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Mass Spectroscopy

Mass Spectroscopy

What is Mass Spectrometry?

e Mass spectrometry (MS) is an analytical technique used to determine the mass-to-charge ratio
(m/z) of ions.

Itis a powerful method for identifying the composition, structure, and molecular weight of
unknown compounds.

MS works by:
o lonizing chemical species
o Separatingions based on their m/z values
o Detecting them to generate a mass spectrum

MS does not directly observe molecules in their neutral form; it relies on charged species
(ions).

The core concept:

o once amolecule becomes anion, its behavior in electric and magnetic fields can be
analyzed to extract mass and structural information.

Modern mass spectrometers can:

o Analyze complex mixtures

o Identify trace components

o Provide structural information about organic and inorganic compounds
Widely used in:

o Chemistry

o Biology

o Pharmacology

o Forensic science

o Materials science

Basic Principle of Mass Spectrometry

e The basic functioning of a mass spectrometer involves three fundamental steps:
1. lonization: The sample molecules are converted into gas-phase ions.
2. Mass Analysis: The ions are separated according to their m/z ratio.

Detection: The separated ions are detected, usually by an electron multiplier or other
detector, generating a signal proportional to the ion quantity.
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lonization Process

» During ionization, molecules can be ionized using various methods such as:
o Electron Impact (El)
o Electrospray lonization (ESI)
o Matrix-Assisted Laser Desorption/lonization (MALDI)
o Chemical lonization (Cl)

» Each of these techniques has its own characteristics and is selected depending on the
nature of the sample and the type of information required.

Fragmentation in Mass Spectrometry

What is Fragmentation?

e« Fragmentation is the process where molecular ions break into smaller fragments after
ionization.

This occurs because ionization—especially in hard ionization techniques like Electron Impact
(El)—adds excess internal energy, causing chemical bonds to break.

The resulting fragment ions are detected in the mass analyzer and provide structural
information about the original molecule.

The fragmentation pattern acts as a molecular fingerprint, making it crucial in compound
identification, especially in organic chemistry.

Mechanism of Fragmentation

1. Molecular lon (M* or M*e)

» The initialionized molecule is formed by the loss of an electron.
> Itis often aradical cation, denoted as M* or M*e.

» Thisionis usually unstable and undergoes fragmentation due to its high internal energy.

2. Bond Cleavage

» The molecularion can break apart via several pathways:
o Alpha Cleavage: breaking of a bond adjacent to a functional group.

o Inductive Cleavage: breaking induced by electron-donating or -withdrawing
groups.

McLafferty Rearrangement: a rearrangement involving hydrogen transfer and
double bond shift.

Heterolytic and Homolytic Cleavage: involving unequal or equal sharing of
electrons during bond breakage.
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o Loss of Neutral Molecules: such as H,0, CO, or NH,.

3. Fragment lons
» The charged particles that result from bond breakage.
» These are detected in the mass spectrum as peaks.
4. Neutral Fragments

» These uncharged fragments are not detected directly but are inferred from the
fragmentation process.

Importance of Fragmentation

Provides critical structural information about the molecule.
Essential for structure elucidation and compound identification.

The pattern of fragment ions is unique and helps in distinguishing between compounds with
similar molecular weights.

Types of lons Produced

During ionization and fragmentation, a variety of ions may be formed.

1. Molecular lon (M* or [M]*):

» Theion formed by removing one electron from the neutral molecule.
» Represents the intact molecule, with no fragmentation.
» Appears at the highest m/z value among the significant peaks.

» Used to determine molecular weight.

2. Fragment lons:

» Formed when the molecularion breaks into smaller ions.
» Provide information about the structure and functional groups.

» Theirrelative intensities and positions help in identifying the parent compound.

3. Radical Cations (M*e):

» Formed in electron ionization (El) techniques.
» Contain an unpaired electron, leading to high reactivity.

» Common in hard ionization methods.

4. Protonated Molecules ([M+H]*):

» Formed in soft ionization techniques like ESI (Electrospray lonization).

» Represent the addition of a proton to the molecule.
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» Common in biological/pharmaceutical samples where the intact molecule is needed.

5. Adduct lons ([M+Na]*, [M+K]*):

» lons formed by the association of the molecule with metalions or solvents.

» Common in ESI and MALDI techniques.

6. Multiply Charged lons ([M+nH]"*):

» Carry more than one charge (n > 1), seen especially in large biomolecules like peptides
or proteins.

Allow detection of high molecular weight compounds within the limited m/z range of the
analyzer.

Mass Spectrum - Interpretation and Features

What is a Mass Spectrum?

e A mass spectrum is a graphical representation of the ion signal intensity vs. the mass-to-
charge ratio (m/z).

e It provides a fingerprint of the molecule.

Key Features of a Mass Spectrum:

1. Base Peak:
» The tallest peakin the spectrum.
» Assigned 100% relative abundance.

» Often corresponds to a stable fragmention.

. Molecular lon Peak (M*):

» If visible, this peak represents the intact ionized molecule.

» Indicates molecular weight of the compound.

. Fragment Peaks:

» Series of peaks with lower m/z than the M* peak.

» Helpindeducing molecular structure.

. Isotopic Peaks:

» Due to naturally occurring isotopes.

> Example: a peak at m/z 78 and another at 79 due to presence of >C in some molecules.

. Mass Accuracy and Resolution:
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