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GCMS has two parts; GC and MS.  The GC part is 
the gas chromatography part.  The MS part is the 
detector part.  Basically, GCMS is a type of GC, 
which uses a mass spectrometer as a detector.

There are many types of GC out there.



Many GC Systems



Why use GCMS in your experiment?

1.    Identify unknown  molecules in your           
samples.

2.    Structure Analysis 

3.    To quantify known molecules in a sample.



Rules For GCMS Work

All chemicals that we want to analyze, either from 
a liquid or a solid, must be brought into a solvent 
(hexane, methanol…), before injecting into a 
GCMS.

Water is the enemy of the mass spectrometer.  As 
a result, GCMS cannot analyze water sample 
directly.  For that you need a LCMS.



When we talk about bringing the analytes into a 
solvent, we are talking about extraction process.  
Basically, we need to move the analytes from one 
matrix into another matrix.

From a water sample into a solvent.
From a solid material into a solvent.
From a gas into a solvent.



EXTRACTION METHODS
There are many ways to extract analytes into 
a solvent.  Here are a few:
1. Liquid-Liquid Extraction
2. Soxlet-Extraction 
3. Solid Phase Extraction (SPE)
4. Solid Phase Micro-Extraction (SPME)
5.Purge and Trap



Liquid-Liquid Extraction



Soxlet Extraction



Solid Phase Extraction



Solid Phase Micro-Extraction (SPME)



Purge and Trap





Gas Chromatograph and Mass Spectrometer

The GCMS is made up of two instruments; the gas chromatograph (GC) and the 

mass spectrometer (MS).

1. The GC section of the instrument is a pressurized system.  This means it has a 

gas (helium) flowing through it.

2. The MS section of the instrument is a negative pressure (vacuum) system.

3. As result, in addition to the two instruments mentioned above, we must 

have a way to go from a pressurized side to the vacuum side.  This 

component of the GCMS is called the Interface.



Overview of the GCMS

We use the GC section of the instrument to separate the mixture of 
chemicals in the sample.  After passing through the GC section, all 
chemicals in a sample are separated.  As a result, they enter the MS 
sequentially.

The MS is used as a detector in the GCMS.  We use it to identify the  
chemicals that enter it from the GC section.



The Gas Chromatograph Section of The GCMS

This section of the GCMS consists of three parts:

1. The Injection system. This includes the auto-sampler and the 
needle tower that sucks up the liquid sample and injects it into the 
system.

2. The Oven. This is where we can control the temperature, and help 
the Column separating out the chemicals.

3. The Chromatography Column. The column is housed inside the 
Oven. This is where chemical separation occurs.  Chemicals in a 
sample enter the column as a mixture, but leaving it in sequential 
(one after another).



Injection System of The GC.
This is where we control the amount of sample 
entering the system.  You can do it manually, or 
using the auto-sampler and the needle tower



The Oven
Here we can control the temperature.  We can 
have constant temperature, or ramping it in a 

temperature program. 



The Chromatography Column
The column comes in many forms.  For our 
purpose, we use a capillary column.  It is 30 meter 
long, and has an opening of 0.25 mm.



Cross Section of a Capillary Column





The MS Section of The GCMS

The GCMS uses the mass spectrometer as a 
detector.  This is where the analyte gets broken 
down into smaller pieces.  A set of all the pieces 
(masses) of the analyte is called a spectrum.  We 
can compare our analytical spectrum with our 
library of spectra.
If two spectra match each other, the chemical is 
identified.    



How A Mass Spectrometer Works



When an analyte enters the mass spectrometer, it 
will be broken into many fragments.  Based on 
these fragments, we can identify the analyte.  For 
example:
Hexane (CH3CH2CH2CH2CH2CH3).  When it 
enters the MS, it will be bombarded by electrons 
from an electron gun.  The six carbon molecule 
will be broken into four fragments and one 
molecule without an electron.  So the total 
spectrum will consist of five fragment lines. 



HEXANE Molecule - broken into 5 molecules.  
These fragments then formed a spectrum of 5 
lines.



A mass spectrum is a graph of ion abundance 
vs mass (mass-to-charge).



Spectrum of Acetone



Two examples of mass spectra: 
For practical purpose, we will refer m/z as mass



Two Ways To Use a GCMS

1. Qualitative: Identifying the analyte, by 
identifying its mass.

2. Quantitative: Measure the concentration of 
the analyte, through the use of standards.



Most people use the GCMS to confirm the 
existence of a chemical.  Then they quantify that 
chemical, using a set of standards.

To help with the identification, a GCMS has a 
library of known chemicals, digitized in the system.  
A researcher can ID the chemical, by comparing 
the acquired spectrum of a chemical with all the  
spectra in the library.



Practical GCMS

When working with a GCMS, you can do a SCAN Mode 
or a SIM Mode.



SCAN Mode
In scan mode, the MS scans for all the 
masses.  This way, the analyst can ID any 
unknown chemical in the sample.  For each 
peak of chemical entering the MS, you will 
get a spectrum.  Each spectrum can then be 
compared with known spectra in the library.
You can ID the chemical by yourself, but, the 
library makes it much easier.  



SIM Mode

In Selected Ion Monitoring (SIM) mode, the 
mass spectrometer scans for specific ions you 
instruct it to do.  This allows better 
quantification.  In addition, a cleaner 
chromatogram is possible.
The only drawback is you have to know what 
you are looking for.



The Result of An Analysis
Regardless of the mode used, the first thing you 
will see is a chromatogram of the total ions 
scanned.  It looks just like a GC chromatogram.  
Each peak represents a chemical.



Spectrum Analysis
To identify the chemical of each peak, we need to do a 
spectrum analysis.  Since each peak contains all the spectra of 
that peak, we can extract the spectra out.  By clicking on the 
peak, a new window will appear and all the spectra of that 
peak will be displayed. 



Here is an example of a total ion chromatogram.  When we click on 
the peak with a retention time (RT)of 11.095 minutes, a spectrum of 
that peak appear. We can then try to match our spectrum with the 
spectra of the library.  The match here is Methyl Methacrylate. 



Each fragment is a piece of the puzzle.  
Together it forms the molecule.



Controlling The Instrument Using GCMS 
LabSolution Software.

Basically, there are two ways to control the GCMS; 
1) Direct control, and 2) Control by programing 
(method).



Direct Control
When you start the instrument, a previous used 
method will be loaded.  You can directly 
controlling the system by changing any parameters 
and execute them.  This is direct control.
Once you have changed all the parameters, you 
can store the setup, using to a new method.  This 
method can be used later to control the system 
during the actual run.  This is control by 
programing.



Once a method is created, you can use it to 
run your samples.  You can add the method 
onto a batch table.
A batch table is used to organize all samples 
and standards.  The batch table contains 
information for the instrument to use during 
the run.  For example where the samples are, 
and what method to use.  In addition, which 
mode of action is to be used (scan or Sim). 



Data Analysis

After we have run the sample, we need to 
generate a report, which has the data we seek. We 
can add as many available data to the report as we 
want.  Here are a few necessary data. 

1.  The chromatogram
2.  Integration Data
3.  Sample information



The First screen in the Post Run Window:



Loading The Data:

During the run, you can access the data through 
“Snapshot” icon.  After each run the data will 
appear automatically, when you click on Data 
analysis icon.
For old data, click on file and choose the data file 
you want.



The Data Window:



Integrating The Peaks

It is best to integrate your data peaks first. 
Then set up a report for your data.
When you click on the report icon, a window 
with out any data will be presented.  You can 
design a report for your data or use the one 
set up by Huan.



Design Your Own Data Report

To populate the report with all the information 
you want, click twice on the icon you see.  For 
example, if you want your chromatogram on the 
report, click on the Chromatogram icon.  Then 
expand it to fit your report page.

We have a simple report file already made.  You 
can use this, then save your report and data.  This 
way, it will be there on your data when you open 
it. 



Purge and Trap

System



Purge and Trap










