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3i0 gec:rochemical impedance spectroscopy (EIS) analysis

To investigate the effect of RGO against charge transfer resistance, the EIS measurements were
conducted in 0.1M KCl solution at a frequency range of 100mHz to 200kHZ. Figure 1b shows the EIS
of RGO/(Zn,Ni)(O,S) nanocomposite with different amounts of RGO. After fitting with a Randle
circuit, the charge transfer resistance of RZ-2.5, RZ-5.0 and RZ-10 could be determined as 7,620,
3,730, and 5,700 €, respectively. The catalyst RZ—E has the lowest charge transfer resistance among
of as-prepared catalyst which represents the easiest of electrons and holes in moving on the surface of
its catalyst. This catalyst might have higher photocatalytic hydrogen production than other catalysts.

Morphology and microstructure @

e morphology of as-prepared RGO/(Zn,Ni)(0,S) was recorded by FE-SEM at accelerating voltage
of 15 kV. Figure 2a shows the FE-SEM image of RGO before combining with (Zn,Ni)(O,S) and
exhibits the layers of graphene. However, after forming the RGO/(Zn,Ni)(O.,S) the FE-SEM images
do not clearly show the thin layers of RGO. It can be explained because the thin layers are covered by
the (Zn,Ni)(O,S) nanoparticle during the particle growth. From the Figure 2b-d, can be clearly seen
that all sample have the nanoparticle morphologies with an average grain size of several nanometers. It
seems that by increasing the amount of| nJO from 2.5 to 10 mg the grain size slightly decreases. The
reason is that RGO can inhibit the grain growtheof (Zn,Ni)(0,S) during the synthesis process.

Figure 2. FE-SEM images of (a) RGO (b) RZ-2.5, (¢) RZ-5.0 and (d) RZ-10

To further understand the distribution of each element in the catalyst, the EDX elemental mapping
was performed and shown in Figure 3. All element constituent of catenst RZ-2.5 appears in the
clemental mapping including zinc, nickel, oxygen, sulfur and carbon. It can be seen that nickel
concentration is much lower than zinc concentration. It is reasonable since nickel is a dopant with
concentration 10% in the preparation, however, the actual amount is only about 2% based on EDX
analysis. The element mapping of carbon in Figure 3f depicts its good distribution in the whole area.

This reveals the presence of RGO in the nanocomposite catalyst.
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4. Conclusions

In summary, the photocatalyst RGO/(Zn,Ni)(O,S) with different RGO contents had been successfully
developed for photocatalytic hydrogen production under low power UV illumination. XRD did not
show any diffraction pattern of RGO due to a small amount in the as-prepared catalyst. However,
elemental mapping clearly proved the presence of carbon as the element constituent of RGO. Based on
the EIS result, RGO could decrease the charge transfer resistance to let the photogenerated electrons-
holes easily migrate on the surface catalyst. The highest hydrogen production rate reached to 8,200
umog 'h™” by catalyst RZ-5.0 which was about 64%fhigher than the single (Zn,Ni)(O,S). The enhanced
hydrogen production was contributed by the low charge transfd@¥esistance after the incorporation of
RGO in (Zn,Ni)(0,S) semiconductor, It assisted the easiness for electrons and holes in diffusing on the
surface of the catalyst to effectively carry out both oxidation and reduction reactions. The RGO layers
was also proposed as electron collector and provide more active area for executing the reduction
reaction in order to generate more hydrogen.
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