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Supporting Information: 

1. Cluster Balance Equations for Nucleation Potential Model 

Full cluster balances are given in Equation S1 for the Nucleation Potential Model (NPM). Cluster balances contain 

formation and loss terms for the various cluster types. Clusters are formed by collisions and lost via coagulation with 

larger clusters and diffusion to the walls of the flow reactor. Forward rate constants are assumed to be equal with the 5 
k = 4.2x10-10 cm3 s-1

 based on an ideal solution where partial volumes of each component are independent of the liquid 

composition (Ortega et al., 2012). The forward rate constant is assumed equal across all clusters due to the minimal 

changes in the rate constant from the smallest cluster to the largest cluster. Cluster size, mass, and dipole moment all 

impact k, sometimes in opposing ways, and these parameters have not been measured for the vast majority of freshly 

formed clusters. Furthermore, any inaccuracies in the reaction constant will be captured by [Beff]. In other words, if 10 
the reaction constant is higher than the used value, this will lead to an increase in [Beff]. The wall loss rate constant, 

kd, is calculated from the diffusion constant of each cluster and a diameter of the reactor (5 cm). kd ranges from 0.05 

s-1 to 0.045 s-1 for monomer to tetramer, respectively (Froyd and Lovejoy, 2003). The final concentration of particles 

is the combined concentration of tetramers ([N4]) and larger particles ([N>4]).  

For the steady-state case of the model, which was applied to atmospheric data, cluster balances up to [N3] are set equal 15 

to zero, and 𝑑𝑑[𝑁𝑁4]
𝑑𝑑𝑑𝑑

 is set equal to the calculated nucleation rate (J1nm). Additionally, wall loss rates are replaced with a 

coagulation loss rates to pre-existing particles. The coagulation loss rate was calculated from the Fuch’s surface area 

(Kuang et al., 2010) during the various field campaigns and was assumed to be constant over the course of the 

nucleation events (Sihto et al., 2006; Iida et al., 2008; McMurry and Eisele, 2005; Cai et al., 2021; Eisele et al., 2006).  

𝑑𝑑[𝐴𝐴1]
𝑑𝑑𝑑𝑑

= −𝑘𝑘[𝐴𝐴1]�𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒� − 𝑘𝑘𝑑𝑑[𝑁𝑁1] 

𝑑𝑑�𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒�
𝑑𝑑𝑑𝑑

= −𝑘𝑘[𝐴𝐴1]�𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒� − 𝑘𝑘𝑑𝑑[𝑁𝑁1] 

𝑑𝑑�𝐴𝐴1 ∙ 𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒�
𝑑𝑑𝑑𝑑

= 𝑘𝑘[𝐴𝐴1]�𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒� − 𝑘𝑘[𝑁𝑁1](2[𝑁𝑁1] + [𝑁𝑁2] + [𝑁𝑁3] + [𝑁𝑁4]) − 𝑘𝑘𝑑𝑑[𝑁𝑁1] 

[𝑁𝑁1] =  �𝐴𝐴1 ∙ 𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒� 

𝑑𝑑[𝑁𝑁2]
𝑑𝑑𝑑𝑑

= 𝑘𝑘[𝑁𝑁1]2 − 𝑘𝑘[𝑁𝑁2]([𝑁𝑁1] + 2[𝑁𝑁2] + [𝑁𝑁3] + [𝑁𝑁4]) − 𝑘𝑘𝑑𝑑[𝑁𝑁2] 

𝑑𝑑[𝑁𝑁3]
𝑑𝑑𝑑𝑑

= 𝑘𝑘[𝑁𝑁1][𝑁𝑁2] − 𝑘𝑘[𝑁𝑁3]([𝑁𝑁1] + [𝑁𝑁2] + 2[𝑁𝑁3] + [𝑁𝑁4]) − 𝑘𝑘𝑑𝑑[𝑁𝑁3] 

𝑑𝑑[𝑁𝑁4]
𝑑𝑑𝑑𝑑

= 𝑘𝑘1[𝑁𝑁2]2 + 𝑘𝑘1[𝑁𝑁1][𝑁𝑁3]− 𝑘𝑘1[𝑁𝑁4]([𝑁𝑁1] + [𝑁𝑁2] + [𝑁𝑁3] + 2[𝑁𝑁4]) − 𝑘𝑘𝑑𝑑[𝑁𝑁4] 
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𝑑𝑑�𝑁𝑁4,+�
𝑑𝑑𝑑𝑑

= 𝑘𝑘1[𝑁𝑁1][𝑁𝑁4] + 𝑘𝑘1[𝑁𝑁2][𝑁𝑁3] + 𝑘𝑘1[𝑁𝑁2][𝑁𝑁4] + 𝑘𝑘1[𝑁𝑁2][𝑁𝑁4] + 𝑘𝑘1[𝑁𝑁3]2 + 𝑘𝑘1[𝑁𝑁3][𝑁𝑁4] + 𝑘𝑘1[𝑁𝑁4]2 − 𝑘𝑘𝑑𝑑[𝑁𝑁4] 

𝐽𝐽1𝑛𝑛𝑛𝑛 =  
𝑑𝑑[𝑁𝑁4]
𝑑𝑑𝑑𝑑

+
𝑑𝑑[𝑁𝑁>4]
𝑑𝑑𝑑𝑑

 

Equation S1 

2. Methodology to Evaluate the Nucleation Potential Model 20 

As seen in Figure S1, the first set of bars shows a high concentration of particles of 2x105 cm-3 at the 1-nm 50% 

cut-point (d50), (Tconditioner = 1 ºC, Tinitiator = 99 ºC) and a lower concentration of particles of 8x104 cm-3 at the 2-nm cut-

point, (Tconditioner = 2 ºC, Tinitiator = 90 ºC)  when [A1]o = 5x109 cm-3. The second set of bars shows a significantly lower 

particle concentration of 8x103 cm-3 at the 1-nm cut-point and a particle concentration of 30 cm-3 at the 2-nm cut-point 

when [A1]o = 4x108 cm-3. Low concentrations of 2-nm particles in the second set of bars suggests that most formed 25 
particles are less than 2 nm in diameter. This inferred size distribution is more compatible with the nucleation model, 

which accounts for particles up to N8 (larger than 1 nm). At higher concentrations of [A1]o, the particle concentrations 

at the 1-nm cut-point and 2-nm cut-point are not significantly different, indicating that a majority of the particles are 

larger than 2 nm in diameter. In addition, the high particle concentration (>105 cm-3) at high [A1]o approaches the 

upper detection limit of the vwCPC which also increases measurement uncertainty. Note, Scanning Mobility Particle 30 
Sizers (SMPS) scans have not been taken for the flow tube due to the large uncertainty associated with charging 

particles in the 1-nm size range (Jen et al., 2015; Jiang et al., 2011). Future work will explore electrically neutral, size-

resolved measurements to further increase the accuracy of NPM in estimating coagulation loss rates. 

 

 

Figure S1: Comparison 
of particle concentrations 
at 1-nm and 2-nm d50 cut-
points for the vwCPC at 
[A1]o =5x109 cm-3 (left) 
and at [A1]o =4x108 cm-3 

(right). 
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