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Cation exchange reactions of Fe2+

The cation exchange reaction was conducted using a modified version of previously reported method. 
1 The cation exchange reactions were conducted with a molar ratio of copper to manganese set at 1:3. 

Initially, 120mg of roxbyite Cu7S4 NPs was dispersed in 4ml of toluene and 6ml of TOP in a 20ml vial. 

The vial was degassed at room temperature, refilled with nitrogen gas, and sonicated for 1 hour. During 

the sonication, 0.148g of FeCl2·4H2Oand 15ml of OLAM were introduced into a 50ml three-neck 

round-bottom flask. This mixture was degassed under vacuum with stirring for 30min at room 

temperature. Subsequently, the mixture was degassed at 70°C for 30min and then at 120°C for 30min 

under vacuum with vigorous stirring. The temperature was raised to 180°C and maintained for 30min 

to prepare the metal cation precursor solution. The temperature was then lowered to 90°C and 10ml of 

toluene was injected into the precursor solution. When the temperature reached 70°C, the solution 

containing the Cu7S4 nanoparticles was rapidly injected into the three-neck flask. The cation exchange 

reaction was then progressed for 5 hours. The aliquots were collected at various reaction time (from 

10min to 5 hours) for analysis of intermediate products. After the reaction, all the exchanged samples 

were dispersed in toluene and precipitated with ethanol. The suspensions were isolated by centrifugation 

three times at 10,000rpm for 3 min.



Figure S1. TEM images for analyzing the morphological transformation of the cation-exchanged sample 

at reaction times of 10 min. (a) Mn (b) Zn (c) Fe (d) Co



Figure S2. TEM EDS line scanning analysis of cation exchanged samples with distinct structures (a) 10-

min Zn-exchanged sample (b) 5-h Fe-exchanged sample



Figure S3. Characterizing the cation exchange reaction of Fe2+ for comparing to the case of Fe3+ (a) XRD patterns 

of cation-exchanged samples collected at different reaction times (10 min, 1 h, 2.5 h, and 5 h) (b) SEM-EDS 

analyses for compositional changes for Fe-exchanged sample at various reaction times from 10 min to 5 h (c-d) 

TEM images and EDS mappings for analyzing the morphological transformation of the cation-exchanged sample 

with Fe3+ at the reaction times of (c) 10 min and (d) 5 h
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