
Basic and Application
Inductively coupled plasma
mass spectrometry (ICPMS)



(CaCl2 )•xH2O

(CaCO3 )•xH2O
(CaSO4)•xH2O
(CaF2 )•xH2O

Inductively coupled plasma mass spectrometry (ICP-MS) is a type of mass spectrometry which is 
capable of detecting metals and several non-metals at concentrations as low as one part in 1012 (ppt). This is 
achieved by ionizing the sample with inductively coupled plasma and then using a mass spectrometer to 
separate and quantify those ions.

Convert all analyses species in sample to each isotope ions which be 
able to measure by mass spectrometer.

Mission :

Examples : if we are looking for Calcium in water sample.

Ca+

What is ICP MS
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ICP-MS
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ICP-MS Instrumental
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ICP-MS Instrumental
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How to extract the ions into MS ?
The positively charged ions that are produced in the 
plasma are extracted into the vacuum system, via a pair of 
interface “cones” and the “extraction lens” 

Interface regionVacuum region

Sample cone

Skimmer coneExtraction lens

5



ICP-MS Instrumental
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The Right Angular Positive Ion Deflection (RAPID) lens

• The open lens stack eliminates lens cleaning maintenance 
and a completely off-axis design together with QCell
technology delivers a class leading background noise.

Neutral, Photons

Ion, Neutral, Photons

Elimination of neutral species
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Polyatomic interference

40Ar35Cl

40Ar16O
40Ca16O
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How to remove Polyatomic Interference? He KED mode 

Atmospheric pressure
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tor
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Mass 

Analyzer Detector

Qcell Collision/Reaction Cell (CRC)
• Flatapole technology for improved transmission 
• Low mass cut off filters out unwanted precursor ions
• Single mode interference removal with He
• He KED filters out unwanted polyatomic interferences
• Small CRC volume for fast gas exchange
• Flexibility to work with reactive gases, such as mixtures of 

O2 7% dilute H2 or 1% NH3
• Non-consumable, zero-maintenance
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How to remove Polyatomic Interference? He KED mode 

ArCl + Ca(OH)2H + 

Target 
analyte

75As+ Quadrupole set to 
filter out exact mass 

of target analyte
e.g. 75As+

Complex 
matrix

Comprehensive 
Interference 

Removal 

Quadrupole
isolates ions 
wanted for 
measurement

He KED filters out 
unwanted polyatomic 

interferences, based on 
difference in cross-sectional 

size of the analyte and 
polyatomic

He KED filters out unwanted polyatomic 
interferences

High transmission enables analysis of even low 
mass analytes in He KED mode
Single measurement mode for all analytes in 
analytical method

No gas switching makes method more productive 
and simple

No change of measurement mode effectively 
eliminates method development

Unique Flatapole Design 75As+
40Ar35Cl + Ca(OH)2H + 
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How to remove polyatomic interference? He KED mode

Collisional retardation / energy filtering

Collision/Reaction gas atom or molecule

Analyte Ion M+ - Small collision cross-
section

Polyatomic Species e.g. ArX+ – Larger 
collision cross-section

Quadrupole Cell Pre-Cell

De
cr

ea
sin

g 
En

er
gy

Energy 
Barrier

From plasma

To detector

Simple, effective interference removal
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Simplicity and Productivity – Low mass cut-off

Target 
analyte

75As+

Quadrupole set to filter out 
exact mass of target analyte

e.g. 75As+

Comple
x matrix

Comprehensive 
Interference 

Removal 

QCell flatapole dynamically applies Low Mass Cut Off 
(LCMO) relative to target analyte

Anal LMCO Interferences Precursors
51V 35 35Cl16O, 37Cl14N, 

34S16OH
H, N, O, S, 

Cl
56Fe 39 40Ar16O, 40Ca16O O, Ar, Ca
63Cu 45 40Ar23Na, 12C16O35Cl, 

31P32S
C, N, O, Na, 
P, S, Cl, Ar

75As 47 40Ar35Cl, 40Ca35Cl,
40Ar34SH, 37Cl2H

H, S, Cl, Ca, 
Ar

Unique Flatapole Design

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 

Quadrupole
isolates ions 
wanted for 
measurement
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Target 
analyte

75As+

Quadrupole set to filter out 
exact mass of target analyte

e.g. 75As+

Comple
x matrix

Comprehensive 
Interference 

Removal 

QCell flatapole dynamically applies Low Mass Cut Off 
(LCMO) relative to target analyte

Anal LMCO Interferences Precursors
51V 35 35Cl16O, 37Cl14N, 

34S16OH
H, N, O, S, 

Cl
56Fe 39 40Ar16O, 40Ca16O O, Ar, Ca
63Cu 45 40Ar23Na, 12C16O35Cl, 

31P32S
C, N, O, Na, 
P, S, Cl, Ar

75As 47 40Ar35Cl, 40Ca35Cl,
40Ar34SH, 37Cl2H

H, S, Cl, Ca, 
Ar

Unique Flatapole Design

40Ar+, 40Ca+, 
35Cl+, 16O+, 1H+

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 

Quadrupole
isolates ions 
wanted for 
measurement

All unwanted precursors that contribute to 
intereferences are eliminated

Simplicity and Productivity – Low mass cut-off
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Superior Interference Suppression

Calibration curve for 75As in a solution containing 0.5% HCl

STD  mode: Polyatomic interference leads to poor IDL 
and elevated BEC

KED  mode: Polyatomic interference removed
IDL below 5 ppt
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STD (no gas), KED and CCT mode
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What’s the difference between a SQ and TQ-ICP-MS

iCAP RQ ICP-MS iCAP TQ ICP-MS
Additional Q1 mass 

filter quadrupole

Additional electronics

Additional gases

Enhanced software

Same platform – there are more differences than you think!
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Thermo Scientific TQ ICP-MS – How it Works

Q1 rejects unwanted ions and preselects
the analyte. This first stage of mass filtration
rejects precursors and ions with the same
m/z ratio as the product ion.

Optimal reaction conditions in Q2 are
achieved through the selection of the
appropriate measurement mode in Reaction
Finder

Q3 isolates the product ion of the analyte 
and removes any remaining interferences 
through a second stage of mass filtration

75As+

59Co+, 91Zr+
Q1 set to analyte mass 

(m/z 75)

Q3 set to product ion mass 
(m/z 91)

Q2 filled with reactive 
gas (O2

)

91[AsO]+

75As+


91[AsO]+

59Co16O+, 150Sm++
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Find out what is going on inside the TQ ICP-MS
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Thermo Scientific iCAP TQ ICP-MS

Interference removal still 
major challenge in ICP-
MS

TQ technology 
dramatically improves 
interference removal

Measure more accurately 
and with lower LOD

Meet requirements of 
challenging applications

Problem Feature Benefit Value

M+

Analyte with 
Interference

Interference

Mass Shift

(M+16)+M+

Interference

Analyte
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Interference removal using TQ Reaction Chemistry (with O2)

Precursor Ion
Analyte

Isobaric Interference
Mass Shift Interference

M+ (M + 16)+(M – 16)+

Mixture of analytes and 
interferences
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Interference removal using TQ Reaction Chemistry (with O2)

Precursor Ion
Analyte

Isobaric Interference
Mass Shift Interference

M+ (M + 16)+(M – 16)+

Mixture of analytes and 
interferences

M+ (M + 16)+(M – 16)+

Q1

Filters Pre-Cursor Ions and 
Mass Shift Interference
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Interference removal using TQ Reaction Chemistry (with O2)

Precursor Ion
Analyte

Isobaric Interference
Mass Shift Interference

M+ (M + 16)+(M – 16)+

Mixture of analytes and 
interferences

M+ (M + 16)+(M – 16)+

Q1

Filters Pre-Cursor Ions and 
Mass Shift Interference

M+ (M + 16)+(M – 16)+

CRC TQ-O2

Mass Shift

Interference free
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Interference removal using TQ Reaction Chemistry (with O2)

Precursor Ion
Analyte

Isobaric Interference
Mass Shift Interference

M+ (M + 16)+(M – 16)+

Mixture of analytes and 
interferences

M+ (M + 16)+(M – 16)+

Q1

Filters Pre-Cursor Ions and 
Mass Shift Interference

M+ (M + 16)+(M – 16)+

CRC TQ-O2

Mass Shift

Interference free

TQ Mass Shift mode is typically used with:

Oxygen, Ammonia, Hydrogen

It is used for analytes which preferentially react with the reactive gas
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Interference removal using TQ Reaction Chemistry (with O2)

Precursor Ion
Analyte

Isobaric Interference
Mass Shift Interference

M+ (M + 16)+(M – 16)+

Mixture of analytes and 
interferences

M+ (M + 16)+(M – 16)+

Q1

Filters Pre-Cursor Ions and 
Mass Shift Interference

M+ (M + 16)+(M – 16)+

CRC TQ-O2

On Mass

Interference free
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Interference removal using TQ Reaction Chemistry (with O2)

Precursor Ion
Analyte

Isobaric Interference
Mass Shift Interference

M+ (M + 16)+(M – 16)+

Mixture of analytes and 
interferences

M+ (M + 16)+(M – 16)+

Q1

Filters Pre-Cursor Ions and 
Mass Shift Interference

M+ (M + 16)+(M – 16)+

CRC TQ-O2

On Mass

Interference free

TQ On Mass mode is typically used with:

Oxygen, Hydrogen

It is used for analytes where the interference preferentially reacts 

with the reactive gas
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Applications we are going to focus on...

Environmental Analysis – As, Se

Metallurgy 

Advanced Applications

Speciation Analysis
Laser Ablation - Imaging

Clinical Research - Ti
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App Note : Ultratrace elements in Semiconductor grade IPA using ICPMS 

• Isopropyl alcohol (IPA) is used to solvent clean wafers during 
production in the semiconductor industry

• IPA has been considered a difficult matrix to analyze directly by 
ICP-MS 

– high volatility

– low viscosity

– high carbon content

• Kinetic energy discrimination (KED) can remove carbon based 
interferences from the sample matrix and argon based 
interferences from the ICP
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Instrument configuration and Sample preparation

• Standard concentration : 20, 50, 100 and 200 ng/L
• IPA sample was spiked with 100 ng/L
• Measurement of 26 elements at ultratrace concentrations in 

IPA was achieved in less than 5 minutes. (sample uptake, 
analysis and washout as well as the switching time between 
hot and cold plasma within each measurement)

• Low ionization potential (IP) elements : Li, Na, Mg, K, Ca, Al 
as well as first row transition metals; Cr, Fe are measured 
with low backgrounds and high sensitivities in cold plasma 

• Higher IP elements are analyzed in hot plasma
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Calibration Curve

- Mg at m/z 24 in IPA under 
hot plasma conditions is 
complicated by a carbon 
dimer species (12C2 )
- Cold plasma can remove 
interference at m/z 24 and 
provide the sub ng/L 
detection limit (LOD) and 
background equivalent 
concentration (BEC)

Mg m/z 24
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BEC, LOD and recovery data for the analysis of semiconductor grade IPA 

 Fast, reliable, in measurement switching 
between hot and cold plasma even for volatile 
organic solvents
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App Note 43285 : As and Se in environmental samples

Arsenic: A potential hazard in the food 
chain

• Many different chemical forms 
(species) are known that strongly 
differ in toxicity and bioavailability

• Plants such as rice are well known for 
high accumulation of As from soils

Selenium: An essential nutrient

• Knowledge of Se content in soil may prevent Se 
deficiency in both human and animal 
populations
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Inorganic As 
[As (III), (V)]

Organic Arsenic 
[ArsenobetaineDM

A etc.]

Arsenosugars and  
- lipds

The role of As and Se in the environment
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Sample preparation

• Calibration standards of arsenic and selenium : Concentrations of 0.2, 0.5, 1, 2 and 5 µg/L

• 1 ppm of Dy, Gd, Nd, Sm and Tb added

• 35 mg of a marine sediment sample, collected from the deep Pacific Ocean + 50 mg of the andesite 
reference standard AGV-1 and treated in closed PTFE vessels with concentrated HNO3 overnight to 
oxidize any organic matter (if present). 

• Concentrated HF (1.5 mL) and HClO4 (1.5 mL) added 

• Heated in a hot block for 12 h at 180 °C.

• After digestion, the acids were evaporated on a hot plate at 180 °C to near dryness. 

• The residues were re-dissolved, fumed off three times with 6N HCl to near dryness and finally taken up in 
10 mL 1N HNO3

• Prior to analysis, both samples were further 1:10 diluted with 1% HNO3/2% MeOH

• Lutetium was added at a concentration of 1 µg·L-1 as an internal standard 

• The use of methanol is important in the analysis of arsenic and selenium due to the effect of carbon 
enhancement in the plasma which increases the ionization of both elements. 
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As and Se with REE present - Different modes

For different measurement modes were evaluated:

SQ-STD - Single quadrupole mode with no collision/reaction cell (CRC) gas.

SQ-H2 - Single quadrupole mode with CRC pressurized with pure hydrogen as reaction 
gas

SQ-KED - Single quadrupole mode with CRC pressurized with helium as a collision gas 
and KED applied.

TQ-O2 Triple quadrupole mode with CRC pressurized with oxygen as a reaction gas, Q1 
set to analyte mass (M+) and Q3 set to product ion mass (MO+)
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TQ mode - As and Se in environmental samples

m/z

As and Se, 
m/z 75, 78, 80

Rare Earth Elements, m/z 140-176


150Sm, 156Gd, 160Gd

Doubly charged ions (e.g. 156Gd++) appear at m/z 78 
and hence interfere with the detection of 78Se+

Single Quad ICP-MS: KED

Typically enhances M2+ Interferences

Interferences on As and Se:  Ar2, ArCl – easy to remove using He KED but if REE are present....
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TQ mode - As and Se in environmental samples

m/z

As and Se, 
m/z 75, 78, 80

Rare Earth Elements, m/z 140-176


150Sm, 156Gd, 160Gd

Doubly charged ions (e.g. 156Gd++) appear at m/z 78 
and hence interfere with the detection of 78Se+

Single Quad ICP-MS: KED

Typically enhances M2+ Interferences

Interferences on As and Se:  Ar2, ArCl – easy to remove using He KED but if REE are present....

75As16O+, 78Se16O+, 80Se16O+

@ m/z 91, 94 and 96

Solution: 
Mass shift As and Se using O2
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Solution – use the TQ 
Mass shift reactions that move the analyte of interest to a different m/z

• Control ions entering the cell using Q1

• Use O2 to efficiently convert As and Se to AsO and SeO in Q2 – the REE++ don‘t react

• Selectively detect AsO and SeO free from REE++ interference, using Q3

Type 75As
Method to 

remove

Polyatomic
40Ar35Cl KED
40Ca35Cl

Type 78Se
Method to 

remove

Polyatomic 40Ar38Ar KED, H2

Isobaric
150Nd++ O2
150Sm++

Isobaric
156Gd++ O2
156Dy++
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As and Se with REE present - results in different modes

Interference removal capability

• Increased BECs observed for all SQ-modes 
due to unresolved doubly charged REE 
interferences

• Hydrogen is suitable for removing Ar based 
polyatomics, but is not capable of fully 
removing REE2+ interferences

• TQ-O2 mode shows dramatically lower BEC 
values for both As and Se
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Proving the accuracy of the sample analysis

Sample analysis results

Spike recovery in REE matrix solution

(1 ppb As and Se)

Analyte AGV-1 Sediment

Arsenic 94.6 % 97.6 %

Selenium 93.4 % 97.6 %

Spike recovery results in samples (1 ppb As and Se)
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TN 43283 Total elemental analysis in clinical research using TQ

Focus on the development of a robust method for the analysis of titanium and other trace 
elements in human serum reference materials using TQ ICP-MS. 
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TN 43283 Total elemental analysis in clinical research using TQ

Sample preparation

• Certified reference materials (Seronorm™ Trace Elements in Serum L-
1 and L-2 and volunteered human urine 

• Sample were diluted 10 fold in 0.5% nitric acid and 2% 
tetramethylammotnium hydroxide (TMAH) and ultra-pure water 

• Calibration blank, a series of standards and a Quality Control (QC) 
were prepared using the same procedure

• All samples and standards were spiked with an internal standard mix
(10 µg/L Ge, Y, Rh, Te and Bi)
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Recovery of Ti in Serum using Different Modes

Single Quadrupole ICP-MS Triple Quadrupole 
ICP-MS
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Recovery of Ti in Serum using Different Modes

• Excellent agreement with certified value obtained for Ti

• Attainable detection sensitivity allowed to detect low 
concentrations of Ti in the prepared sample solution

False positive results due to 
unresolved isobaric 48Cd 
Interference!

Only by using triple quad 
technology can accurate results for 
Ti be obtained!

Single Quadrupole ICP-MS Triple Quadrupole 
ICP-MS
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Recovery of Ti in Serum using Different Modes

False positive results due to 
unresolved isobaric 48Ca 
Interference!

Only by using triple quad 
technology can accurate results for 
Ti be obtained!

Single Quadrupole ICP-MS Triple Quadrupole 
ICP-MS

Background signal on 48Ti14N4H10 for a 
solution containing 10 mg·L-1 of Cd

This would be a problem using single quadrupole 
instruments with NH3!

42



Results – Multi-elemental analysis in urine and serum

• Excellent agreement to certified/reported values was achieved for all 
elements

• Full multi-elemental analysis together with dedicated interference removal for difficult analytes in one 
run

Use as a good example of TQ multi-element data…
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Speciation in Qtegra ISDS Software 

Hardware: IC and LC
IC is entirely metal free and thus ideally suited

Control over hardware: Chromeleon plug-in for Qtegra

• Data evaluation: tQuant

• Compound specific calibration

• Peak integration algorithms

AN43255 Determination of Inorganic Arsenic in Rice using IC-ICP-MS
AN43099 IC-ICP-MS speciation analysis of As in apple juice using the Thermo Scientific iCAP Q ICP-MS
AN43141 Total and speciation analysis of Mercury in contact lens solutions by ICP-MS
AN43227 Speciation of Bromine Compounds in Ozonated Drinking Water using Ion Chromatography and 

Inductively Coupled Plasma Mass Spectrometry
AN43098 Speciation Analysis of Cr (III) and Cr (VI) in Drinking Waters Using Anion Exchange 

Chromatography Coupled to the Thermo Scientific iCAP Q ICP-MS
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Nanoparticle Characterization in Qtegra ISDS Software 

• Nanoparticle analysis by sp-ICP-MS becoming a part of routine measurements

• spICP-MS data handling and processing for consistent and accurate interpretation of the data; to give the right result

20 40           60 
nm

• Hardware: High Sensitivity Interface 
and 100 uL/min nebulizer

• Software: npQuant plug-in

Acquire and evaluate data for nanoparticle size 
characterization 

Automated determination of key input parameters 

Statistical evaluation of each data set to judge data 
quality
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Laser Ablation in Qtegra ISDS Software

Fully automated optimization for LA-ICP-MS

The high base sensitivity of the iCAP RQ enables routine analysis in He KED LA-ICP-MS.

Results for Cr and Fe isotopes in LA-ICP-MS analysis of artificial sapphire.
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Thank You for Your Attention 

Get Connected
www.scispec.co.th/

Follow Us

@scispec

https://www.facebook.com/scispec/

http://www.scispec.co.th/
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