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Figure S1. PL spectra of the specimens at the excitation wavelength of 400 nm.

Figure S1 presents PL spectra of the samples at the excitation wavelength of 400 

nm. Three peaks at 515, 530 and 621 nm are observed for all the specimens. 

Comparing with the PL spectra at the excitation wavelength of 325 nm in Fig. 4(b), 

the bandedge emission disappears and the fluorescence emissions red shit as the 

excitation wavelength increases. Moreover, the peak intensity decreases successively 

in the order of ZnO, ZnO/Ag2S, ZnO/MoS2, and ZnO/MoS2/Ag2S. The red-shit of the 

fluorescence emissions is due to the reduced excitation energy, as those found in 

literature [1]. The decreasing emission suggests limited exciton recombination in the 

heterogeneous specimens and is advantageous for the photocatalytic performance.



Figure S2. Raman spectra of the specimens.



Figure S3. Tauc plots of absorption spectra of the specimens.



Figure S4. Absorption spectra of degraded MB aqueous solutions as catalyzed by 

ZnO nanowire arrays with different coating layer under (a1-d1) UV light and (a2-d2) 

visible light for different periods: (a1,a2) ZnO, (b1,b2) ZnO/Ag2S, (c1,c2) ZnO/MoS2, 

(d1,d2) ZnO/MoS2/Ag2S.

Figure S5. Absorption spectra of the degraded MB aqueous solution as catalyzed by 

ZnO/MoS2/Ag2S array under visible light in different conditions: (a) a specimen in 5 

successive periods, (b) 4 specimens in each period.

Figure S5(a) demonstrates degradation of MB solution as catalyzed by 

ZnO/MoS2/Ag2S array at different cycles under visible light. The degradation 

efficiency obtained from the figure is listed in Table S2. It can be seen that the 

efficiency decreases in the first three cycles but nearly keeps stable after 3 cycles. 

However, even in the 5th cycle, the efficiency of 25.30% is also larger than that of 



other samples in the 1st cycle under visible light, indicating a good photocatalytic 

stability of ZnO/MoS2/Ag2S array. Figure S5(b) displays the degradation of MB 

aqueous solution as catalyzed by ZnO/MoS2/Ag2S arrays in different time length 

under visible light. The band intensity decreases with extending the photocatalytic 

time, suggesting an increasing degradation efficiency. The efficiency obtained from 

the figure is also listed in Table S2. The efficiency increases with extending period 

and reaches 90.09% in 4 h. From the variation tendency, it can be speculated that the 

MB dye might be degraded completely in about 5.5 h. 

Figure S6. SEM images of ZnO/MoS2/Ag2S array: (a1,a2) before photocatalysis, 

(b1,b2) after photocatalysis for 5 cycles.

SEM images of ZnO/MoS2/Ag2S array before and after 5-cycle photocatalysis 

were tested and supplied in Fig. S6. It is found that the nanorod array remains normal 

to the substrate after photocatalysis. There is not clear difference in the array structure 

before and after photocatalytic performance. This indicates that the nanorod array 



possesses a good structural stability for the photocatalysis.

Figure S7. Mott−Schottky plots of the specimens.

To gain deep insight of the photocatalytic activity, energy band diagrams of the 

specimens were depicted by measuring Mott−Schottky (MS) curves in the dark at an 

AC frequency of 1.0 kHz, as shown in Fig. S7. By extrapolating the X-intercept of the 

linear region in the MS plots at Y = 0, the flat band potential (EFB) of ZnO and Ag2S 

is achieved, which can be converted to the normal hydrogen electrode potential (ENHE) 

according to the Nernst equation [2],

ENHE = EFB + ,                           (1)𝐸 0
𝐴𝑔/𝐴𝑔𝑐𝑙

where  = 0.197 eV at room temperature. Combing the values of ENHE and Eg 𝐸 0
𝐴𝑔/𝐴𝑔𝑐𝑙

as achieved in Fig. S2, the conduction band minimum (ECBM) and valence band 

maximum (EVBM) relative to the vacuum potential can be roughly estimated by the 

following equations,

ECBM = −ENHE − 4.5,                            (2)



EVBM = −ENHE − 4.5 − Eg.                        (3)

Therefore, the CB of ZnO and Ag2S can be calculated to be -4.00 eV and -3.90 eV, 

respectively from the MS plots.

Figure S8. Absorption spectra of the degraded MB solution as catalyzed by 

ZnO/MoS2/Ag2S nanoarrays under visible light irradiation for 30 min with different 

scavengers.

For free radical trapping experiments, isopropanol (IPA) was used as ·OH 

scavenger, benzoquinone (BQ) as  scavenger, and ammonium oxalate (AO) as h+ 𝑂 ∙‒
2

scavenger [3]. The scavengers were added into the MB solutions with identical 

concentration initially and individually. Afterward, the solution and the catalyst were 

subjected to the simulated sunlight for 30 min. Figure S8 presents absorption spectra 

of the degraded solution, in which the degradation efficiency is calculated and 

supplied in Table S4. After adding IPA, the degradation efficiency decreases 



significantly from 52.88% to 36.17%. When IPA is replaced by AO, the degradation 

efficiency drops to 45.63%. However the degradation efficiency reaches 55.80% 

when BQ is in the solution, which is close to the efficiency without scavenger. 

Therefore, the BQ is ineffective on the degradation of MB. These results suggest that 

the  radicals don’t work in the photodegradation, while the ·OH and h+ radicals 𝑂 ∙‒
2

play an important role in it, especially for the ·OH radicals. 

Table S1. Photodegradation efficiency of MB solution as achieved in Fig. S4.

Light 

irrediation Time ZnO ZnO/Ag2S ZnO/MoS2 ZnO/MoS2/Ag2S

1st 30 min 28.55% 31.91% 26.28% 58.12%

2nd 30 min 32.40% 29.30% 24.33% 42.32%UV

3rd 30 min 33.11% 31.38% 21.22% 36.79%

1st 30 min 6.94% 17.24% 22.74% 52.88%

2nd 30 min 8.69% 14.01% 21.39% 45.19%Visible

3rd 30 min 11.27% 10.67% 15.49% 30.17%

Table S2. Photodegradation efficiencies of MB solution as achieved in Fig. S5.

Period 1st 30 min 2nd 30 min 3rd 30 min 4th 30 min 5th 30 min

Efficiency 52.88% 45.19% 30.17% 27.85% 25.30%

Period 1 h 2 h 3 h 4 h /

Efficiency 66.77% 76.58% 81.45% 90.09% /



Table S3. Comparison of photocatalytic efficiency of ZnO/MoS2/Ag2S nanorod array 

and other catalysts in literature.

Catalyst Pollutant

Pollutant 

concentr

ation

Active 

area

（cm2

）

Volume

(mL )

Degradation 

efficiency

(%)

Time

（min

）

Ref.

ZnO/Si MB 1×10-5 M 1×1.5 20 15.26 60 [4]

ZnO/Si/Ag2S MB 5×10-6 M 1×1 5 62 60 [5]

ZnO/SnO2

/Ag2S
MB 5×10-6 M 1×1 5 71.61 60 [6]

ZnO/CdS EBT 10 mg/L 1×1 30 42 90 [7]

TiO2/SnS2

/MoS2

MB 5 mg/L 1×2 10 81.8 90 [8]

ZnO/Bi2S3 TBBPA 10 mg/L 2×4 50 60.9 30 [9]

Ag-CoAl

-LDH/TiO2 
LVFX 10 mg/L 2×2 10 95.2 120 [10]

ZnO/MoS2

/Ag2S
MB 5×10-6 M 1×2 5 52.88 30

This 

work

Table S4. Degradation efficiency of MB solution with different scavengers as 

calculated from Fig. S8.

No Scavenger AO IPA BQ

Efficiency 52.88% 45.63% 36.17% 55.80%
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