Espectrometria de massas

i) Introducao a Técnica
ii) Estudo dos Analisadores de Massa

Thomson's cathode ray tube, 1897
© Science Museum Pictorial x 2
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Agilent 8800 ICP Triple Quad, 2014



|CP-MS versus IRMS

ICP-MS = Inductively coupled plasma Mass
Spectrometry

Espectrometria de massas com plasma
indutivamente acoplado

IRMS= Isotope ratio Mass Spectrometry
Espectrometria de massa de razao isotopica



Por que MS?

Os ultra-tracos estao ausentes
OuU apenas nao podem ser detectados?
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B Roteiro e objetivos da aula

* Recapitulacao: Espectrometria de massas (MS)

ICP-MS e IRMS: Principais caracteristicas

* Visao geral dos instrumentos

* Analisadores de massa do tipo:

-Quadrupolo (ICP-MS)

-Setor magnético (IRMS AMS) Chapter 11C
-TOF time of flight (AMS) Peincplesof nseumenal Anlyss

B Bibliografia recomendada

Giné-Rosias, Maria Fernanda

Espectrometria de massas com fonte de plasma.
(ICP-MS). / Maria Fernanda Giné-Rosias. -- Piracicaba:
CENA, 1999.

p.118 :il. (Série Didatica, v.4)




Bl Recapitulacdo: Espectrometria de massas (MS)

Espectrometro de massas
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Agilent




Bl Principais caracteristicas da ICP-MS

e Técnica de analise multielementar e isotopica

* Analises qualitativa, semi-quant. e quantitativa

 Medida rapida e ‘simultaneas’

* Limites de deteccdo pg.kg*-ng.kg (ppb-ppt)

Coloridos podem ser analisados
Por ICP-MS
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Figure 1. Elements analyzed by ICP-MS (in color).
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Bl Principais caracteristicas

GFAA
e Faixa de trabalho : 9 ordens de Flame AA
gra n deza ICP emission
1CP-MS
: ~ ~ . fro
* Calibracao com padroes certificados. r——
-Curva analitica S T R

Orders of magnitude

= p a d ré O i nte r n O Practical Guide to ICP-MS: A Tutorial for Beginners, Third Edition
-adicao de padrao

* Semi-quantitativa Crémio em uma amostra
60000 n
-Apenas alguns padroes. Pq? de sangue
Menos interferentes

° A . ?
Qual é o resultado da medida: que na ICP-OES
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13.11.2020 http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CM D%20D7ocuments/

BR-30027-Element-2-Element-XR.pdf



http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD Documents/

Bl Principais caracteristicas
 Pode ser combinada a outras técnicas:

OOOOOOOOO

AGRICULTURAL AND
H P LC- I C P- M S FOOD CHEMISTRy pubs.acs.org/JAFC
(CFO m atog rafl d ) Application of HPLC-ICP-MS and HPLC-ESI-MS Procedures for Arsenic
Speciation in Seaweeds
AS CO m p | exa d O CO m Yu-Jhe Hsieh® and Shiuh-Jen Jiang*’t§
. 7 +De]:r:a:f‘tmern: of Chemistry, National Sun Yat-sen University, Kaohsiung 80424, Tarwan
d I fe re n te S m O I e C u I a S §De]:ta:r‘crn&m: of Medical Laboratory Science and Biotechnology, Kachsiung Medical University, Kaohsiung 80708, Taiwan
OOOOOOOOO dx.doi.org/10.1021/jf204595d | J. Agric. Food Chem. 2012, 60, 20832089
AGRICULTURAL AND e
FOOD CHEMISTRY

Spatial Distributions of Inorganic Elements in Honeybees (Apis
mellifera L.) and Possible Relationships to Dietary Habits and

Surrounding Environmental Pollutants corpo da abEIha !

Tsing-Hai Wang, Chia-Hung Jian, Yi-Kong Hsieh, Fu-Nien Wang, and Chu-Fang Wang*

Biomedical Engineering and Environment Sciences, National Tsing Hua University, Taiwan L I c P M S
A - -

dx.doi.org/10.1021/jf400695w | J. Agric. Food Chem. 2013, 61, 5009-5015
(ablacao por laser)

o

Mapas-distribuicao
espacial elementar

i- w ~N -

* Existem aplicacdes mais simples?
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Bl Principais caracteristicas

° Vantagens ¢ Desvantagens
— Baixissimos limites de detecao — Efeitos de matriz
— Quase todos os elementos da — Alto custo de aquisicdo

tabela periddica
— Ampla faixa de trabalho ( 9 ordens)

— Espectro mais simples que o da ICP-
OES

— Pequeno volume amostra

— Informacao isotopica

( 12°1 Fukushima)

— Metodos de calibracao flexiveis

e operacao

— Requer um analista
altamente treinado



2962 m

https://pt.wikipedia.org/wiki/Zugspitze

A Y U TR

Institute of
DLR  Atmospheric Physics Q]
Inctitute News Institute of
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Bl Principais caracteristicas
Comparacao preco x performance

200 I I I I I | |

x C C w Ci C U Jic C U U \VV C
ﬁ(z- acoplado (Quadrupolo). Faixa 1 ppt - 100 ppm
= 150

o

(S )

o
0. Espectrometria de emissao optica com plasma

@ 100 indutivamente acoplado. Faixa 1 ppb - 1000 ppm
o] Absorg¢ao atomica com atomizagao

© por forno de grafite. Faixa 10 ppt -

¢ 100 ppb

© 50

chama. Faixa 50 ppb - 500 ppm

1ppt 10ppt 100ppt lppb 10ppb 100ppb lppm 10ppm 100ppm 1000ppm

Faixa de medida mg.Kg? pg.Kgl ng.Kg?
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Visao Geral dos Equipamentos






Bl Visdo Geral do Equipamento
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Bl Visdo Geral do Equipamento

-ICP: Plasma Indutivamente Acoplado
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Bl Visdo Geral do Equipamento

-Diagrama de blocos rfr-=-=-=-=-=--=-—--- ——————— ,
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Visao Geral do Equipamento

Autosampler
Standard
gas

co, .
] ‘ 444546 %

He

N, e /CO\/N\ 28
:Open split :

Elemental analyzer Interface IRMS

https://www.bayceer.uni-
bayreuth.de/ibg/en/ausstattung/geraet/geraet_detail.php?id_obj=659
05
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Visao Geral do Equipamento

P LI 1N | LTI R L B

p H I -
Diluter He -2 Cylinder CO2 (temporal reference gas)
Sample |
injection
Water trap
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https://www.researchgate.net/publication/285816977_Ultra-
sensitive_elemental_analyzerisotope_ratio_mass_spectrometer_for_stable_

nitrogen_and_carbon_isotope analyses/figures?lo=1
13.11.2020 gen_and_ ~isotope_analyses/fig 21



Analisadores de massa



B Quadrupolo

e Filtro: uma massa de cada vez

e varredura m/Z
* Tempo: ms

* Resolucao:
m/Am~300ou + 1 u

pessoal, RASBQ 2007

B: ICP-Q2QQ. Q1 allows only ions at m/z 80 to pass to the cell — all other ions are rejected. **Se* is converted to *Se™*0" in the cell with 0, reaction
gas. 02 measures Se0* at m/z 96. Zr, Mo and Ru cannot interfere since they were rejected by Q1.
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B Quadrupolo

 Como funciona o quadrupolo?

* Corrente continua (CC)/radio frequencia (RF)

Collision  _¢ s ces wi)

lonization Unit

http://www.shimadzu.com/an/lcms/support/intro/lib/Ictalk/61/61intro.html
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B Quadrupolo

-Filtro de massas maiores (m,)
-Apenas massas m,>m, passam
-ex: todas as massas < 56 m/z ficam retidas

-Filtro de massas menores (m))
-Apenas massas m<m, passam
-ex: todas as massas > 56 m/z ficam retidas

RF (CA) - .
(CA) RF (CA) RF (CA) RF(_C A
+ +
CC CC EE_ cc

13.11.2020 ® e + RF-CA ~
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| unica a chegar

-QuadrUpOIO 5 no detector

=
U

retl m/ re

0 55 57




B Quadrupolo

-Duas configuracdes mais comuns

B: ICP-QQQ. Q1 allows only ions at m/z 80 to pass to the cell — all other ions are rejected. *Se* is converted to **Se'®0" in the cell with 0, reaction
gas. 02 measures Se0* at m/z 96. Zr, Mo and Ru cannot interfere since they were rejected by Q1.

SAFIAR, 180G, 190Dy

/

Q2 (m/z 96) — rejects all ions

Reaction gas (0,)

“AreAr,
14Gd*,
1e0py+
“Se*

“Mo*,
*Ru”

WGe* — aGp'e)*

%7r*, ®*Mo*, **Ru* apart from m/z 96

Q1 (m/z 80) — rejects all ions
apart from m/z 80
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B Setor Magnético
* Resolucao: m/Am~10.000 ou + 0.007 u

e Existem varias configuracoes

* ex:

i) o setor eletrostatico colima e ajusta a KE (energia cinética)
i) o magnético filtra.

Electrostatic  spectrometer
Sector // Lens

MMagnetc
mector

T
v

|
\i\Energy Slit

Field Aperture

Entrance Slit Exit Slit—
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Zinc in H,S0, (10 % w/w), High Resolution

http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CI\L(LOD%
20Documents/BR-30027-Element-2-Element-XR.pdf



http://www.thermoscientific.com/content/dam/tfs/ATG/CMD/CMD%
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Video

https://www.youtube.com/watch?v=-xlpK31bjYA



Videos for discussions



Application of Stable Isotope Ratio Analysis
N

W E
Caso 1l S

https://www.youtube.com/watch?v=nz9KUs3F1Xw

Caso 2
https://www.youtube.com/watch?v=hiHEalXIWo4
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