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Nanostructured metal oxides possess unique physicochemical properties relative to their bulk analogues, arising from increased specific surface area and shortened ion diffusion
pathways. These features make them them highly desirable for applications in catalysis, sensing, and energy storage. Incorporating a carbon framework can further address
limitations in conductivity and structural integrity, while also enabling control over porosity and crystallite growth. Herein, we present two modular fabrication methods polymerisation-
induced self-assembly (PISA) and cellulose nanocrystals (CNC) as modular synthesis approach to fabricating mesoporous core-carbon-coated anatase (TiO,/C) nanostructures with tunable
morphologies and porosity.
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e Fabrication and Characterisation of TiO,/Carbon Nanostructures

(101)

(200)

(105)
(211)

Pristine Hybrid TiO,/Carbon TiO,

(123)
(123)
(220) (204)

(200)
(220) (204)

(200)
(105)
(211)
(123)
(105)
(211)
(103)
(004)
(112)

(220) (204)
(103)
(004)
(112)

(103)
(004)
(112)

(116)

(215)

(310)

(116)

(215)

(310)

(116)
(215)
(310)

PDB,-TiO,/C PDB,-TiO,/C CNC-TiO,/C
PDB,-TALH PDB,-TALH CNC-TALH

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
26 (°) 26 (°) 26 (°)
carbon
layer
100- 100- |
90- ) N p G
80- 90-
_ _ Ib/ls = 1.24
< 707 53 wt% Ti0, 2 |
— 60- ~ 80- .
_g) 50- _g’ . Io/lg = 1.25 PDB2'T|OZIC
3 40 4Wt%TiO, 7§ 4o |
= %] —PoB, ="  pos, =119\ pos, o
204 —PDB, o 6o{ —PDB; Ip/lg =1.17_r~.~Carbon Black
10{ — CNC-g-PD 24 Wt% TiO; . CNC-g-PD
s+ 50+—r+—v-—v-—""-Tr-oT———T—T—T . e
100 200 300 400 500 600 100 200 300 400 500 600 500 1000 1500 2000 2500
Temperature (°C) Temperature (°C) Raman shift (cm)

@ 7- 5 7- @ 7-
© © ©
£ 61 £ 6 £ 6
£ 54 =< PDB,-TiO,/C (89 m2 g) £ 5- = 54 =< CNC-TiO./C (89 m?2 g )
: te A B ~| <~ PDB,-TiO,/C (86 m? g™ 9 2
2 44 1 2 44 2 44
o <o PDB,-TALH (15 m? g') [} o r o <o CNC-TALH (15 m? g1 |
2 3. 1 sm=a™) oy 2 3] <> PDB,-TALH (7m2g") |, 2 3. (15m"g [
< < f!/ <
:‘? 9. ) é‘ 9- | ‘? 9-
43
S 51 51
o o= o 0 o 02 IITAAAAAORHORX
00 02 04 06 0.8 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
Relative Pressure (p/p°) Relative Pressure (p/p°) Relative Pressure (p/p°)

Electrochemical Performance As Anode Components 0 Conclusions
29 29 2% We present two templating strategies: PISA block copolymer self-assemblies and
20 =29 =2 CNC-based polymer brush nanoreactors, for the synthesis of mesoporous, carbon-
15 PDBé;'(I;'Ii:JZZIC g 15- pDBé;IIi:JZZ/c g 15- CNC-TioIC coated anatase TiO, nanostructures. Both methods allow for precise control over
g 10- _Qyeles S 101 ~ Gydles g 10- C e morphology and crystallite size (<5 nm), while simultaneously introducing a porous
0.5- — Cycle 100 0.5- — Cycle 100 0.5- — Cycle 100 carbon framework during pyrolysis. The resulting TiO,/C nanomaterials exhibit
Y (Y S N — (Y A — high specific surface areas (up to 111 m?/g) and tunable carbon content (13-30

0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 . . . .
Specific Capacity (mAh g Specific Capacity (mAh ") Specific Capacity (mAh g-") wit%), _W|th worm-like, vesicular, and tubular .archltectures. Thgse pl_atforms offer
0o = versatile routes to carbon-coated metal oxide nanocomposites with tailorable
3 ;5""'. + PDB,-TiO,/C physicochemical properties for broader applications beyond energy storage.
80 3 £ 400- « PDB,-TiO,/C
A, 60 a %300- CNC-TiO,/C I\Yllarlf;Jhs MUI(IR:-,:r:. rr)1a(;lr<lus.mueIIneL@svgj?ev(.jedu.ag| O E?B’ﬁﬁ%z ! Australian Government
-' _ '_ = o ‘ en eng ICla eng. yen.cneng@sydney.eau.au *gg*g;* 9 X“  Australian Research Council
2007 © * PDB,TIO,C 140 5 S 200 Group Website: www.polymernanostructures.com _
100- o « PDB,-TiO,/C o0 & Q l 3 |
_ < = 100+ -
. CNC-TiO,/C 3 |

0 T T T T T T - T 0 - :‘; 0 — 1) Cheng, Y. T.; Xia, Q.; Liu, H.; Solomon, M.; Brisson E. R. L.; Blackman L. D.; Ling C. D.; Mullner, M. ACS Appl. Mater.

0 1020 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30 35 40 Interfaces 2023, 15 (9), 12261-12272.

Cycle Number Cycle Number 2)  Cheng, Y. T.; Xia, Q.; Liu, H.; Solomon, M.; Ling C. D.: Miillner, M. RSC Polym. Chem. 2023, 14 (18), 2181-2189.


mailto:markus.muellner@sydney.edu.au
mailto:yen.cheng@sydney.edu.au
http://www.polymernanostructures.com/

