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List of Symbols 

k
p ,1

  Monomer formation rate coefficient, s-1 

k
p ,2

  Reduction of ligand-associated monomer ion rate coefficient, s-1 

k
b,1

  Ligand binding to metal atom rate coefficient, M-1 s-1 

k
ub,1

  Ligand unbinding to metal atom rate coefficient, s-1 

k
b,2

  Ligand binding to metal ion rate coefficient, M-1 s-1 

k
ub,2

  Ligand unbinding to metal ion rate coefficient, s-1 

nk   Self-dimerization rate coefficient, M-1 s-1 

k
n,ac

  Autocatalytic dimerization rate coefficient, M-1 s-1 

gk   Monomer addition growth rate coefficient, M-1 s-1 

dk   Monomer dissociation rate coefficient, s-1 

k
g ,ac

  Autocatalytic growth rate coefficient, M-1 s-1 

k
d ,ac

  Autocatalytic dissociation rate coefficient, s-1 

k
a
  Ligand association rate coefficient, M-1 s-1 

k
e
  Ligand elimination rate coefficient, s-1 

t    Time of reaction, s   

i    Number of monomers,   
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j   Number of ligands,    

[M+ ]   Concentration of metal ion, M 

[M]  Concentration of metal atom, M  

[L]  Concentration of Ligand, M  

[ML]  Concentration of ligand associated metal atom, M  

[ML+ ]  Concentration of ligand associated metal ion, M  

2,[C ]j   Concentration of dimer with j ligands, M  

[C
i, j

]  Concentration of cluster with i monomers and j ligands, M  

[Ci]  Concentration of cluster with i monomers regardless of number of j ligands, M 

[Li]  First order moment, M 

[Li]  Second order moment, M 

,s iN   Number of sites on a cluster with i monomers,   

p( j | i)  probability of finding j ligands on a given cluster of i monomers,   

ip   probability of finding  a bound ligand with on a cluster with i monomers,   

C(i,t)   Monomeric concentration of clusters with i monomers at time t, M 

C(D,t) Concentration of cluster with i monomers at time t, M 

MD   Monomer diameter, m    

 

 

Here we present the rate equations in our model before and after applying method of moments.1 The 

reaction scheme is reproduced below: 
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M+ k
p ,1¾ ®¾ M  ; Monomer formation  (S1a) 

 ; Ligand association with metal atom (S1b) 

 ; Ligand association with metal ions  (S1c) 

ML+ k
p ,2¾ ®¾ ML  ; Monomer formation  (S1d) 

ML + ML
k
n¾ ®¾ C

2,2 ; Self-dimerization (S1e) 

ML + ML+ k
n ,ac¾ ®¾¾ C

2,2  ; Autocatalytic dimerization (S1f) 

 ; Monomer addition growth (S1g) 

 ; Autocatalytic growth (S1h) 

 ; Ligand association/elimination to cluster (S1i)  

The minimum value of i is 2 and the maximum was set to 400 in calculations. The rate equations before 

applying method of moments of the above model are as follows: 
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As described in the main text, we used method of moments to convert the equations with two internal 

coordinates (2-D) to two one internal coordinates (1-D). The full set of equations used for calculations are 

as follows 
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We solved the equations numerically using ode15s solver in MATLAB. The solution to the equations 

provides the concentration of clusters with i monomers with average concentration of ligands on clusters 

with i monomers in time t. We convert the monomeric concentration of clusters to the concentration of 

clusters having a diameter D as described in the main text. Table S1 presents diameter intervals taken 

from Malvern Zetasizer Nano ZS instrument to create histograms using Eq. S19, S20. 
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Table S1. Diameter intervals used in histograms. 

D1 (nm) D2 (nm)

0.000 0.400

0.400 0.463

0.463 0.536

0.536 0.621

0.621 0.719



 6 

0.719 0.833

0.833 0.965

0.965 1.117

 

 

 

Figure S1: Ratio of metal atoms, i, to the number of ligand binding sites jmax (defined by Ns,i) as a 

function of the number of metal atoms in the cluster. As the figure indicates, the ratio increases with i. 

 

 

Figure S2: Figure 7 of the manuscript reproduced with a ligand binding rate of kb = 102 M-1 s-1. 
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Figure S3: Figure 7 of the manuscript reproduced with a ligand binding rate of kb = 103 M-1 s-1. 

  

 

 

 

Scheme 4: Reaction scheme for Figure S4 incorporating bare metal growth. 
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Figure S4: Size distribution for different growth rates (colors) and ligand binding rates: (a) kb = 105 M-1 s-

1, ka = 106 M-1 s-1, (b) kb = 10-3 M-1 s-1, ka = 106 M-1 s-1, and (c) kb = 10-3 M-1 s-1, ka = 10-3 M-1 s-1. Dark is kg 

= 103, medium is 104, and light is 105 M-1 s-1. The nanoclusters grow uncontrollably as kg increases when 

the ligand binding rates are small (c). The values for the rate coefficients not listed are the same as listed 

in Table 2, Scheme 3 in the main text. 
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