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Inductively coupled plasma mass spectrometry

 Mass spectrometer (MS)

* identifying components (elements)

* Inductively coupled plasma (ICP)

e from atoms to ions

§
§
g
&

mykg

Lla
Co
Pr
hd

L Sl BT
,,?f» T e AR
o ke "

oA b
H S5
-

HRALP ILP QNS
01 0.03 asr 0.0
131 01 152 07
017 0.0 020 0.02
0 0.0¢ 097 0

! 002 ot
A 038 Nnad

# §

A, 2P . =
4 ) ‘“u'l 't e o ""' ‘.,\ C v Dy
RN Rty % o

C0OD000ODOC
FSRARRIRTLNR

4 027 0.03
A 004 0.1
26




Inductively coupled plasma mass spectrometry

Sample
Introduction

lon source lon filter lon counter Data processing

system (plasma) (quadrupole) (detector)

mgkg HR-ICP-MS 3o ICP-QMS 3o
La

0.41 .05 0.47 0.08

C 1.21 .17 1.52 Q.17
P 017 c.01 0.20 0.02
Nd 0.86 0.08 0.87 0.11
Sm 027 0.01 023 0.08
E 0.04 0.01 0.03 0.01
Gd 0.3& 0.01 0338 0.04
b 0.07 G.o1 n.az 0n.01
Dy 036 0.03 037 0.08
Ho 0.09 0.01 0.10 0.01
Er 0.26 0.01 0.27 .02
™ 0.0+ 0.01 0.04 0.01
Yb 0.26 u.o1 0.28 0.03

Lu 0.04 0.01 0.05 0.01




Inductively coupled plasma mass spectrometry




Inductively coupled plasma mass spectrometry

 Mass filter: quadrupole

e m/z (Z=1) A : L

............

e R=m/Am

* R~400, Am ~0.5

21 22 23 24 25
Sc Ti \'} Cr Mn

Scandium Titanium @ Vanadium Chromium
44956 47.867 50.942 51.996 54938

e |nterferences

m/z

* jsobaric: (204Hg, 204Pb), (64Ni, 64Zn)
* polyatomic: (°6Fe, 40Ar16Q), (7°As, 40Ar35Cl)



Inductively coupled plasma mass spectrometry

 Mass filter: quadrupole

e R=m/Am

e VVanadium: m=50.942 amu

e Cromium: m=51.996 amu

e Am=1.054 amu, R=48 (<400) «




Inductively coupled plasma mass spectrometry

 Mass filter: quadrupole

R=m/Am

64N|: m=63.927966 amu

64/n: Mm=63.929142 amu
Am(64Ni64Zn)=0.001176 amu, R=54360 (>400) &

Am(204Hg204Pb)=0.00045 amu, R=451111 (>400)

g
&




Inductively coupled plasma mass spectrometry

2.007 A

* [Inteferences mitigation techniques
* pick another isotope (if possible)

e correction equations (based on natural
abundances)

 mass-shift (dynamic reaction cell —DRC)

. e.g. 75As = 40Ar + 35C| = 75(ArCl)

» Kkinetic energy discrimination (KED, using He)

Cio ArCl,
Alv caJIA-?

e e.g.%6Fe = 40Ar + 160 = 36(ArQ) m

N ht e LIt o e e i e S e L o o e e e e |

M SR (it S e o s e e I:r"n'ﬂ't{""t-i"“'ﬂ"’[ T n"‘j:ju LI o o e | -
m/z-> 5 62 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84




Inductively coupled plasma mass spectrometry

lon filter
(quadrupole)

Sample

. . lon source lon filter lon counter Data processing
introduction

(plasma) (quadrupole) (detector)

mg/kg HR-ICP-MS o ICP-QMS 3o
a

L 0.41 0.05 0.47 0.08
Ce 1.21 .17 1.52 Q.17
Pr 017 c.01 0.20 0.02
Nd 0.86 0.08 0.47 .11
Sm 027 0.01 023 0.08
cu 0.04 0.01 0.03 2.01
Gd 0.3& 0.01 038 0.04
b 0.0v G.o1 n.arz 0n.01
Dy 036 0.03 037 0.08
Ho 0.09 0.01 0.10 0.01
Er 0.26 0.07 0.27 .02
™ 0.0+ 0.01 0.04 0.01
Yb 0.26 o.o1 0.28 0.0
Lu 0.0& 0.01 0.05 0.01




Inductively coupled plasma mass spectrometry

lon filter

(quadrupole)

160,

- 91(AsO)

Sample
Introduction
system

lon counter
(detector)

Data processing
(PC)

C-MS Ja C-Q

Gd 04




Inductively coupled plasma mass spectrometry

* Inteferences mitigation techniques
e pick another isotope (if possible)

e correction equations (based on natural
abundances)

e mass-shift (dynamic reaction cell —DRC)
e e.9. 7/5As = 40Ar + 35CI (ArCl)
» Kinetic energy discrimination (KED)

e e.g. 56Fe = 40Ar + 160 (ArO)



Inductively coupled plasma mass spectrometry

lon filter
(quadrupole)

Sample
Introduction
system

lon counter
(detector)

Data processing
(PC)

C-MS Ja C-Q

Gd 04




Inductively coupled plasma mass spectrometry

* Inteferences mitigation techniques

pick another isotope (if possible)

correction equations (based on natural abundances)
mass-shift (dynamic reaction cell —DRC)

* e.9. 75As = 40Ar + 35CI (ArCl)

Kinetic energy discrimination (KED)

* e.g. 56Fe = 40Ar + 160 (ArO)

triple quadrupole system



plasma mass spectrometry

lon filter
(quadrupole)

Inductively coupled

Sample

. . lon source lon filter lon filter lon counter Data processing
introduction

(plasma) (quadrupole) (quadrupole) (detector)

mg/kg HR-ICP-MS o ICP-QMS 3o

La 0.41 0.05 0.47 0.08
Ce 1.1 .17 1.52 Q.17
Pr 017 c.01 0.20 0.02
Nd 0.86 0.08 0.87 .11
Sm 027 0.01 023 0.08
cu 0.04 0.01 0.03 0.01
Gd 0.3& 0.01 038 0.04
b 0.0v G.o1 n.arz 0n.01
Dy 036 0.03 037 0.08
Ho 0.09 0.01 0.10 0.01
Er 0.26 0.07 0.27 0.0z
™ 0.0+ 0.01 0.04 0.01
Yb 0.26 o.o1 0.28 0.03

Lu 0.0£ 0.01 0.05 2.01




 Calibration

Measure calibration standards (known
concentration)

Build calibration curve
Measure unknown sample

Use the calibration curve cu get the
concentration

Calibration curve is actually a line (detector is
usually linear for ~9 orders of magnitude)

#1 Calibration View - [Revised by Method)[Modif -

Inductively coupled plasma mass spectrometry

=101 x|

7 = B B L Lo X
sravte: [T~

Bberizovkiir s ‘
B AAS

First | Prey l Next I Last ICurve Tvpe: [S'mple Linear

w

2000000

» 1000000}




Meteorites

e QOver 76000 identified meteorites

e Classification
 Chondrites (~86%)
e |ron (~5%)

e Stony-iron (~1%)
e Achondrites

e Moon, Mars etc




Romanian meteorites

Nr. Localitate Coordonate

1 Mezo-Madaras 1852 Madaras, MS 46°36°N, 24°26°E L3.7 22.70 kg fall
2 Ohaba 1857 Ohaba, AB 46°04°N, 23°47°E H5 16.25 kg fall
3 Kakowa 1858 Gradinari, CS 45°08°N, 21°40°E L6 577 g fall
4 Mocs 1882 Mociu, CJ 46°48°N, 24°02°E L5-6 300 kg fall
5 Zsadany 1875 Cornesti, TM  45°55°N, 21°13’E Hb5 552 g fall
6 Tuzla 1920 Tuzla, CT 44°01°N, 28°38°E L6 236 g find
7 Sopot 1927 Sopot, DJ 44°25°N, 23°30°E OC 958 g fall
8 Tauti 1937 Tauti, AR 46°43°N, 23°30°E L6 21 kg fall
9 Gresia 19980 Gresia, TR 44°10°N, 24°55°E H4 26.9 kg  find
18 Plescoi 2008 Plescoi, BZ 45°16°N, 26°42°E L5-6 6.91 kg  fall

* Mocs

* Fall date: 03.02.1882 over Mocs (azi Mociu), Cluj

e Jotal mass: ~300 kg, 100+ fragments
* Plescoi

* Fall date: 12.06.2008 over Plescoi, Buzau

* Jotal mass: 6.91 kg, 1 fragment



Isotopic ratio measurements (phase 1)

Calibration for laser ablation

Before abaltion
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After ablation
MOCS TQ2

MOCS TQ1
Belore ablation

literature data measured values
207Ph/206Ph 208Ph/206Pbh 207Ph/206Pp 208Ph/206Pbh 2 Aﬂeabmion
NIST 610 0.9096 2.167 0.9165 2.1895
SD 0.0008 0.0018 0.0063 0.0269

RSD 0.088 0.0831 0.6852 1.2189



NIST 981
204Ph/207Pb
207Pb/296Pb
208Ph/206Pb

Mocs S

Plescoi S

Mocs LA
Plescoi LA

Measured values

0.0591 + 0.0001
0.9137 + 0.0013

2.1653 £ 0.0031

207Pp/206Pb

0.8564
0.8576

SD

0.0135
0.014

Certified values

0.059042 + 0.000037
0.9146 + 0.00033

2.1681 £ 0.0008

RSD

1.58
1.63

208Ph/206Pb

2.1092
2.1349

SD

0.0432
0.0561

RSD

2.05
2.63

Lead (Pb) natural abundance

Pb-204

1475 ph-206
24.1%

Isotopic ratio measurements (phase 2)

Calibration for liquid sample

Natinnal Jnstitute of Standards & Technologn

Certiticate of Anulysis
Standard Reference Material 981

Common Lead Isotopic Standard

Lk 5 andard Relerense Matzral (SRM) i iclended primarily for use ac an solopic siondard, SRM 281 consistz of S erom
af z comerere.ally available, bigh purity l=ad metal o0 39 9+ perezal punly. that was edrede s i, wire Jorme The g emae
acight ol the matenzl i ca miated *2 re ATT21S ncing e nucdizie massas DTRTTHIL U 90450 NI LINANE e
W7.876650, Tae cernfed sotopic somposkicns ars gven below,

Alemuz Abuadazes Ratio, Lead-J05Lesc-200 .. UUSAHL £ 1O,
Arcmus Abnada-er Ranhin, Lead-2l Leae-26 . 91464 = (LIS
Arcmic Abuadazses Ratin, Lead-208 T eu 205 .., 21681 = 20008
Lexd-204. aIom poICEnL .o v ooy .00 1G5 10,0012

Lesd-26, atempateent ... ... ... 25 % 200087

[ 220277 atom pereent cee e 206087 20027
Lezd-208, uom pereem™ ... ovve ... 323470 2 00036

Crverall limirs af ar=or are basad 2n 95 pescect canfidence limits for the mean of (e ratio measurements anc a1 w lowancs
f3- 1ne kaown sources of possibls systzmatic eour. .

Mescure mecls for certification wers by rip:e flamee: solid-szmple mas specwomerry, Mixurss with kavam Pz YPa
cai, propa el 1o biak-pusicysepasated isotope solucoas, were used as comzansoe tasdasds, Demaile afthe pesan s
2d messnremens s were dubluhed by EJ. Catanzaco, T Murphy, W.R. Shiclds, 1nd £ L. Garner. [ R2gecrch NBS 724,

Mo, 361 (1998),
bz woalyGial neasacements leadicrg o the cerfificatinn o this material were perforesed ln ke NIST [norgonic Analsecdl

Rasenrch Divivioo.

The =verall conrdinatica of cif=ris lading o tse updats and rzvisiom of this sertificzia wae cocrdiaated hrougy the
Scndors Reference Muteauls Frogrim ov T, E. Gills,

tGanheriburg, MD 20695 Willuen P, Seed, Chict
Mareh IS, 1992 Staydars Refersnce Mstensls Program

(Pedsion ol carwlicsle Jdat=d 4. L0-73)



Rare earth elements (REE) for Mocs

Sample preparation

 Mocs fragment was grounded to very fine powder; 100 mg of Mocs and
Allende meteorites were used for analysis;

« 3 mL HNOS, 3 ml HF and 2 mL H20 were added to the sample and then
placed in the microwave oven for 30 minutes (up to 22°C in the first 10
minutes, no change for another 10 minutes, then up to 240°C for the
remaining time).

e After cooling, the digested solutions were evaporated and dried down on a
hot plate.

 The second stage of acid treatment consisted on 1 mL HNO3, 2 mL HCL
and 5 mL H20 and placed again in the microwave oven for 35 minutes (up
to 200°C in the first 15 minutes, then the temperature was kept constant).

e After cooling, the final solution was brought to a total volume of 50 mL with
deionized water in a volumetric flask, ready for direct ICP-MS analysis.

e A blank solution was prepared and its contribution was extracted from
samples detector counts (cps level).
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Rare earth elements (Mocs)

el \10Cs (ICP-QMS, this study) #— Kandahar (Friedrich, 2003)

i === \ocs (HR-ICP-MS, this study) W Bachmut (Friedrich, 2003)

- . Aumieres (Friedrich, 2003) —#— Narellan (Friedrich, 2003)

Instrumentation and results | o e o
J Kiel (Friedrich, 2003) B Santa Isabel (Friedrich, 2003)

— & | group mean (Wasson, 1998)

 Perkin-Elmer Multi-Element Standard |l used for
calibration

Sample / REE chondrite

—
' |

* Allende reference material (obtained from
Smithsonian Museum)

1 | 1 | | | | | | | | I | I
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

mglkg HR-ICP-MS 30 ICP-QMS_ 30

* Perkin-Elmer Elan DRC Il quadrupole ICP-MS La 041 0.0 047 008
from INCDO INOE2000 Research Institute for P07 001 02 002
Analytical Instrumentation (ICIA) Cluj-Napoca Sm 0.27 0.01 028 0.3

R

e Nu Instruments AttoM high-resolution ICP-MS oy 036 003 037 003
(HR-ICP-MS) from Department of Geology, Faculty i 026 oor o021 003
of Biology and Geology, Babes-Bolyai University, w oo ool ooa oot

Cluj-Napoca Lu 0.04 001 005 0.0



Future plans

Ql Q2 v Q3
 Plescoi RRE data . R o
“Pb e >“Pb
ey : : Hg —— O Or i
* Revisiting isotopic measurements for \\ | | B
. . . Z#204 204 o™
Mocs and Plescoi (Allende?) including Hg

204Pb isotope using Thermo Fisher
Scientific iCAP TQ ICP-MS triple-
quadrupole, initial trials are encouraging

Lead (Pb) natural abundance

0.062

e Nist 981 SRM

e Samples
0.061 T -

o

o

(*)]
O
-
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e List for Santa Claus:

204 Pb/206 Pb
<-

0.059 II:‘IIIC;;::QT

0.058

* Geochronology...

0.057

 More precise isotopic ratio data L SR
(MC-ICP-MS)...
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