Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2016

Supplementary Information

Molybdate flux growth of idiomorphic Li(Ni;;Co;,;3Mn;;)0, single
crystals and characterization of their capabilities as cathode
materials for lithium-ion batteries.

Takeshi Kimijima,! Nobuyuki Zettsu,!> Kunio Yubuta,> Kazuki Hirata*, Kenichiro Kami*, and

Katsuya Teshima*-!?

!Department of Environmental Science and Technology, Faculty of Engineering, Shinshu University,
4-17-1 Wakasato, Nagano 380-8553, Japan

2Center for Energy and Environmental Science, Shinshu University, 4-17-1 Wakasato, Nagano 380-
8553, Japan

3Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
4 DENSO COOPERATION, 1 Yoshiike, Kusagi, Agui-cho, Chita-gun, Aichi, 470-2298, Japan

*E-mail: teshima@shinshu-u.ac.jp

Voltage / V (vs. Li/Li")
_b-) [9%]
(e} n

1

|
1
|

(b) (a)

0 20 40 60 80 100 1%0 140 160 180
Capacity / mAh g

2.5

Figure S1. SEM images and corresponding charge-discharge profiles of the NCM crystals purchased
from (a) Nippon chemical and (b) Toshima.



Figure S2. Low-magnification images of the crystas grown at different conditions. Solute
concentrations of (a) is 100 mol% and (b-d) are 40 mol%. Holding temperatures of (a, b) are 1000 °C,
(c) 1s 900 °C, and (d) is 800 °C.
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Figure S3. Optical image of the powders dispersed in water soon after stirring.
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Figure S4. Optical image of the crucible after reaction at different solute concentrations.
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Figure S5. SEM-EDS mapping images the crystals grown at 900 °C. (a) SEM images. The element of
(b) is Ni, (¢) is Co, (d) is Mn, and (e) is Mo. (ICP Ni:Co:Mn:Mo0=0.332:0.328:0.334:0.006; EDS
Ni:Co:Mn:M0=0.344:0.328:0.320:0.008)
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Figure S6. XRD profiles and Rietveld refinement results of the NCM powders of NCM-900 before
washing.

Figure S7. SEM images of (a) NCM-900 and (b) NCM-900HT.
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Figure S8. XRD profiles and Rietveld refinement results of the NCM powders (a) NCM-900 and (b)

NCM-900HT.



Figure S9. (a) TEM image and (b) corresponding SAED image of NCM-900HT. (c) Illustration of
SAED spot.
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Figure S10. (a) Low- and (b) high-magnification SEM images and (c) XRD profile of the crystals
grown by use ofNa2M004 flux. (d) Li(NiO.333C00.333M1’1().333)02 (ICDD PDF 56-0147)
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Figure S11. Impedance spectra of the electrode using (a) NCM-800HT, (b) NCM-900HT, and (c)
NCM-1000HT at 15t and 100™ cycle.
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Figure S12. (a) The changes in the discharge capacity and (b) corresponding discharge capacity
retention as a function of cycle numbers: (1) NCM-900HT; (2) Li-rich NCM-900HT; (3) Li-rich
NCM-900HT + TiO, coating. (¢) Discharge capacities of NCM-900HT and Li-rich NCM-900HT +
Ti0; coating at different rates. The TiO, coating was demonstrated based on the literature (H. Liu et
al., Solid State Ionics, 2004, 166, 317-325). Briefly, Li-rich NCM-900HT powders were dispersed in
an ethanolic solution, and then titanium (IV) tetraisopropoxide was added under vigorous stirring.
After evaporation of all solution at 70 °C, the obtained powders were heated at 400 °C for 5 h. The
molar ratio of Ti/(Ni + Co + Mn) was set to 0.03.



