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ABSTRACT: Nanostructured hydrated vanadium oxides aged V205nH>0
(V,05nH,0) are actively being researched for applications VO,
in energy storage, catalysis, and gas sensors. Recently, a one-
step exfoliation technique for fabricating V,05:nH,O nano- .
- . : o fresh
sheets in aqueous media was reported; however, the VO
underlying mechanism of exfoliation has been challenging to 2
study. Herein, we followed the synthesis of V,0s:nH,0 10 20 30 40
nanosheets from the V,05; and VO, precursors in real time Time (h)

using solution- and solid-state 'V NMR. Solution-state >V 38 h
NMR showed that the aqueous solution contained mostly the
decavanadate anion [H,V;,0,5]* and the hydrated dioxova-
nadate cation [VO,-4H,0]", and during the exfoliation
process, decavanadate was formed, while the amount of
[VO,-4H,0]" remained constant. The conversion of the solid precursor V,0s, which was monitored with solid-state >V NMR,
was initiated when VO, was in its monoclinic forms. The dried V,05:nH,O nanosheets were weakly paramagnetic because of a
minor content of isolated V**. Its solid-state 5V signal was less than 20% of V,O5 and arose from diamagnetic V** or V°* This
study demonstrates the use of real-time NMR techniques as a powerful analysis tool for the exfoliation of bulk materials into
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nanosheets. A deeper understanding of this process will pave the way to tailor these important materials.

1. INTRODUCTION

In the last few years, the synthesis of two-dimensional (2D)
materials based on transition metal chalcogenides and oxides
with thicknesses of a few layers has attracted renewed attention
because of the di erent chemical, physical, and semiconducting
properties of these materials compared to their bulk (three-
dimensional, 3D) counterparts.* * Vanadium oxides are earth-
abundant compounds, which have important applications in
catalysis,* batteries,” ’ supercapacitors® '° and sensors.'!
Thus, many research groups have focused on the synthesis of
2D vanadium oxides from their bulk precursors.*? ** Of
particular interest among these 2D materials are those based
on the hydrated vanadium pentoxides (V,0s-nH,0), which
have been shown to exhibit improved electrochemical behavior
and semiconducting properties compared to anhydrous
V,0:'°> The improvements are typically ascribed to the
presence of H,O or H* ions between the V,Os layers in V,0s
nH,O, which can be synthesized in the form of hydrogels,™
xerogels,""*® nanobelts,"® and nanosheets.”> ’ Nanostructured
V,0:5:nH,0 has attracted research interest as it can be easily
fabricated into a freestanding Im,> which is easier to handle
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than, and is thus advantageous compared to, an amorphous or
crystalline powder or gel.

V,05:nH,0 is commonly synthesized either by an ion-
exchange route using sodium metavanadate solution or via a
sol gel route using a mixture of hydrogen peroxide (H,0,)
and V,05.2%?" In both cases, a dark red compound is formed
with a layered structure. Recently, Etman et al. synthetized
V,05:nH,0O nanosheets using aqueous exfoliation of a mixture
of V,05 and VO, resulting in black/green Ims.” The
synthesis was monitored by in situ X-ray di raction (XRD)
studies, which revealed that the V,05:nH,O phase started to
form after 90 min of re ux in water at 80 °C. A more detailed
understanding of the underlying mechanism of the formation
of this V,05-nH,0 product is challenging because vanadium is
a transition metal with a very complex chemistry and many
di erent stable oxidation states.”* As XRD and wide-angle X-
ray scattering provide data mainly on the long-range order in
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