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Synthesis of the as-synthesized pure Ag microspheres without adding NaBr.

  The typical procedure for the preparation of Ag sample (denoted as S-0) was as follows: 0.679 g (4 mmol) AgNO3 was dissolved in 60 mL of distilled water with magnetic stirring for 10 min and a transparent solution was formed. Then, 20 mL 50 g/L of (NH4)2HCit aqueous solution was added into the above solution with stirring and a white suspension was rapidly formed. Subsequently, 20 mL 35.2 g/L ascorbic acid aqueous solution was poured into the above suspension and the mixed suspension was stirred at room temperature for 30 min. The as-formed precipitates were filtrated, washed with distilled water and ethanol, and finally dried at 50 °C for 12 h in air. 

XRD and FESEM results of the as-synthesized Ag microspheres.

Fig. S1 shows the XRD patterns of the as-synthesized Ag microspheres at room temperature, which indicate the formation of pure face centered cubic (fcc) phase Ag (JCPDS card no. 04-783). No peaks corresponding to other Ag-containing phases were detected in XRD patterns of the as-synthesized products in Fig. S1, which demonstrates that the as-synthesized Ag crystals were pure by this wet-chemical method. Moreover, the strong and sharp XRD peaks of Fig. S1 indicated that the as-synthesized Ag crystals were highly crystalline.
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Fig. S1. XRD patterns of the as-synthesized Ag microspheres.
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Fig. S2. (a1-a2) FESEM images of Ag microspheres, (b1-b2) FESEM images of Ag microspheres without adding (NH4)2HCit.

 The morphology of the as-synthesized Ag samples was characterized by FESEM and the results were displayed in Fig. S2. From Fig. S2a1,a2, it can be seen that in the presence of ammonium citrate dibasic, the as-synthesized Ag sample displayed sphere-like particles with sizes of 500 ~ 800 nm. It can also be seen from the FESEM image in Fig. S2b1-b2 that only irregular and Ag microspheres or microflakes with smooth surfaces were obtained, in the absence of (NH4)2HCit.
Possible formation process of the as-synthesized Ag microspheres.

  Since the source materials used in the present system were AgNO3, (NH4)2HCit, and ascorbic acid, and the synthesis was conducted in two steps, the reactions involved in the formation of Ag can be described by the following equations:

3AgNO3 + (NH4)2HCit  → Ag3Cit↓ + 2NH4NO3 + HNO3   (1)

      2Ag3Cit + 3C6H8O6 → 6Ag + 3C6H6O6 + 2H3Cit         (2)

In order to investigate if the additive (NH4)2HCit played an important role in gaining sphere-like Ag microspheres, control experiment was also conducted without adding (NH4)2HCit. It can be seen from the FESEM image in Fig. S2b1, and b2 that only irregular and Ag microspheres or microflakes with smooth surfaces were obtained, in the absence of (NH4)2HCit. The above result indicated that the formation of silver citrate hydrate (Ag3Cit) intermediate due to the addition of Ag3Cit may limit the conversion rates of 2AgNO3 + C6H8O6 → 2Ag + C6H6O6 + 2HNO3. 
Photocatalytic experiment and reactivity of the as-synthesized Ag@AgBr (S-5) for degradation of R6G under sunlight irradiation.
  The photocatalytic reactivity of the as-synthesized Ag@AgBr (S-5) (0.05 g) were evaluated using 0.09 g (300 ml of 0.3 g/L) R6G as a probe molecule. The detailed experiments were carried out as follows: 0.05 g of the as-synthesized Ag@AgBr sample (S-5) was dispersed in 300 mL of 0.3 g/L R6G solution in a 500 mL beaker. Prior to illumination, the suspensions were magnetically stirred in the dark for 2 h to ensure the establishment of absorption equilibrium of R6G on the sample surfaces. Subsequently, the suspension was irradiated under real sunlight irradiation. Photocatalytic tests under the real sunlight irradiation were performed from 11:17 a.m. to 12:00 a.m. on 4 Apr, 2014, at latitude 32.39° North and longitude 119.42° East (Yangzhou city, Jiangsu province, China). The temperature throughout these experiments was 20 ± 2 °C. UV-vis adsorption spectra (Shimazu, UV2101) were recorded at different time intervals to monitor the process .The sunlight photocatalytic procedure was the same as that under the visible light.  
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 Fig. S3. Changes in the absorbance profiles of R6G solution in the presence of Ag@AgBr (S-5) under sunlight irradiation.
Furthermore, changes in the absorbance profiles of R6G solution in the presence of the as-synthesized Ag@AgBr sample (S-5) under real sunlight irradiation are shown in Fig. S3. Three characteristic peaks (246 nm, 347 nm, and 526 nm) are observed, and maximum absorption occurs at 526 nm. With the irradiation time increasing, the peaks at 246 nm, 347 nm, and 526 nm reduced dramatically. The band at 246 nm, 347 nm, and 526 nm became very weak in 240 min, suggesting almost complete photo-degradation of R6G. 

XRD results of the as-synthesized Ag@AgBr sample (S-5) before and after photocatalysis and pure AgBr after photocatalysis.
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Fig. S4. XRD patterns of the as-synthesized Ag@AgBr (S-5) (a), the product of Ag@AgBr (S-5) recovered after the fifth cycle photocatalysis (b). 
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Fig. S5. XRD patterns of the product of pure AgBr recovered after the first cycle photocatalysis. The reflections marked by # belong to Ag2O.

Fig. S4 shows that no obvious changes have been found in XRD results of the Ag@AgBr (S-5) before photocatalysis and the product of Ag@AgBr (S-5) recovered after the fifth cycle photocatalysis. It is still able to achieve a 97.5 % degradation ratio of R6G in the first three cycles, and 93.2 % in the fifth cycle after 24 min illumination in Fig. 7. For comparison, the stability of pure AgBr sample was also studied in photocatalytic degradation of aqueous R6G. The XRD results revealed that the as-synthesized pure AgBr sample was unstable when it was used in our photocatalytic reaction and Ag2O phase was found in the XRD patterns of the product of pure AgBr sample recovered after the first cycle photocatalysis in Fig. S5.


