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Material Electrolyte Voltage 

(V) 

Specific 

Capacity (first, 

mAh/g) 

Retention 

%/cycle 

Ref 

Ag0.33V2O5 2 M 

Zn(CF3SO3)2 

0.2-1.6 418 (0.2 A/g) ~60%/100 @ 

0.5A/g 

1 

Ag0.4V2O5 3M ZnSO4 0.4-1.4 ~320 (0.5 A/g) ~70%/1000 @ 

5A/g 

2 

Ag0.33V2O5 2M ZnSO4 0.4-1.4 350 (0.05 A/g) 83%/100 @ 

1A/g 

3 

Ag1.2V3O8 2M ZnSO4 0.4-1.4 350 (0.05 A/g) ~80%/100 

@1A/g 

3 

Ag2V4O11 2M ZnSO4 0.4-1.4 ~240 (0.1 A/g) ~66%/100 @ 

1A/g 

3 

β-AgVO3 2M ZnSO4 0.4-1.4 300 (0.05 A/g) <25%/100 @ 

1A/g 

3 

Ag4V2O7 2M ZnSO4 0.4-1.4 160 (0.1 A/g) <66%/100 @ 

1A/g 

3 

Ag2V4O11 3M 

Zn(CF3SO3)2 

0.4-1.7 210 (0.1A/g) 93%/6000 @ 

5A/g 

4 

Ag0.33V2O5@V2O5 3M 

Zn(CF3SO3)2 

0.2-1.8 312 (0.5A/g) 90%/100 @ 

0.5A/g 

5 

β-AgVO3 1.5M ZnSO4 0.4-1.3 283 (0.1 A/g) 65%/200 

@0.1A/g 

6 

CuV2O6 3M 

Zn(CF3SO3)2 

0.3-1.6 427 (0.1A/g) 99%/3000 @ 

5A/g 

7 

Cu0.95V2O5 3M 

Zn(CF3SO3)2 

0.2-1.6 405 (0.1A/g) 75%/100 

@0.5A/g 

8 

Cu0.34V2O5 6M ZnSO4 0.25-

1.8 

315 (0.02A/g) 91%/1000 @ 

0.8A/g 

9 

Cu3(OH)2V2O7 3M ZnSO4 0.4-1.4 336 (1A/g) ~100%/3000 

@10A/g 

10 

Cu3(OH)2V2O7 2.5M 

Zn(CF3SO3)2 

0.2-1.6 216 (0.1A/g) 89%/500 

@0.5A/g 

11 

CuxV2O5 2M ZnSO4 0.3-1.4 300 (2A/g) 88%/10000 @ 

10A/g 

12 

Table S1: Metrics for Ag or Cu-Vanadium oxide cathodes in Aqueous Zinc Ion Batteries. 

 

 

 

 

 



 

 

 

 

Figure S1: EDS evidence for Ag+ autoreduction in the TEM beam. In 1Mo and 3Mo the surface 

particles/protrusions are clearly resolved as pure Ag.  



 

Figure S2: EDS spectra for the HAADF images in the manuscript’s Figure 1. 
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Figure S3. SEM images at 3000x magnification; the red box indicates the region analyzed by EDS 

mapping. 

 

 

 

 

 

 

 

 

 



 

Fig S4: Cyclic voltammograms (20 mV/s) at a glassy carbon electrode of aqueous (top, grey) 

ZnSO4, (middle, blue) (NH4)2Mo2O7 and (bottom, cyan) Na2MoO4.  

 

 



 

Fig S5: The Scherrer equation determines the Ag crystallite size for each SMO as a function of 

its reduction. Red: 1Mo, Blue: m-2Mo, Green: t-2Mo, Purple: 3Mo. 

 

 

 

 



 

Fig S6: A plot of log(i) vs. log(ν) from variable rate CV’s yield a line with slope b between 0.5 (pure 

diffusion) and 1 (pure capacitance). Here we plot the peak current for the reduction of silver in each 

SMO. 
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Figure S7: A HAADF/STEM image with EDS data from a 0.8V reduced m-2Mo electrode.  

 

 

 

 

 

 



 

 

Figure S8: A HAADF/STEM image with EDS data from a 0.8V reduced t-2Mo electrode. The 

spectrum provided is for the region in the yellow box. 

 

 

 

 

 



 

Figure S9: SEM/EDS characterization of 0.8V- reduced m-2Mo. 



 

Figure S10: Zoomed in view of a 1Mo particle reduced to 0.8V. 

 

 



 

Figure S11: SEM/EDS characterization of 0.8V- reduced 1Mo. 

 



 

Figure S12: An example of a Zn-O rich particle detected by HAADF/EDS from a 0.8V-reduced 

3Mo electrode; Zn and O represent 74% of the sample shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure S13: PXRD data of the anode following discharge of 3Mo in 2M ZnCl2 electrolyte. 

 

 

 



 

Figure S14: SEM/EDS characterization of 0.8V- reduced 3Mo. This image clearly contrasts 

with Figures S9 and S11. 



 

 

 

Figure S15. Black traces: Representative data following relaxation after 0.5e-/hr pulses (black 

traces). Colored circles: Depict 10-pt average smoothed data for log(D) for three replicates. 

 

 



 

Fig S16: Galvanostatic discharge at 40 mA/g for all SMO’s. Purple: 3Mo, Red: 1Mo, Blue: m-

2Mo, Green: t-2Mo.  The voltage recovery for t-2Mo is clearly slower than its compositional 

analog m-2Mo.  

 

 

 

 

 

 

 

 

 

 

 



Discussion of 3Mo synthesis: 

Hexagonal MoO3 represents a class of materials with the formula MxHyMoO3-δ, where M can be 

a variety of monovalent cations.13–15 The 120°C hydrothermal reaction of Na2MoO4 and 3 eq. 

CH3NH3Cl (which forms (CH3NH3)2Mo7O22) reported by Dessapt et. al.16  is considerably time 

dependent in large part due to hexagonal impurity. If the reaction proceeds longer than 6 hours, 

hexagonal MoO3 becomes the predominant phase; we note that we are not the first to observe 

hexagonal MoO3 as a cocrystallized impurity in a synthesis of (CH3NH3)2Mo7O22.
17 If the reaction 

proceeds shorter than 5 hours, formation of (CH3NH3)2Mo7O22 is incomplete. While we are not 

sure of the identity of this intermediate phase at this time, we found it reacted with Ag+ under 

acidic conditions to yield phase-pure hexagonal MoO3. Hence, the synthesis of (CH3NH3)2Mo7O22 

potentially can yield either hexagonal MoO3 directly or an intermediate which forms hexagonal 

MoO3 in the second step (reaction with silver). It becomes crucial to isolate (CH3NH3)2Mo7O22 

after it is fully formed and before it further reacts to become hexagonal-MoO3.  

  

   

The hexagonal phase is most stabilized in strongly acidic conditions. Therefore, pH alleviates this 

issue significantly: we found if the reaction occurs at pH 1.5, the hexagonal impurity is avoided 

more efficiently than at pH 1. Notably reaction of (CH3NH3)2Mo7O22 with Ag+ at pH>1 formed 

the kinetically favorable m-Ag2Mo2O7, so changes in pH in the second step are not possible. 

Rather, our modifications reflected in the Experimental section best avoid the hexagonal impurity 

by reacting (CH3NH3)2Mo7O22 with a small excess of Ag+ at pH 1, and with longer reaction times 

(>6 hr). This excess favors the formation of the more silver-rich Ag2Mo3O10 over Ag0.16HxMoO3, 

and the low pH avoids thermodynamically favorable triclinic Ag2Mo2O7.  

Pure (CH3NH3)2Mo7O22 obtains a blue tint in direct light and following XRD measurement.18 We 

found the use of blue tinted (CH3NH3)2Mo7O22 in the second step does not change the phase purity 

of the Ag2Mo3O10•2H2O product and we believe any XRD- reduced Mo dissolves in the acidic 

conditions. Nonetheless, for this manuscript we only report data on Ag2Mo3O10•2H2O synthesized 

using (CH3NH3)2Mo7O22 sample portions that were not x-rayed directly. 
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