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Section S1: Acid-base modd differential equations

The model integrates the differential equatiossgeti below using a fourth-order Runge-
Kutta algorithm. The time-dependent concentratimndach cluster depends on the balance
between production ratB, and loss ratd,. Relevant loss terms in the present study (anadyzi
new particle formation in the CLOUD chamber) are Wall loss ratekw, the dilution ratekai,
and the condensation/coagulation sink (see Kirtex.,e2018). For the smallest clusters the
evaporation ratek;, is also a relevant loss process. The clustetisenmolecular size bins are
denoted by their sulfuric acid conteAt, where an index indicates the number of molecules
contained in the cluster. For the smallest clugi@@omer up to the tetramer) the clusters are
also distinguished according to their base conteh&reB with an index indicates the number
of base (ammonia) molecules in the cluster (naettke clusters never contain more base than
acid, see main text). This nomenclature resulteerfollowing set of equations.

Monomers (A1 and A1B1):

SR = p—L-AB, (Sla)
P = K1,1 "Ay "By + Epyp1 - AzBy (Slb)
L=ky;+kagy+Esnpr + 21K N; (Sic)

The last term in the equation of the losdgs¢presents the condensation/coagulation sink.
The parameterArotal IS @ constant input parameter determining thel tetdfuric acid
concentration. From this the concentration of “freelfuric acid is calculated in every time

step of the integration:

A = Al,total —A1B, (Sld)

Dimers (A2, A2B1 and A2B2):

w=P-La, (S2a)
P=05"K,"Ay" Ay + Ey3po- Az (S2b)
L=kyz+kay+Ep+Kiz- B +X1 Ky N (S2c)
% =P—1L-A,B, (S2d)
P=Ky1"Ay"A1By + Ky By Ay + Eqzpy * A2B2 + Egzp1 " A3By (S2e)
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L=ky,+kay+Esp +Kip B+ X1 K+ N

dA,B
% =P—-L- Asz
P = 05 " Kl,l * AlBl - AlBl + K1,2 * Bl - AZBl + EA3BZ * A3B2

L=lky,+kagy+Epp, + XK N;

Trimers (As, A3B1, AsB2 and A3Ba):

s p—L-4,
dt
P=K1’2'A1'A2+EA4_'A4_

L=kys+kay+Es3+Ki3 B +X1Ks;iN;

dA3B
% =P—-L- A3B1
P = K1,2 "Ay - AyBy + K1,3 "By Az + K1,2 "A1By - Ay + Eqspy " AuBy

L=1lkys+kgy+Easp +Ki3 B +Xi-1K3;"N;

dAs3B;

e :P_L'A332

P=Ki3"By"A3B1 + K12 Ay A;By; + Ky 5 A1By - A3B1 + Epypy - AsBy + Epsps
(3h)

L=1lkys+kgy+Eap,+Kiz B +Xi-1K3; " N;

dAs3B;

e :P_L'AgB3

P = K1,3 "By - A3B; + K1,2 *A1By - A3B; + Equps t AyBs

L =kys3+kay+ Eszps + Xie1 K3, - N;
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Tetramers (A4, AsB1, A4B2, A4Bsz and A4Ba):

_p—_1L-4, (S4a)
dt

P = K1’3 b Al b A3 + 05 b Kz‘z - Az - Az (S4b)
L=lkyas+kay+Ess+ Ky By + X1 Kyiw N (S4c)
S~ p—L-A4B, (S4d)
P = K1,4 - Bl - A4 + K1,3 * Al - A3Bl + K1'3 * AlBl * A3 + KZ,Z - Az * AzBl (548)
L=ky4+kai+ Epapr + K s By + X071 Ky - N (S4f)
—d“;‘*fz =P—L-A,B, (S49)

P = K1’4 - Bl - A4B1 + K1’3 * A1 - A3B2 + K1‘3 * A1B1 * A3B1 + Kz’z - Az - Asz + 05 - Kz‘z -

A2B1 * A2B1 (S4h)
L=1lys+kagy+Eppr+Kis B+ X-1Kei* N; (S4i)
—d“:;t33 =P —L-A,B; (S4))

P = K1,4 "By - AyB; + K1,3 "Ay - AzBs + K1,3 "AB; - A3B, + Kz,z "AyBy " AyBy + Epgps

A,B, (S4k)
L=ky4+kai+ Eqaps + Kia By + Xio1 Ky * Ny CSpaps (S41)
dz‘:;thL =P—L-A,B, (S4m)
P = K1,4 - Bl - A4B3 + K1'3 * AlBl - A3B3 + 0.5 * KZ,Z - Asz - Asz (S4n)
L=lkyas+kau+ Epaps + Xie1 Kai* N (S40)

From the concentrations of the acid-base clushersdncentrations of the total mononier)(
dimer (\2), trimer (Ns) and tetramerNs) can be determined:



Nl = Al + AlBl (SSa)

Nz = AZ + AZBl + AZBZ (SSb)
N3 = A3 + A3B1 + A3B2 + A3B3 (SSC)
N4 = A4 + A4Bl + A4BZ + A4B3 + A4B4 (SSd)

The calculation of the larger clusters (startinghwhe pentamer) and particles is calculated in
the same way as described previously (Kurten £2@l8):

% =P — L Npss (S5e)
1

P == Yisj=r' Ni - N; (S5f)

L=kyy+kq+27-1Kj-N; (S59)

Section S2: Calculation of evaporation rates

Evaporation rates are calculated frokh @ kcal mott) and & (in cal moi* K1) according to
(Ortega et al., 2012, Kirten et al., 2015):

_ K107°

" kpTKeq (S6)
The equilibrium constanKeq, is given by
dH-1000 as
eq = Tospg EXP (_ R} as'T + Ré]as)' (S7)

The constants ale = 1.381x16° J K! andRgas = 1.987 cal mot K%; T is the temperature and
K the collision rate constant (Chan and Mozurkew®6801); the scaling factor ¢ used to
convert the collision constant from &st to n? s™.
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Figure S1: Probability density functions ofttiland & values for 11 clusters in the acid base
system (ABy = cluster of sulfuric acid and ammonia withsulfuric acid molecules anyl
ammonia molecules). The solid curves show the tefuam the Monte Carlo simulation. The
vertical lines indicate the literature data fronteg@a et al. (2012, dashed lines) and Hanson et
al. (2017, dotted lines).
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Figure S2: Comparison between simulated and measured neiglpddrmation rates for five
different temperatures. The color code indicatesaimmonia mixing ratio; the grey symbols
indicate pure binary conditions. The model uses rtfeglian values from Table 1 as the

thermodynamic data (see also Figure 2).
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Figure S3: Comparison between simulated and measured neiglpddrmation rates for five
different temperatures. The color code indicatesaimmonia mixing ratio; the grey symbols
indicate pure binary conditions. The solid lineswhresults for the thermodynamic data from
Ortega et al. (2012) implemented in the model efgresent study. The dashed lines show the
calculated NPF rates published previously by using ACDC model with the same
thermodynamic data (Kurten et al., 2016).
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Figure $4: Comparison between simulated and measured neiglpddrmation rates for five
different temperatures. The color code indicatesaimmonia mixing ratio; the grey symbols
indicate pure binary conditions. The model usestoeynamic data from Hanson et al. (2017).
The symbols (stars, hourglass symbols and hexagtrgj8 K are original data taken from
Hanson et al. (2017).
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