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200 nm 10 nm

FIG. S1: HRTEM image of the cross sections of Ge/Ge0.958Sn0.042 nanowires (left). A

zoom-in image shows continuous lattice fringes throughout the inset area (right).
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FIG. S2: The distributions of the strain components of the grown Ge/Ge0.958Sn0.042

core-shell nanowire with a core diameter of 120 nm: (a) εrr, (b) εθθ and (c) εzz.
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FIG. S3: The distributions of the in-plane strain invariants of the grown Ge/Ge0.958Sn0.042

core-shell nanowire: (a) I1 = εxx + εyy, and (b) I2 = εxxεyy − ε2xy.
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FIG. S4: The total free energy change of the system ∆Ftot, setting the free energy of the

initial core configuration as the reference, is decomposed into the contributions from the

elastic energy ∆Fela, the interfacial energy ∆Fint and the chemical potential related term

∆Fµ, and plotted as a function of time. An inset plot is provided to more clearly show the

free energy change at the early stage of the growth.
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FIG. S5: The minimum vapor chemical potentials for shell growth are plotted as a

function of initial core diameter at 0%, 4.2% and 10% Sn respectively.
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FIG. S6: A series of SEM images of Ge/Ge0.958Sn0.042 nanowires are taken at growth time

t = 30s, 1 min, 5 min, 15 min, 30 min and 1 hr respectively.
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PHASE FIELD MODEL

Misfit strain

The misfit strain εmisfit can be expressed as a function of tin concentration xSn based

on experimental data1,

εmisfit =
aSnxSn + aGe(1− xSn) + 0.00882xSn(1− xSn)− aGe

aGe
(S1)

where aGe = 5.6579Å and aSn = 6.4892Å2.

Anisotropy of interfacial energy

To introduce anisotropy of interfacial energy into the model, the parameter ε(n) is de-

signed to depend on the local orientation of the gradient of the φ field3, as described in

Equation S2,

ε(n) = ε0 ·
[
1 + ε1 · (n2

xn
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y + n2

yn
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]

(S2)

where ε0, ε1, ε2 and ε3 are four constants, and nx, ny and ny are the three components of

n = ∇φ/|∇φ|.

Variational derivative

The variational derivative of F with respect to the phase field φ is given by,

δF

δφ
= 2Uφ(1− φ)(1− 2φ)−∇ ·

[
ε(n)2∇φ

]
−

∑
n=x,y,z

∂

∂xn

[
(∇φ)2ε(n)

∂ε(n)

∂φ,n

]

+ µ · S ′(φ) +
1

2
Cijkl

(
εij − ε

eig
ij

)(
εkl − ε

eig
kl

)
· S ′(φ) (S3)

where S ′(φ) = 5− 5 tanh2(10φ− 5), and i, j, k, l = x, y, z.

And the variational derivative of F with respect to the ith component (i = x, y, z) of the

displacement field u is given by,

δF

δui
= −

∑
j=1,2,3

∂σij
∂xi
· S(φ) (S4)

where σij = Cijkl

(
εkl − ε

eig
kl

)
.
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Interpretation of ∆φmax

In Equation 2, the variational derivatives are scaled by ∆φmax/(−K∆t
∫ δF

δφ
d3x) when

the total phase volume change of φ per step exceeds the pre-set value of ∆φmax, to take

account for the mass transport limit in the growth. Alternatively, this constraint can be

implemented by adding a correction term to the chemical potential,

∆φmax =
∫ dφ

dt
·∆t d3x =

∫
−K∆t

 δF
δφ

∣∣∣∣∣
µ=µ0

+ ∆µ · S ′(φ)

 d3x (S5)

where µ0 is the unmodified chemical potential, and ∆µ is the desired amount of modification

on µ0 (e.g. −µV), whose value is determined by,

∆µ = −
K∆t

∫ δF
δφ

∣∣∣
µ=µ0

d3x + ∆φmax

K∆t
∫
S ′(φ) d3x

(S6)

The above equation demonstrates the relationship between ∆µ and ∆φmax. In the

mass transport limited growth, it is expected that the phase volume of the unmodified

∆φ is greater than ∆φmax, i.e. −K∆t
∫ δF

δφ

∣∣∣
µ=µ0

d3x − ∆φmax > 0. Thus, ∆µ should

be a positive number, leading to a decrease of the true chemical potential driving force

(µ = −(µV − ∆µ)). If we interpret µV as the chemical potential in the vapor reservoir,

∆µ may describe the chemical potential drop associated with the material transport from

the bulk to the growing interface. In the current model, we can find that when vmax
vol is

reached, a sharp modification will be applied on the chemical potential to fix the growth at

a constant rate of vmax
vol . In a more realistic model, this chemical potential change may be

gradual and growth rate dependent.

Model parameters

Table S1 lists the values of all the constant parameters in the phase field model.
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TABLE S1: Parameters in the phase field model. U , ε20, ε1, ε2 and ε3 are interfacial energy

associated parameters, whose values are taken to reproduce the surface energies of

germanium4. h is the grid size. C11, C12 and C44 are elastic constants of bulk crystalline

germanium5. M is the kinetic coefficient for the elasticity step. ∆t1 and ∆t2 are the

simulation time steps for the phase field evolution step and elasticity step respectively.

U (eV/nm3) ε20 (eV/nm) ε1 ε2 ε3 h (nm)

11.1 90.0 0.6993 -3.6595 -1.7384 1.8

C11 (GPa) C12 (GPa) C44 (GPa) M (nm4/(eV·s)) ∆t (s) ∆t2 (s)

126.0 44.0 67.7 1.0 0.072 0.0036
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