
Introduction to ICPMS
Inductively coupled plasma mass 

spectrometry

Huan Luong
Emergent Technologies Institute



Why Use ICPMS ?

ICPMS is a trace element instrument.

1) It is used to quantify elements in a 
solution.

2) Analyze for different isotopes of each 
element.





The advantages of the ICP/MS technique:

1. Detection Limit is very low.  Part Per Billion or less.

2. Can Do multi-element.

3. Fast.

4. Semi quantitative is good.



The NexION 2000C from PerkinElmer







ICPMS Theory and Instrumentation

We can divide an ICPMS instrument into four sections:  A sample introduction 
system, an ICP (plasma system), an interface, and a MS

1.  The introduction system consists of a pump, a nebulizer,  and a spray chamber.  
This is where the sample is introduced into the plasma.

2. The ICP section is where the plasma is generated.  It consists of a torch and a RF 
coil.

3.  An Interface, which consists mainly of a cone system.  This helps filtering the 
sample aerosol.

3. The MS is where the analytes are measured.



Sample Introduction
Sample is introduced into the plasma via a nebulizer and spray chamber.  
A peristatic pump is used prior to the nebulizer.  This means there are 
many mechanical problems that can go wrong.  For example pump 
tubes can fail, after certain time of uses.  As a result, it is important to 
check this first before analyzing any sample











ICP Section
The argon enters the “torch”, which is covered by a RF generator coil.  
The coil provides the power for the argon to generate into a plasma.  

When the sample aerosol enters the plasma, that is when the 
elements got ionized.





The interface allows only a small amount of 
sample ionbeam to enter the mass spectrometer.  
It helps the ICPMS to transfer sample from 
atmosphere pressure to negative (vacuum) 
pressure. 













The Mass Spectrometer
The mass spectrometer is under vacuum.  As a result it must be pumped 
down in order to be run properly.  It consists of :
1. Quad Ion Deflector (QID)
2. Universal Cell (UCT)
3. Quadrupole Mass Filter (Quad)
4. Detector.



Quad Ion Deflector (QID)
It is used to separate ions from uncharged species.  
Only charged species can enter the MS.   





Universal Cell 
This is used to correct polyatomic ions. 



THE QUAD
Four poles with applied voltage to filter out 
unwanted ions.  It allows only ions we are looking 
for go through to the detector. 





There are many misconceptions about ICPMS analysis. 
One is we can analyze for all elements on the periodic 
table.  This is not true.  Since Argon is used to get the 
plasma, any element with ionization potential larger 
than Argon’s IP, the instrument can’t see it.  For example 
the element “F”.  It has PI=17.42, which is larger than 
Argon’s IP of 15.76.  ICPMS cannot be used for “F” 
analysis.
Another misconception is ICPMS analysis is easy.  In 
reality, there are quite a few interferences for almost 
any element.  We will talk about these and try to 
remove them in the lab part of our training.



Understand Interferences in ICPMS
Because we are working in the part per billion 
(ug/L) level of concentration, any small 
interferences will effect the accuracy.
Thus it is important to understand what the 
interferences are and how to remove them. 



Two Types of Interferences

There are many types of interferences, but for 
our purpose two are important.

1. Spectral Interferences
2. Matrix Interferences



Spectral Interferences
Basically, there are two types of spectral interferences; Isobaric and Polyatomic.

Isobaric interferences, also refer to as Isobaric Spectra overlaps. These are 
inferences that are caused by elements that have isotope with the same mass as 
your chemical. For example: Iron (Fe) and Nickel (Ni).  They both have a mass of 58 
(m/z).

Polyatomic interferences, also refer to as Polyatomic/Molecular Overlaps. Here, the 
problem is caused by the combination of two or more isotopes from different 
elements.  For example: As and ArCl.  Arsenic has a mass of 75, but Argon plus 
Chloride have a total of 75.  Where does ArCl found?  Inside the plasma, Argon and 
Chloride combined.



Examples of Spectral interferences:
Here are some more examples of interferences:  Let say you are interested in the 
concentration of Si isotopes 28.  The analysis results in a big numbers. However, you know 
that 2 Nitrogen in the plasma will give you total mass of 28.



Examples of Polyatomic Interferences



How to Deal With Spectral Interferences

We need to find strategies to deal with spectral interferences.  There are many ways, 
but here are three main ways to fix this type of interferences.

1. Using an interference-free isotope.
2. Use a correction equation
3. Use a reaction cell (Universal Cell)



Select an Interference free Isotope
In this strategy, we use an isotope of the analyte that has a slightly different 
mass.  Most element have more that one isotopes. In our previous example, we 
see Iron and Nickel have a similar mass of 58.  So there is a problem when we 
look for iron, nickel may be in the result too.  However, we can look for iron54, 
there is no problem.  This will fix the problem, Fe54 is only 5.845% of the iron. So 
the intensity may be lower.



Using Equation To Correct The Interference
We can write an equation into the method, to 
remove the interference.

Correction equation is simple for isobaric 
interference.

It is much harder to write equation for polyatomic 
interference equation.



Equation for Correcting Isobaric Interference

As mentioned, the equation is simple for the Isobaric interferences.  For some elements, the 
instrument even writes it for you automatically.

Here is an example of how to write a correction equation:
Let say we do a Cd 114 run, but have a Sn 114 interfering.  What is the equation?
Think of it this way:
Intensity at mass 114 = Cd114 intensity + Sn114 intensity
Cd114 intensity = Intensity at mass 114 – Sn 114 intensity
But we cannot get the intensity of Sn114 directly because Cd114 is also there.
So we use another isotope of Sn that is free from overlap by Cd.
So we use Sn118
So Cd114=Intensity114 - (0.65% / 24.23%) * Sn118
So the equation is –(0.0268) * (Sn118).  The minus sign means removing that out of 
Intensity at mass 114.
The 0.65% and 24.23% are the abundances of the Sn114 and Sn118 respectively



Correcting Equation For Polyatomic Interference

Let say you want to analyze for Arsenic in a solution.  As has a mass of 75.  Your result, looks good.  However, your sample 
solution has some chloride in it.  The problem here is Chloride and Argon in a plasma can form ArCl.  Ar has a mass of 40, while 
Cl has a mass of 35.  Together, ArCl has a mass of 75.  So your result may not be all from As.
You will need an equation.  Basically, you need to remove the ArCl intensity from the result.
So:

Mass 75 = As75 + Ar40Cl35

As75 = Mass 75 – Ar40Cl35

But we must determine the ArCl contribution at mass 75.
To do this, we referencing the ArCl contribution from Ar40Cl37 at mass 77.

As75 = Mass 75 – (Ar40Cl35 / Ar40Cl37) * Ar40Cl37
Note that the relationship of Ar40Cl35 to  Ar40Cl37 are determined by the isotopic ratio of
Cl35 to Cl37.

As75 = Mass 75 – (75.77%/24.23%)  * Ar40Cl37
As75 = Mass 75 – (3.127)  * Ar40Cl37

Correction Equation is :  - 3.127 * ArCl77



The Reaction (Universal) Cell
Newer ICPMS instruments now have added a reaction 
cell system.  Basically, this is where we can inject certain 
gas, to remove the interference ions.  The gas can be 
reactive type (NH3) or inert type (He).

The inert type is now being used more, since it is safer.  
These are called Kinetic Energy Discrimination (KED).

Cell that uses reactive gas like NH3 or O2 is called 
Dynamic Reaction Cell (DRC).



Kinetic Energy Discrimination (KED) Using He Gas

The theory is based on the fact that most interference ions, specially 
polyatomic ones, are larger than the analyte.  So by adding He into the 
reacting cell with the sample ions, Helium will collide with the larger 
interference polyatomic ions more, and knock them out.



Dynamic Reaction Cell (DRC): Gases such as Ammonia 
and Oxygen are used to eliminate polyatomic interferences.  This type of 
interference elimination system is seldom used, mainly because the use 
of hazardous gases such as ammonia.

The idea is to react the added gas with the interference and eliminating 
the problem.  For example:

NH3 reacts with ArO+  → ArO and  NH3+

Here the ArO+ is an ion and is an interference.  After reacted with NH3
the ArO is now neutralized.



Matrix Interferences
ICPMS has one weak point.  It does not do well with high dissolved solid sample.  
As a result, sample such as seawater poses a challenge. 
These samples must be diluted to < 0.2% dissolved solid.  Many manufacturers 
have fancy apparatuses for this purpose. PerkinElmer has one too, and we will 
use it for our seawater analysis.  Basically, they added a second gas entry to the 
system.  So when the mist of sample entering the system passes the entry tube, 
the gas is added.  As a result, there is a dilution of sample.  Because we have less 
sample come in, the intensity is also less.
What this means is you will sacrifice sensitivity for eliminating matrix 
interference.



Lab Exercises

To Begin operating the instrument, we must do the followings.

1)  Check all components are set up; pump & tubing, Exhaust 
fan, Cooling system…
2) Turn on the gases.
3) Make sure the ventilation system is on.  If not, start it.
4) Click on “Control”
5) Make sure the vacuum is on.
6) Ignite the plasma.
7) Let the instrument warm up for 20 minutes.



We will have 4 exercises in the lab:

1. Performance check and Optimizing the system.

2. Create a quantitative analysis method.
We will use the correcting equation in this method.

3. Use KED to remove interferences.

4. Using the Total Quant method (factory and modify it).



1. Performance Check
After the instrument has warmed for 20 
minutes, we will then need to do a 
“performance check”.

Basically, P&E has a solution containing 1ug/L 
of a few elements.  After running this 
solution, the instrument will tell us if it meets 
the required result.
It is similar to tuning in GCMS.



We will use a program called SmartTune Express for the 
performance check.  The result will let us know if the 
instrument is in good shape for use.

If the instrument failed the performance check, we will have to 
do a few adjustments, and try to optimize the system.

If the instrument passed the SmartTune test, we can do our 
analyses.



2. Quantitative Method

After the Performance check and optimization, we then can set 
up a quantitative method to analyze for an element.

For this lab exercise, we will create a quantitative method to 
quantify arsenic (As) in water.

We will use this method to learn about “correcting equation”. 



3. Use KED to remove polyatomic Interferences

We will analyze the sample using the “UCT” cell, 
to see if this helps in the analyses.

The idea is to is to remove polyatomic 
interferences. 



4. Total Quant

The most practical way to analyze an unknown sample is 
to first do a semi-quantitative run. With the semi-
quantitative analysis, we can estimate the concentration of 
many elements in the sample (plus or minus about 30%).

We will use the instrument’s Total Quant method 
provided.  We then improve it with our standards.  We can 
compare the two methods, to see which is better.



The software.

The software is called Syngistix.  It has much more 
stuff in it than what we need.

I will show you only a few things, but these will be 
enough for you to set up your methods and 
analyzing the your samples.  Later on you can 
learn more about other capabilities of the 
software.



The first thing to remember about this 
software is the WORKPLACE.  This is where 
we can find all the things we want to do 
located.  It is where we get all the templates 
to run the system. You can modify each 
template, but cannot save it back to the 
original file.  You can save it for later use, by 
giving it another name.


















