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Comparing single quadrupole, bandpass, and MS/MS
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2. Collision/ 
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(mass filter ï1 u mass 
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Conventional (Single) Quadrupole ICP-MS

The industry-standard ICP-MS layout:

1. Off-axis deflector lens to separate the 

ions from photons & neutrals

2. Collision/reaction cell (CRC)*, and

3. One quadrupole mass analyzer (a 

mass filter with a 1 u mass window)

Simplest, lowest-cost solution for typical applications

* Since 1999 CRCs have been used to 

control spectral interferences in ICP-MS:

ü Collision mode is well-established and widely 

used for typical analytes and applications

ü Reaction mode is efficient and attractive, but 

can give errors due to unwanted reactions 

with other analytes and matrix elements
A better way was 

needed to control 

reaction chemistry
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Interference removal; Transitioning from 
ICP-SQMS to ICP-MSMS

ÅModes of Interference Removal:

Å Collision Mode

He Gas

Kinetic Energy Discrimination 
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The Solution to Controlling Reaction Chemistry in the CRC?

Triple Quadrupole ICP-MS (ICP-QQQ):

ÅUses an additional mass filter before the CRC in a 
ñtandemò mass spec configuration (MS/MS)

ÅFirst quadrupole (Q1) selects the specific mass of 
the ions that can enter the cell. Ensures that reaction 
chemistry is predictable and reliable

ÅSecond quadrupole (Q2) selects the specific mass of 
the ions/product ions that are passed to the detector

ÅMS/MS allows reaction gas methods to be applied to 
normal applications and variable, real-world samples, 
with confidence in the results

First commercial ICP-QQQ instrument 

(Agilent 8800) in 2012. Superseded by 

the Agilent 8900 (below) in 2016

MS/MS requires two fully functioning mass filters. 

Each mass spectrometer must be able to select 

individual mass to charge values (m/z)

MS/MS releases 

the full potential 

of reaction mode
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ICP-MSMS; Unsurpassed Interference 
Removal Capabilities

Plasma-source mass spectrometer
Å High ionization efficiency

Full-size quad before reaction cell
Å Unit mass resolution (MS/MS)

Octopole Reaction System (ORS)
Å High transmission efficiency cell

5-stage vacuum system

Full-size quad after reaction cell

High speed 11-order detector
Å Wide dynamic range

Å Fast acquisition for nano
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IUPAC Definitions ïFor Reference

Taken from IUPAC 2013 Recommendations:

Triple quadrupole mass spectrometer (Term 
528): ñTandem mass spectrometer comprising 
two transmission quadrupole mass 
spectrometers in series with a (non-selecting) 
RF-only quadrupole (or other multipole) between 
them to act as a collision cellò

Transmission quadrupole mass spectrometer
(Term 536) is defined as consisting of ñan array 
of 4 parallel rod electrodesé [that allows] éions 
in a particular mass to charge range [to] be 
transmittedéò

Mass spectrometer (Term 318) is defined as an 
ñInstrument that measures the m/z valuesé of 
gas-phase ionsò

From the IUPAC definitions, itôs clear that a 

ñmass spectrometerò must be capable of 

selecting ions of specific m/z values one 

mass at a timeïi.e. unit (1 u) mass resolution

A Triple Quadrupole MS must have two such 

mass filters, each capable of 1 u resolution
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Tandem MS Instrument Layout: Unique to Agilent 8900 ICP-QQQ

Triple quadrupole ICP-MS layout, with:

1. An off-axis deflector lens to separate 

the ions from photons & neutrals

2. A first quadrupole mass analyzer 

Q1 (a mass filter with a 1 u mass 

window) before the CRC

3. A collision/reaction cell capable of 

collision or reaction mode, and

4. A second quadrupole mass 

analyzer Q2 (a mass filter with a 1 u 

mass window)

This configuration is unique to the 8900

The highest performance, most flexible configuration; the only 

solution that allows complete control in reaction mode

Q1 ïmass filter 

selects one m/z to 

pass to CRC

Agilent 8900 (MS/MS) system 

performs well in either collision or 

reaction mode ïwithout restrictions

3. Collision/ 

reaction cell 

(CRC)

4. Analyzer quadrupole 

ïQ2 (mass filter ï1 

u mass window)

Electron multiplier 

(EM) detector

1. Off-axis 

deflector lens ï

no mass 

selection

2. Additional 

quadrupole ïQ1 

(mass filter ï1 u 

mass window)

CRC ïapplies reaction 

chemistry to separate 

analyte ions from on-

mass interference(s)

Q2 ïmass filter 

passes selected 

ion or product ion 

to detector
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Vacuum Consideration

QuadCell

Detector

sampler

skimmer

gate valvelenses

1 2 3
ICP-MS SQ

ICP-QQQ

31 2

Q2Cell

Detector

Q1

54

cell gas (1 to 10ml/min)

ICP
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Agilent Patented Vacuum System
US Patent 2013/0175442 A1 

High Sensitivity 

Additional turbo pump 

required to 

accommodate longer ion 

flight path and ensure 

high ion transmission

Q1 and Q3 must be under high vacuum in order 

to achieve single mass resolution filtering.

High Selectivity
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Single Quad and Bandpass ICP-MS. Single true mass filter, after the cell

Triple Quadrupole ICP-MS (ICP-QQQ). Two true mass filters, before/after cell

Analyte and on-mass interference 

separated by reaction chemistry

No mass filter (or Bandpass filter) 

before cell; ALL (or MANY) ions 

enter cell and can react

Mass filter before cell; Q1 rejects all 

masses except target ion m/z. ONLY 

target analyte and on-mass 

interferences enter cell. Overlaps at 

product ion mass are eliminated

Many different ions can contribute 

to the measured signal

Only the target analyte ions 

contribute to the measured signal

Many ions can pass through cell 

or react to form new product ions

What Does MS/MS Mean for Your Analysis
Comparing Single Quad (and Bandpass) vs Triple Quad

1212
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As75

Single Quad ICP-MS with bandpass 

filter in or before the cell.

What do you want to analyze?

What elements enter the cell?

This excluding 

the polyatomics !

As75

Zn70

Ga71

Se77

Se76

Se74

Kr80

Kr78

Ge70

Ge72

Ge73

Ge74

Ge76

Se78

Se80

Br79

What do you want to analyze?

What elements enter the cell?

As75

As75

True MS/MS with unit mass 
�Œ���•�}�o�µ�š�]�}�v�������(�}�Œ�����š�Z���������o�o�Y��
when you must have 
Trusted Answers!

ICP-MS/MS with Unit Mass 

Resolution Before the Cell
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