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Cation-inserting transition metal oxides are a key
class of materials for electrochemical energy sfera
being used as active electrodes in devices rangorg
Li-ion batteries to electrochemical capacitors. clSu
materials are often designed and characterized edls w
defined crystalline forms, but the deliberate ipaation
of particular structural defects, namely cationarages,
can enhance performance in terms of total catisartion
capacity or potential, while still maintaining relely
simple and low-cost electrode compositions (e.g.,
manganese and iron oxidés).The benefits of cation
vacancies were initially described by Reutschihia tid-
1980s for proton-insertion intd-MnO,,*** but the
extension of this concept to other systems has been
limited until recently.

Maghemite —F&0,) is a naturally occurring mineral
that contains cation vacancies dispersed in a lspipstal
structure.  Synthetic versions @fFeQs;, particularly
when expressed in nanoscale forms, demonstrate
enhanced Li-ion storage properties relative to othen
oxides, with additional Li-ion capacity and moresjive
electrode potential attributed to the presence aifon
vacancies:®’ We are also exploring spinel iron oxides as
cation-insertion materials, but focus on ultrapardugh-
surface-area aerogel forms that should further dyntble
effects of cation vacanciés.Iron oxide (Fe®) aerogels
are synthesized via sol-gel chemistry using epaxide
drive the hydrolysis/condensation of iron saltsaiaohol
solutions? Low-density, monolithic FeO aerogels are
produced following gelation, rinsing, and supercait
CO, extraction. The as-prepared Be@erogel exhibits
high-surface-area (400-60C% gi*), and is amorphous by
X-ray diffraction.

Iron oxide aerogels provide a model system with
which to investigate the role of structural ordesddder
on cation-insertion reactions, as the degree dftaljnity
and cation vacancy content can be varied by heatiag
amorphous as-prepared BeOin a controlled
atmospheré® For example, calcination in air to 2€D
yields a poorly crystalline material with hints afspinel
structure by XRD, while heating under low, Qartial
pressure (flowing argon) produces a clearly
nanocrystalline Fe©® with a spinel structure that is
consistent with either maghemite or magnetite;Qge
Raman scattering provides complementary informatipn
which we are able to identify the presence of catio
vacancies in Feaerogels that have been heated in air,
either direct heating of the as-prepared aerogebyor
subsequent calcination of an argon-heated aetbgéh
all cases, the structural characteristics of amgerare
maintained—high specific surface area, through-eoted

porosity in the mesopore size regime, and bonded
networks of oxide nanoparticles.

Electrochemical assessment of Kke@erogels is
performed by fabricating conventional powder-conitgos
electrodes with carbon powder and polymer bindet an
assembled into coin cells with Li foil anodes and a
carbonate-based electrolyte. Cyclic voltammetmeats
a pseudocapacitive signature for the ke@rogels that is
not uncommon for nanoscale and/or disordered/deéect
metal  oxides. Galvanostatic  charge—discharge
measurements demonstrate the partially crystalline,
cation-deficient Fe® aerogel exhibits the highest
capacity (~100 mA h'§) and good cycling stability.

The electrochemical performance of iron oxides can
be further improved by increasing the vacancy aante
beyond the theoretical 0.33 vacancies-per-formuaia-u
for y—Fe0;. This goal can be achieved synthetically by
substituting highly oxidized cations (Mo V°") for a
fraction of the Fe sites in the spinel Be®amework.
Additional cation vacancies form within the lattide
compensate for the positive charge of the substitue
metal’* We recently demonstrated that Mo-substituted
nanocrystalline ferrites, synthesized via baselyzdd
hydrolysis from aqueous solutions, exhibit vacancy
fractions that are 2—3 times greater than the #tead for
v-F&0s, resulting in Li-ion insertion capacities for the
Mo-FeOx spinel ferrite that exceed 100mAH,g
compared to 20mAhY for similarly synthesized
nanocrystalline y-Fe,0O; precipitates’> We are now
combining this metal substitution strategy with capl
synthesis to obtain the benefits of both approadhes
maximizing cation vacancy content and corresponding
electrochemical performance. We are also explatfiig
class of defective oxides as ion-insertion hostssfach
alternative cations as Mg

References

1. B.P.Hahn, J.W. Long, and D.R. Roliséac. Chem.
Res., published online May 29, 2012, DOI:
10.1021/ar200238w.

2. P. Ruetschi]. Electrochem. Soc. 131, 2737 (1984).

3. P. Ruetschi]. Electrochem. Soc. 135, 2657 (1988).

4. P. Ruetschi and R. Giovanali,Electrochem. Soc.
135, 2663 (1988).

5. M. Pernet., P. Strobel, B. Bonnet, P. Borded, ¥n
Chabre Solid State lonics 66, 259 (1993).

6. S. Park, M. Oda, and T. Y&sglid Sate lonics 203,
29 (2011).

7. B. Koo, H. Xiong, M.D. Slater, V.B. Prkapenka, M
Baasubramanian, P. Podsiadlo, C.S. Johnson, T.
Rajh, and E.V Shevchenkidano Lett. 12, 2429
(2012).

8. D.R. Rolison and B. Dund, Mater. Chem. 11, 963
(2001).

9. A.E. Gash, T.M. Tillotson, J.H. Satcher, J.Fc®0
L.W. Hrubesh, and R.L. Simpso@hem. Mater. 13,
999 (2001).

10. J.W. Long, M.S. Logan, C.P. Rhodes, E.E. Cdgpen
R.M. Stroud, and D.R. Rolisod, Am. Chem. Soc.
126, 16879 (2004).

11. B. Gillot and V. NivoixMater. Res. Bull. 34, 1735
(1999).

12. B.P. Hahn, J.W. Long, A.N. Mansour, K.A.
Pettigrew, M.S. Osofsky, and D.R. Rolisd&mergy
Environ. i 4, 1495 (2011).



