).
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– The model using the medians from the Monte Carlo
simulation yields an overall error that is smaller than the
one from the optimization method (Fig. S2). The average error between model and CLOUD data is a factor
of 8 for the optimization method, whereas the Monte
Carlo experiment yields a factor of 6. The data from the
Monte Carlo simulation indicate additionally a weaker
dependency on NH3 . Here the dependency is rather linear than quadratic.
– The comparison between the Atmospheric Cluster Dynamics Code (ACDC) model (results shown in Kürten
et al., 2016; for ACDC see McGrath et al., 2012)
based on the thermodynamic data published in Ortega et
al. (2012) and the present model using identical dH and
dS values is shown in Fig. S3. In the original article the
differences between these results were rather high, especially for warm temperatures (278 and 292 K). With the
corrected model of the present study, this difference is
small for all conditions where binary nucleation is negligible. However, while this can be taken as a verification
of the SANTIAGO model, the Ortega et al. (2012) and
the Hanson et al. (2017) data sets still do not represent
the CLOUD data very well (see Figs. S3 and S4).

Regarding the conclusions, two statements from Sect. 5
of the original paper have to be reformulated. First, the average factor between modeled and measured CLOUD data
is a factor of 8 for the optimization method (factor of 6 for
the Monte Carlo method). In the original article a factor of
4 was reported. Second, the Ortega et al. (2012) thermodynamic data strongly overestimate the CLOUD data at warmer
temperatures (248 K and above), which is consistent with the
results from Kürten et al. (2016). Furthermore, the corrected
version of SANTIAGO yields very similar results compared
with the ACDC model (Fig. S3). In the original article SANTIAGO yielded much lower formation rates when using the
Ortega et al. (2012) data set for the warm temperatures, and
therefore the results were closer to the measured CLOUD
data. This was attributed to the inclusion of the coagulation sink in SANTIAGO, which tends to lower the formation
rates somewhat. However, these lower formation rates were
mostly caused by the error in the code (see above). While the
inclusion of the coagulation sink for formation rate calculations can still be important, its effect is therefore not as large
as suggested in the original paper.
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Table 1. dH and dS values from this study (a optimization method, b medians from Monte Carlo simulation) and from the literature. dG values
at 298 K. c Data from Ortega et al. (2012). d Data from Hanson et al. (2017). e Data from Yu et al. (2018). f Value applies for cluster without
involvement of water; with different amounts of water molecules this value varies between 11.52 and 12.59 kcal mol−1 . g Value applies for
cluster without involvement of water; with different amounts of water molecules this value varies between 5.71 and 8.37 kcal mol−1 .
Reaction

−dH (kcal mol−1 )

H2 SO4 + NH3 ⇔ (H2 SO4 )1 (NH3 )1
(H2 SO4 )1 (NH3 )1 + H2 SO4 ⇔ (H2 SO4 )2 (NH3 )1
(H2 SO4 )2 (NH3 )1 + NH3 ⇔ (H2 SO4 )2 (NH3 )2
(H2 SO4 )2 (NH3 )1 + H2 SO4 ⇔ (H2 SO4 )3 (NH3 )1
(H2 SO4 )2 (NH3 )2 + H2 SO4 ⇔ (H2 SO4 )3 (NH3 )2
(H2 SO4 )3 (NH3 )2 + NH3 ⇔ (H2 SO4 )3 (NH3 )3
(H2 SO4 )3 + H2 SO4 ⇔ (H2 SO4 )4
(H2 SO4 )3 (NH3 )1 + H2 SO4 ⇔ (H2 SO4 )4 (NH3 )1
(H2 SO4 )3 (NH3 )2 + H2 SO4 ⇔ (H2 SO4 )4 (NH3 )2
(H2 SO4 )3 (NH3 )3 + H2 SO4 ⇔ (H2 SO4 )4 (NH3 )3
(H2 SO4 )4 (NH3 )3 + NH3 ⇔ (H2 SO4 )4 (NH3 )4

15.4a , 12.3b
27.6a , 23.5b
18.5a , 19.5b
19.2a , 24.6b
29.4a , 30.0b
26.8a , 26.7b
17.5a , 22.2b
21.4a , 21.0b
23.5a , 24.1b
27.6a , 29.2b
19.2a , 19.4b
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(16.00)c
(29.00)c
(19.46)c
(21.06)c
(27.63)c
(25.48)c
(16.78)c
(21.34)c
(23.04)c
(27.60)c
(19.18)c

(15.0)d
(29.0)d
(19.0)d
(26.0)d
(30.0)d
(20.0)d
(23.0)d
(24.5)d
(26.0)d
(30.0)d
(21.0)d

−dS (cal mol−1 K−1 )

−dG (kcal mol−1 ) at 298 K

28.2a , 29.2b
42.6a , 42.8b
33.5a , 33.5b
37.1a , 35.9b
38.2a , 38.0b
40.7a , 40.8b
27.3a , 26.3b
43.5a , 43.6b
40.0a , 40.1b
38.1a , 37.5b
28.7a , 28.5b

7.0a , 3.6b (7.61)c (8.5)d (7.77)e
14.9a , 10.7b (16.22)c (13.5)d (11.65)e,f
8.5a , 9.5b (9.5)c (11.0)d (8.75)e,g
8.1a , 13.9b (10.13)c (12.5)d (7.08)e
18.0a , 18.7b (16.09)c (19.0)d (12.17)e
14.7a , 14.5b (14.14)c (11.5)d (7.42)e
9.3a , 14.4b (8.48)c (9.9)d (n.a.)e
8.4a , 8.0b (8.38)c (11.5)d (4.16)e
11.6a , 12.2b (11.08)c (15.0)d (7.48)e
16.2a , 18.0b (15.36)c (19.8)d (12.34)e
10.6a , 10.9b (10.63)c (12.7)d (11.34)e

(28.14)c
(42.90)c
(33.41)c
(36.69)c
(38.74)c
(41.04)c
(27.84)c
(43.50)c
(40.15)c
(38.12)c
(28.68)c

(21.8)d
(52.0)d
(26.8)d
(35.3)d
(36.9)d
(28.5)d
(43.9)d
(43.6)d
(36.9)d
(34.2)d
(27.8)d
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Figure 2. Probability density functions of dH and dS values for 11 clusters in the acid–base system (Ax By is a cluster of sulfuric acid and
ammonia with x sulfuric acid molecules and y ammonia molecules). The vertical lines indicate the values from the optimization method
(dashed lines) and the medians of the probability density functions (dotted lines).
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Figure 3. Calculated new particle formation (NPF) rates vs. measured NPF rates (from Kürten et al., 2016). The color code indicates the
temperature (between 208 and 292 K). The calculated values are from the model using the thermodynamic data from Steihaug’s optimization
method. The solid line indicates the one-to-one correspondence, while the dashed lines indicate a deviation by a factor of 10 from the
one-to-one line. The error bars include the uncertainty of the [H2 SO4 ] (factor of 2) and the [NH3 ] (see Kürten et al., 2016).
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Figure 4. Comparison between simulated and measured new particle formation rates for five different temperatures. The color code indicates
the ammonia mixing ratio (for the respective temperatures indicated in the figure panels and a pressure of 1 bar); the grey symbols indicate pure binary conditions. The model (solid lines) uses thermodynamic data from the optimization scheme according to Steihaug (1983,
Sect. 2.4). The average ratio for the deviation is ∼ 8. In comparison, the results from the parameterization are also shown (dashed lines;
Gordon et al., 2017).

Corrigendum

https://doi.org/10.5194/acp-19-5033-2019

A. Kürten : New particle formation from sulfuric acid and ammonia

7

Figure 5. New particle formation rates as a function of the ammonia concentration. The triangles show the neutral formation rates from the
CLOUD experiment normalized to the indicated sulfuric acid concentration for five different temperatures (Kürten et al., 2016). The lines
show calculated NPF rates from the model using the thermodynamic data from the optimization method (Table 1). The dashed sections (for
248, 278, and 292 K) indicate regions of the parameter space where the model does not give accurate results, as the true binary rates are
expected to be lower (Ehrhart et al., 2016).
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