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General expression for the association rate ko

When the association is not diffusion-limited, the following rate equation applies [1],
+i
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where

kli=vExp(-pla/kT)

(52)
is the on-site association rate between cluster @ and cluster . Here, on-site means the two
clusters are nearest-neighbor clusters (denoted as @®?%), and
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L i
is the dissociation rate of the above nearest-neighbor cluster pair @i koo enters the

denominator in Eq. (S1) because it competes with on-site association to form cluster @ + i, In

+i i
Egs. (S2) and (S3), P a0 and Padi are the respective activation barriers.
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FIG. S1: (a) Calculated association barriers (90 a ) for the clusters in Fig. 2. (b) Concentrations of
the clusters: (red open squares) both association and diffusion processes are considered; (black
filled squares) only diffusion-limited process is considered. In the calculation, we ignore the
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weak interaction between clusters, whereby we approximate Pao = Eoat Eogi=Egqy i T Pt L

where Eoq is the total energy of cluster & on the surface relative to the isolated constituent atoms,

—i . diff
and Pe®i = P i"  The reason that the diffusion-limited-process assumption works for Bi,Se; is

because the most probable clusters, i.e., atomic Se and BiSe,, happen to have the largest

diffusion barriers in Fig. 3(a).
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FIG. S2: Cluster concentration ‘@ as a function of the maximum cluster size Ninax used in the
calculation, which is defined by the red dashed lines in the inset. In principle, two clusters can
associate to form a larger one so the inclusion of larger clusters will affect the concentration of

SNy =Ny =N «, where Va is the size of cluster @, then the

SN, =1

the smaller clusters. If we define

effect of Ninax on €a appears to be the largest only when , as can be seen in Fig. S2. In

the current study, we choose Ninax =4 but exclude BisSe for its relatively high energy. We also

include Bi,Se; in the cluster set for it is the smallest molecular unit to build bulk Bi,Ses;. Our use
N 4

max

of is reasonable, as our results show that the largest cluster relevant to the growth,

BiSe,, has Ninax = 3.
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FIG. S3: Desorption barrier (<p a ) for molecular clusters (Bi,Se;),, as a function of molecule

size n. The general trend is that as » increases, it gets harder to desorb the molecules.
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FIG. S4: Calculated (a) cluster concentration a and (b) chemical potential He, as a function of

the predetermined island density Cisl. These results show that the change in Ha due to Cist is
relatively small, only 0.3 eV, which is on par with the numerical accuracy achievable in this kind

of calculations.
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