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SWCNT-Based Breathalyzer

References:
Liu, A.T., Kunai, Y., Cottrill, A.L. et 
al. Solvent-induced 
electrochemistry at an electrically 
asymmetric carbon Janus particle. 
Nat Commun 12, 3415 (2021). 
https://doi.org/10.1038/s41467-
021-23038-7

SWCNTs are crushed into a powder and pressed into a 
sheet. A polymer layer is applied on one surface only and 
the composite sheet is then cut into smaller pieces, aka 
“Janus Particles”

In this configuration, SWCNTs are electron donors and 
can generate an electric potential when exposed to 
molecules with specific LUMOs levels (Lowest 
Unoccupied Molecular Orbits) that are also small enough 
to dissolve into the SWCNT structures - Ethanol fits these 
requirements!

The polymer layer acts as a diffusion region between the 
SWCNTs and the ethanol

Janus particles can be connected in series to strengthen 
the output signal measured by an ammeter to detect the 
presence of ethanol in the breath

polymer

Crushed 
SWCNTs

Janus Particle



Carbon Nanotubes for 3D Printing Filaments
Jason Wang, Rushil Ganguli

Benefits of Using CNT in 3D printing
● improvement in the tensile strength by 12.6%
● varying electrical resistivity depending on the supplied voltage
● possible applications for structural electronics, intelligent structures, and embedded sensors

Future Investigation
● amount of CNT needed to add to ABS for optimal mechanical and electrical properties
● printing parameters for optimal print qualities (extrusion/print speed, head temperature, porosity)

Carbon Nanotube-Based Composite 
Filaments for 3D Printing of Structural and 
Conductive Elements, Podsiadły, et al.

Podsiadły, B.; Matuszewski, P.; Skalski, A.; Słoma, M. 
Carbon Nanotube-Based Composite Filaments for 3D 
Printing of Structural and Conductive Elements. Appl. Sci. 
2021, 11, 1272. https:// doi.org/10.3390/app11031272 
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Electron in Conduction Band
Electron in conduction band come down to the edge 
Jump down to the valence band 
Release fixed energy of the band gap in the from of light
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Paper 10 - Semiconductor 
Nanocrystals as Fluorescent 

Biological Labels
Marcel Bruchez Jr., Mario Moronne, Peter Gin, Shimon Weiss,* A. Paul 

Alivisatos*

Presented by - Lakshya Saraf and Shira Shabtian



Objective – Use of semiconductor nanocrystals as 
fluorescent probes in biological staining and diagnostics. 
Limitations- Conventional dye molecules impose 
stringent requirements on the optical systems due to 
narrow excitation spectrum and broad emission 
spectrum. There is also photobleaching. 
Benefits – Nanocrystals are better than conventional 
fluorophores as they have a narrow, tunable, symmetric 
emission spectrum and are photochemically stable.
Ideal Probe - Should emit at spectrally resolvable 
energies and have a narrow, symmetric emission 
spectrum, and the whole group of probes should be 
excitable at a single wavelength.
How are fluorescent probes used? 
8 color, 3 laser system used to measure 10 parameters 
on cellular antigens and cytogenetics and they used 
combinatorial labelling to generate 24 falsely colored 
probes for spectral karyotyping (very inefficient).

Cytometry is the measurement of number and characteristics of cells.
Cytogenetics involves testing of tissue, blood or bone samples.
Karyotyping is the process of pairing and ordering all the chromosomes of an organism



• In semiconductor nanocrystals, the absorbance onset 
and emission maximum shift to higher energy with 
decreasing size.

• Excitation tracks absorbance, resulting in a tunable 
fluorophore that can be excited efficiently at any 
wavelength shorter than the emission peak.

• It however, still emits the same narrow symmetric 
spectrum regardless of the excitation wavelength. 

How are semiconductor based nanocrystals made tunable?

Fluorescein Nanocrystal

Excitation spectra (dashed)
Fluorescence spectra (solid)

476 nm
355 nm

550 nm

533 nm
FWHM 45 nm

10% 100 nm

FWHM 37 nm

10% 67nm

The nanocrystals have a 
much narrower emission, 
no red tail, and a broad, 

continuous excitation 
spectrum.



How can we control spectral range?
Variation of the material used for the 
nanocrystal and variation of the size of 
the nanocrystal afford a spectral range 
of 400 nm to 2 m in the peak emission
Typical emission widths of 20 to 30 nm 
[full width at half maximum (FWHM)]in 
the visible region of the spectrum and 
large extinction coefficients in the 
visible and ultraviolet range ( 10^5 M^-
1 cm^-1)

Blue series represents different sizes of CdSe nanocrystals 
(16) with diameters of 2.1, 2.4, 3.1, 3.6, and 4.6 nm (from 
right to left). The green series is of InP nanocrystals (26) 
with diameters of 3.0, 3.5, and 4.6 nm. The red series is of 
InAs nanocrystals (16) with diameters of 2.8, 3.6, 4.6, and 
6.0 nm.



PROBLEM: The high surface area of the 
nanocrystal might lead to reduced luminescence 
efficiency and photochemical degradation.

CURRENT PROGRESS: Bandgap engineering 
concepts have led to the development of core-
shell nanocrystal samples with high, room 
temperature quantum yields ( 50%) (12±14) and 
much improved photochemical stability.

By enclosing a core nanocrystal of one material 
with a shell of another having a larger bandgap, 
one can efficiently confine the excitation to the 
core, eliminating nonradiative relaxation 
pathways and preventing photochemical 
degradation.



Biological Applications and Water 
Solubility

• Addition of silica based third layer creates 
water solubility
• Process flow follows that of an addition of a 

silica shell on citrate-stabilized gold 
nanoparticles 

• Stays water soluble due to multivalency of 
extensively polymerized polysilane
• As opposed to strategies that may use single 

direct bonds to the NC
• Functionalization of this layer through the 

addition of other groups allow for 
controlled interactions with biological 
sample

[1] Langmuir 1996, 12, 18, 4329–4335, Publication Date:September 4, 1996, https://doi-org.libproxy.berkeley.edu/10.1021/la9601871

https://doi-org.libproxy.berkeley.edu/10.1021/la9601871


High Yield and Consistent Tuning 
Chemistry

• Core-shell NCs prepared accordingly are 
soluble and stable in water or buffered 
solutions

• Figure 2B highlights the large quantum 
yield expected (up to 21% in comparison 
to conventional dies that range typical 
yields between 14 and 71%)

• NCs are a spectrally tuned family where 
all different core sized NCs follow the 
same modification chemistry
• Organic dyes are tuned on a case by case 

basis due to their specific chemistries



3T3 Mouse Fibroblast Cell 
Fluoroscopy 

• Cells labeled using two different size CdSe-CdS 
core-shell NCs enclosed in silica shell (2-nm core 
emitted green fluorescence @ max 550nm, 4-nm 
core emitted red @max 630 nm)

• Surface of NCs tailored to interact with the 
biological sample

• Electrostatic and hydrogen bonding interactions
• Specific ligand-receptor interactions

• Avidin-biotin based ligand-receptor interaction
• Used here to specifically label F-actin filaments with 

red NC probes
• NCs w trimethoxysilylpropyl urea and acetate 

groups bind with high affinity in cell nucleus
• This can be suppressed with anionic silane reagent or 

through incubating with NCs in a 0.2% SDS solution
• Relies on silanized NC surface to control the 

binding



• Biotin covalently bonded to NC surface to 
label fibroblasts which were incubated in 
phalloidin-biotin and streptavidin
• One round of amplification with streptavidin 

then with red biotinylated NCs again
• Imaged with both conventional wide field 

and laser scanning confocal fluorescence 
microscopes

• Nonspecific labeling of nuclear membrane 
by both red and green probes resulted in 
yellow color

• Red actin filaments specifically stained
• Filaments were not visible or only faintly 

visible in control experiments lacking 
phalloidin-biotin

• NC labeled experienced very little 
photobleaching, far less than conventional 
dye molecules



Future applications of NC based 
fluoroscopy
• Opens up new possibilities for multicolor experiments and 

diagnostics
• Tunability allows for their use as direct probes or sensitizers 

for traditional probes
• Long fluorescence life (hundreds of nanoseconds) allow for 

time gated detection for autofluorescence suppression
• Direct immunolabeling, in situ hybridization, incorporation 

into microspheres all will be significant for applications like 
cytometry and immunoctyobiology identifying tissues, cells, 
and proteins

• Potential applications in other contrast mechanisms (x-ray, 
electron microscopy, scintillation proximity imaging)
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• The use of semiconductor nanocrystals: problematic；        
• The high surface area of the nanocrystal might lead to 

reduced luminescence efficiency and photochemical 
degradation;

• Solution: By enclosing a core nanocrystal of one material with 
a shell of another having a larger bandgap

• BUT, soluble only in nonpolar solvents
• By adding a third layer of silica that makes the core-shell 

water soluble

Orange: Fluorescent 
nanocrystals
Red: material with a larger
bandgap
Blue: silica



Applications
• As predicted by this 1998 paper:

• Multicolor biological experiments and 
diagnostics

• Cytometry and immunocytobiology
• X-ray fluorescence, x-ray absorption, 

electron microscopy, scintillation proximity 
imaging

• Infrared dyes

• Commercially available (Qdot®)
• Multispectral flow cytometry
• Cell tracking
• Cell/tissue staining
• In vivo imaging

Bruchez, M. et al. Science 1998, 281, 2013-2015.
https://www.thermofisher.com/us/en/home/brands/molecular-probes/key-
molecular-probes-products/qdot.html
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Introduction – QD as Thermometers
Temperature response to the environmental variations 

and/or cells response to environmental temperatures 
ex: cold exposure, heat shock, thermogenesis…

E. M. Lucchetta, M. S. Munson, R. F. Ismagilov, 
Nature 434, 1134 (Apr, 2005)

 Pros
 Photostability
 Broad absorption, narrow 

emission
 Long fluorescence lifetime
 Tunable spectra

 Cons
 Blinking
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