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Conventional (Single) Quadrupole ICP-MS

The industry-standard ICP-MS layout:

1. Off-axis deflector lens to separate the
lons from photons & neutrals

Simplest, lowest-cost solution for typical applications

1. Off-axis deflector 2. Collision/ 3. Analyzer quadrupole  Electron multiplier

|enS '|' no mass reaCtion Ce” (maSS fllter .I. 1 U mass (EM) detector 2. CO”|S|On/reaCt|0n Ce” (CRC)*, and
i CRC window
selection RO '\ | 3. One quadrupole mass analyzer (a
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' T N R TR FReR

mass filter with a 1 u mass window)

%ﬁb * Since 1999 CRCs have been used to
*i? control spectral interferences in ICP-MS:

i Collision mode is well-established and widely
used for typical analytes and applications

i 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 ICRMSMS

A Modes of Interference Removal:

Isotope  Principal Interfering Species (mixed matrix)

. . ﬁsc 1301602, 1EC1GOEH, “CE.H, 3ZS1ECH, 3‘28130, 338120
A CO”ISIOn Mode 47T 31p18Q, “6caH, ¥CI2C, 2S14NH, 2514N
43Ti 31P1BO 4BCaH 35C|14N 3TC|1ZC 3281GOH 338‘160
He GaS 50T 3gl18g 32g180), 35CIT4NH, 37CI12CH
51V BEC|1GO BYC|14N 3481GOH
Kinetic Energy Discrimination B - 2O “Ar'2C, CI%0H, TCINH, %50
gy SSCI— 36Ar1BOH’ 40Ar130’ 37c|‘150’ 350|1SO, %Ar1ZCH
54Fe 40Ar14N 4OCa14N EBNa31P
55Mn 370”80, ZBNEBES, ZBNa31PH
Polyatomic Energy distribution Polyatomic Bias voltage S8Fe WAr1e0, 40ca'80
ions of analyte and ions rejects low energy STEe WAMBOH. 9Ca180H
interfering (polyatomic) ions i :
polyatomic ions 5N “Ar'f0o, #ca'®o, ®Na*Cl
Analyte with the same Anatyte LT “ArEQH, “3Ca™0, 22Na®®ClH
ions mass ions SOpj #Ca’®0, 22Na¥’Cl
SN “4Ca'80H, *¥Ar23Na, 2*Na¥ CIH
Energy Energy 830y H0Ar22Na, 12C180C, 12C14NTCI, FPRRS, 2TP1E0,
MZn 3251602, 3252, BﬂAr1201 GO, B'BAF1EC14N, 4803150
P S50y 2g180,H, 25,H, *N'°0%*Cl, “Ca’®0H
At cell entrance, ==Polyatomic 287n 345'1502’ Bgg 3352, 48ra180
analyte and §7Zn 32g34gH, 23,H, #¥Ca’0oH, *N'%0¥ Cl, 10,2 Cl
olyatomic ion &
eﬁeréies overlap. E Energy loss from each By cell exit, ion energies :(Z;n zz::ngMizs H. 180.37C)
Energy spread of both 5 collision with a He no longer overlap: a 5H, "S5H, 0O,
groups of ions is é atomisthe samefor —— —_— polyatomics are rejected  '°ZN mgieg, ¥Cl,
narrow, due to & a'f'alyts at"d f’°|tvat9m'c using a bias voltage TGa #3180,H, 3CIH, “ARP
ShieldTorch System fon, but polyatomics “step”. Analvte ions 2 20 3537~ 40 p 16
are bigger and so P yie | Ge Ar?s, *SciP’al, *Arto,
collide more often have enough residual =T HAPEZGH fArES BOPRPTOIH. 40ArS0LH
- energy to get over step, ’ ! ! 2
Cell Distance Through Cell Cell polyatomics don’t T4ce Warg, 37CI2
Entrance Bxit (energy discrimination)  ™As SOAr#GH, “0Ar25Cl, “9Ca ¢, *ClH
Se SAr27Cl, 0Ca?Cl
5e SOAr #Ear
05e Ar, “0Ca,, “°Ar*®Ca, 23, '°0, #5760,

- Agilent




The Solution to Controlling Reaction Chemistry in the CRC?

Triple Quadrupole ICP-MS (ICP-QQQ): First commercial ICP-QQQ instrument

A Uses an additional mass filter before the CRC in a (Agilent 8800) in 2012. Superseded by
Atandemo mass spec configur the Agilent 8900 (below) in 2016

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

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

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

: _ : MS/MS releases
MS/MS requires two fully functioning mass filters. the full potential

Each mass spectrometer must be able to select of reaction mode

Individual mass to charge values (m/z)

Agilent



ICP-MSMS; Unsurpassed Interference
Removal Capabilities

Plasma-source mass spectrometer
A High ionization efficiency

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

Octopole Reaction System (ORS)
A High transmission efficiency cell

S5-stage vacuum system
Full-size quad after reaction cell

High speed 11-order detector
A Wide dynamic range
A Fast acquisition for nano

i3 Agilent




|JUPAC Definitions 1 For Reference

Taken from IUPAC 2013 Recommendations:

Triple quadrupole mass spectrometer (Term
528): Mfandem mass spectrometer comprising
two transmission quadrupole mass
spectrometers in series with a (non-selecting)
RF-only quadrupole (or other multipole) between
themto actas acollisionc el | ©

Transmission quadrupole mass spectrometer
(Term 536) is defined as consisting of i a n
of 4 parallelrode | ect rodesé [t he
In a particular mass to charge range [to] be
transmittedeo

Mass spectrometer (Term 318) is defined as an
Al nstrument t hma/1dvaloeseé saifr
gassphase i onso

Pure Appl. Chem., Vol. 85, No. 7, pp. 1515-1609, 2013.
http://dx.doi.org/10.1351/PAC-REC-06-04-06
© 2013 |IUPAC, Publication date (Web): 6 June 2013

Definitions of terms relating to mass
spectrometry (IUPAC Recommendations 2013)*

Kermit K. Murray' ¥, Robert K. Boyd2, Marcos N. Eberlin3,
G. John Langley?, Liang Li®, and Yasuhide Naito®

1Department of Chemistry, Louisiana State University, Baton Rouge, LA, USA;
2Institute for National Measurement Standards, National Research Council,
Ottawa, Ontario, Canada; 3Department of Chemistry, University of Campinas,
Campinas, Brazil: *Chemistry, Faculty of Natural and Environmental Sciences,
University of Southampton, Southampton, UK; ®Department of Chemistry,
University of Alberta, Edmonton, Alberta, Canada; °Graduate School for the
Creation of New Photonics Industries, Hamamatsu, Japan

ar r ayv

the | UPAC def i

Sspectrometero

nit
m u

Fr om
Nnmas s

selecting ions of specific m/z values one

mass at atime T i.e. unit (1 u) mass resolution

A Triple Quadrupole MS must have two such
mass filters, each capable of 1 u resolution




Tandem MS Instrument Layout: Unique to Agilent 8900 ICP-QQQ

. 2. Additional 4. Analyzer quadrupole Triple quadrupole ICP-MS layout, with:
1. Off-axis ) quadrupole |"Q1 i Q2 (mass filteri 1 _
deflector lens i (mass filter i 1u 3, Collision/ y mass window) 1. An off-axis deflector lens to separate
nolm?ss mass window)  reaction cell Electron multiplier the ions from photons & neutrals
selection CRC .
(CRC) \ \ (EM) detector 2. Afirst quadrupole mass analyzer
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ ; 01 (a mass filter with a 1 u mass
ﬂ | E L % ;;E;E window) before the CRC
j — = : . _
-éH] q e | — ;;;; 3. Acollision/reaction cell capable of
| @;zg collision or reaction mode, and
N N =~ : 4. A second quadrupole mass

analyzer Q2 (a mass filter with a1 u

Q171 mass filter CRC 1 applies reaction Q21 mass filter mass window)

selects one m/z to chemistry to separate passes selected

pass to CRC analyte ions from on- ion or product ion This configuration is unique to the 8900
mass interference(s) to detector

! ) ) ) Agilent 8900 (MS/MS) system
The highest performance, most flexible configuration; the only performs well in either collision or

solution that allows complete control in reaction mode reaction mode T without restrictions




Vacuum Consideration

ICP-MS SQ skimmer

sampler

—==1]

ICP-QQQ




Agilent Patented Vacuum System
US Patent 2013/0175442 Al

High Selectivity

Q1 and Q3 must be under high vacuum in order
to achieve single mass resolution filtering.

' High Sensitivity

Additional turbo pump
required to
accommodate longer ion
flight path and ensure
high ion transmission

Agilent



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

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

No mass filter (or Bandpass filter) Reaction Gl s
before cell; ALL (or MANY) ions —_—
enter cell and can react
Many ions can pass through cell Many different ions can contribute
12 or react to form new product ions to the measured signal

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

Mass filter before cell; Q1 rejects all » "f |

masses except target ion m/z. ONLY p—

t Reaction Cell
arget analyte and on-mass N

interferences enter cell. Overlaps at

product ion mass are eliminated

Only the target analyte ions

Analyte and on-mass interference . .
contribute to the measured signal

separated by reaction chemistry




ICP-MS/MS with Unit Mass
Resolution Before the Cell

What do you want to analyze?

What elements enter the cell?

True MS/MS with unit mass

E <lopus]iv.  (}E sZ ooY
when you must have

Trusted Answers!
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