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Inrecent years, lithium ion batteries (LIBs) are becoming a dominant energy source, however,
higher capacity batteries beyond commercial LIBs are necessary for high-power applications.
Up to now, Li-alloying materials such as elemental P and Si have been proposed as a negative
electrode with a higher capacity due to a quite small atomic weight which delivers a higher
theoretical capacity of 4200 mAh/g for Lis4Si and 2600 mAh/g for Li;P. However such anode
materials suffer from rapid capacity fading because of their large volumetric changes and
pulverization.

In this study, phosphorus-encapsulated carbon nanotubes with porous sidewalls (P@
DMWCNTSs) were prepared by introduction of gas-phase phosphorus into the inner space
of carbon nanotubes under vacuum in order to circumvent the large volumetric changes/
pulverization and achieve reversible reactions of lithium ions on the anode through the porous
sidewalls with effective pathway of lithium ions. As anode materials for lithium ion batteries,
aP@DMWCNT anode showed reversible charge-discharge profiles derived from phosphorus
and excellent reversible capacities of about 1000 mAh/g with high Coulombic efficiencies of
about 98% at the fifteenth charge-discharge cycle even though the obtained capacities were
far from theoretical capacity of approximately 2600 mAh/g. During charge-discharge cycles,
lithium metal was generated because of a low cutoff voltage (0.01 V vs Li/Li*) close to the
deposition. Moreover, an amount of lithium carbonates and lithium oxides increased with
increment of cycle number, which is thought to be due to the formation of a solid electrolyte
interphase (SEI) on the anode and irreversible reactions between a deposited lithium metal and
oxygen atoms on the surface of phosphorus particles. In contrast, phosphorus particles were
stably trapped into the inner tubes without residues of Li P after the fifteenth charge-discharge
cycle. Therefore,a P@DMWCNT anode might achieve reversible reactions assuming xLi+P

<> Li,P during charge-discharge cycles.
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