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Fig. S1. Schematic development history of pillared MXenes-based composites
accompanied with increased interlayer spacing.

Despite a considerable work about pillared MXenes-based materials were reported
since 2016. Unfortunately, up to now, all these reports were blocked in the state of
multi-layered MXenes due to restacking of few-layered MXenes. In this paper, through
NH*" method, the restacking phenomenon of few-layered MXenes was solved
fundamentally.
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Fig. S2. Screenshot SEM images of pillared multi-layered TisC2Tx MXenes in the
previous reports.

We can clearly conclude that these reports were blocked in the state of multi-layered
MXenes with thickness about 5 um, corresponding to 5000 layers calculated on the
interlayer spacing of ~Inm, there are no report about pillared few-layered MXenes
composites (below 5 layers) because of unsolved restacking phenomenon of few-
layered MXenes.
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Fig. S3. (a)-(d) SEM images of multi-layered TisCoTx MXenes after etching from
TisAlC2 MAX phases.
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Fig. S4. SEM images of few-layered TisC2Tx MXenes prepared through common
methods. (a)-(b) centrifugation at high speed and freezing-dry method. (c)-(d) direct
heating drying method.

The SEM images at low magnification times clearly show serious agglomeration of
few-layered TisC2Tx MXenes prepared via common methods, demonstrating that it’s
difficult to prepare powders of few-layered MXenes from solutions without
agglomeration phenomenon.
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Fig. S5. Zeta potential of the TisC2Tx MXenes colloids (-41.6mV)
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Fig. S6. Photographs of related solutions and final product. (a) Few-layered MXenes
aqueous solution after exfoliation and sonication process. (b)The fresh state of few-
layered MXenes solution with addition of NH4" (ammonia or ammonium salts). (c)
After 5 minutes of resting time. (d) After 1 hour of resting time. (e) magnified
flocculation with stirring after adding NH4* (ammonia or ammonium salts) process at
beaker. (f)-(g) photographs of final few-layered TisC>Tx powders after automatically
electrostatic precipitation, complete flocculation, and freeze-drying process, showing
fluffy and soft state overall.
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Fig. S7. TG analysis of ammonium bicarbonate (NHsHCO3) and hexadecy! trimethyl
ammonium bromide (CTAB) powders in Ar atmosphere.
Ammonium bicarbonate was volatilized completely before 137 °C and CTAB was
stable before 217 °C.
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Fig. S8. XRD patterns of TizCaTx, TMAOH-TisC2Tx, Freeze-drying TizCaTx,
Annealing TizC2Tx powders at different diffraction angle ranges. (a) 2 theta from 3° to
90°. (b) 2 theta from 3° to 20°. (c) 2 theta from 20° to 80°.

There is a significant shift in the main peak of (002), which explains well the change of
interlayer spacing. TMAOH organic molecules treating process enlarged the interlayer
spacing of TisC2Tx MXenes, after freeze-drying and annealing process, the interlayer
spacing reduced because of removing molecules or ions from the interlayer. However,
the interlayer spacing of few-layered TizC2Tx MXenes is still larger than that of multi-
layered TisC,Tx MXenes due to aforementioned treatment.

S5/S15



Nano-Micro Letters

Fig. S9. photographs of final few-layered TisC2Tx after low speed centrifugation and
freeze-drying process, showing slightly compact in comparision with automatically

Fig. S10. (a)-(d) SEM images of few-layered TisCoTx MXenes. This is the first time to
give SEM images of TisC>Tx MXenes at a lower magnification of 500 times. The results
show no aggregations or bulks of TizC,Tx MXenes nanosheets existed in the powders,
demonstrating the successful preparation of few-layered TizC2Tx nanosheets through
NH4* method.
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Fig. S11. SEM image of multi-layered STCT composites with CTAB prepillaring
process.
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Fig. S13. X-ray photoelectron spectroscopy (XPS) study. (a) High resolution C Is
spectrum of the TisCoTx MXenes. (b) High resolution C 1s spectrum of the STCT
composites.
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Fig. S14. Discharging and charging voltage/current profiles of STCT composites at 500
mA/g in different testing time. (a) initial 300 h, (b) 300 h to 700 h, (c) 700 h to 1090 h,
(d) 1090 h to 1105 h.
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Fig. S15. SEM images of few-layered STCT electrodes after 1000 cycles at a current
density of 2000mA/g.
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Fig. S16. TEM images of few-layered STCT composites after 1000 cycles at a current
density of 2000mA/g.the results show no agglomeration tendency of active materials
and indicate the formation of SEI film.
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Fig. S17. Electrochemical performance of TisAlC2 MAX phases and multi-layered
TisC2Tx MXenes.
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Fig. S18. Electrochemical performance of multi-layered STCT composites.
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Fig. S19. Supplementary long cycling performance of STCT composites at 2000 mA/g.
(@) The whole cycling performance. (b) The whole typical certain cycles galvanostatic
discharge/charge curves. (c)-(f) Partial magnified cycling performance or galvanostatic
discharge/charge curves.

The result show that the capacity has a tendency of increasing and can be stabilized at
about1075" cycle.
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Fig. S20. Analysis of capacity rising phenomenon from the perspective of cycle
number.
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Table S1. Comprehensive analysis of capacity rising phenomenon from the
perspective of cycle number and testing time.

Current density (mA)  Cycle number Testing time (h)
500 80 356 h
2000 200 202 h
Rate performance test 33 452 h

Electrochemical measurements show the capacity increasing phenomenon happen at
various current densities with the cycle going. The larger the current density, the more
serious the volume expansion of active materials and more drastic ions
insertion/desertion, as a result, the increasing phenomenon of capacity is more obvious
and earlier in testing time.
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Fig. S21. Supplementary electrochemical performance of STCT composites. (a) Rate
performance at different current densities from first time to 70" cycles. (b) Rate
performance at subsequent cycles from 70" to 245%. (c) Typical galvanostatic
discharge/charge curves at different current density from 50 mA/g to 5000 mA/g.
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Fig. S23. (a)-(b) Detailed CV curves of the STCT composites electrode at various
scan rates. (c)-(d) the relationship between the peak currents and scan rates.

S13/S15




Nano-Micro Letters

Table S2. Comparison of the composite performances with other MXene-based

materials reported.

Materials Current Specific capacity | Cycle numbers | Year/References
density (mAh/g)
PVP-Sn(IV)@Ti:Ca 500 mA/g 544 200 2016/[S1]
CTAB-Sn(IV)@TisC2 | 1000 mA/g 506 250 2017/[S2]
Sn-intercalated 300 mA/g 600 1000 2019/[S3]
V2C MXene
Co-intercalated 300 mA/g 520 16000 2018/[S4]
V2C MXene
Sn/SnOx@MXene 50 mA/g 594.2 200 2019/[S5]
Sn0O,-MXene 100 mA/g 360 200 2016[S6]
SnO,@MXene 1000 mA/g 530 500 2018[S7]
HfO2/Sn02/MXene 500 mA/g 843 50 2018[S8]
SnO, QDs@TisCoTx | 500 mA/g 500 700 2018[S9]
p-TizCoTx /CNT 05C 500 100 2016/[S10]
TNDs and P composites 100 mA/g 600 150 2018/[S11]
MXenes-TiO2 —RGO 100 mA/g 167.5 100 2018/[S12]
MXene—1GO 1000 mA/g 212 1000 2018/[S13]
hybrid film
STCT composites 2000 1000+ 1000+ This work
Without decay
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