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Fig. S1.  Photographs of (a) HT-GF, (b) HT-GF+ HT-CP without Bi3+, and (c) HT-GF + HT-CP 

with 0.01 M Bi3+ after charge-discharge cycling measurements. 

To make sure the reaction which is proceed in the negative electrode (cathode side), we 

studied the property of CuCl, which is difficult to dissolve in water.When the Cu+ ion is added 

into water, it forms CuCl(s) precipitation. Based on this property of CuCl, we set 5 stages for the 

charge-discharge test, which shows in Fig. S2. At each stage, we took 5 ml of anolyte and then 

added 20 ml DI water to observe the change of precipitation. The results from each stage refer to 

Fig. S3 and S4. From stage 1 to stage 2, there is a little decrease of CuCl precipitation (white), 

which is due to the reduction of Cu+ to Cu(s). From stage 2 to stage 3, no precipitation is 

observed because of the Cu+ ion is totally transformed into Cu metal. From stage 3 to stage 4, 

there is some CuCl participation occurred owing to Cu metal started to become Cu+. From stage 

4 to stage 5, more precipitation is observed because of larger amount of Cu(s) becomes Cu+. 

From the above explanation, we conclude that the redox reaction is takes place between Cu(s) 

and Cu+. 

   



Fig. S2..The 5 stages of the charge-discharge curve.

Fig. S3. The result of the stage 1, 2 & 3 of the charge-discharge curve.



Fig. S4. The result of the stage 4 &5 of the charge-discharge curve.


