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Elemental mapping with EF-TEM 

The vanadium post-edge window ranged from 523-533 eV, while the oxygen post-edge window ranged 

from 534-544 eV. Thereby, both the major white lines of the vanadium and the two peaks of the 

oxygen K-edge were captured separately. Each image of an energy-filtered map was taken with an 

exposure time of 40 s in case of carbon and 60 s of vanadium and oxygen. The background was fitted 

from the two pre-edge images with a power law function. The two pre-edge and one post-edge image 

were automatically taken in Digital Micrograph (Gatan) to form one elemental map. Cross-correlation 

was applied to account for sample drift between the images acquired in a three-window series. In 

addition, the three separately obtained elemental maps of carbon, vanadium and oxygen were aligned 

using a cross-correlation to ensure a proper spatial superposition of the individual RGB channels. 

Oxygen is shown in green, vanadium in blue and carbon in red to finally form the multi-component 

elemental distribution map. The reference TEM image of the exact same area of the elemental 

distribution map was acquired using mainly the elastically scattered electrons by centering an energy 

selecting slit with a width of 10 eV around the zero loss peak to increase the contrast in the image. The 

corresponding thickness map, for which an additional unfiltered image without slit was captured, 

revealed relative thicknesses t/λ (in units of λ, the material-dependent mean free path for inelastic 

scattering) ranging from 0.1 to about 1.5. 
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Thermogravimetric analysis 

In Figure S1 the results of the annealing process in synthetic air of all VC/CDC samples as well as the 

VC precursor are shown. The calcination of VC to V2O5 starts at ~375 °C. At ~600 °C the transformation 

is complete with a mass gain of ~40 mass%. As expected the same procedures completely burns off 

the CDC. A suitable temperature between 375 °C and 600 °C is 450 °C which was used for the synthesis 

of V2O5/CDC. At 450 °C for 30 min the VC reaches a mass gain of ~40 mass% similar to the annealing 

procedure with a maximum temperature of 600 °C accompanied by a phase transformation from VC 

to V2O5. The pure carbon sample VC-CDC loses around 20 mass%. Partially etched VC samples with 

porous carbon shell and VC core presents slightly smaller mass loss due to the remaining carbon shell. 

 

 
Figure S1: Thermogravimetric analysis in synthetic air with a heating rate of 20 °C∙min-1 (A) until 900 °C 

and (B) until 450 °C and holding for 30 min. 

 

 

X-ray diffraction 

 

Figure S2: X-ray diffractogramms of VC/CDC composites (A) and V2O5/CDC composites (B). 
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Nitrogen gas sorption analysis 

 

Figure S3: Nitrogen sorption isotherms of VC/CDC composites (A) and V2O5/CDC composites (B). 

 

Electrochemical measurements 

 

Figure S4: Cyclic voltammograms of VC-X90-air (A) and VC-X70-air and VC-CDC (B) at 1 mV∙s-1 in half 

cell configuration. 

 

 

Figure S5: Ragone plot. a) this study, b)1, c)2, d)3 e)4, f)5, g)6, h)7, i)8, j)9, k)10. 
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Scanning electron micrographs 

 

Figure S6: Scanning electron micrographs of (A) VC, (B) VC-X90, and (C) VC-X90-air. 

 

Electrode conductivity measured using 4-point probe 

Table S1: Electrode conductivity measured using 4-point probe. “n.d.” means not detectable and 

related to values which are below the detection limit of the system. 

 Electrode conductivity 

 S∙cm-1 

VC-CDC 0.54±0.02 

VC-X70-air 0.12±0.03 

VC-X90-air 0.14±0.05 

VC-X100-air 0.13±0.03 

VC-500 pure n.d. 

VC-500 (25mass% VC-CDC) 0.05±0.01 
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