Meéreni nanocastic ICP-MS



Single particle ICP-MS

* SP-ICP-MS promeéreni nanocastic (NP)
obsahuijicich kov
* Informace o NP pomoci SP-ICP-MS:
— Charakterizace NP
— Kvantifikace
— Distribuce velikosti castic

* Teorie SP-ICP-MS:

— Kazdy pik (transient signal) reprezentuje jednu NP v
pevném stavu
— Rozdil mezi kontinualnim signalem pozadi (blanku) a

kontinualnim signalem analytu obsazeného v NP
predstavuje koncentraci rozpusténého kovu



SP-ICP-MS

* Teorie SP-ICP-MS:

— Frekvence prechodovych signall je umérna
koncentraci NP vstupujicich do ICP

— Intenzita signalu (plocha piku transientniho signalu) je
Umeérna prumeéru NP a hmotnosti prvku v NP

— Zname-li u€innost systému zavadéni suspenze do ICP,
muzZeme vypocitat koncentraci NP v suspenzi

— Kontinualni signal je umeérny koncentraci
rozpusténého kovu z NP, muze byt i kontaminace nebo
spektralni interference



SP-ICP-MS

* Teorie SP-ICP-MS:

— Suspenze nesmi byt prilis koncentrovana, aby se v
case rozlisily impulsy jednotlivych NP

— Méreni s kvadrupolovym ICP-MS: dwell time —
nastaveni MS na danou hmotu

— Dwell time: termin pouzivany pro sekvencni ICP-MS
(kvadrupol) = Cas straveny akvizici dat na dané hmoté
izotopu — méficim kanalu (m/z). Radové zlomky
milisekund

— Pravdépodobnost koincidence signalu 2 ¢astic ne dana
Poissonovym rozdélenim



SP-ICP-MS

* Teorie SP-ICP-MS:

— Pravdépodobnost koincidence signalt 2 NP klesa s
klesajici hodnotou dwell time (DwT) a klesajici
koncentraci NP

— Registrace kompletniho piku jedné NP ma dusledky v
presnosti a spravnosti stanoveni koncentrace NP a
hmotnosti daného kovu v ¢astici

— PIna sirka piku FW je cca 0,5 ms a DwT daného MS
limituje pocet NP. Je-li DwT cca 0,5 a vice, dochazi k
prekryvu signall: zdanlivé vétsi castice a zdanlivé nizsi
koncentrace Obr.1:



SP-ICP-MS

a b c d e

Eowell tq Ly ta

L= L
EEEE

Time

ICP-BAS Ridponds

Fig. 1 Effect of dwell and settling times on single particle measure-

ments. (a) £ particles detected (b) 1 single particle detected (c) the
leading edge of 1 particle detected (d) the trailing edge of 1 particle

detected (e) no particles detected.



SP-ICP-MS

* Teorie SP-ICP-MS:

— Obvykla mérici elektronika a SW umoznuje ¢as 3 az 10
ms, coz odpovida koincidenci 6 az 20 NP

— Mrtvy ¢as méreni = settling time (ST), jiné HW operace
nez meéreni (nastaveni podminek por izolaci signalu
(parametry kvadrupodlu) = systém nezachyti NP
(Obr.1). Je-li ST=DwT, pak je treba dvojnasobné doby
mereni pro zachyceni téhoz poctu castic



SP-ICP-MS
Méreni (Obr. 2, 3)

— PerkinElmer NexION ICP-MS, SP mode, Syngistix Nano
Applicaton Module: eliminovan ST a frekv. méreni je 10°
Hz, coz odpovida 10 us DwT, tj. 6x10°dat. bodl /min.

Fig. 2 Zoomed in trace of NIST SRM 8013 60 nm gold nanoparticle
standard at a dwell time of 50 us. Particle concentration of 250 000
particles per mL.
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Fig. 3 Zoomed in of four NP events at a dwell time of 50 ps. Particle
concentration of 250 000 particles per mL.



SP-ICP-MS

e V]iv DWT na integraci signalu NP

— Pri méreni veétsiho poctu bodu je Iépe definovana
plocha piku odpovidajiciho 1 NP
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Fig. 4 RawdataofaMNISTSREM 8013 60 nm gold nanoparticle acquired
at a dwell time of 50 ps. Fig.5 RawdataofaNIST SEM 8013 60 nm gold nanoparticle acquired
at a dwell time of 30 ps.
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SP-ICP-MS

* Vliv DwWT na integraci signalu NP
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Fig.6 Raw dataofa NIST SRM B013 60 nm gold nanoparticle acquired
at a dwell time of 10 us.

Table 1 Summary of points per peak and event duration for different
dwell times of single nanoparticle events

Dwell time (ps) Points integrated Event duration (ps)
50 8 400
30 13 390
10 3 310
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SP-ICP-MS

* Vliv DWT na pocitani NP/ml
— 2 zmlzovace s odlisSnymi prutoky (300 a 450 pl)

— Rostouci DwT zvysuje pocet koincidenci a snizuje
pozorovany pocet NP
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Fig. 7 Particle events vs. dwell tirme for 250 000 particles per mL of 60
nm Au NPs nebulized at different flow rates.
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SP-ICP-MS

* Vliv DWT na pocitdni NP/ml a distribuci
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Fig. 8 Size histogram of NIST SEM 8013 60 nm gold nanoparticles ata
concentration of 250 000 particles per mL acquired at a dwell time of
50 ps.
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* Vliv DWT na pocitdni NP/ml a distribuci
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Fig.9 Particle events vs. dwell ime for 250 000 particles per mL of Fig. 10 Percent of particle events outside the primary distribution vs.

60 nm fﬁ'u NPs n.ebulize.d a.t SD_G ul min~". Data separated by grouping dwell time for 250 000 particles per mL of 60 nm Au NPs nebulized at
events in the primary distribution. 300 pL min~t.
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* Vliv DWT na vypocet velikosti NP
— 2 systémy NP (30 a 60 nm Au, NIST RM 8012 a 8013)
— 250 000ONP/ml. Zavislost signalu na DwT.
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Fig. 11 Effect of dwell time on mean particle intensity for 250 000
particles per mL of 60 nm Au NPs nebulized at 300 pL min™".
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