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S1 Water unary and water-CO2 binary vapor nucleation

Figure S1 shows the data for the unary nucleation of water (panel A) and for binary nucleation of the water-CO2

mixture (panel B) as published in Ref.1. Here we have re-analyzed the data with the inclusion of ξ in Eqs. 6
and 9. It should be noted that the rate constants k1,1 for unary water nucleation and β for water-CO2 binary15

nucleation increased by a factor of two compared to that reported in Ref.1, owing to the inclusion of ξ in the
present model.

0.0 0.4 0.8 1.2 1.6

(CH2O)2 [1040 m−6]

−0.4

0.0

0.4

0.8

J
ex
p

[1
02

1
m
−

3
s−

1
]

A

0 20 40 60 80

CCO2/CH2O

0.0

0.4

0.8

1.2

(J
ex
p
−
ξ)
/

(C
H

2
O

)2
[1

0−
1
7

m
3
s−

1
]

B

Figure S1: (A) Unary water nucleation. Circles: Experimental data points Jexp as a function of (CH2O)
2.

Dashed line: Linear fit using Eq. 6 and Jexp = Jun. (B) Water-CO2 binary nucleation. The red marker
denotes k1,1. The dashed-dotted line denotes the linear fit according to Equation 10 and Jexp = Jbi. The β
value obtained in the fit is given in Table 1.

S1



S2 Simulated behavior of J

We simulated the behavior of J assuming different experimental artifacts, such as cluster loss during ionization
and limitations due to detection. To begin, Eq. 6 was used to generate Jmodel with k1,1 (ξ = 0) for different20

values of CBu, shown as the solid black lines in Fig. S2. From these values, the total number concentration was
obtained by integrating Jmodel over time,

Ctot(ti) =

∫ ti

t0

Jmodel dt (i = 1, 2, 3, . . .). (S1)

A cluster mass distribution was then generated that resembled the experimental data, ensuring that the total
cluster concentration matched Ctot(ti).

This simulated distribution was subsequently screened according to the relevant conditions, such as cluster25

loss or being below the detection limit. The resulting concentrations yielded the simulated nucleation rates, Jsim,
which are shown as open circles in Fig. S2. Linear fits through the Jsim values, indicated by the dashed-dotted
lines, demonstrate that in both cases the fits pass through the origin.
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Figure S2: Simulated behavior of unary nucleation rates with monomer number concentration squared for (A)
loss of cluster during ionization and (B) due to detection limit of the instrument. Black solid lines: Generated
Jmodel values according to Eq. 6 with ξ = 0. Black circles: Simulated Jsim data points. Gray dashed-dotted
lines: linear fit through the simulated data points using Eq. 6.
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S3 Baseline rise due to mixed clusters
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Figure S3: Mass spectra for a mixture of 0.21% Bu (1.2 × 1020 m−3) and 12.7% CO2 (7 × 1021 m−3), same
conditions as Fig. 6 (middle row), without baseline correction. The baseline drifts/rises at larger cluster sizes
(masses) are an indication for the formation of mixed clusters. For shorter times, the abundance of mixed
clusters with lower masses (Fig. 6) is very low and often below the detection limit. At longer times, the mixed
clusters of higher masses are visible in the spectra as baseline drifts/rises (”unresolved bums”) as the individual
mass peaks can no longer be resolved in the spectra. At shorter nucleation times (black curve) this bump is
still small, but the center of this bump moves towards higher masses and becomes broader at longer nucleation
times (gray scale).
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S4 Summary of butane unary and butane CO2 binary results30

Table S1: Overview table for unary butane nucleation measurements. The columns contain: The butane
concentration, the nitrogen concentration, the argon concentration, the experimental nucleation rate, the error
of the experimental nucleation rate, the temperature of the expansion, the pressure in the expansion as well as
the supersaturation of the monomer.

CBu CN2
CAr Jexp [1022 Error [1022 Temp. Pressure Sup. sat.

[1020 m−3] [1021 m−3] [1022 m−3] m−3s−1] m−3s−1] [K] [Pa] [ln(S)]

1.08 7.16 4.95 0.45 0.04 50.8 40 45

1.08 7.13 4.94 0.21 0.03 51 40 44

1.1 7.27 5.03 0.08 0.02 50 40 46

1.19 7.12 4.94 0.31 0.05 51 40 44

1.26 7.16 4.97 0.41 0.03 50.7 40 45

1.27 7.22 5.01 0.54 0.06 50.2 40 46

1.32 7.16 4.97 0.81 0.08 50.6 40 45

1.37 7.11 4.94 0.95 0.12 50.9 40 45

1.43 7.15 4.97 1.1 0.16 50.6 40 45

1.73 7.17 5.01 2.87 0.26 50.3 40 46

2.02 7.16 5.02 5.23 0.36 50.1 40 46

2.3 7.09 4.99 6.14 0.57 50.4 40 46
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Table S3: Mixed clusters and their corresponding masses [amu] observed in Figure 6 D.

(Bu)1 (Bu)2 (Bu)3 (Bu)4 (Bu)5 (Bu)6 (Bu)7 (Bu)8 (Bu)9

(CO2)1 - 160.25 218.37 276.49 - 392.73 450.85 508.97 567.09

(CO2)2 146.14 - 262.38 320.5 378.62 436.74 494.86 - 611.1

(CO2)3 - - 306.39 364.51 422.63 480.75 538.87 - 655.11

(CO2)4 234.16 - 350.4 408.52 466.64 524.76 582.88 - -

(CO2)5 - - 394.41 452.53 510.65 568.77 626.89 685.01 -

(CO2)6 - - 438.42 496.54 554.66 612.78 670.9 - -

(CO2)7 - - 482.43 540.55 - 656.79 - - -

(CO2)8 - - 526.44 - - - - - -

(CO2)9 - - - - - - - - -

(CO2)10 - - 614.46 - - - - - -
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