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Introduction 

Recently vanadium oxide nanotubes (VOx-NT) were shown to perform well as a cathode material for Li- and  

Mg-ion batteries.1,2 In this study we have synthesized a series of VOx-NTs with varying spacer molecules. The 

mechanism for Mg-intercalation and deintercalation was studied by TEM-EDX and operando synchrotron 

powder X-ray diffraction (PXD) as well as pair distribution function (PDF) measured during battery operation. 

• C12-VOx-NTs hydrothermal  synthesis 

V2O5 + 2C12H25NH2 
160℃, 7 days

 C12-VOx-NT 

• Ion exchanged with Mg2+ 

C12-VOx-NT 
  1M MgCl

2
    Mg-VOx-NT 

• C12-VOx-NT or Mg-VOx-NT powders 

were mixed with conductive carbon 

black and a binder material in the ratio 

• 60 : 20 : 20 wt% 

• active material : carbon : binder 

• and uniaxial pressed (1.8T) to a pellet. 

• Mg metal, with a ~1mm Ø hole to allow 

passage of the X-ray beam, was used 

as anode material 

• 1M Mg(ClO4)2 in acetonitrile was used 

as electrolyte and Whatmann filter 

paper as separator.  Fig 1: Schematic illustration of the multiwalled C12-VOx-NT structure. Five fold (square 

pyrimidal) coordinated V are depicted in blue and four fold (tetrahedral) coordinated V 

are depicted in green. In red the protonated primary amines, acting as spacer 

molecules can be exchanged with metal cations such as Mg2+ resulting in a 

characteristic layer spacing. 
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Materials and Methods 

• VOx-NTs consists of multiwalled 

scrolls of crystalline VOx layers 

with approximate composition 

V7O16 and primary amines in 

between the layers acting as 

spacer molecules.3 

• Formal Vanadium oxidation 

states    VV/VIV = 2/5 

• Primary amines can be 

exchanged with metal cations 

with a subsequent change in 

layer spacing.4 

• The  structure allows for 

reversible intercalation  and  

deintercalation of guest ions. 

In the operated battery containing C12-VOx-NT the (003) diffraction signal moved to 

lower angles during discharge, corresponding to a larger interlayer spacing. The 

PDF of the same material reveals an expansion of the layer distance upon 

discharge and subsequent contraction upon charge. 

In the Mg-VOx-NT cathode material a new correlation distance at 5Å emerged upon 

discharge originating from the intercalated Mg2+ coordinated to O in the VOx-layers 

in agreement with proposed Mg-ion coordination in layered V2O5 xero gels.5  

Mg-intercalation in the multiwalled VOx-NTs occurs within the space between the 

individual vanadium oxide layers of the nanotubes while the underlying VOx-

frameworks of the walls are affected only to a minor degree by the intercalation.  

• Mg2+ was successfully intercalated into C12-VOx-NTs 

and Mg-VOx-NTs. 

• Expansion / contraction of the V7O16-layers. 

- Increase in interlayer spacing upon Mg-intercalation. 

- Decrease in interlayer spacing upon Mg-deintercalation. 

• 5Å Mg-O coordination bond length. 

Discussion Conclusions 

• TEM micrographs (Fig. 2-3) of the VOx-

NTs verify  the multiwalled tube structure 
(collected on a FEI "Talos" F200X (S)TEM). 

• Smaller layer spacing observed in Mg-

VOx-NTs and Mg detected by EDX in the 

tubes 

• Operando PXD data of the cathode material collected at the BM01 

beamline at ESRF using 0.73534 Å wavelength. 

Fig 3: TEM micrograph of a) C12-VOx-NTs, b) 

ion exchanged Mg-VOx-NTs. Below EDX 

mapping of N (green),  Mg (magenta), O 

(red), and V (blue/yellow). 

a b 

Fig 2: TEM micrograph of a) C12-VOx-NTs 

and b) ion exchanged Mg-VOx-NTs. 
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Results 

• A decrease of the layer spacing 

observed for Mg-VOx-NT during 

discharge, i.e. Mg2+ insertion, 

followed by an increase of the 

layer spacing during charge, i.e. 

Mg2+ extraction (Fig. 5). 

 

• New correlation distance 

observed at 5Å for Mg-VOx-NT 

during discharge (Fig. 6). 

• Operando PDF data of the 

VOx-NT cathode material 

collected at the ID-11B 

beamline at APS using 

0.2112 Å wavelength. 
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Fig 4: Plot of the 2𝛳 angle of the 002 

reflection from a C12-VOx-NT cathode 

material discharged and charge. 

Fig 5: Plot of the 2𝛳 angle of the 001 

reflection from a Mg-VOx-NT cathode 

material during battery discharge and 

charge. 

Fig 6: PDF data of a Mg-VOx-NT 

cathode material discharged over 18 

hours. 

• An increase of the layer spacing 

observed during discharge, i.e. 

Mg2+ inserion, followed by a 

decrease of the layer spacing 

during charge, i.e. Mg2+ 

extraction for C12-VOx-NT    

(Fig. 4). 


