
 

S1 

 

Supporting Information ( for New Journal of Chemistry) 
 

 

 

 

Novel Prussian-blue-analogue microcuboid 

assemblies and their derived catalytic performance for 

effective reduction of 4-nitrophenol 

Yongqiang Feng,a,b Masoud Sakaki,a Jae-hyun Kim,a Jianfeng Huang,b Koji Kajiyoshi,*a 

 

a
Research Laboratory of Hydrothermal Chemistry, Faculty of Science and Technology, Kochi 

University, Kochi, 780-8520, Japan 

b
School of Materials Science & Engineering, Shaanxi University of Science & Technology, Xi'an, 

710021, P.R. China 

Corresponding author 

kajiyosh@kochi-u.ac.jp (K. Kajiyoshi) 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018



 

S2 

 

 

 

Contents 

 

 

Figure S1 SEM images showing Co-Fe MCBs prepared at different conditions. (a) 200 mg PVP, 40 mL EG, 

reaction time 150 h, reaction temperature 180 °C, (b) 50 mg PVP, 40 mL EG, reaction time 120 h, reaction 

temperature 180 °C, (c) 100 mg PVP, 40 mL H2O, reaction time 120 h, reaction temperature 180 °C (d) 100 mg 

PVP, 40 mL EG, reaction time 120 h, reaction temperature 200 °C. 

 

Figure S2 (a) SEM and (b) TEM images of Ni-Fe PBA cubes prepared at the same condition as Co-Fe PBA cubes. 

 

Figure S3 XRD pattern and the corresponding JCPDS card (no. 00-046-0906) profile for Ni-Fe PBA cubes. 

 

Figure S4 The time-dependent SEM images showing the growth process of Co-Fe MCBs. (a) 12 h, (b) 24 h, (c) 

48 h, (d) 72 h, (e) 96 h, (f) 120 h. 

 
Figure S5 (a) SEM, (b) TEM and (c) XRD patterns of the annealed catalyst CoFe/NC-MCBs. 

 

Figure S6 High-resolution XPS profiles of the catalyst CoFe/NC-MCBs. (a) Fe2p, (b) Co2p, (c) C1s, (d) O1s. 

 

Figure S7 UV-Vis spectra of 4-NP in the presence of NaBH4 without adding catalyst. 

 

Figure S8 (a) UV-Vis spectra recording the reduction evolution of 4-NP under CoFe/NC-NCs. (b) Plot of ln (Ct/C0) 

versus reaction time. 

 

Figure S9 Photograph of separating the catalyst from the solution after reduction by an external magnet. 

 

Figure S10 The chemical reaction route and the corresponding UV-Vis spectra for the reduction of MB.  

 

Figure S11 UV-Vis spectra recording the reduction evolution of MB under CoFe/NC-NCs. 

 

Figure S12 UV-Vis spectra recording the reduction evolution of RhB under (a) NaBH4 and (b) CoFe/NC-MCBs. 

 

Figure S13 UV-Vis spectra recording the reduction evolution of MO under CoFe/NC-MCBs in the presence of 

NaBH4. 
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1  Influence factors for the formation of Co-Fe MCBs 

For a chemical reaction, there are vavious factors that can influence the evolution process. Herein, the amount 

of surfactant, solvent and temperature (as well as reaction time, see below) were taken into consideration. When 

double amount of PVP (200 mg) was used in the solvothermal reaction, the Co-Fe MCBs can form for a longer 

time (150 h) , see in Fig. S1a; whereas less amount of PVP (50 mg) was used, the obtained cuboids were short and 

many small cubes remained in the product (Fig. S1b). This phenomenon indicated that the PVP wrapping around 

Co-Fe PBA cubes can finely tune the decomposition rate of the initial cubes into smaller cubes. Along with the 

XRD analysis of Co-Fe MCBs, it can be inferred that PVP also can help to adjust the self-assembly of these 

smaller cubes to form the final cuboid along the preferred orientation. Another factor that influence the 

self-assembly process was the reaction solvent. In the synthesis of Co-Fe MCBs EG was chosen as the solvent, 

because EG possessed higher boiling point (197.4 °C) and good dispersibility. If DI water was used instead, no 

cuboid formed in the finall solution (Fig. S1c), demonstrating the critical role of EG in the self-assembly process 

of the in-situ formed small cubes into cuboids. In addition, temperature was also important for the formation of 

micro-sized cuboids. When the temperature increased higher than the boiling point of EG, only closely-packed 

short cuboids were observed (Fig. S1d). 

 

 

Figure S1 SEM images showing Co-Fe MCBs prepared at different conditions. (a) 200 mg PVP, 40 mL EG, reaction time 150 h, 

reaction temperature 180 °C, (b) 50 mg PVP, 40 mL EG, reaction time 120 h, reaction temperature 180 °C, (c) 100 mg PVP, 40 mL 

H2O, reaction time 120 h, reaction temperature 180 °C (d) 100 mg PVP, 40 mL EG, reaction time 120 h, reaction temperature 200 °C. 
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2  SEM and TEM images of Ni-Fe PBA cubes 

Ni-Fe PBA cubes were synthesized using a similar procedure as Co-Fe PBA cubes. Figure S2a showed the SEM 

image of the as-synthesized Ni-Fe PBA cubes,1 which exhibited uniform cubic shape as their counterpart Co-Fe 

PBA cubes. From the TEM image shown in Fig. S2b, it can be seen these solid cubes possessed a size of 160 nm. 

Figure S3 displayed the XRD pattern of the obtained Ni-Fe PBA cubes, which can be well indexed to the F-43m 

space group with a composition of Ni3[Fe(CN)6]2·10H2O (JCPDS 00-046-0906). Note here the peak intensity of 

(422) crystal plane was much lower than other peaks. 

 

Figure S2 (a) SEM and (b) TEM images of Ni-Fe PBA cubes prepared at the same condition as Co-Fe PBA cubes. 

 

3  XRD pattern of Ni-Fe PBA cubes 

 

Figure S3 XRD pattern and the corresponding JCPDS card (no. 00-046-0906) profile for Ni-Fe PBA cubes. 
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4  Time-dependent SEM images of Co-Fe MCBs 

 

Figure S4 The time-dependent SEM images showing the growth process of Co-Fe MCBs. (a) 12 h, (b) 24 h, (c) 48 h, (d) 72 h, (e) 96 

h, (f) 120 h. 

5  Morphology and crystal structure characterizations of CoFe/NC-NCs 

  

Figure S5 (a) SEM, (b) TEM and (c) XRD patterns of the annealed catalyst CoFe/NC-MCBs. 

 

6  XPS profiles of CoFe/NC-MCBs catalyst 

XPS spectra were performed in order to gain insight into the chemical valence of the catalyst. As shown in Fig. 

S6a, the Fe2p peak was split into totally four peaks in the high resolution spectrum. The energy binding located at 

710.72 eV was ascribed to Fe2+-N/O species, and the peak at 723.80 eV was considered to Fe3+-N/O species and 
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was attributed to FeNx and Fe3O4,
2 indicating the partial oxidation of the product. The two peaks at 717.72 and 

732.95 eV were considered as the satellite peaks of Fe2+ and Fe3+, respectively. For the Co2p spectrum (Fig. S6b), 

the peak located at 780.20 eV was assigned to the 2p2/3 of Co, which can be further split into two peaks, 780.06 

and 782.20 eV, belonging to the Co3+ and Co2+ coordinated to N or O species, respectively.3 Another dominant 

peak at 795.20 eV can be attributed to the 2p1/2 of Co, and the other two peaks at 785.44 and 803.39 eV were 

satellite peaks. The C1s can be deconvoluted into three peaks as shown in Fig. S6c. The peak at 284.77 eV was 

attributed to C-C/C=C species, and the peak located at 286.33 eV was assigned to C-N/C-O species.4 The 

out-of-plane sp3 carbon was shifted to 288.75 eV.5 Figure S6d displayed the O1s spectrum, according to the 

location these peaks can be clarified into three types. The peak at 529.81 eV belonged to the oxygen coordinated 

to Fe2+/Co2+, the peak at 531.90 eV was ascribed to oxygen vacancies on the surface, and the peak at 533.30 eV 

can be assigned to the chemisorbed oxygen.6 The small peak at 534.25 eV may be attributed to the satellite peak. 

 

Figure S6 High-resolution XPS profiles of the catalyst CoFe/NC-MCBs. (a) Fe2p, (b) Co2p, (c) C1s, (d) O1s. 

7  UV-Vis profiles of 4-NP after the addition of NaBH4  

 

 

Figure S7 UV-Vis spectra of 4-NP in the presence of NaBH4 without adding catalyst. 
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8  Catalytic performance of CoFe/NC-NCs for the reduction of 4-NP 

The catalytic properties of CoFe/NC-NCs for the reduction of 4-NP were also evaluated as shown in Fig. S8. In 

comparison with CoFe/NC-MCBs, it needed 32 min for CoFe/NC-NCs to completely convert 4-NP to 4-AP, and the 

obtained apparent rate constant, kapp, was 0.0524 min-1, much lower than its counterpart. This may be caused by the 

larger particle size and lower crystallinity as shown in Fig. S8.  

 
Figure S8 (a) UV-Vis spectra recording the reduction evolution of 4-NP under CoFe/NC-NCs. (b) Plot of ln (Ct/C0) versus reaction 

time. 

9  Photographical images of collection of catalyst after reaction 

 

 

Figure S9 Photograph of separating the catalyst from the solution after reduction by an external magnet. 

 

 

 

 

10  Catalytic performance of CoFe/NC-MCBs and CoFe/NC-NCs for the reduction of MB 
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Figure S10 The chemical reaction route and the corresponding UV-Vis spectra for the reduction of MB. (a) Reduction reaction 

between MB (oxidized) and MB (reduced) in the presence of NaBH4 and CoFe/NC-MCBs, and the photographs of the corresponding 

solution. (b) UV-Vis spectra of MB before (black) and after (red) adding NaBH4 for 6 h. (c) UV-Vis spectra recording the reduction 

evolution of MB under catalyst. (d) Plot of ln (Ct/C0) versus reaction time. (e) Recyclability of catalyst for the reduction of MB. 

 

 

 
Figure S11 UV-Vis spectra recording the reduction evolution of MB under CoFe/NC-NCs. 

11  Catalytic performance of CoFe/NC-MCBs for the reduction of RhB and MO 

With the purpose of further extending the potential application of CoFe/NC-MCBs on reduction of other 

organic dyes, we also tested the catalytic performance of CoFe/NC-MCBs on another two common compounds, RhB 

and MO. Unfortunately, the results were undesirable. Note that RhB can be completely reduced by NaBH4 within 6 

min as shown in Fig. S12a, therefore, in the case of CoFe/NC-MCBs, NaBH4 was absent during the reduction of 

RhB by CoFe/NC-MCBs. From Fig. 12b, it can be seen that after adding CoFe/NC-MCBs to the RhB solution for 60 
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min, the absorbance peak of RhB around 560 nm decreased only by 12%, which may be caused by the adsorption of 

RhB into the nanopores and surface of the catalyst. For the reduction of MO, similar phenomenon was observed (Fig. 

S13). The reason for the different reduction efficiency may be attributed to the different redox potential of this four 

organic dyes. The electrochemical redox potential of 4-NP, MB, RhB and MO was located at -1.02,7 -0.18,8 1.43,9 

1.489 V vs NHE, respectively. The lowest redox potential of 4-NP facilitate the fast reduction process in the presence 

of NaBH4, similar situation happened to MB. But in the case of RhB and MO, it was difficult for CoFe/NC-MCBs to 

completely reduce them taking into account of their high redox potentials. Further experiment on tuning the 

morphology and composition of the final catalyst is need to make a clear understanding of the reduction mechanism. 

 

 
Figure S12 UV-Vis spectra recording the reduction evolution of RhB under (a) NaBH4 and (b) CoFe/NC-MCBs. 

 

 
Figure S13 UV-Vis spectra recording the reduction evolution of MO under CoFe/NC-MCBs in the presence of NaBH4. 
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