UNIT-2: Mass Spectrometry

Basic principles, Instrumentation - Mass spectrometer, electron Ionization (Electron
Impactionization, EI), Molecular ions, metastable ions, Isotope abundance. Basic
fragmentation types. Fragmentation patterns in Toluene, 2-Butanol, Butaldehyde,

Propionicacid.

Essay Question 1:

Discuss the basic principles of Mass Spectrometry. Explain in detail the instrumentation
involved in mass spectrometry with a focus on Electron Ionization (EI).

Mass Spectrometry Principles:

Mass spectrometry (MS) is an analytical technique used to identify chemical substances
based on the mass-to-charge ratio (m/z) of their ions. The basic principles of mass
spectrometry include:

1. Ionization: The sample is ionized to convert neutral molecules into charged ions.

2. Mass Analysis: The ions are separated based on their mass-to-charge (m/z) ratio by
passing through an electric or magnetic field.

3. Detection: The separated ions are detected, and a mass spectrum is generated,
showing the abundance of ions at each m/z value.

The mass spectrum provides information about the molecular weight and structure of the
compound being analyzed.

Instrumentation of Mass Spectrometry:
A typical mass spectrometer consists of the following components:

1. Sample Inlet: The sample is introduced into the ion source.

2. Ion Source: This is where ionization occurs. In Electron Ionization (EI), the sample
molecules are bombarded with high-energy electrons (typically 70 eV), causing them
to lose an electron and form a positive ion, often referred to as the molecular ion (M').

3. Mass Analyzer: The ions are accelerated into a mass analyzer where they are
separated based on their m/z ratio. Common types of mass analyzers include
quadrupoles, time-of-flight (TOF), and magnetic sectors.



4. Detector: The ions are detected as they reach the detector, where they generate an
electrical signal proportional to their abundance.

5. Data System: The output from the detector is processed to generate the mass
spectrum, a plot of ion abundance versus m/z ratio.

Electron Ionization (EI):

In EI, high-energy electrons collide with neutral molecules, causing ionization by
removing an electron from the molecule. The molecular ion (M') formed is usually

unstable and fragments into smaller ions. The fragmentation pattern provides valuable
structural information about the compound.

e Advantages of EI: Provides reproducible spectra and extensive fragmentation patterns,
which help in structure elucidation.

e Limitations: It can result in excessive fragmentation, making it difficult to detect the
molecular ion for certain compounds.
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Essay Question 2:

Explain in detail the fragmentation patterns observed in 1. Toluene, 2. Butanol-2,
3.Buteraldehyde and 4.Propanoic Acid in mass spectrometry.

1. Toluene (CsH-CH:):

e Molecularion (M'): The molecular ion for toluene appears at m/z = 92.

o Fragmentation: The major fragmentation involves the loss of a methyl group (CHs, 15
amu), resulting in a benzyl ion (C:Hs) at m/z = 77. Other common fragments include
tropylium ion (C-H:') at m/z = 91, which forms via rearrangement.

2. 2-Butanol (C:HsOH):

e Molecular ion (M): The molecular ion for 2-butanol appears at m/z = 74.
o Fragmentation: The common fragmentation involves the loss of a water molecule (H:O,
18 amu), resulting in a fragment at m/z = 56. Other fragmentation patterns include

cleavage between the carbon-carbon bonds, yielding ions like C-Hs" at m/z = 29 and CH:'
at m/z =15.



3.Buteraldehyde(CH:-CH:~-CH:-CHO) :

Molecular formula: C.HsO
Molecular weight: 72 amu
Structure: CH:-CH.-CH.-CHO

Key Fragmentation Patterns:

Peak Fragment Explanation
(m/z)
72 (M) Molecular ion Weak due to instability of aldehyde cation
57 [M - CHs] Loss of a methyl group (-15), forms CH:-CH.-CH=0" (stable
acylium ion)
44 [CHs-CH=~-COJ" or Cleavage between a and {3 carbon (a-cleavage) to give
CH.CHO" resonance-stabilized ion
43 [CH:CO]' or CH:CH=0" Acylium ion, very stable; commonly observed in aldehydes
29 [CH:CH:]" Ethyl carbocation, from deeper fragmentation
Mechanism Highlights:

e a-Cleavage (common in carbonyl compounds):
Breaks the bond adjacent to the carbonyl group to generate resonance-stabilized cations like
CH:CH=0O".

e McLafferty Rearrangement is not prominent in straight-chain aliphatic aldehydes like butanal
due to lack of y-hydrogens required for the rearrangement.

4.Propanoic Acid

Short Answer Question 1:

What is the nitrogen rule in mass spectrometry, and how is it useful in determining
molecular structures?

The nitrogen rule in mass spectrometry states that organic compounds containing an odd
number of nitrogen atoms will have an odd molecular ion mass (M'), while compounds
with an even number of nitrogen atoms or no nitrogen will have an even molecular ion
mass.



Utility in Structural Determination:

e This rule helps in quickly determining the presence of nitrogen in a compound.

o If the molecular ion has an odd m/z value, it suggests that the molecule contains an odd
number of nitrogen atoms.

® This is particularly useful when analyzing complex molecular structures to predict
elemental composition.

Short Answer Question 2:
Describe the McLafferty rearrangement and its significance in mass spectrometry.

The McLafferty rearrangement is a fragmentation pattern observed in mass spectrometry
involving a six-membered ring transition state. It typically occurs in compounds with a
carbonyl group (C=0) and a gamma-hydrogen (a hydrogen atom located three carbon atoms
away from the carbonyl carbon).

Mechanism:

° In this rearrangement, a hydrogen atom from the gamma position is transferred to the
carbonyl oxygen, resulting in the formation of a double bond between the alpha and beta
carbon atoms and cleavage between the alpha and beta positions.

° This generates a neutral molecule and a radical cation fragment.
Significance:
° The McLafferty rearrangement provides specific structural information, especially in

carbonyl-containing compounds, as it indicates the presence of a gamma-hydrogen.

Short Answer Question 3:
Define isotopic abundance and explain its significance in mass spectrometry analysis.

Isotopic abundance refers to the relative percentage of different isotopes of an element found
in nature. In mass spectrometry, isotopes produce peaks at different m/z values
corresponding to their masses.

Significance:

e Isotopic abundance is important for identifying elements with naturally occurring
isotopes (e.g., chlorine, bromine). The presence of isotopic peaks (e.g., M' and M'+2) in the



mass spectrum helps in distinguishing between different elements and confirming
molecular composition.

e For example, chlorine has two common isotopes, *°Cl and *Cl, which result in a
characteristic M and M+2 peak ratio of 3:1, aiding in compound identification.

Short Answer Question 4:
What are metastable ions? Describe their formation and characteristics.

Metastable ions are ions that have insufficient internal energy to fragment immediately
after formation, but they undergo fragmentation as they pass through the mass
spectrometer.

Formation:

® These ions form during the transition between the ion source and the detector in a mass
spectrometer.

® Metastable ions fragment in regions of the spectrometer where no electric or magnetic
fields are present (often in the drift region).

Characteristics:

e They produce broad, diffuse peaks in the mass spectrum called metastable peaks.
® These peaks appear at non-integer m/z values and provide information about the
fragmentation pathways of the parent ion, helping in structural elucidation.
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