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INTRODUCTI — _ Crude organic soluble 655 nm and 800 nm Qdots appeared to be mixtures (Figs. 1a,b). PbS Near-Infrared Quantum Dots 5nm Au Nan

; Ll shown in 3a., followed by mass spectra obtained from three energy filters:
mil and by results using a Voyager MALDI MS. Results are shown in Figures 2a-c. high charge (3b.), Au par{icles (3,:‘)] and matrix (3d.). As can be segﬁ fm &m
igure 1. 3 ), B)S -

the Au mass (858 kDa) is significantly higher than the calculated mass of

670 kDa, based on a 5 nm Au particle. Results demonstrate the great

The covalent coupling of PEG to 800 nm carboxy Qdots increased mass from 756 to We also obtained mass spectra of PbS Qdots from Evident Technologies. Spectra Spectra were obtained for . ’ 5 nm Au
The ct ization of synthetic i and very large macromolecules 1510 kDa (Figs. 1c,d). _The water soluble Qdots were more homogeneous, perhaps are shown for 1311 nm emitting Qdots. Interestingly, these formed multimers of up (CV 15% by TEM) (citrate coated), using sinapinic acid. The energy plot is
is difficult by conventional methods. In order to improve performance and due to purification after PEG conjugation. to about six. The single Qdot mass was confirmed for an ~4.3 nm particle (191 kDa) . ¢

decrease lot-to-lot variation in batches of large synthetic particles and
macromolecules, it is desirable to develop new ultra-high mass spectrometry
methods. Since these particles are large, it is necessary to develop MS

Mass Spectra of QDots — Invitrogen; Organic and Water soluble

instruments with good performance into a mass range extending into the 191.96 LDI advantage of energy resolution in interpreting mass spectra.  Gold energy
megaDalton range. The current upper mass limit for MALDI TOF MS is believed = Imirogen A bands are tighter than either of the quantum dots.
to be due to the use of ionizing detectors and the MALDI technique which yields 655 nm Organic Qdots by LDI 800 nm Organic Qdots by LDI -
a declining signal as m/z increases. A novel superconducting tunnel junction (TOPO coated) (TOPO coated) - 397.24 Energy vs. Mass
(STJ) detector was introduced several years ago on a MALDI TOF MS 298.80 424.14 -
(Macromizer, Comet AG) to overcome this detector limitation. Theoretically the i Mass spectrum H Mace spactrum ; -
STJ detector should exhibit mass independent 100% intrinsic detection. We *’\ / .
have used this device to analyze several commercial preparations of - N 1023.42 A— - .
nanoparticles. /’V \\ : * = = =
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The mass spectrometer used for these studies was a Macromizer MALDI TOF \\ N‘f"“‘*-\\
system (Comet AG, Flamatt, Switzerland) equipped with sixteen STJ M~
cryodetectors. A nitrogen pulsed laser operated at 337.1 nm was used for LDI - oo SN YN LT
or MALDI from a variety of matrix mixtures. This mass spectrometer is capable m/z (kDa) m/z (kDa)

of energy analysis of the ions striking the detector to reveal the charge states fror Fremm =
making up a peak. -
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+ Resolution ~ 500 \ S -
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+ Einzel lens ion beam focusing: beam diameter on detector ~2.5 mm oo ) 5
+ 16 element STJ cryodetector, dimension 2.2 x 2.2 mm, active surface 0.64 mm? Py - - by e
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Mostly Sinapinic acid
CdSe and e Qua m Dots H PbS Quantum Dots; Extraction Delay 8000 nsec
Commercially available fluorescent QDots™ (Invitrogen) are widely used in cell biology - " s A“\'\M-u\,.,m.\f\
and biochemistry because of their intense fluorescence, which is very stable to . 101279 Lol L . - i
photobleaching, and optimal absorbance (broad) and emission (very narrow) bands. E E L ™ A~ 2 miz (kDa)
The core is composed of nanocrystals of either CdSe, CdTe, or a combination. m/z (kDa) miz (kDa) 1221.78
Fluorescence emission depends on both the composition and size of the nanocrystals. k H 14‘30 39 CONCLUSIONS e — _
The ‘cores’ are then coated with a ZnS shell and a layer of organic R-groups, usually Erargy e Moss Enargy ve. tass i N7 TN 3
tri-n-octylphosphine oxide (TOPO) which may be subsequently coated with a layer of po e N The current STJ cry allows the ion of mass spectra
polymer (amphiphilic polyacrylic acid, AMP), then coupled with polyethylene glycol R into the Mega Dalton mass range of CdSe, CdTe, PbS, and Au
(PEG) - yielding water solubility. Qdots emitting at 655 nm and below are made of . nanoparticles of commercial interest.
CdSe, those emitting above 705 nm are CdTe. Some sizes (nm, via TEM or gel somomomomemommemem o m e Organic soluble Qdots can be run via LDI. Water soluble Qdots
filtration) of commercial Qdots are summarized in Table 1. Emission wavelengths are miz (kD) require a matrix. Mass increased from 756 to 1509 kDa on coupling of
in color. PEG groups to Carboxy Qdots.
B Table 1. 1311 nm-emitting PbS Qdots are observable with LDI, and readily
Missio,
0 Wavejep, h form complexes of up to 6 Qdots.
Materials 2 (nm) 565 & . Au nanoparticles have a broad mass distribution, but tight energy
Core-shells “;” R E .y E bands. The Energy vs. m/z plots allow the analysis of charge states
MP. 131 miz (kDa) miz (kDa) i directly, greatly aiding interpretation of MS data, and can help
IAMP-PEG2K -30N (conj ki 156 distinguish matrix from analyte ions.
IAMP-PEG2K-oMe C"D K:q‘e‘ 28.8 Energy plot from c. for one channel only.  Energy plot from d. for one channel only. = 9 y!
Goat F(ab')y (anis g6 con 16.1 - — .
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AMP-SAv (OTracker ) labeling in 1f. above. The multiple Qdot energy levels in 1e. are not yet understood. PbS Quantum Dots; Extraction Delay 8000 ns Biological Infrastructure DBI 0454980
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