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A Introduction about Quantum Dots

Quantum dots are chemically synthesized
semiconductor nanoparticles that can exhibit
unique quantum confinement behavior.

e Size dependent emission: What's

e Smaller particles emit high-energy (shorter

wavelength) radiation Quantum DOtS

e larger particles emit low-energy (longer
wavelength) radiation.

e Adjustable hydrophilic or hydrophobic properties:
e The surface layer can be designed to be
either hydrophilic or hydrophobic allowing
the nanoparticles to be solubilized in a
variety of liquids (i.e. polar and nonpolar).

The structure of a
(CdSe)ZnS quantum dot 2.3nm »5.5nm




1 ABSORPTION AND EMISSION SPECTRA OF [CDSE)INS QuanTuM DoTs

e Absorption spectrum:
ewide range of absorption
e various laser can be used as excitation source
e Emission spectrum:
e emission peak wavelength is adjustable by controlling the size of QDs
e emission spectrum is symmetrical to the emission peak
e emission concentrates near emission peak with FWHM only 30740 nm

Emission
¢ Emission Full-Width
nggt:m Peak Half-Maximum
QD-1 507 nm 33 nm
QD-2 593 nm 34 nm
QD-3 630 nm 36 nm
QD-4 650 nm 40 nm

absorption (relative intensity)

1.2
11

1.0}

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Qb1 QD2 QD-3 (}D_4

300 350 400 450 500 550 600 650

wavelength (nm)

emission (relative intensity)




3 Quantum pots (QDS) ror THERMO-FLUIDS MEASUREMENTS

e The propose of the present study is to explore the L e
possibility of Quantum dots (QDs) for thermo-fluids ? l‘ i J l
diagnostics. - '
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e Compared to commonly-used fluorescent dyes such as /
Fluorescein and Rhodamine B, the photophysical '
properties of (CdSe)ZnS QDs will be investigated:

e Absorption and emission spectra.
e Stability against photobleaching under different
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e The applications of QDs for thermal-fluids diagnostics _—_—

e Individual QDs as particle tracers for velocimetry
in micro flows:
e Single Quantum Dot (QD) Velocimetry by
Pouya et al. Experiments in Fluids, 2006.
*QDs as fluorescent tracers:
e Flow visualization and concentration
measurements in a pulsed jet flow.
e Temperature distribution mapping in a
stratified flow.




1 QD imaging for flow velocity measurements
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* Superposition of 4 frames

showing the movement of two
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T




(] PHOTOPHYSICAL STABILITY AGAINST PHOTOBLEACHING

« Same volume (200ml) of QD, Fluorescein and Rhodamine B solutions were
prepared.

« Concentration of the Fluorescein and Rhodamine B aqueous solution is 1.0x10° M.

 The solvent of QD is Hexane.

 The absolute molar concentration of QD is unknown, but it has the same initial
fluorescence emission intensity as the Rohdamine B -1.0x10-6 M solution.
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(] PHOTOLUMINESCENCE STABILITY AGRINST PHOTOBLEACHING
[CompaRiSON OF QD wiTH FLUORESCEIN AND RHODAMINE B)

Normalized fluorescence intensity

excitation laser source: pulsed excimer UV laser (308nm )
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Normalized fluorescence intensity

12

11

1.0

0.9

0.8

0.7

0.6

0.5

PHOTOLUMINESCENCE STABILITY AGAINST PHOTOBLEACHING
(CompariSoN OF QD wiTH FLUORESCEIN AND RHODAMINE B)

excitation laser source: Argon-ion laser (514.5 nm )
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Temperature Sensitivity Test
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TEMPERATURE SENSITIVE OF QID, FLUORESCEIN AND RHODAMINE B
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308nm Excimer laser

488nm Argon-ion laser

514nm Argon-ion laser

QD-3 -0.94% per °C -1.14% per °C -1.05% per °C
(5°C ~ 65°C) (5°C ~ 65°C) (5°C ~ 65°C)
-1.20% per °C -1.52% per °C
Rhodamine B -1.57% per °C (5°C ~ 65°C) (5°C ~ 65°C)
(5°C ~ 65°C) Kim & Khim (2001) Coppeta & Roger(1998)
-1.35 % per® C (15°C ~ 40°C) -1.54 % per®C (20°C ~ 60°C)
-0.25% per °C +2.25% per °C
Fluorescein -0.45% per °C (5°C ~ 65°C) (5°C ~ 65°C)
(5°C ~ 65°C) Coppeta & Roger(1998) Coppeta & Roger(1998)

-0.16 % per® C (20°C ~ 60°C)

+2.43 % per® C (20°C ~ 60°C)




AppuicaTion QuanTum Dots For THERMAL-FLUIDS DIAGNOSTICS
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ArpLICATION QUANTUM Dots FOR THERMAL-FLUIDS DIAGNOSTICS

[GoncENTRATION MEASUREMENTS IN A PULSED JET)
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AppuicaTioN QuanTum Dors FoR THERMAL-FLUIDS DiAGNOSTICS
— (TEMPERATURE MEASUREMENTS IN A STRATIFIED FLOw)
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ArpLICATION QUANTUM Dots FOR THERMAL-FLUIDS DIAGNOSTICS
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AppuicaTioN QuanTum Dors FoR THERMAL-FLUIDS DiAGNOSTICS
— (TEMPERATURE MEASUREMENTS IN A STRATIFIED FLOw)
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