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Anorganicka analyza - prvkova

EA = elementarni analyza
= spalovaci metoda (combustion method)

Legenda: « CHNS(O) analyzatory, celkovy obsah siry (TS), dusiku (TN), halogent (TX), uhliku (TC),

organickych halogent (AOX, TOX, EOX), organického uhliku (TOC).

A Ea
XRF = rentgenova fluorescencni analyza

A XRF * EDXRF — energiové disperzni XRF
WDXRF — vinové disperzni XRF

OES

AOES = jiskrova opticka emisni spektrometrie kovovych materiall
ICP-MS ’ . . v v s s
A ICP-MS = hmotnostni spektrometrie indukéné vazaného plazmatu
* kvadrupolovy analyzator
ICP-OES s . 7 7 s -V ’
» sektorovy magneticky analyzator s vysokym rozliSenim (HR-ICP-MS)

AAS

A ICP-OES = opticka emisni spektrometrie indukéné vazaného plazmatu

AAS = atomova absorpcni spektrometrie
* plamenova (FL)
* elektromtermicka atomizace v grafitové peci (GF)
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Anorganicka analyza - prvkova
AAS ICP-OES

HR-ICP-MS

thermo
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EDXRF

OEA
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Anorganicka analyza - prvkova

Rozsah mereni

¢ HR-ICP-MS )
¢ ICP-MS )

( ICP-OES

( AAs:ETA )
( aas:r )

1ppq 1ppt 1ppb 1ppm 1000 ppm

Detekcni limit
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|ICP-MS

= hmotnostni spektrometrie indukcné
vazaného plazmatu

ICP-MS — kvadrupdlové
HR-ICP-MS — High Resolution - ICP-MS

thermo
scientific



Zakladni princip ICP-MS

» IR - N -
ICP MS

Inductively Coupled Plasma Mass Spectrometer
Induk&né vazané plazma Hmotnostni spektrometr
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Zakladni princip ICP-MS

zmlzovani

\. 8A8 e 3 '
k \ ree \ ) Privod zmlzovaciho

Vzorek v roztoku Aerosol

plynu (Ar)

peristalticka
pumpa
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Zakladni princip ICP-MS

- ionizace

ICP = indukCné vazane plazma
Argonove ICP on
'S

é

zdroj iontu “. desolvatace
vaporizace

Q atomizace 6500 K 7500,K 8000 K Preheating

lonizace

m/z

Normal radiation
analytical 10,000 K Zone
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Zakladni princip ICP-MS
- ionizace

- filtrace/separace
podle m/z

MS
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Zakladni princip ICP-MS i
>

ionizace

- filtrace/separace
podle m/z

M S atmos‘féricky tlak

1 — -
! -
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Zakladni princip ICP-MS
>

MS

U

vysoké vakuum
10-6 — 107 mbar - ' }
r

ionizace

-

atmosféricky tlak

i -

- filtrace/separace
podle m/z

:|,> 1 bar; atmosféricky tlak

10 =107 mbar; turbomolekularni vakuova pumpa

Praqolab




Zakladni princip ICP-MS

o filtrace/separace
- ionizace - Joals e

M S Ext

Skimmer ¢
action Iens/
vysoké vakuum l

/
106 — 107 mbar -'} HH
10 =107 mbar; turbomolekularni vakuova pumpa
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Zakladni princip ICP-MS
- ionizace

- filtrace/separace
podle m/z

Extraction len

Skimmer co
MS S/ Sah)ne

vysoké vakuum l

106 =107 mbar -

2 mbar; rota¢ni vakuova pumpa

106 -10 m%; turbomolekularni vakuova pumpa

Praqo|
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Zakladni princip ICP-MS

- ionizace - filtrace/separace

podle m/z

Skimmer co
MS | S/ Shne

Extraction len N
/ atmosfeéricky tlak

b =

vysoké vakuum l

106 — 107 mbar .

::> 1 bar; atmosféricky tlak

2 mbar; rota¢ni vakuova pumpa
104 mbar; turbomolekularni vakuova pumpa
106 =107 mbar; turbomolekularni vakuova pumpa
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Zakladni princip ICP-MS

m)

Jednoduchy kvadrupal

I

Trojity kvadrupol
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ionizace
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- filtrace/separace
podle m/z

Pruletovy analyzator (TOF)
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Zakladni princip ICP-MS Pj

- filtrace/separace
podle m/z

- ionizace
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ICP-MS - kvadrupolovy thermo

scientific
ICAP RQ ICP-MS ICAP TQ ICP-MS
Jednoduchy kvadrupdl Trojity kvadrupadl
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Kony - sampler a skimmer - iCAP RQ a iCAP TQ thermo
scientific

Load Coil
- & ICP Torch
Samp|e cone ' lon Beam Boundary /
nse \ ==

skimmer cone

skimmer cone insert
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Kony a extrakcni cocka - iCAP RQ a iCAP TQ thermo
scientific

Kény vyrobené z Ni

Platinum tipped cones — pro vzorky s
vysokym obsahem C nebo vzorky s HF

Skimmer Cone Sample Cone
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Technologie insertu na skimmer konu - iCAP RQ a iCAP TQ  thermo
scientific

+ Optimalni citlivost volbou skimmer insertu:

* 2.8mm insert — (high sensitivity)
* 3.5mm insert — (matrix tolerance)

* 4.5mm insert — (very high matrix robustness)
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7Li 59Co 89Y 115In  205TI 238U
Analyte

Relative Sensitivity
I
e
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Technologie insertu na skimmer konu - iCAP RQ a iCAP TQ

Interface Kdy Proc Kde
High sensitivity (2.8 mm) Narocné aplikace jako napt. Nejlepsi pomér signalu k Sumu a Slozité materialy, vyzkum,
laserova ablace, nanocastice... nejnizsi detekeni limity geologické védy
High matrix (3.5 mm) Typické aplikace, béZné matrice Nejlepsi balanc citlivosti a tolerance  Potraviny, klinicky a farmaceuticky
k matrici vyzkum
Robust — very high matrix Dlouhodoba analyza ,,Spinavych” Minimalni drift a udrzba Environmentalni vzorky, priimyslové
tolerance (4.5 mm) vzorkl a vzorkl s vysokou matrici aplikace

thermo
scientific .
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RAPID - iCAP RQ a iCAP TQ thermo
) | scientific

Thern carm RAPID lens

= right angle positive ion deflecion




Kvadrupol

+ DC and RF

Sestava ze 4 tyCi

> presné orientovanych vuci sobé ve smérech Xa 'Y

» s definovanym vnitfnim prdmérem r

» o0 dané délce Z

» pfipojeny ke zdroji stejnosmérného (DC) a stfidavého proudu (AC, RF)

> v8echny tyto faktory maiji vliv na stabilitu iontd, které prochazeji mezi tyCemi a
rozhoduiji o vysledné separaci riznych m/z

+DC,AC

-DC,AC

-DC,AC

> <

Z
—13%X

+DC,AC | | I I
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Stabilitni diagram - Mathieu

4CIU lonty jsou transmitovany pokud
a = — Zavislé na stejnosmérném proudu Aa, existuje reseni pro a,, a, g, dy
Mo I
0 [, 11 a ll
= q2 . Zavislé na stfidavém proudu
Mo,
DC~ 5t
_________ 0.237_ _ _ ___ .ol
0.24
slope
alg=2UNV : /‘ B,=1
x stabil E x instabil
0 1 1 y instahil : y stabil
— H— >
0.2 0.4 0.6 97 0.8 1.0




Stabilitni diagram

(M/2),< (M/2),<(M/z)4<(m/2),
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Stabilitni diagram

a Scan line
. @0/do
m/z
N I A (m/z);
:
: Scan line ay/q, = fixni pomér
:
|
. |
! ay, gy = idealni hodnoty pro

! maximalni rozliSeni hmoty (m/z),
|
: VSechny hmoty nad skenovaci linii
; budou transmitovany
:
|
|

""" |
1
1
Yo “
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Stabilitni diagram

Scan line

(m/z), alq

Scan line a/q = fixni pomér

VSechny hmoty nad skenovaci linii
budou transmitovany

< > q
~&itka piku
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Scan line
ao/do
Scan line
e e ____ ‘ alq

-
0

el e e o e e e
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Klicove vlastnosti MS analyzatoru

Rozlisovaci schopnost = resolving power (RP)
schopnost rozliSit dvé blizko sousedici kvantity

«  Pomoci $itky piku RP = %
Am je Sitka v 0,5 %; 5 % nebo 50 % vysky piku
Obvykle 50 % = FWHM (full width at half maximum)
’ m
 Pomoci sedla RP =
(mz_m1)

Am je rozdil hmotnosti 2 sousednich prave rozliSenych
signalu stejné velikosti

udoli mezi nimi 10 % nebo 50 % jejich vysky

Obvykle se uvadi 10 %

Abundance sensitivity
schopnost hmotnostniho spektrometru méfit signal nizké intenzity na
hmotnostech M = 1 v sousedstvi intenzivniho signalu M
pomér velikosti signalu na hmotnosti M k signalu naméfenému na
hmotnostech M = 1 za nepfitomnosti kvantit mz1

praqolab
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Klicove vlastnosti MS analyzatoru

Am=1amu

Kvadrupodlové analyzatory:

rozliSeni se vétSinou definuje pravé Sirkou
piku v poloviné vysky (FWHM) nebo v 10 %
vySKy a ne pomoci rozliSovaci schopnosti

RozliSeni byva tzv. jednotkové = Sitka piku
v MS spektru je kolem 0,7 amu, obvykle pres

cely rozsah méfenych hodnot m/z —

resolving power neni konstantni v tomto
rozsahu m/z

V rozsahu m/z do 290 amu tzn. RS = 300-400

praqolab



ICP-MS - Rozlisovaci schopnosti

Typ MS

Typicka rozliSovaci schopnost m/Am

ICP-QMS = kvadrupdlovy
ICP-TOFMS = pruletovy
ICP-SFMS = sektorovy magneticky s dvoji fokusaci

300-400 (Am cca 0,3-1 amu ~jednotkové rozliseni)
az 6000

az 12 000 =) HR-ICP-MS (high resolution)

iICAP RQ/TQ
ICP-MS kvadrupodlovy

praqolab

ICP-TOFMS (Tofwerk)
- ICP-MS pruletovy

==

Element 2/XR

HR-ICP-MS sektorovy magneticky
s dvoji fokusaci

Neptune
HR-ICP-MS sektorovy magneticky
s dvoji fokusaci + multicollector

thermo
scientific



Atomové hmotnosti prvku (12C)

Atomic Weights and Isotopic Compositions for All Elements

Relative Isotopic Standard
Isotope Atomic Mass Composition Atomic Weight Notes
1 H 1 1.007 825 032 23(9) || 0.999 885(70) [1.007 84, 1.008 11] m
D 2 2.014 101 778 12(12)§ 0.000 115(70)
T 3 3.016 049 2779(24)
2He 3 3.016 029 3201(25) 0.000 001 34(3)  4.002 602(2) or
4.002 603 254 13(6) || 0.999 998 66(3)
3Li 6 6.015 122 8874(16) 0.0759(4) [6.938, 6.997] m
7 7.016 003 4366(45) 0.9241(4)
4 Be 9 9.012 183 065(82) 1 9.012 1831(5)
5 B 10 10.01293695(41) 0.199(7) [10.806, 10.821] m
11 11.009 305 36(45) 0.801(7)
6 C 12 12.0000000(00) 0.9893(8) [12.0096, 12.0116]
13 13.003 354 835 07(23)§ 0.0107(8)
14 14.003 241 9884(40)
7 N 14 14.003 074 004 43(20)§ 0.996 36(20) [14.006 43, 14.007 28]
15 15.000 108 898 88(64)§ 0.003 64(20)
8 O 16 15994914619 57(17)f 0.997 57(16) [15.999 03, 15.999 77]
17 16.999 131 756 50(69) 0.000 38(1)
18 17.999 159 612 86(76) 0.002 05(14)
9 F 19 18998403 16273(92)) 1 18.998 403 163(6)
10 Ne 20 19.992 440 1762(17) 0.9048(3) 20.1797(6) g.m
21 20.993 846 685(41) 0.0027(1)

Praqoiab

40 39.963 YYB 166(60)
41 40961 825 2579(41)

https://physics.nist.gov/cgi-

bin/Compositions/stand alone.pl

0000 1L /(1)
0.067 302(44)

20 Ca 40 39.962 590 863(22)
42 41958617 83(16)
43 42.958 766 44(24)
44 43.955 481 56(35)

21 Sc 45 44.955908 28(77)

48 47.95252276(13) 0.001 87(21)

0.969 41(156)
0.006 47(23)
0.001 35(10)
0.020 86(110)

22 Ti 46 45.952 627 72(35)

48 47.947 941 98(38)
T 98 500 00(2Y U.U33

50 49.944 786 89(39)

0.0825(3)

0.0518(2)

23 V. 50 49.947 156 01(95)
51 50.943 957 04(94)

0.002 50(4)
0.997 50(4)

24 Cr 50 49.946 041 83(94)

Atomové hmotnosti

0.043 45(13)

Relativni zastoupeni


https://physics.nist.gov/cgi-bin/Compositions/stand_alone.pl

Interference v ICP-MS

Spektralni interference v MS:

A
vyskyt ¢astic o stejném m/z (nerozliSitelnymi rozliSovaci ,' \ O Interferent 1
schopnosti daného ICP-MS)
) Interferent 2
() Analyt
Ii/\'\ ffﬁ\.ﬁl
AR | \ TN |
.'/\I I \| ('/ \ ‘ II.-/\ /'( HI' [ | F/ \ | |
/_\I’H “ \| | | I’FN" \} H\} l

T T T T T T T[T T T
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Spektralni interference v ICP-MS

Izobaricke interference
atomovymi ionty izobar(

Nejvice hmoty 36-204
Pozadovana RS: 10*- 6.107

L2 Mn 22 24958 U43 Y1(48) I 1

26 Fe 354 53.939 608 99(53) 0.058 45(35)
56 55.934 936 33{49) 0.917 54{36)

57.933 274 43(53) 0.002 82(4)

27 Co 359 58.933 194 29(56)

28 Ni 58 57.935 342 41(52) 0.680 77(19)

60.931 055 57{'12) 0.011 399(13)
62 61.928 345 37(55) 0.036 346(40)
64 63.927 966 82(58) 0.009 255(19)

F

>SFe*

58Ni+

40Ca+ 40Ar+
48Ca+ 48Ti+
S8Fat S8Nj*
64Nj+ 647n+
87Rb* 87Grt
114Sn+ 114Cd+
115Sn+ 115|nt
113Cd 1131
204Hg+ 204Pb+

58




Spektralni interference v ICP-MS

Interference dvojnasobné nabitymi ionty

s vyjimkou Ca, V, Sr, Y, Zr, Sn, Ba, Pb a lanthanoidu jsou E;,>16 eV;

Hmotnostni analyzatory separuji dle m/z

Tedy dana hmota M bude ovlivhéna dvojnasobné nabitym iontem o hmote 2xM

G

Pozadovana RS: 2000 — 10 000

Vyrobci obvykle uvadéji uroven tvorby dvojnasobné nabitych

iontd jako % Ce?*/Ce* nebo Ba?*/Ba*

6Gat 152G g2+
7Set 154G g2+
8Gat 156G g2+
9Gat 158G g2+
80Gat 160G g2+
44Ca+ 883r2+

455t 135 g3+

768e+

15ZG 2+

>

Napf. <2 % Ce?*/Ce*

praqolab
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Spektralni interference v ICP-MS

Polyatomickeé interference

Vytvareji se v plazmatu — zalezi na pravdépodobnosti srazek jednotlivych iontl

328160 +
> pracovni plyn (Ar, He) HOArOAr* “ArteQ* 31p160:
> matrice vzorku OArteOH*  ArSCI* 31p16()_+
> rozpoustédia OArNHT *CI*0* 35[0

32g16()+ A0Ar1ANt 120160+

Nejveétsi vliv na analyty s m/z 40-82

Pozadovana RS: 2000 — 5000 (do m/z 70), 10000 (vyS$Si m/z)

|l"""""l":l"@@ﬂi&i

31p

15N 160
14N 160 H

44Ca

288i16o
12(:16()2
14N216O

0Fe

407160
40Ca160
283,

60Ni

44Ca16o

23Na37C|
23Na214N
ZBSiBZS

>2Cr

A0A[12C
3671160

40Ar23 N a
47Ti160

sly/

35C|160

75AS

40Ar35C|




Spektralni interference v ICP-MS

Interference intenzivnimi sousednimi signaly

Zalezi na abundance sensitivity hmotnostniho analyzatoru
Fe*

5SMn u izotopU >*Fe a *¢Fe ﬂ

206pPp g 205T]

25Mn 55 54938043 91(48)

L

26 Fe 54 53.939 608 99(53)
56 55.934 936 33(49)
57 56.935 392 84(49)
58 57.933 274 43(53)

0.058 45(35)
0.917 54(36)
0.021 19(10)
0.002 82(4)

27 Co 59 58.933 194 29(56)

1

55Mn+
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Redukce spektralnich interferenci

Volbou alternativniho izotopu analytu

Volba vhodné pripravy vzorku

» Napf. speciace - Casto se pridava napf. isopropanol, methanol atd. — pfitomnost C ve vzorku zvySuje ionizaci
analytu (alespori téch analytul, které maiji vysSi ionizacni potencial) — pfenos naboje (napf. u As, Se, Hg, Te)

> Napf. separacni metody IC-ICP-MS pfi speciaci As — odstranéni Cl, ktery ma jiny reten¢ni ¢as nez As —
eliminace 4CAr3:Cl

aQ) 10

Matematické korekce

urCeni urovné interference mérenim jiného izotopu interferujiciho iontu a zpétné prepocitani interference

na zakladé znalosti pfirozeného vyskytu izotopu

> Napf. °As a 40Ar35Cl Ize matematicky prepocitat pomoci méreni hmoty “°Ar3’Cl na hmoté m/z 77 a pro
vypocet pouzit znamy pomeér izotopt 3°CI/3"Cl = 75.8%/24.2%

@)

Optimalizace pristroje
RF power (cold/cool plasma), prutok zmlZovaciho plynu, pozice torche vzhledem k sample kénu

@)

Q Pouziti HR-ICP-MS
“  napf. magneticky sektorovy analyzator s dvoji fokusaci, multikolektor

praqolab



Redukce spektralnich interferenci

Kolizni/reakcni cela
- Kolizni plyn (He-KED)
O
O
v

- Reakcni plyny

PIAQOIab



Kolizni/reakcni cela - iCAP RQ a iCAP TQ

Collision Reaction Cell (CRC) « kvadrupdl, hexapdl nebo oktopdl prediazeny
kvadrupolovému analyzatoru

* pouze stridavy proud
- o fokusuje ionty v cele, kde podléhaiji kolizim nebo reaguiji s

" Kvadrupdlovy pfivedenym koliznim/reakcnim plynem

analyzator

Kolizni/reakéni cela
= kvadrupdl - flatapdl S

RF

praqolab



Kolizni/reakcni cela

Kolizni/reakeni cela je tlakovana koliznim/rekénim plynem

Dochazi diskriminaci iontt kinetickou energii

He-KED (kinetic energy discrimination)

| Quadrupole

Decreasing Energy ~ \o/

Energy
Barrier

v

thermo
scientific

Dochazi k chemickym reakcim
H,, O,, NH,.....
2 2 3 56F e
Pre-Cell
160*, 49A1, NH,*
J
:
o He ®
| @ 40Ar160* + NH; — 160 + 40Ar + NH,*
5 56Fe + NH; — 55Fe + NH,
R 4
" 7s[Ca(OH),H]* 56Fe, 40Ar160*

— praqoab




LMCO (Low Mass Cut Off) - iCAP RQ a iCAP TQ

kvadrupol ma jasné definované stabilitni hranice

mimo KED a chemické reakce Ize navic dynamicky

aplikovat odstranéni nizkych hmot

odfiltrovani prekurzoru, které by mohly dale v cele
vytvaret polyatomické interferenty rekombinaci

= Low Mass Cut OFF (LMCO)

3CI%0, 3'CI*N, H, N, O, S,

34g160OH Cl

Fe 39 40ArieQ, 40Cal®0 O, Ar, Ca

63Cu 45 40Ar3Na, C,N, O,
12C16Q35C], Na, P, S,
31p32g Cl, Ar

SAs A7 40Ar35C, H, S, Cl,
40Ca35(C|, Ca, Ar

40Ar34SH, 37CILH

praqolab

Target
Analyte
75As+

Complex

Matrix

> Comprehensive
Interference
Removal

<

Quadrupole
isolates ions
wanted for
measuremen

Quadrupole set to
filter out exact mass
of target analyte
e.g. As*

Low mass cut off
filters out unwanted
precursor ions; ions are
then unable to
recombine later in the
QCell and backgrounds
are reduced further
than KED alone

40Ar*, 40Cat
35C|+ 160+ lH+

thermo
scientific



LMCO (Low Mass Cut Off) - iCAP RQ a iCAP TQ

kvadrupol ma jasné definované stabilitni hranice

mimo KED a chemické reakce Ize navic dynamicky

aplikovat odstranéni nizkych hmot

odfiltrovani prekurzoru, které by mohly dale v cele
vytvaret polyatomické interferenty rekombinaci

= Low Mass Cut OFF (LMCO)

35C|16O 37C|14N
34g160OH

Fe 39 40Ari6Q, 40Caldo Ar, Ca

63Cu 45 40Ar23Na,
12C16035C|’
3lp328

As 47 4OArSsC,
40Ca35C|’
40Ar4SH, 7CILH

praqolab

Target
Analyte
75As+

Complex

Matrix

> Comprehensive
Interference
Removal

<

Quadrupole
isolates ions
wanted for
measuremen

Quadrupole set to
filter out exact mass
of target analyte
e.g. As*

Low mass cut off
filters out unwanted
precursor ions; ions are
then unable to
recombine later in the
QCell and backgrounds
are reduced further
than KED alone

35C|+ 160+ lH+

thermo
scientific



ICP-MS s jednoduchym kvadrupolem

Comprehensive

Target
Analyte
75 As?

Quadrupole isolate
< jons wanted for
| measurement
I\

He KED filters out
unwanted polyatomi
interferences

thermo
scientific

< Interference
Removal

ArCI*, Ca(OH),H*

40Ar+, 40Ca*, 35CI+, 160+, TH*

T Low mass cut off

Complex precursor ions

Matrix

praqolab

ICAP RQ ICP-MS

filters out unwanted |——




ICP-MS s trojitym kvadrupolem thermo
| scientific fJ
ICAP RQ ICP-MS iCAP TQ ICP-MS

tzv. single quadrupole

tzv. triple quadrupole

kvadrupolovy
analyzator

Q3 - kvadrupdlovy
analyzator

kolizni/reakeni cela Q2 - kolizni/reakeni cela

Q1 - kvadrupdlovy
analyzator

pmqo\l@@



ICP-MS s trojitym kvadrupolem

ICAP RQ ICP-MS
tzv. single quadrupole

carm

kvadrupolovy
analyzator

kolizni/reakéni cela

do kolizni/reakéni cely vstupuji
vSechny primarni ionty

Ptaqolab

thermo
scientific

ICAP TQ ICP-MS

tzv. triple quadrupole

do kolizni reakéni cely vstupuje
pouze m/z vyfiltrované v Q1

Q3 - kvadrupdlovy
analyzator

Q2 - kolizni/reakeni cela

Q1 - kvadrupdlovy
analyzator



ICP-MS s trojitym kvadrupolem - MASS SHIFT

9[AsO]* MASS SHIFT

A

s reakénim plynem preferencné reaguje analyt
59C0160+, 15OSm++

/
® Izoluje ionty, které maji byt méFeny
(napf. na reakéni produkt As* na m/z 91)

As* > S[AsO] @ CRC je tlakovan reakénim plynem — selektivni
reakce — vznik reakcnich produkt(
napt. O, + 7°As* > 9[AsO]*

59CO+, 91Zr+
/ @ Nastaven na urcitou hmotu
(napf. ”>As*m/z 75), odfiltruji se
nechténé ionty

75As+

praqolab

75As+

59C016O+

15OSm2+

thermo
scientific




ICP-MS s trojitym kvadrupolem - ON MASS

ON MASS

111 + v s v v ..
Cd s reakénim plynem preferencné reaguje interferent
A

> ‘ ZrO,, ZrO,H, etc
1 °

111Cd+ 94Zr16olH+

Izoluje ionty, které maji byt méreny
(napf. 1*1Cd* nam/z 111)

94Zri%0OtH* forms
higher oxide @ CRCje tlakovan reakénim plynem — selektivni

products such as reakce — vznik reakénich produktd
Zr0O,, ZrO,H etc. y 94716111+
napt. O, +2*Zr-°OH* - Zr0,,ZrO,H, etc.

glzr+

/ @ Nastaven na urcitou hmotu
(napf. 111Cd*m/z 111), odfiltruji se
nechténé ionty

e thermo
praqolab scientific




Reaction Finder v SW Qtegra ISDS

Analyte
I

& ﬂ 277
@ o
=)

Y

Result

thermo
praqolab scientific



Reaction Finder v SW Qtegra ISDS

_‘_ﬂ___,-.—. #"_JM‘ )-__‘.L__r_.’- - ‘I_._"-\&—- T - ’l‘if-A_“’ -_'A---L___— -f

Reaction Finder

i ©

praqolab

Is default isotope Reaction gas Q1 mass (u) Is default Q3 Analyte Is default reaction
Isotope 31p v O: (Oxygen) | 30.9737634 31p 4
Isotope 31P 4 O: (Oxygen) 30.9737634 31P.160
Isotope 31p % O: (Oxygen) 309737634 310170 o &
Isotope 31p _ v O: (Oxygen) | 30.9737634 | 31P.180 = L
Isotope 31P ~ Oz (Oxygen) _ 30.9737634 31P.1602
Isotope 31p v O: (Oxygen) 30.9737634 31P.170.160
Isotope 31p Lod O: (Oxygen) | 30.9737634 31P.180.160
Isotope [31p C O: (Oxygen) 309737634 3101702 = &
Isotope 31p v O: (Oxygen) | 30.9737634 31P.180.170
[sotope 31P L4 O: (Oxygen) _ 30.9737634 31P.1802
Isotope 31p v H: (Hydrogen) 30.9737634 31P
Isotope 31p L H: (Hydrogen) | 30.9737634 31P.1H4 v
Isotope . 31P Z _ None (No reaction gas) _ 30.89737634 | 31pP _ v =
Isotope 31p % He (Helium) 30.8737634 31p v

thermo
scientific



Aplikace - trojity kvadrupol thermo
scientific
iologické a klinické vzorky ‘
Potraviny

Environmentalni vzorky

Metalurgie

Farmaceuticky pramysl

Geologie




Biologicke a klinicke vzorky - moc, krev, serum d

114 Ti(NHg),NH]*
4

Analyza Ti v séru: r 48Ca+, 967+ 25160
|1 / 31p16Q1H* 24M92+
Degradace ortopedickych €i zubnich :
implantatd ,
<1 ng.ml? y |
‘ Slozita matrice NH,
48Ti+ = 1L4[Ti(NH,);NH]* 80
|zobarické interference hlavniho izotopu 48Ti —
PO*, POH*, CaH* na ostatnich izotopech 48T 31p16Q1H+
| 114Cd+, 98MoL60* 32G16()+ .
/ 24Mg2+
thermo

m%l D ks
T T T




Biologicke a klinicke vzorky - moc, krev, serum FJ

Measured Ti Concentration in Ca-rich Blood
Serum Samples

Ti TQ-NH3 -

Reference Value - .

1 10 100 1000 10000

thermo

|H Ti Concentration (ug-L") SCIen-tIfIC




Biologické a klinické vzorky - mo¢, krev, sérum FJ

Measured Ti Concentration in Ca-rich Blood
Serum Samples

Ti TQ-NH3 .
| SQ mod dava falesné

pozitivni vysledek kvuli
nerozliSené interferenci 48Ca

Reference Value . .

1 10 100 1000 10000

Ti Concentration (ug-L") thermO

'Samany  renmw g T e scientiic




Biologické a klinické vzorky - mo¢, krev, sérum FJ

Measured Ti Concentration in Ca-rich Blood
Serum Samples
TQ maéd interference “8Ca
odstranéna a je zaruCena
TITQ-NH3 . spravnost vysledku

Reference Value . .

1 10 100 1000 10000

Ti Concentration (ug-L") thermO

'Samany  renmw g T e scientific




Potraviny

1

|latkami z prostredi

As, Se —interference s prvky
vzacnych zemin (REE - rare earth
elements) — dovjnasobné nabité
ionty jako Nd?*, Gd?*

Sledovani kontaminace toxickymi

91[ASO]+

s

3

75 As+

sy N A T

150Nd++ 1505m++
’

SAst > [AsO]*

150Nd+, 1505m+' 9lzr+

|

94[Se0]+

156Dd++, 156Dy++

785e* > 94[Se0]*

15°Gd+, 155Dy+, 94Mo+

$4¢¢¢28] |8

8




Potraviny

‘ -
P IDL MDL NIST 1515 apple leaves N=3 NIST 1573A tomato leaves N=3
i (Hg-L) (Mgkg") | Measured (mg-kg”) | Certified (mg-kg?) | Measured (mg-kg?) | Certified (mg-kg”)

|

52.4 25.2:0.6 27+2 30.0+0.2 33.3:0.7
BNa 4 524 20.3+0.8 24.4+1.2 123+1.5 136+4
Mg 1 131 2686+84 2710+80 10556+210 12000
Al 0.1 131 258+8.4 286+9 532+13 588+12
P as PO at m/z 47 0.05 6.0 1530+10 1590" 2040+33 2160+40
28 as *8'%0 at m/z 48 0.02 2.6 1819+15 1800" 9779+0.2 9600*
= 3 393 1610675 16100+£200 27209+198 27000+£500
4“Ca 1 131 15218+2300 15260+1500 49339+235 50500+£900
sy 0.001 013 0.24+0.01 0.26+0.03 0.80+0.01 0.835+0.010
B2Cr 0.005 0.66 0.29+0.01 1.97+0.02 1.99+0.06

EER Ml [ala'als] [alsial Ene . ne AT A N A O

wol | ok
As as "As'0 at m/z 91 0.006 0.79 0.036+0.003 TQ-02 0.038+0.007 0117+0.03 0.112+0.004
?5A5| 0.004 0.52 0.469+0.012 SQ-KED 0.038+0.007 0.143+0.01 0.112+0.004
®Se as #Se'*0 at m/z 94 0.003 0.39 W 0.053+0.01 0.054+0.003
ESe 0.046 6.03 1272187 so-kep  0.050+0.009 0.11+0.01 0.054+0.003

%Mo 0.003 0.39 0.094+0.01 0.094+0.013 0.47+0.06 0.46"
MCd 0.001 013 0.013+0.001 0.014* 1.45+0.03 1.52+0.04
1215h 0.001 013 0.012+0.005 0.013" 0.057+0.003 0.063+0.006
*®Ba 0.002 0.262 48.8+0.1 49+2 60.2+0.7 63*
208Pp 0.001 0131 0.422+0.002 0.470+0.024 = N.D.

“ ‘ @i@ 0131 0.03+0.002 0.03 0107+0.002 0.12*
' ﬂ ° . 0131 0.008+0.002 0.006" 0.033+0.001 0.035"

Sy / ZA00 BRSNS W




Metalurgie

zZirconium
89.905 51.45
90.906 1.22
91.905 1715
93.906 17.38
95908 2.80

91.22 6.63

Letecky prumysl Jaderny prumysl
Vysoka teplotni odolnost a odolnost vici korozim
Vysoka teplotni a mechanicka odolnost v agresivnim prostredi

Turbiny Pouzdra palivovych ty¢i — maly prirez pro
neutronovy zachyt
Necistoty (napf. Se) mohou zpUsobit problémy —

prasknuti apod. Obsahuje také Sn, Nb, Cr, Ni
Necistota Cd je znama pro velky neutronovy

zéchyt thermo
Y S T 7 N B




Metalurgie

Isotope Abundance | Normal Matrix m Bromine

E-EN|1EO
F’B Q.[}IE}I Y0Ar3EAr 80N 60
Se I (.60 40037 BONj 1O H
78 23.60 CArBAr TBKr BZN]j1EC)
80 49.70 OAr*CAr, BOKr 54Ni'80O “BrH
- 82 Q.20 B2Kr 5NI20, EIlﬂwC“H 81BiH
He-KED, H, O, konverze na KED ani H

thermo
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Metalurgie

nT: SQ-0,
\ Do reakéni cely vstupuji vSechny primarni ionty,
7896 975 vznikaji dalsi interferenty, jako jsou adukty s vodou apod.
. ™sesao, mm
;f ?689160+ DEN|1BO(H O
% 200 7Qp180)+ DSNI“SO{HSO)
- ] Seq;m 83160+ EON[1EO(H,0), 5BNi*BO(H,0)*
] BDSB1EO+ EENi1EO(HEO}+, BDNi1BO{HZO)+
T 20 ao - R 98 2560+ &4Ni'6O(H,0)*, 52Ni'80(H,O)*
Goneentration [ngi

thermo

FF S T 7 N B



Metalurgie

B2 el

BN

Vzorek: Se ve 100 ppm Ni

Intensity [cps] (10*3)
(o]

12 £ 1

10 L

i
}
200

i
}
400

600
Concentration [ng!/l]

PSS ‘Samn womm

Sensitivity

MODE/isotope
P€! (cps-L-ug)

TQ-0,
8Se* 1000 478 18.8
0Se* 2200 13.2 5.10

805e+

Ry ©ER

150Ni160+, 7SBr1H+'
/ 40Ar4OAr+

805e+ 9 8OSe160+

H,0%, H;0%, Nit, 96Zr*,

/ %Mo+

th,err{]fg)
scientific
i




Metalurgie

111Cd+

. . " - »
fe——— g

lf } 111Cd,I—Q’ 2

Y S, T 7 N

= | O E /isotope
o g

fi 111cd SQ-KED B so-KED

- I Mg

Sensitivity
(cps-L-pg™)

3600

4500

B

5000

10.6

1000

1.7

) f‘/ Zr0,, ZrO,H, etc.

94Zr1601H forms higer
oxide such as ZrO,,
ZrO,H, etc....

962r+

mege  thermo
, SCIen'[If.ICA




Farmaceuticky prumysl

Vitamin B12 obsahuje Co (asi 4% (w/w))

Necistoty - As, Cd, Pb a Hg
ICH Q3D Guideline for Elemental Impurities
USP <232> Elemental Impurities — Limits

USP <233> Elemental Impurities — Procedures
USP <2232>Elemental Contaminants in Dietary Supplements

110904 | 1280

d 1903 o 2413
o 112904 [ 1222
i 113903 || 2878
eCd 115805 749]

33 7492 979 11241 899

Vzorky vitaminu B12 v HNO,
SQ-KED
TQ-0, (jako 7>As®0)

(aQ0/ab ;
P9 [

HaN

H5C

HsC

thermo
scientific



Farmaceuticky prumysl pJ

Vitamin B12 v
itamin A
SQ_KED / 59C0160+' 1505m++
TQ-0, (jako 7>Ast®0) |
: : O, reakeni plyn
' 5As 59Co1Q 5Ast - 91[AsO]*

Reakéni plyn O, - 7°As1®0

59C0+, 912r+

|/

thermo
scientific

75 AS"'

Praqoab




Farmaceuticky prumysl

>As

59C0160

Signal at

m/z=75
(TQ-0,)

Reakéni plyn O, - 7°Ast®0

Concentration | SRSt SRS | KEDmode
(SQ-KED) [CPS] (SQ-KED)[CPS]| [ng-g7]
BLK 73 2 0.0008
0.0001 mg-mL 202,455 13 0.003
0.001 mg-mL:* 2,174,144 88 0.02
0.01 mg-mL* 24,003,087 852 0.21
01 mg-mL* 243,093,619 B744 247

~~

As SQ-KED

(aQ0/ab
P9 [ —

BEC in Spike recovery
TQ-0, mode | in TQ-O, mode
[ng-g”] [%]
0.0007 N/A
0.001 1001
0.001 99.5
0.001 101.8
0.002 106.4
o
As TQ-O, thermo
scientific



Geologicke vzorky

Geochronologie
Uran-Thorium-olovo
— zirkony

Parent Daughter | Decay Constant Half Life
Nuclide Isotope (yr) (yr)
2%%Pp 1.55 x 10 4.47 x 10°

25U 27Pb 9.85 x 1010 7.04 x 108
22Th 208pPp 4.95 x 10" 4.95 x 10

204pp tzv. ,common lead” correction 13683+, 138Ba*, 139 a*, 13EU?,
/ 155Gd+, 1SGGd+’ 170Er+

204pp interference 2%%Hg+

204Pb+, 204Hg

On Mass




Geologicke vzorky

2>S[HfNH(NH,)(NH;),]*

' 3

Petrogeneze J’/ 1ToYilge 1%L u*

| ﬁ 1764+ > 258[HFNH(NH,)(NH;),]*

Stanoveni petrogeneze vyvrelych hornin

176Hf/177Hf

1SGGd+, 15?Gd+’ 1SSGd+’
159Tb+, 1EDGd+, 1EDDy+

1 76Hf+, 1 76Yb+’ 176 _u*




Anorganicka (prvkova) analyza
AAS ICP-OES ICP-MS

HR-ICP-MS

thermo
scientific

EDXRF

N
a
| \1 o
|
| thermoationt’c
| &
B
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Dekuji za pozornost

pPraqoiab



