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Mass Spectrometry (MS)

From molecular to elemental analysis there 

are three major techniques used for 

elemental analysis:

• Optical spectrometry

• Mass spectrometry

• X-ray spectrometry
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Mass Spectrometry (MS)

Process of Mass Spectrometry

– Atomization

– Conversion of atoms to ions (usually positive)

– Separation of ions by mass-to-charge ratio (m/z)

– Measurement of ion current by transducer
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Mass Spectrometry (MS)

Atomic and molecular weights are measured in 

atomic mass units (amu)

The atomic weights are determined relative to 

carbon 12. 

Carbon 12 is set to exactly 12 amu.

1 mol of carbon 12 weighs 12.0000 g.
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Mass Spectrometry (MS)

For MS must know the exact mass, m.

12C1H4 

 m  =  (12.000 x 1)  +  (1.007825 x 4)  = 
16.031 amu

13C1H4 

 m  =  (13.00335 x 1)  +  (1.007825 x 4) = 
17.035 amu
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Mass Spectrometry (MS)

Mass – to - Charge ratio

 Divide the atomic or molecular mass of an ion, 

m, by the charge, z, on the ion.

12C1H4
+ m/z = 16.031/1 = 16.031

13C1H4
2+ m/z = 17.035/2 = 8.518

 

 Majority of ions in MS have a single charge.
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Mass Spectrometry (MS)

Instrumentation

 The MS separates rapidly moving ions on 
the basis of their mass-to-charge ratio, 
m/z.

 The most popular are:

– Quadrapole

– Time-of-flight

– Double-focusing

– Ion Trap
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Mass Spectrometry (MS)

Instrumentation

 Principle components:

– Inlet

– Ion source

– Mass analyzer

– Ion transducer

– Pumps

– Signal processor
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Mass Spectrometry (MS)
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Mass Spectrometry (MS)

Instrumentation

 Principle components:

– Inlet

– Ion source

– Mass analyzer

– Ion transducer

– Pumps

– Signal processor
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Mass Spectroscopy (MS)

Instrumentation

 Ion source
– ionizes and fragments molecules

– form the ions into a focused beam

– introduce the beam into the mass analyzer
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Two major categories:
• Gas phase sources - sample is vaporized and then 

ionized. 

 Restricted to thermally stable compounds with 
boiling points less than 500oC. 

 MW limited to 103 daltons.

• Desorption sources - sample converted to gaseous 
ions from solid or liquid state residing on a 
surface. 

 For MWs up to 105 daltons.
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Mass Spectrometry (MS)
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

 Ion sources are classified as:

– Hard sources 

 Impart sufficient energy to analyte molecules to 

promote to a highly excited energetic state.

 Relaxation involves rupture of bonds, producing 

fragment ions with m/z ratios less than the 

molecular ion.

– Soft sources

 Causes little fragmentation, producing few ions.
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Electron-impact source (gas phase source)

  Ions produced by electron impact.

  Sample brought to a temperature high enough to produce a 

molecular vapor, which is then ionized by bombardment.

  Electrons are emitted from a heated W or Rh filament and 

accelerated by ~ 70 V towards the anode.

  Molecules are passed through this stream of electrons and 

primarily form singly charge positive ions.

  Ions produced are accelerated through electrostatic plates 

which then goes to the mass analyzer.
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Mass Spectrometry (MS)

Ion Sources
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Electron-impact source (gas phase source)

   Electron-impact spectra

   Produce a complicated fragmentation spectra, 

 that can be useful for compound identification.

   Collision product peaks:

   Sometimes peaks are produced at higher mass 

 numbers than that of the molecular ion.

   Usually occurs where collision transfers a H 

  atom to the ion to give a (M + 1)+ peak.
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Mass Spectrometry (MS)
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Electron-impact source (gas phase source)

  Advantages:
• Convenient

• Sensitive - Produce high ion currents

• Fragmentation

  Disadvantages:
• Fragmentation

• Only for volatile samples
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Chemical Ionization (gas phase source)
  Chemical ionization (CI) takes place in an ion 

source similar to the EI source.

  The main difference is a moderate pressure (~1 

torr) of reagent gas is maintained in the source. 

  Gaseous atoms of sample are ionized by collision 

with ions (usually positive) produced by electron 

bombardment of an excess of a reagent gas.
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Chemical Ionization (gas phase source)

  Most common reagent is methane which 

gives CH4
+, CH3

+, and CH2
+ under electron 

bombardment.

  CH4
+ + CH4  → CH5

+ + CH3

  CH3
+ + CH4  → C2H5

+ + H2
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Chemical Ionization (gas phase source)

  The produced ions interact with the analyte molecules by 

four basic mechanisms:

 

  CH4
+  +  MH  →  MH+  +  CH4 (Charge transfer)

  CH5
+  +  MH  →  MH2

+ +  CH4  (Proton transfer)

  C2H5
+  +  MH  →  M+(M-1)  +  C2H6  (Hydride abstraction)

  C2H5
+  +  MH  →  C2H5:MH+(M+29) (Addition)
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Chemical Ionization (gas phase source)

  

  CI is a soft ionization process and compared to EI 

produces fewer fragment ions.

  

  Besides methane, isobutene and ammonia are 

common reagent CI gases.
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Mass Spectrometry (MS)
Instrumentation

 Ion Sources

  Matrix-Assisted Laser Desorption/Ionization 
(desorption source)

  MALDI was developed in 1988.

  An aqueous/alcohol solution of the sample is 
mixed with a large excess of a radiation absorbing 
matrix material.

  Solution is evaporated on the surface of a metal 
 inserted into MS and then hit with a pulse laser 

beam.

  This sublimes the sample as ions into a time-of-flight 
spectrometer.
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Mass Spectrometry (MS)
Instrumentation

Ion Sources - MALDI

 A laser-based soft ionization method
-Important for protein analysis.
-Ionization occurs with bombarding the sample with laser 
light
-The sample is embedded in a chemical matrix (UV 
absorbant)
-The matrix makes the production of intact gas-phase ions
from large, nonvolatile, and thermally decomposed
compounds such as proteins, oligonucleotides, synthetic
polymers easy
-The matrix absorbs the laser light energy thus small amount 
is vaporized  
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Mass Spectrometry (MS)
Matrix-Assisted Laser Desorption/Ionization 
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Mass Spectrometry (MS)
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Electrospray Ionization (Desorption source)

  ESI/MS developed in 1984, now most 

 important technique for analyzing 

biomolecules with MW > 100,000 daltons.

  Can also be used to characterize inorganic 

species and synthetic polymers.
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Mass Spectrometry (MS)

 Most analytes separated by HPLC are 

thermally stable and non-volatile (liquids) 

(unlike in GC) – so not ionized easily by EI or 

CI techniques.

 MS must be at 10-6 torr
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Mass Spectrometry (MS)

Instrumentation

Detectors

Liquid Chromatography / Mass spectrometry

• Advantages:

• More definitive identifications

• Wide range of analytes can be studied

• Sensitivity (pg)
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Mass Spectrometry (MS)

Instrumentation

Detectors
LC-MS

• Problems for LC-MS combination:

• HPLC mobile phase – liquid w/ water or organics

• MS must be at 10-6 torr

• Most analytes separated by HPLC are thermally stable and non-volatile 

(unlike in GC) – so not ionized easily by EI or CI techniques 
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Mass Spectrometry (MS)

Instrumentation

Detectors - LC-MS

• Ideal Interface:

• Has no reduction in chromatographic performance

• No chemical modifications

• High sample transfer

• Reliable and reproducible
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Electrospray Ionization (Desorption source)

  Solution of sample is pumped through a 
stainless steel capillary needle at few 
ml/min.

  A few kV is applied between the needle and 
a surrounding cylindrical electrode.

  The charged spray from the needle enters a 
desolvating capillary that evaporates the 
solvent and desorbs ions into ambient gas.
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Mass Spectrometry (MS)
Instrumentation
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Mass Spectrometry (MS)

Electrospray  – Advantages

• Electrospray ionization, in contrast to the majority of other ionization methods, 

produces predominantly multiply charged ions of the intact solute molecule. 

This effectively extends the mass range of the mass spectrometer and allows 

the study of molecules with molecular weights well outside its normal range.

• For high-molecular-weight materials, an electrospray spectrum provides a 

number of independent molecular weight determinations from a single 

spectrum and thus increased precision.
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Mass Spectrometry (MS)
Ion Sources
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Mass Spectrometry (MS)
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Assignment

• Read Chapter 11

• HW 18 Chapter 11: 2, 4, 5, 7

• HW 18 Due 04/27/26

• Test 4 - Lectures 24-31 Monday April 27th





Mass Spectrometry (MS)

Instrumentation

 Inlet Systems

  Allow introduction of representative 
sample into ion source with minimal 
losses of vacuum.

  Sample is volatilized externally and 
allowed to leak into evacuated 
ionization region.

  For gases and liquids with boiling 
points up to about 500oC.
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Mass Spectrometry (MS)

Inlet Systems
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Mass Spectrometry (MS)

Instrumentation

 Inlet Systems

  Direct probe Inlet

  Sample or nonvolatile liquid 

introduced on a probe into ionization 

chamber.

  Probe can be heated or cooled.
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Mass Spectrometry (MS)
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Field-Ionization Sources (Gas phase source)

  Ions are formed under large electric fields 

(108 V/cm).

  The fields are produced by applying high 

voltages (10-20 kV) to emitters made up of 

fine tips with diameters less than 1 m.

  The emitter is often a W wire that is coated 

carbon dendrites.
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Mass Spectrometry (MS)

Ion Sources
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Field-Ionization Sources (Gas phase source)

  The emitters are mounted 0.5-2 mm from 
the cathode, the sample diffuses above the 
microtips and are ionized by quantum 
mechanical tunneling mechanism.

  The electrons of the analyte are extracted 
by the microtips.

  Ionization occurs but very little 
fragmentation.
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Mass Spectrometry (MS)

Instrumentation

 Ion Sources

  Fast Atom Bombardment Sources (Desorption source)

  Samples condensed in glycerol and ionized by 

bombardment with energetic Xe or Ar atoms.

  Desorption occurs when ions are sputtered from 

surface.

  Mostly used for polar high MW species.
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