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Report:

Scientific background:

Zinc sulfide (ZnS) is a direct compound semiconductor that has a wide bandgap of 3.91 eV, a high index of
refraction and high transmittance in the visible range. ZnS nanoparticles are useful as photo-catalysts and
devices such as fluorescent displays, electroluminescent devices, light-emitting diodes, infrared windows, lasers
and sensors. We synthesize in the lab highly uniform, ultranarrow ZnS nanowires and nanorods using zinc-
ethylxenthate precursor molecule and octadecylamine as both a surfactant and solvent [1,2]. TEM
characterization of dried suspensions showed that the particles form ordered arrays with a typical particle-
particle distance of ca. 5 nanometers (Figure 1).
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Figure 1. Bright field TEM images of (dried) ZnS nanoparticle assemblies (a) nanowires (b) nanorods.



Photoluminescence results of ZnS nanowires and nanorods in chloroform suspension show that the emission
increases upon decreasing the concentration, which is not an obvious result (Figure 2). Therfore, we aimed
to reveal the structure of these assemblies in the suspenion with various concentrations for understanding their

optical properties.
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Figure 2. Photoluminescence results of ZnS (a) nanowires and (b) nanorods in chloroform suspension.

Results:

Our main goal was to investigate the structure evolution in suspensions of the highly uniform ZnS nanowires
and nanorods in different various conditios: concentrations, temperatures and solvents for suspensions. Using
SAXS at BM-29 we measured the ZnS nanowires and nanorods in different concentrations and temperatures.
The results of the ZnS nanowires and nanorods in chloroform with different concentrations shows a clear trend
of peak enhancement with the increase in the concentration, as expected (Figures 3 and 4, respectively). For
both nanowires and nanorods the results indicates a liquid crystal behaviour. The three peaks in the wires results
are of 1%, 2" and 3" diffraction order, respectively, where the first order peak represents the spacing between
the particles. As for the nanorods, the second and third peaks are not of higher diffraction orders of the first
peak as in the case of wires. For determenation and full understanding of the ZnS nanoparticles liquid-crystal
structure, WAXS and SAXS with high brilliance will be employed at ID-02 for studying suspensions with low
concentrations.
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Figure 3. SAXS results of ZnS nanowires in chloroform suspension with different concentrations.
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Figure 4. SAXS results of ZnS nanorods in chloroform suspension with different concentrations.

The temperature dependent SAXS results of the nanowires and nanorods in chloroform suspension at constant
concentration of 5mg/ml are shown in Figures 5a and 6a, respectively. The analysis of the SAXS peaks was
done using Lorentz fitting in OriginLab software. For both the wires and rods the peak height is decreasing with
temperature. The large error bars of the third peak can be related to its relatively weak intensity and the relative
low brilliance of BM29 (Figures 5b and 6b, respectively). In addition, the d-spacing of both the wires and the
rods is increasing with temperature due to thermal expansion, which is somewhat more significant in the rods

compared to the wires (Figure 7a,b respectively).
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Figure 5. Temperature dependent (a) SAXS results, (b) analyzed results of peak hieght, in chloroform suspension.
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Figure 6. Temperature dependent (a) SAXS results (b) analyzed results of peak hieght , in chloroform suspension.
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Figure 7. Temperature dependence of measured d-spacing for ZnS (a) nanowires (b) nanorods, in chloroform suspension.

Conclusions:

The results from these short and preliminary experiments show that both ZnS nanowires and nanorods form
liquid-crystal like structures in suspension. The structure formed by the nanoparticles is apparently not
affected by concentration, whereas the spacing between the nanoparticles is linearly changing with
temperature.
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