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Figure S1: Au1-xAgx nanoparticles used to catalyse the growth of the Ge1-xSnx nanowires.  The 

nanoparticles have increasing Ag content from (a) Au0.90Ag0.10 to (b) Au0.80Ag0.20 and both 

have a mean diameter of ~ 4-5 nm.



S3

Δ𝜇 = 𝑘𝑇ln ( 𝐶
𝐶𝑒

) …(𝐸𝑞. 𝑆1)

Equation S1: where C is the concentration of the growth species.  To lower the Ce of a growth 

species, a foreign species can be added to the metal seed particle which will shift the liquidus 

phase boundary towards a lower solute concentration.
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Figure S2: Ge1-xSnx nanowires grown using tetraallytin (TAT) as a Sn source.  (a) depicts Sn 

segregation and clustering using TAT as the Sn precursor.  The Ge1-xSnx nanowires grown from 

TAT also have a very low amount of Sn incorporation (b), with the mean Sn content of 

approximately 2 at. %.



S5

0 100 200 300 400

0

50

100

 

 
W

ei
gh

t (
%

)

Temperature oC

 Allyltributylstannane
 Tetraallyltin
 Tetraethyltin

Figure S3: Thermogravimetric Analysis (TGA) of the three Sn precursors; allyltributylstanne, 

tetraallytin and tetraethyltin.  The decomposition temperatures of these Sn molecules follows 

the general trend of their boiling points; ranging from TET with the lowest boiling point (181 

°C at atmospheric pressure) to ATBS with the highest (353 °C at atmospheric pressure).
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Figure S4: SEM images of the branched Ge1-xSnx nanowires grown using a specific TET 

concentration.  The density of these branched nanowires across the substrate can be seen in (a), 

these branched nanowires are relatively high yield compared to the non-branched nanowires.  

(b) Displays the highly ordered nature of these branches, with the branch nanowires seemingly 

aligned along the trunk.
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Figure S5: Linescan of EDX analysis of Ge1-xSnx nanowires with mean Sn content 8.7 at. %.  

In the linescan Ge is denoted by red and Sn by blue.  The Sn rich nature of the seed is clearly 

apparent.



S8

Figure S6: SEM (a) of Ge1-xSnx nanowires grown with TET as the Sn source at 470 °C.  EDX 

analysis revealed an erratic amount of Sn incorporation from one nanowire to another (i.e. 4 – 

8 at. % Sn).
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Figure S7: Ge1-xSnx nanowires catalysed by Au0.70Ag0.30 nanoparticles with ~11 at. % Sn.  The 

low yield of these nanowires is apparent from (a), the Ge1-xSnx nanowires are sporadic clusters 

across the substrate.  A STEM image (b) shows the severe tapering of these nanowires from 

tip to end.  The linescan in (b) reveals that the Sn content of the nanowire is also inconsistent 

along the bulk of the nanowire, with more Sn incorporation in the wider diameter area of the 

nanowire, closer to the seed.  The EDX point measurements were taken approximately 200 nm 

from the seed to compensate for this inconsistency.
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Figure S8: EDX analysis of Ge1-xSnx nanowires catalysed by Au0.80Ag0.20 nanoparticles with 

9.14 at. % Sn.  In the linescan (a) Ge is denoted by red and Sn by blue.  In the elemental map 

(b) Ge is denoted by Green and Sn by red.  The Sn rich nature of the seed and lack of Sn 

clustering and segregation is apparent from the linescan in (a) and the elemental map in (b).



S11

Figure S9: The length distributions (a) of Ge1-xSnx nanowires with varying Sn content, ranging 

from 6.5 at. % Sn, fabricated with ATBS as Sn source and Au0.90Ag0.10 nanoparticles as 

catalyst, to 9.1 at. % Sn, obtained using TET as Sn source and Au0.80Ag0.20 nanoparticles as 

catalyst.  (b) Displays the relationship between mean Sn content and mean length, the error 

bars here represent the standard deviation from the mean Sn content.
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Figure S10: Comparison of the interplanar (d) spacing of 50 successive layers of Ge1-xSnx 

nanowires.  The black line denotes the nanowires fabricated through increased growth kinetics 

with 9.1 at. % Sn, while the red line represents nanowires grown using a two-step method with 

9.2 at. % Sn.
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Figure S11: TEM analysis of Ge1-xSnx nanowires with 9.1 at. % Sn.  The sharp interface 

between the nanowire seed and body is clearly seen in (a), in the orange coloured box, and (b). 

 There is no segregation of metallic Sn apparent at the interface.  Also visible is the less Sn rich 

“bulb” surrounding the Sn rich seed (blue coloured box).  These nanowires were defect free 

with no apparent stacking faults of twin boundaries and display <111> as the dominant growth 

direction.
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Figure S12: Temperature dependent photoluminescence studies in part (a) and (b) convey the 

different behaviours of the Ge1-xSnx nanowires with 7.4 and 9.1 at. % Sn respectively. In (a), 

the dominance of indirect transitions at low temperature with this Sn content is observed.  The 

temperature dependent PL displays an increase of intensity with increasing temperature; 

indicative of an indirect bandgap material. In (b), the contrary is observed – due to dominance 

of indirect transitions at low temperature with this Sn content (x = 0.09) an inverse relationship 

exists between temperature and PL intensity.  In terms of absolute intensity, Ge1-xSnx nanowires 

with 7.4 at. % Sn have a maximum intensity of 1.29 E-4, while the 9.1 at. % Sn sample has a 

maximum intensity of 3.83 E-5.
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Figure S13: Temperature dependent photoluminescence studies in part (a) and (b) convey the 

different behaviours of the Ge1-xSnx nanowires with 7.4 and 9.1 at. % Sn respectively. They 

also display the shift in energy and integrated intensity as a function of temperature.  



S16

40 60 80 100 120 140 160

0.5

0.6

0.7

0.8

0.9

1.0

N
or

m
al

is
ed

 In
te

gr
at

ed
 In

te
ns

ity

1/kT (eV-1)

Figure S14: Arrhenius plot for the Ge1-xSnx nanowires with x = 0.09 at low temperature.  The 

red line represents the Arrhenius fit, which gave an activation energy of EA = 16 meV. 
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Figure S15: Photoluminescence spectra of 9.2 at. % Sn sample fabricated through a two-step 

process.  The peak has a broad FWHM of 761 nm, centred at 1988 cm (0.62 eV).
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Figure S16: Enlarged view of the sub 1.0 eV region of the EELS Spectra. The bandedge can 

be clearly seen at approx. 0.61 – 0.62 eV. 


