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• Mass spectrometry is routinely used along with 

IR, NMR and UV for structure determination, 

   ( elucidation of structure) . 

• its basic theory is different from the others. 

• In mass spectrometry no characteristic 

selective absorption of radiation is involved as 

in the case of the other three methods, also, in 

the mass spectrometry, the compound 

undergoes irreversible chemical changes 

unlike in the others, where the changes are 

reversible physical changes. 



• Mass spectrometry is a method of 

chemical analysis that measures the 

mass-to-charge ratio (m/z) of atoms or 

molecules in a sample.  

• By measuring the m/z, scientists can often 

determine the exact molecular weight of 

the components in the sample and thereby 

identify unknown compounds. 



• Mass spectrometry is often paired with 

chromatography—gas (GC/MS) or liquid 

(LC/MS) chromatography.  

• While chromatography separates the 

components of an unknown compound, 

mass spectrometry analyzes the 

components for accurate identification. 



How a Mass Spectrometer Works 

• While there are many different types of mass 

spectrometry, mass spectrometers all have 

universal features.  

• Every mass spectrometer features a way to 

ionize a sample’s atoms or molecules, a mass 

analyzer, and a means of detecting or 

counting the number of ions of a specific m/z 

value. 

• The mass analyzer separates the ionized 

masses based on the m/z and outputs them to 

the detector for detection and quantification. 

 



• There’s much variety in the mass analyzer 

component, and there are many different ways 

to measure the m/z ratio of the ions in a 

sample, each with strengths and limitations. 

There are also many different forms of 

detectors to detect or count the number of 

ions of a specific m/z value, such as electron 

multipliers, Faraday cups, and microchannel 

plates. 



What kind of info can mass spec 

give you? 

• Molecular weight 

• Elemental composition (low MW with high 

resolution instrument) 

• Structural info (hard ionization or CID) 

•  can provide information about 

fragmentation patterns. 



Types of Mass Spectrometry 

• AMS (Accelerator Mass Spectrometry) . 

• Gas Chromatography-MS . 

• Liquid Chromatography-MS  

• ICP-MS (Inductively Coupled Plasma-Mass 

spectrometry )  

• IRMS (Isotope Ratio Mass Spectrometry)  

• Ion Mobility Spectrometry-MS  



Parts of a Mass Spectrometer 

• Sample introduction 

• Ion Source (ion formation) 

• Mass analyzer (ion separation) high vacuum 

• Detector (electron multiplier tube) 





How does it work? 

• Gas-phase ions are separated according 

to mass/charge ratio and sequentially 

detected 





• Principles of Electron-Impact Mass 

Spectrometry: 

• Atom or molecule is hit by high-energy electron 

from an electron beam forming a positively 

charged, odd-electron species called the 

molecular ion. 

       M  + Beam e 70-ev) →  M+    +  e  

 

 



However, the molecular ion often fragments to a 

mixture of species of lower m/z. The molecular ion 

dissociates to a cation and a radical 



• Usually several fragmentation pathways 

are available and a mixture of ions is 

produced.  

 



• mixture of ions of different mass gives 

separate peak for each m/z 

 



• intensity of peak proportional to percentage of 

each ion of different mass in mixture separation 

of peaks depends on relative mass. 

 



• In mass spectrometry, a substance is 

bombarded with an electron beam having 

sufficient energy to fragment the molecule. 

The positive fragments which are 

produced (cations and radical cations) are 

accelerated in a vacuum through a 

magnetic field and are sorted on the basis 

of mass-to-charge ratio. 

•  Since the bulk of the ions produced in the 

mass spectrometer carry a unit positive 

charge, the value m/e is equivalent to the 

molecular weight of the fragment 

 



 





• A very low concentration of sample molecules 

is allowed to leak into the ionization chamber 

(which is under a very high vacuum) where they 

are bombarded by a high-energy electron 

beam. 

 • The path of the charged molecules is bent by   

   an applied magnetic field. 

• Ions having low mass (low momentum) will be 

deflected most by this field and will collide with 

the walls of the analyzer.   

• Likewise, high momentum ions will not be 

deflected enough and will also collide with the 

analyzer wall. 



• Ions having the proper mass-to-charge 

ratio, however, will follow the path of the 

analyzer, exit through the slit and collide 

with the Collector 

• This generates an electric current, which is 

then amplified and detected.  

• By varying the strength of the magnetic 

field, the mass- to�charge ratio which is 

analyzed can be continuously varied. 





















• The mass spectrum : 

• Mass spectra Electron Impact (EI) are 

routinely obtained at electron beam energy 

of 70 eV.  

• The simplest event that occurs is the 

removal of a single electron from the 

molecule in the gas phase by an electron 

of the electron beam to form the molecular 

ion, which is a radical cation (M.+ ) .  

• The output of the mass spectrometer 

shows a plot of relative intensity vs the 

mass-to-charge ratio (m/e). 







• The most intense peak in the spectrum is 

termed the base peak and all others are 

reported peak in relative to its intensity.  

• Because M +• is unstable, some ions   

  decompose to form fragments of radicals   

  and cations that have a lower molecular   

   weight than M+•. 

• Electron is first removed from site with lowest 

ionization potential – non-bonding electrons > 

pi bond electrons > sigma bond electrons – NB 

> π > σ • Only CHARGED species are 

detected. 



    Recognition of the Molecular IonPeak:  

• • The process of fragmentation follows simple 

and predictable chemical pathways and the 

ions which are formed will reflect the most 

stable cations and radical cations which that 

molecule can form. 

 



    What information can be determined? 

• Molecular weight  

• Molecular formula (HRMS)  

• Structure (from fragmentation fingerprint)  

• Isotopic incorporation / distribution  

• Protein sequence (MS-MS) 



 

• Generally, small peaks are also observed 

above the calculated molecular weight due 

to the natural isotopic abundance of 13C, 

2H, etc. 2 under electron impact (EI) 

recognition of the molecular ion peak (M) 

poses a problem:  

• a : the peak may be very weak or may not 

appear at all  

• B: we cannot be sure that is the molecular 

ion peak and not a fragment peak or an 

impurity.  



• The best solution is to obtain a chemical 

ionization spectrum. The usual result is an 

intense peak at M + 1 and little 

fragmentation.  

• C: Many molecules with especially labile 

protons do not display molecular ions; an 

example of this is alcohols, where the 

highest molecular weight peak occurs at 

m/e one less than the molecular ion (m - 

1). 

 





 





• Peaks in the range of M_ 3 to M_14, 

however, indicate that: • 1. Contaminants 

may be present. • 2. The presumed 

molecular ion peak is actually a fragment 

ion. 

 









Sample Introduction/Sources 

Volatiles 

• Probe/electron impact (EI),Chemical ionization 
(CI) 

• GC/EI,CI 

Involatiles 

• Direct infusion/electrospray (ESI) 

• HPLC/ESI 

• Matrix Assisted Laser Adsorption (MALDI) 

Elemental mass spec 

• Inductively coupled plasma (ICP) 

 



EI( Electron Impact),  

CI(Chemical Ionization ) 
• EI (hard ionization) 

– Gas-phase molecules enter source through 
heated probe or GC column 

– 70 eV electrons bombard molecules forming 
M+* ions that fragment in unique reproducible 
way to form a collection of fragment ions 

– EI spectra can be matched to library stds 

CI (soft ionization) 

– Higher pressure of methane leaked into the 
source (mtorr) 

– Reagent ions transfer proton to analyte 

 

 

 

 





CI/ ion-molecule reaction 

• 2CH4  +  e-   CH5
+ and C2H5

+ 

 

• CH5
+  +  M    MH+  +  CH4 

 

• The excess energy in MH+ is the 

difference in proton affinities between 

methane and M, usually not enough to 

give extensive fragmentation 



Electrospray 

• 5 kV voltage on a needle 

• Nebulization gas 

• Produces gas-phase protonated analytes 

• Little to no fragmentation  

• Multiple charging 

• 10 mM angiotensin at 5 ml/min direct 

infusion, MW 1269 
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MALDI 

• Matrix -UV absorber, ex. picolinic acid, 

cinnimic acid  

• Singlely charged ions 

• Need mass analyzer with a large m/z 

range – TOF  

• Laser pulse as opposed to continuous 

source 

 





Mass Analyzers 
• Low resolution 

– Quadrupole 

– Ion trap 

 

• High resolution 

– TOF time of flight 

– Sector instruments (magnet) 

 

• Ultra high resolution 

– ICR ion cyclotron resonance 

 



Resolution 

• R = m/z/Dm/z 

• Unit resolution for quad and trap 

• TOF up to 15000 

• FT-ICR over 30000 

– MALDI, Resolve 13C isotope for a protein that 

weighs 30000 

– Resolve charge states 29 and 30 for a protein 

that weighs 30000 



High vs low Res ESI 

• Q-TOF, ICR 

– complete separation of the isotope peaks of a 
+3 charge state peptide 

– Ion abundances are predictable 

– Interferences can be recognized and 
sometimes eliminated 

 

• Ion trap, Quad 

– Unit resolution 
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Exact Mass Determination 

• Need Mass Spectrometer with a high 

mass accuracy – 5 ppm  (sector or TOF) 

• C9H15NO4, FM 201.1001 (mono-isotopic) 

• Mass accuracy = {(Mass Error)/FM}*106 

• Mass Error = (5 ppm)(201.1001)/106 =   

  0.0010 amu 

 

 



Mass accuracy 

• Mass Error = (5 ppm)(201.1001)/106 =   

  0.0010 amu 

• 201.0991 to 201.1011 (only 1 possibility) 

• Sector instruments, TOF mass analyzers 

• How many possibilities with MA = 50 

ppm? 

 with 100 ppm? 

 



Quadrupole Mass Ion Filter 



Ion Trap  



Time of Flight -TOF 



                                                         

Where:  

•mi = mass of analyte ion  

•zi = charge on analyte ion  

•E = extraction field  

•ti = time-of-flight of ion  

•ls = length of the source  

•ld = length of the field-free drift region  

•e = electronic charge (1.6022x10-19 C)  

 



TOF with reflectron 
http://www.rmjordan.com/tt1.html 



Sector instruments 
http://www.chem.harvard.edu/mass/tutorials/magnetmovie.html 



FT-ICRMS 

• http://www.colorado.edu/chemistry/chem5

181/MS_FT-ICR_Huffman_Abraham.pdf 



CID or MS-MS 

– MS-MS  

• sequencing the peptides or 

oligonucleotides 

• structural characterization of drugs and 

metabolites  

• Assay development, sensitivity 

enhancement 

 



HPLC-MS-MS 

time 

response 

chromatogram 

m/z 
m/z 



hybrids 

• Ex. Q-TOF 

– Trap has excellent sensitivity (can store 

essentially all ions), mass selectivity (can 

store ions of a particular m/z ratio 

– TOF is a high resolution mass analyzer 

• Triple quadruple 

– Neutral loss scan 



HPLC-MS 

• Reverse-phase HPLC 

–Separation of involatiles 

(peptides) 

–The lower the flow the greater the 

sensitivity 

–Column ID (300 mm – 50 mm) 



Proteomics using LC-MS 

• Protein identification, characterization, 
quantification 

• Extract proteins, fractionate proteins 
(typically using 2D-gel electrophoresis) 

• Digest protein(s) with a protease to 
produce peptide mixture (lysine, arginine) 

• LC-MS-MS analysis 

• Database searching identifies proteins 

– Mascot, Expasy (tools) 
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Peptide Mass Mapping 
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LC-MS-MS analysis 

• Characterization of synthetic processes 

• Drug metabolism studies – structural 

elucidation of metabolites 

• Quantification of polar molecules in 

biological samples – NAD 

 

 



NAD Assay 

• Goal to determine the relative importance 

of the different biosynthetic pathways. 

• Stable isotopic incorporation  



NAD Synthesized  from  

Labeled Precursors 

  NAD synthesized from  

a) 2H4 labeled nicotinic acid and nicotinamide (m/z 667)  

b) 13C5 labeled tryptophan (m/z 669) 

c) 13C6 labeled quinolinic acid (m/z 670)  
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The Experimental Strategy 
 

• Culture cells in media containing 

isotopically labeled precursors for fixed 

time intervals 

• Harvest and lyse the cells, extract the 

NAD, and quantitate the unlabeled and 

labeled NAD using reverse-phase LC-MS-

MS 

 



Sensitivity advantage 
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Elemental Mass Spectrometry 

• ICP-MS (inductively coupled plasma) 

• SIMS-TOF (secondary ion mass 

spectrometry 

• CRIMS 



ICP-MS (vs. ICP-UV/vis) 

• ICP (ch 10, pg 231-232) ICP-MS (ch 11) 

• A spark ignites flowing argon forming a 

self-sustaining plasma (T ≈ 10000 K) 

• Sample is aspirated/pumped into plasma 

forming elemental cations and some 

simple polyatomic ions 

• Ions are pushed into mass analyzer by 

high voltage  

 



Isotope ratio mass spectrometry 

• Elemental analysis (geologists, 

archeologist, isotope tracer studies) 

• High resolution sector mass analyzers 

• Faraday cups 

• ThermoFinnigan Neptune  
 http://www.thermo-optek.it/GetBrochure.php?ID=43 

• CRI-MS (chemical reaction interface)  

– Converts all carbon to CO2 




