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The Supporting Information consists of 11 pages and is composed of 5 sections presenting
3 figures and 5 tables. Section A presents additional information related to the bulk materials
in use as well as the technical specifications of the DMA and the RH sensor. Supplementary
results and results of calibration experiments can be found in Section B. Section C contains
the complete dataset used for the figures in the manuscript. Section D presents comments on

measurement uncertainties and Section E summarizes the main equations of Fletcher theory.
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A. Additional Tables - Materials and Methods

Table S1: The table presents basic information about the seed particle materials used for
the experiments.

Compound Chemical Formula | CAS RN Purity /Grade
Silver Ag 7440-22-4 | for elemental analysis
Polyehtylene (C10HgO4)p 25038-59-9 -
Terephthalate (PETY)

Water H>O 7732-18-5 HPLC+

Table S2: DMA Dimensions: The table summarizes the geometrical parameters of the nano-
DMA used in the experiments.

Inner Radius R; | 0.0175 m
Outer Radius R, | 0.0241 m
Length L 0.0150 m

Table S3: The table presents the specifications of the RH sensor used for the experiments
based on information provided by the manufacturer®.

Parameter Value Unit
Operating Range 0-100 %(RH)
Accuracy (10-90 %) + 1.8 %(RH)
Accuracy (>90-100 %) | max. £+ 4.0 | %(RH)
Repeatability + 0.1 %(RH)
Hysteresis + 1.0 %(RH)
Response Time 8 S
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B. Additional Figures - Results and Discussion
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Figure S1: The figure compares the experimentally determined particle growth to
theoretical predictions based on the model presented in Vesala et al.? The particle
diameter is shown as function of the elapsed time after the expansion. The crosses
represent experimental data. The solid lines indicate the theoretical particle growth
at the measured saturation ratio S. The dashed lines represent theoretical calcula-
tions with an increased or reduced saturation ratio. Data shown in the two panels
are related to the following experimental settings:

Panel a: PETY(-), r, = 3.6 nm, T = 6.6°C', RH = 84.5 %

Panel b: PETY(-), 7, = 3.1 nm, T = 6.1°C, RH = 93.0 %
rp is the radius of the seed particle, T" depicts the temperature inside of the mea-
surement chamber after the expansion and RH represents the saturation ratio of
the aerosol exiting the humidifier.

S3



1.1- 2.20 -
1.0 O®-| =2.157
=0.9- / & 5102
B (fb o 2'10§
3 8'3: / 5 2.053
© 0./ 1] m
o § 2.00 1
© 0.6 P S E
a - / 5 1.95 7
c 0.5 é © 3
S ] ( 5 1.90 1
5 0.4 1 ¢ JF-U, 7
0 0.3 ¢ 1.85 3
20.3 Q - =
g 0 2: 8 1.80 7
= c c 3
0.1 O 1.753
OO _I—’T’\l T T T T T T 1.70:|||||11||||||||||||]|||||||||
14 16 18 20 22 24 40 45 50 55 6.0 6.5 7.0
Saturation Ratio [] Mobility Diameter d, [nm]

O Ag(-), 5.4°C [J Ag(0), 12.0°C, Kupc et al. Vv Ag(0), 4.8°C, Kupc et al.

Figure S2: The figure summarizes the nucleation probabilities as well as the deter-
mined onset saturation ratio for Ag seeds. Panel a) shows the nucleation probabili-
ties versus the determined saturation ratio of water vapor for negatively-charged Ag
particles with a mobility diameter of 5.8 nm at a nucleation temperature of 5.4°C.
Panel b) shows the comparison between the determined onset saturation ratio of
the aforementioned seeds and data measured by Kupc et al.® using neutralized Ag
seeds. The settings corresponding to the presented data can be found in Table S4,
Table S5, and the Supplement to Kupc et al.?
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Figure S3: The figure shows the onset saturation ratios at different nucleation temperatures
measured using PETC seeds with diameters ranging from 6.3 to 8.5 nm. Panel a) presents
the onset saturation ratio versus the nucleation temperature. The markers correspond to
differently sized seed particles and the dashed line is solely a guide to the eye. Panel b)
presents the onset saturation ratio as a function of the geometric diameter. The colors of
the markers indicate the nucleation temperature. The solid and dashed lines correspond to
theoretical onset saturation ratios calculated from Fletcher theory (FT) for different contact
angles # at a temperature range slightly exceeding the experimental nucleation temperatures.
For the sake of readability, uncertainty bars were removed in panel b). Panel ¢) shows the
onset saturation ratios as a function of the critical geometric diameter d as predicted by
Kelvin equation.
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C. Dataset

Table S4: The table summarizes the data presented in the figures. The onset saturation
ratios Sy, the nucleation temperatures 7y, and the seed particle diameters d, used in the
experiments are shown. Uncertainties are marked with ”A” and are presented with a corre-
sponding sign. AS a refers to the deviation of the experimental onset saturation ratio from
the prediction based on the model presented by Vesala et al.? AS; s depicts the uncertainty

arising from the RH sensor in use. Uncertainties without signs are symmetric.

Fig. Seed dp Adp So ASO,M AS()’]W ASO,S ASO,S TO ATO

[nm]  [nm] d d I°Cl[°C]
2ab PETP(-) 101 0.7 130 +5 0.07 2.5 0.03 11.7 0.2
2ab PETP(-) 84 09 146 +5 0.07 2.4 004 11.2 0.3
2ab PETP(-) 72 06 164 -5 0.08 3.5 0.06 120 0.3
2ab PETP(-) 61 06 18 -5 0.09 3.4 0.06 100 0.3
3ab PETY(-) 61 06 1.78 3 0.05 2.4 004 73 03
3ab PET®(-) 63 07 1.53 3 0.05 2.5 004 78 04
3ab Ag(-) 61 05 203 3 0.06 2.5 005 74 04
3c PETP(-) 84 09 146 45 0.07 2.4 0.04 112 0.3
3¢ PET®(-) 85 09 136 - - 2.4 0.03 11.7 0.2
4ab PETF(-) 72 06 148 5 0.07 2.6 004 68 0.2
4ab PETP(-) 72 06 152 3 0.05 2.4 004 9.0 03
4ab PETP(-) 72 06 164 -5 0.08 3.5 0.06 120 0.3
5ab PETY(-) 61 06 1.78 3 0.05 2.4 004 73 03
5ab PETP(-) 61 06 188 -5 0.09 3.4 006 93 0.3
5ab PETP(-) 61 06 186 -5 0.09 3.4 0.06 100 0.3
5ab PETP(-) 72 06 148 5 0.07 2.6 004 6.8 0.2
5ab PETP(-) 72 06 1.52 3 0.05 2.4 004 9.0 03
5ab PETP(-) 72 06 164 -5 0.08 3.5 006 11.9 0.3
5ab PETP(-) 84 07 134 7 0.09 2.6 003 81 0.3
5ab PETP(-) 84 09 146 +5 0.07 2.4 004 11.2 0.3
5ab PETP(-) 84 09 156 -5 0.08 4.4 006 137 04
5ab PETP(-) 101 07 130 +5 0.07 2.5 0.03 11.7 0.2
5ab PETP(-) 101 0.7 1.36 - - 3.5 0.05 153 0.2
6 PETF(-) 72 06 1.48 5 0.07 2.6 004 68 0.2
6 PETP(-) 72 06 1.52 3 0.05 2.4 004 9.0 03
6 PETY(-) 72 06 164 -5 0.08 3.5 006 11.9 0.3
S2ab  Ag(-) 58 0.4 1.99 - - 2.4 005 54 03
S3ab PET®(-) 63 07 153 3 0.05 2.5 004 78 04
S3ab PET®(-) 63 08 151 45 0.08 2.4 004 93 03
S3ab PET®(-) 6.3 08 1.57 3 0.05 2.4 0.04 104 0.3
S3ab PET®(-) 84 08 125 47 0.09 2.6 003 93 02
S3ab PET®-) 85 09 1.36 - - 2.4 0.03 11.7 0.2
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Table S5: The table summarizes the experimental settings corresponding to the data pre-
sented in the figures. @) is the flow rate of compressed air passing the tube furnace, Qg
depicts the flow rate of the dilution air fed into the system downstream of the tube furnace.
The sample flow rate passing the DMA is therefore given by Qs + Qai. Qai2 refers to the
(optional) dilution flow downstream of the DMA. Additionally, the table presents the DMA
resolution R. Measurement uncertainties are presented in brackets.

Fig. Seed dp  So Ty Qy Qi Qdil2 R
[nm)] [°C] [L-min~Y [L-min~'] [L-min~!]
2ab PETP() 101 130 200 050 (0.01) 1.30 (0.01) 2.30 (0.02) 15.3
2ab PETP() 84 146 210 0.80 (0.01) 2.40 (0.03) ) 9.3
2ab PETP() 7.2 164 224 120(0.01) 150(0.02) 0.50 (0.01) 11.8
2ab PETP() 61 18 204 0.70 (0.01) 2.20(0.02) 0.70 (0.01) 10.6
3ab PEIT() 61 178 220 150(0.02) 1.70(0.02) 1.30 (0.01) 9.6
3ab PETC(-) 6.3 153 182 2.00(0.02) 1.20 (0.01) ) 9.3
3ab  Ag() 61 203 1000 1.50 (0.02) 0.80 (0.01) ; 13.3
3¢ PETP() 84 146 210 0.80 (0.01) 2.40 (0.03) ; 9.3
3¢ PETC() 85 1.36 200 1.60(0.02) 1.60(0.02) 1.00(0.01) 9.3
fab DETP() 7.2 148 228 1.20(0.01) 1.50 (0.02) 0.50 (0.01) 124
tab PETP() 7.2 152 228 1.20(0.01) 1.50(0.02) 0.50(0.01) 114
4ab PETP() 7.2 164 224 1.20(0.01) 1.50(0.02) 0.50 (0.01) 11.8
5ab PEIT() 61 178 220 150 (0.02) 1.70(0.02) 1.30 (0.01) 9.6
5ab PETP() 6.1 1.88 204 0.70 (0.01) 2.20 (0.02) 0.70 (0.01) 10.2
5ab PETP() 6.1 18 204 0.70 (0.01) 2.20(0.02) 0.70 (0.01) 10.6
5ab PETP() 7.2 148 228 1.20(0.01) 150 (0.02) 050 (0.01) 124
5ab PETP() 7.2 152 228 1.20(0.01) 1.50(0.02) 0.50 (0.01) 11.4
5ab PETP() 7.2 1.64 224 1.20(0.01) 150 (0.02) 050 (0.01) 11.8
5ab PETP() 84 134 200 070 (0.01) 2.70 (0.03) 1.90 (0.02) 12.8
5ab PETP() 84 146 210 0.80 (0.01) 2.40 (0.03) ) 9.3
5ab PETP() 84 156 210 0.80 (0.01) 2.30 (0.03) ; 9.6
5ab PETP() 101 130 200 050 (0.01) 1.30 (0.01) 2.30 (0.02) 15.3
5ab PETP() 101 1.36 200 050 (0.01) 1.30 (0.01) 2.30 (0.02) 15.3
6 PETT() 7.2 148 228 120 (0.01) 1.50 (0.02) 050 (0.01) 12.4
6 PETP(-) 7.2 152 228 1.20(0.01) 1.50 (0.02) 0.50 (0.01) 11.4
6 PETP(-) 7.2 164 224 1.20(0.01) 1.50 (0.02) 0.50 (0.01) 11.8
S2ab  Ag) 58 109 1000 1.0 (0.02) 0.80 (0.01) - 12.7
S3ab PETC() 6.3 153 182 2.00 (0.02) 1.20 (0.01) - 9.3
S3ab PETC(-) 6.3 1.51 191 2.00 (0.02) 1.60 (0.02) ; 8.1
S3ab PETS() 6.3 157 191  2.00 (0.02) 1.60 (0.02) . 8.1
S3ab PETC() 84 125 204 240 (0.02) 0.50 (0.01) 0.30 (0.003) 10.6
S3ab PETC() 85 1.36 200 1.60(0.02) 1.60(0.02) 1.00(0.01) 9.3
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D. Note on measurement uncertainties

The measurement uncertainties arising from the RH sensor! are crucial for the calculation of
the overall uncertainties of the presented data. The manufacturer states a sensor accuracy
of £ 1.8 %(RH) for a relative humidity ranging from 10 to 90 %. It is important to note,
that the accuracy increases to + 4 % for RH values > 90 % (s. Table S3). Uncertainties of
the onset saturation ratios Sy were determined using the sensor accuracy and calculations
following the rules of Gaussian error propagation as well as by comparing the measured
growth data to theoretical growth curves calculated using Vesala et al.? Initial saturation
ratios of the aerosol downstream of the humidifier in the range of 0.8 to 0.9 have proven to
yield the most accurate data (s. Figure S1). Lower RH values are connected to increasing
deviations from the growth model; higher relative humidities are linked to higher sensor

uncertainties.
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E. Fletcher Theory (FT)

The curves in Figure 5, Figure 6 and Figure S3 corresponding to theoretical predictions from

FT were calculated by following the approach outlined by Fletcher*:

1. The parameter x is given by the ratio of the seed particle diameter R to the critical

cluster radius r*,

(1)

e

2. The parameter m is given by the cosine of the contact angle 6,

m = cosb. (2)

3. The square of the logarithm of the saturation ratio S is given by,

8t - Vi2-a®- f(m,x)

(logS)* = 3pa7w (60.1 + 4.606 - logioR) 3)
where,
flm,z) =1 {1+ (1‘;1’f>3+a:3- {2—3 (‘E;’")+ (”C;mﬂ "
+ 3ma? (x_m — 1) },
with,

g=V1+2x%—-2maz. (5)

Here, k£ depicts the Boltzmann constant, V; is the volume of a water molecule in the

bulk liquid, ¢ is the surface tension of the bulk liquid and 7T is the temperature.

4. Equation 4 is solved by successive approximation: Arbitrary values for z and m are

inserted in Equation 4 and S' is calculated.
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5. Based on the resulting S, the seed particle diameter R can be calculated using,

2x0V
R=g -pf=_—""1
T T R T oS’

providing a better value for S when reinserted into Equation 3.

6. The process is repeated until it converges.
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