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Background

Lung cancer Ty

Lung

cancer
Contact in
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Lung cancer: fastest increase in morbidity and mortality
28% of the cancers are lung cancer

Patients increase 45% to 190% until 2030.

Average 5-year survival chance: 14%

16% of the patients can get early diagnosis.

Distribution of the number of people who died
of trachea, bronchitis and lung cancer in 2012



Common lung cancer
detection method

——

CT (LDCT)

Lung
Cancer

Chest X-ray

bl @ >

Breath analysis



Concentrations (ppb) of VOCs contains in
Lung cancer patients
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Oluwasola Lawal et al., Metabolomics, 2017, 13, 110.
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Metal oxide gas sensor

Zinc Oxide (ZnO), Tin Oxide (SnO,), Tungsten oxide (WO,), . 20
Titanium dioxide (TiO,)...... W | oot
&D o *— 0.1%Pd-Zn0O
3
g ol #:
z ey
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o.J = -
0 40 80 120 160 200
« (Good response  High working temperature Time/s

e E e P lectivit Response-recovery curves of a 2D nanosheet-
asy to prepare O0r selectivity assembled Pd-ZnO microflowers to 200 ppm

acetone at 370 °C. [1]
« Easy to modify  Possible humidity effect

[1] Zhang et al. Journal of Physics and Chemistry of Solids 124 (2019) 330-335
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Strategy and methods

Improvement of the

sensing performance TS Pt\ X m) Response time
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Improvement of the

sensing performance

(a) (b) (c)

In Air In Acetaldehyde : un-doped ZnO In Acetaldehyde : Al-doped ZnO
N-type Oy | Cxé“\» - Q'x -~
doping o— ConductionBand | > ¢ mmg\\::

Reduce the
bandgap
width

High valent

metal ions

« X
Oxygen'vacancy Oxygen vacancy

Lattice

o structure
change Al-doped ZnO NPs in air, (b) un-doped ZnO NPs in

A schematic of the sensing mechanism of the (a) un-doped or

acetaldehyde, and (c) Al-doped ZnO NPs in acetaldehyde. [1]

[1] R. Yoo et al. Sensors and Actuators B: Chemical, 266, 2018, 883-888,


https://www.sciencedirect.com/topics/chemistry/acetaldehyde

Preparation of ZnO
nanoneedles
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Preparation of Fe-doped ZnO

nanoneedles
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Preparation of sensors
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Schematic diagram of the sensor substrate




Sensing test
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Characterization of Fe-doped

ZNnO nanoneedles
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SEM image of (a)ZnO (b) 1 at% (c) 3 at% (d) 5 at% Fe-doped
XRD patterns of pure and Fe-doped ZnO nanoneedles ZnO on the surface of sensor substrates



Characterization of Fe-doped

ZNnO nanoneedles
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Electrical resistance / Ohm
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(a) Electrical resistance change and (b) response of pure and Fe doped ZnO nanoneedles to isopropanol with 50%
of humidity at 275°C
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Response to 5 ppm isopropanol of different Fe-doped ZnO under
different operating temperature



Electrical resistance / Ohm
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(a) electrical resistance change of different Fe-doped ZnO. (b) Response of 5 at%
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Depletion zone

Conduction channel

Potential at the interface

Representation of the contact between the needles and the
potential barrier between different needles
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Depletion layer

Schematic figure for the isopropanol sensing process

CH;CH(OH)CH; + 90~ - 3CO0, + 4H,0 + 9¢~



Conclusion for this presentation

The ZnO nanoneedles were successfully doped with Fe by slowly
adding Fe(NO;); into the precursor.

Fe doping change the morphology of ZnO needles and increase
the specific surface area.

The 5 at% Fe-doped ZnO showed the best sensing performance
to isopropanol at 275°C.

The improvement of sensing properties is considered as the
adjustment of the band structure by the doping of Fe and the
increase of specific surface area.

More works like DFT calculation can be done to further study
the mechanism.






