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yellowish transparent solution is formed, at which point these conditions are maintained for 1hr. After 

the reaction solution has reached the appropriate reaction temperature (140°C, 170°C or 190°C) the 

TMSS-ODE solution was injected in to the three neck flask. Immediately prior to injection the glass 

syringe is purged with argon 10 times to reduce the likelihood of oxygen/moisture entering the 

reaction vessel. Upon injection of the TMSS the reaction mixture changed from a yellow clear liquid 

to a thick brown colloid and the reaction solution temperature dropped 5-10°C. After 2 minutes of 

constant heat and continuous stirring the reaction vessel was removed from the heat and placed in an 

ice bath where it was allowed to cool below 60°C. A purged 10ml syringe was then used to transfer 

the nanoparticles colloid to a 50ml vial containing a 50/50 mix of hexane and methanol. The mixture 

was then agitated in an ultrasonic bath for 20mins and then allowed to separate before removing the 

un-reacted reagents suspended in the ethanol solution. This cleaning procedure was repeated several 

times before finally, the nanoparticles were dissolved in a variety of polar solvents to form thick, 

stable solutions. Aliquots were dispersed in hexane to form weak solutions (<1mg/ml) for 

characterization. 

Characterisation 

Transmission electron microscope samples were prepared by dipping an ultra-thin carbon 

coated gold grid into a very dilute solution of cleaned NCs dispersed in toluene/hexane. Each grid was 

oxygen plasma treated for 5 seconds, using a Nanotech PLASMOD plasma chamber, to remove any 

remaining organic material. Acquisition of low and high resolution images and selected area 

diffraction patterns was carried out using a JEOL-JEM 2010 LaB6 microscope, at an accelerating 

voltage of 200 kV. Scanning transmission electron microscopy elemental mapping and high angle 

annular dark field imaging was carried out using a JEOL 3000F field emission gun microscope at an 

accelerating voltage of 300kV (equipped with an Oxford Instruments LZ5 windowless energy 

dispersive X-ray spectrometer). Imaging of individual lattice planes and corresponding twinning 

analysis of CZTS nanoparticles was carried out using a Oxford-JEOL 2200MCO aberration corrected 

microscope. XRD analysis was performed using a Philips Theta-2-Theta X-ray diffractometer. 

Samples were prepared by drop casting thick (>100mg/ml) NC dispersions onto 25x25mm silicon 
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crystallographic parameters of the model used to analyse the Hexagonal CZTS structure, calculated 

using Crystalmaker Software from the lattice parameters published by Lu et al1, are shown in Table 2.   

Table 2: Calculated crystallographic parameters for the Hexagonal CZTS structure 

Wurtzite d [A] 2 θ 
Intensit

y 
0 1 0 3.32441 26.7938 77.61 
0 0 2 3.1694 28.1305 51.03 
0 1 1 2.94409 30.3331 85.64 
0 1 2 2.29395 39.2393 30.46 
1 1 0 1.91935 47.3199 60.49 
0 1 3 1.78323 51.1815 62.23 
0 2 0 1.66221 55.2122 9.29 
1 1 2 1.64177 55.9594 41.01 
0 2 1 1.60784 57.2477 13.82 
0 0 4 1.5847 58.1631 1.61 
0 2 2 1.47204 63.1013 6.96 
0 1 4 1.43049 65.1567 1.65 
0 2 3 1.30641 72.2563 20.84 
1 2 0 1.25651 75.6146 6.94 
1 2 1 1.23253 77.3549 10.46 
1 1 4 1.22201 78.1467 3.57 
0 1 5 1.18455 81.1205 14.97 

 

DTA-TGA analysis was carried out to help determine whether the synthesised nanocrystals 

were pure CZTS or a combination of CTS and ZnS nanocrystals. The data presented in Figure S3a 

suggests there is a single transition for each sample at approximately ~ 830°C. For each sample, the 

presence of additional transitions at lower temperatures (<500°C) may suggest the presence of 

unreached precursors, left over from the each synthesis, which undergo oxidation at these 

temperatures.  

The results of Raman scattering analysis shown in Figure S3b suggest that a single crystalline 

species of CZTS is present in each sample. All three spectra display an intense peak in the 331-

338cm-1 region associated with bulk CZTS. The intense peak observed for the sample nucleated at 

140°C (tetragonal CZTS) had a fractionally higher peak position compared to those samples nucleated 

at 170°C and 190°C (hexagonal CZTS). The different Raman shift values for tetragonal and 

hexagonal CZTS would suggest that the characteristic peak for hexagonal CZTS may differ from that 
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