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LA-ICP-MS —technika

pro zjiSténi prostorového

rozlozeni prvkl

P CEITEC U

tomav
spektrochemie

Co se dozvime?

> co je to laserova ablace?

> popis plazmového zdroje

> proces zobrazovani pomoci LA-ICP-MS
> zacatky zobrazovani

»co jein?

> co délame my?

Laserova ablace I - princip

i interakce
zteni s povrchem pevného materidlu
» 2 mechanismy
— termicky (odpafovani) < 106 W/cm?

— netermicky (ablace) > 10° W/cm?

Laserova ablace Ilm

)
)

Laserova ablace Illm - princip

» vznik mikroplazmatu — teplota az 15000 K
— excitace a ionizace ¢astic => zdroj
zafeni (metoda LIBS)

» tvorba &astic — uvolnéni atomd, ionti a fragmenti &astic z
povrchu — odnos tohoto materidlu do sekundarniho ionizaniho
zdroje => ICP-MS/OES

» vznik kriteru

» vzorkovaci metoda pro LIBS a LA-ICP (vodivé i nevodivé
materialy)

Indukéné vazané plazma I - princip

» tvorba ablatovan¢ho materialu - LA
» transport nosnym plynem do ICP - LA
» sekundarni atomizace, excitace a ionizace materialu

> excitace > monochromatizace zateni (mfizka) - detekce

> ionizace > separace &astic dle m/z (MS analyzatory) - detekce




Indukéné vazané plazma Il - schéma

et/ /teamd.bL.gov chem-analysishtml

Indukéné vazané plazma IVav - ionizace

» Tonizace v Ar ICP je v urcovina E;(Ar)=15.76 6V

» Kromé F, Ne a He maji viechny prvky E;;< 16 eV = ICP produkuje ionty X* pro

Viechny zdjmové pryky

> 87prvkiize 103 mé Ey< 106V a tedy a > 50%

> 69 prvkii ze 103 md E;< 8 €V a tedy a > 95 (90)%

LA-ICP-MS zobrazovani llxm - v LA-ICP-MS?

tvorba obrazl s informaci a distribuci prvka
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Indukéné vazané plazma lllwv - schéma

74 yelogx O<o<! y4 o>l

LA-ICP-MS zobrazovani lllxu - typy vzorka?

Jaky typ vzorku mizeme zobrazovat?

Jakykoliv pevny vzorek - vodivy, nevodivy;

kovy; geologicky, archeologicky, biologicky
- bez omezeni (tedy
témér)

Annika Feuss, Friedri




LA-ICP-MS zobrazovani IV/xi - postup

Jak dlouha je cesta od vzorku k mapé?

Cesta to je vskutku velmi dlouha

LA-ICP-MS zobrazovani Vlxi - optimalizace rozliseni

Jsou stejné?

Jsou!

Co je tedy Spatné?

LA-ICP-MS zobrazovani Vllxi - optimalizace rozliseni
Co ovliviiuje lateralni rozliseni? 1
> parametry laserové ablace }
> primér laserového paprsku - LOD; :
doba analyzy; plosné rozlisent
Wy (%) = W“”f”_ Y. 100
[um] [mg/kg] [%] (min)
15 40 25 427
40 10 40 160
65 5 70 99
80 3 85 80

100 2 110 64
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LA-ICP-MS zobrazovani V/xi - postup

sample preparation

tumor resection

4 freezing in liquid N,
& 4 cutting of
=N cryosections;

storing at -20 °C
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LA-ICP-MS zobrazovani Vllxn - optimalizace rozliseni

Co ovliviuje lateralni rozliseni?

> ablacni cela g
'
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Pionero J, et al, S, 21, 922931 (2006)

LA-ICP-MS zobrazovani IXxn - optimalizace rozliseni

Co ovliviuje lateralni rozliseni? 1
> parametry laserové ablace }

> rychlost posunu vzorku - doba :

analyzy; plosné rozliseni
Wapp =W
Awyer(%) = 222~ 109
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LA-ICP-MS zobrazovani X - postup

sample preparation

tumor resection

freezing in liquid N,
& 4 cutting of
|- cryosections;

storing at -20 °C

data processing

LA-ICP-MS zobrazovani Xllxn - matice

Zobrazovani ve svété lm - a tak to zacalo...

prvkova mapa biologického materialu

P ™ —

o P .

-+ distribution of
wer Mg in oak leaf

v E. Roffmann, et al,

S Fresenius Anal Che,
T 367,579 2000)

prvkova mapa zivocisného material

distribution of
in sheep liver

A Kindness, CN. Sekar
g . 3. Feldman, Clincal
Cheristry, 49, 1916 (200:
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LA-ICP-MS zobrazovani Xlxm - pivodni data

LA-ICP-MS zobrazovani Xlllxm - postup

measurement

sample preparation

/ freezing in liquid N,
5 cutting of cryosectiof
E storing at -20 °C

tumor resection

v
R i et M

data processing

Laser
Ablation

(software) |

Zobrazovani ve svété llm - a tak to zacalo...

prvkova mapa mozku

distribution of
Cu in rat brain
J.5. Becker, et. al,
JAAS, 20, 912 (2005)

prvkova mapa lidského m

distribution of
Cu, Znin
human brain
M.Zoriy, et. a,
Int.J.Mass Spectrom,
257,27 (2006)




Zobrazovani ve svété lllm - a takto to pokracuje...

zobrazovani jednotlivych bunék

imaging of
single cell
using iodine

C. Giesen,et. al,
1

3D model tkané

A "
«oti)

3D imaging of
mice brain

P Bence, et. al,
Chemical Scence, 6,
533 2015)

Aplikace LA-ICP-MS

» Studium Kkoroznich procesii

jaderné reaktory

Generace v jaderné energetice

——
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Aplikace LA-ICP-MS

» Studium koroznich procest

» Studium distribuce v geologickych materialech

» Mapovani biologickych materialii

studium koroznich procest

studium povrchu oceli a slitin narusenych plsobenim LiF-NaF soli

proc LiF-NaF soli?

jaderné reaktory

Generace |V
6 zakladnich konceptd novych reaktort

1. Reaktory s velmi vysokou teplotou (VHTR) - Kiasicky reaktor s moderovanymi net
chladivo He, pracovni teplota 1000 *C, vyuZiti pi produkci Hz i pomoci termochemickych metod, k dis
2030

2. Reaktory vyuzivajici vodu v superkritické fazi (SCWR) - Kasicky reaktor s moderovany
neutrony, chladivo voda v superkritické fazi, teplota 510 “C, tlak 25 MPa, wy3ii efektivita konverze tepeln
energie

3. Reaktory zaloZené na roztavenych solich (MSR) - klasicky reaktor s moderovanymi
neutrony miiZe pracovat i jako rychly reaktor, chladivo tavené fluoridové soli, teplota 700 *C, palivo ve formé
UF, nebo ThF, nebo v keramické formé s grafitovou matrici

4. Rychlé reaktory chlazené plynem (GFR) - rychly reaktor, chladivo He, pracovni teplota 850 °C,
vyuiti pfi produkci H,, palivo uran prip. i transurany

5. Sodikem chlazené rychlé reaktory (SFR) - rychly reaktor, chladivo tekuty sodik, pracovni
550 “C, reaktor Phoenix, Monju a BN-600, palivo smés Pua U

6. Olovem chlazené rychlé reaktory - rychly reaktor, chladivo kapalné olovo:pii
bismut, pracovni teplota 550 “C, pfi 800 “C moznost termochemické produkce H,, funguj
ruskych ponorkéch, palivo kovovy U nebo Pu, pfip. ve formé nitridd



http://ojs.ujf.cas.cz/~wagner/popclan/transmutace/generaceIV.html

vyzkum tavenych fluoridovych soli

tavené fluoridove soli - agresivni korozivni médium napadajici i velmi odolné'
materialy => vyvoj novych slitin pro potrubi chladicich okruhd

experimenty probihaji v ampulich
naplnénych smési fluoridovych soli pFi
°C

> doba pisobeni - 1000 h
» smés LiF-NaF (40 % LiF, 60 % NaF)

» druh materialu - Cisty Ni, Fe s povlal
Ni, AO71EV - slitina na bazi Ni)

mapovani — instrumentace

Laserova ablace:

UP213 (New Wave, USA) - Nd:YAG laser
laserové zafeni - 213 nm

frekvence - 20 Hz

velikost krateru - 8 um

zpiisob ablace - ,,bod vedle bodu®
hustota zaf. energie - 25 J/cm?

pritok nosného plynu - 1 [/min He
ICP-MS

Agilent 7500CE (Agilent, Japonsko) - kvadrupdlovy analyzator

jontova optika a parametry ICP nastaveny pro ziskani maximalni citlivosti

kvantifikace koroznich vrstev
kalibra¢ni pfimka s IS

x Li, Na, F nejsou soucasti kalibra¢nich standardd
x nehomogenni obsah IS ve vzorku (zkorodovany/neovlivnény povrch)

x rlizna rychlost ablace zkorodovany/neovlivnény povrch

5 krat vétsi mnozstyi
&astic uvolnénych pri
abalci zkorodovaného
povrchu nez
neovlivnéného
povrchu!! !

korozni vrstva

(Aerosol Spectrometer
- Welas 2000 Series (P
GmbH, Némecko

normalized number of particles.

distance [um]
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pfiprava vzork

1. analyza koroznich produktti — odbér utuhlé soli, mleti, rozpusténi v HNO,,
analyza pomoci ICP-OES + titracni stanoveni fl

2. prvkové mapovani — rozfezani vzorku, zaliti do pryskyfice, pfele$téni povrchu
vzorku, LA-ICP-MS analyza

hiadina

.| T fuoridové soli

fez vzorku pro ablaci

kvantifikace v LA-ICP-MS
kalibraéni pfimka s IS

. nejéastéji pouzivana kvantifikani metoda

~  poutziti certifikovaného materialu; prepocet s pouzitim obsahu porovnavaciho
prvku (homogenni distribuce a hlavni prvek matrice)

WX)meas X WUS)gpma

W(Xnorm = WIS meas

kvantifikace koroznich vrstev
normalizace na sumu ionti

3 kroky:

1. Korekce signalu na pozadi -> ,net* signal

1CPSintenia cps]

Inett = Imaxa-lbg1

2. Korekce ,net signalu na procentudini zastoupeni
méfeného izotopu
letemen. = Inet/aizotopt

» bezkalibra¢ni metoda
3. Normalizace na sumu

obsah () = (lsener/Sleirer) 100 > potlaceni kolisani vykonu la

» odstranéni  vlivu
rychlosti

> pousiti  pro
(slitiny, oceli, ..




kvantifikace koroznich vrstev

normalizace na sumu iontd

analyza referenéniho materialu oceli
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studium koroznich procest — srovnani s

element analyzed contetnt | reference content
a | 45:04 | 43
Moo | 0.8+0.1 | 0.7
Fe | 62:2 | 62.7
N 28:2 | 285
studium koroznich procest Aplikace LA-ICP-MS
Felezo potazené vrstvou Ni
Slitina AO71EV

4%

» Studium distribuce v geologickych materialech

0%

100 %

0%

100 %

Task: Measurement - experimental parame

~ laser ablation system UP213 (NewWave) coupled to ICP-MS - A
7500ce (Agilent)

~ Geologist said: ,,| have granitoid sample which contain quartz, mica,
feldspar and the other minerals. The mica has zones which could differs
elemental composition of minor and trace elements. Would it be possible
to obtain elemental map of the mica grain?*

~ ablation parameters:
line scan; 65pm; 40 ym/s; 12 J/cm?;
distance between lines - 70 ym
carrier gas - 1 l/min

My answer: ,,Yes, no problem.“

» measured isotopes:
7L-i, ZJNa, ZAMg, Z7Al’ ZBS-i‘ 31P: 39K, AKCa, ASSC, 55Mn,
SbFe‘ 87RbY ﬂESn




Quantification - calibration with interna

standard (IS)

different ablation rate

widely used quantification procedure

calibration using certified reference material with consequent recalculation of
content using internal standard (element with known content)

WX meas X WIS)epua

X =
W norm WIS meas

48.1 % Si0, = 22.4 % Si in our mica sample (EPMA analysis); calibration witl
CRM NIST 610

Elemental maps (IS)

What is wrong?

> more detailed EPMA analysis of the

sample:

mica core: 45.8 % Si0,
mica rim: 50.5 % Si0,
apatite: < 1% Si0,

»1S (Si) heterogtlelnous content in sample
v

internal standardization is not applicable
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Elemental maps (IS)

Elemental maps (IS)

Calibration with sum oxide normalizatio
SON

» calibration using certified reference materials with
normalization on 100 %

W(X0)meas X 100

WX O)norm = D W(X0)meas

» to measure all main elements
» no complementary analysis




Does it work?

» analysis of homogenous sample with easy matrix
(CRM)

> analysis of heterogenous sample with easy matrix
(archaeological glass)

> analysis of heterogeneous sample with more complex
matrix (mica)

matrix
» analysis of CRM NIST 612

¥ 1018x
R'=0.9%6

conf int. of slope.

x
§ a0 0.988-1,033 7
E 60 ‘,.-/
s _.ﬁ
% 40
s 20

a F

o 0 0 s @ 100 120

‘sum axide normalization [mg/kg: 5]

EPMIA (%], w(Si02)/10

Analysis of homogenous sample with eas'

matrix

» analysis of real sample - ancient glass - blue beads; Late Brol

(1300 A.C.); Holubice (Czech Rep.); SiO2 - 75. )
s
: oo o
! i int. of sl -"‘/
¢ Do 10
s e
a . //"
1 A
2 7
1 e

-

o L

o 2 4 6 8 10

sum oxide normalization [%]; w(sio2)/10
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Analysis of homogenous sample with eas'
matrix

» analysis of CRM NIST 612

120

v=0.996x
R*=0999 +
100 p

conf.int. of slape:

0.992 - 1015
50 -

internal standard normalization [me/kg; %)

o 0 40 60 80 100 120
sum oxide normalization [me/ks; %]

Analysis of homogenous sample with eas!
matrix

» analysis of real sample - ancient glass - blue beads; Late Bro
(1300 A.C.); Holubice (Czech Rep.); SiO2 - 75. )

e ¥=1017x
RI=1

120 >
conf.int. of sioge; e
10 0.989- 1041 ,/‘

o n an o & 100 10 180
sam owide normakzation [mg /g %)

internal standard narmalizatian [me/kg; ]

Analysis of non-homogenous sample wit|
easy matrix

» analysis of real sample - ancient glass; blue-yellow bead; 80
Iffelsdorf (Germany)
EPMA analysis:

blue part - 58.5 % SiO:

yellow part - 28.7 % SiO

average: 43.6 % Si02




Analysis of non-homogenous sample wit
easy matrix

> analysis of real sample - ancient glass; blue-yellow bead; 800
Iffelsdorf (Germany)

¥ 06678
@ 7= 0599

w© conl.int. of slope:
0.659-0.674

internal standard normalization [mg/ kg %]

o 10 0 ) a0 s0 ] m
sum ovide normaization [me/kg: )

Comparison of standardization met

type of sample internal standardization sum oxide
standardization

homogeneous CRM + +
homogeneous sample

non-homogeneous -
sample

Elemental maps (SON)
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Analysis of non-homogenous sample wit
easy matrix

> analysis of real sample - ancient glass; blue-yellow bead; 800
Iffelsdorf (Germany)
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‘sum salda normaiization [X]; wiSIO2H10

Mica sample

» Li-muskovite; Argemela (Portugal)

» EPMA analysis (core):
45.8 % Si02, 10.3 % K20, 34.3 % Al203, 4.95 %
F, ...

» EPMA analysis (rim):

50.5 % Si02, 9.9 % K20, 24.0 % Al203, 4.81 %

F, ...
w(XO

W(XO0) XO)uess g5 1

norm = ZW( Xo)meas

Elemental maps (SON)

“" 't LA

0

ﬁig-
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EPMA [5¢]; wiSI02;A1203;K20)/10

Mica samples - comparison of result:

Elemental maps (SON)

¥ =0.988x
R?=0.987 -
con,int. of slope: o
0575-1.012 o
3 e

Aplikace LA-ICP-MS

Zobrazovani v LAS Ix - prehled

a) distribuce Pt v prostatickych nadorech

» Mapovani biologickych materiali
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