www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

INTERNATIONAL JOURNAL OF CREATIVE

%g9 RESEARCH THOUGHTS (IJCRT)

< An International Open Access, Peer-reviewed, Refereed Journal

Review On Mass Spectrometry

IMr. Vedant R Badak , ?Mrs. Snehal Dhewale , *Mr.Dr.D.K.Vir.,
*Mr. Yogesh D Dhormare ., ®> Mr. Kailas P Chavan
1(student), 2 (Associate Professor (Guide),3.Principal ,4 (student) ,5 (student)
B Pharmacy Final Year
,Shree Goraksha College of Pharmacy and Research centre, Khamgaon, Chhatrapati

Sambhaji Nagar, Maharashtra, India 431151

1.Abstract:-

Mass spectrometry (MS) has become one of the most important tools used today in pharmaceutical,
biomedical, environmental, and forensic laboratories. Since the first MS instrument was developed by J.J.
Thomson in the early 1900s, the technique has grown into a highly advanced method for studying
molecules. Modern MS instruments are extremely sensitive and can detect even very tiny amounts of
substances—sometimes as low as femtograms. MS is also very versatile because it can easily connect with
separation methods like liquid chromatography (LC-MS), gas chromatography (GC-MS), and capillary
electrophoresis (CE-MS). Different ionization techniques such as electrospray ionization (ESI),
atmospheric  pressure ionization (API), chemical = ionization (Cl), and matrix-assisted laser
desorption/ionization (MALDI) allow MS to analyze many types of molecules—from small volatile
compounds to large and delicate biomolecules like proteins and peptides. Mass analyzers such as
quadrupole, orbitrap, time-of-flight (TOF), Fourier transform ion cyclotron resonance (FT-ICR), and
hybrid Q-TOF systems help in separating ions with high accuracy and speed.

2.Keywords :-

Mass spectrometry lonization techniques, Electron impact (El), Electrospray ionization (ESI) ,MALDI
, Time-of-flight analyzer (TOF), Quadrupole mass analyzer, FT-ICR, Hyphenated techniques (LC-MS,
GC-MS, CE-MS).

3. Introduction:-

Mass spectrometry (MS) is a highly advanced analytical technique used for determining the molecular
weight, structural features, and fragmentation pattern of chemical substances. Because of its
exceptional sensitivity and ability to detect compounds in extremely small quantities, MS has become
indispensable across several scientific fields.Originally introduced by J.J. Thomson in 1912, mass
spectrometry was first used to study ions created under vacuum conditions. Over the decades,
improvements in instrumentation, ionization technology, and mass analyzers have transformed MS into a
versatile analytical tool.[1,2]
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Today, MS plays a central role in:

« Pharmaceutical science — drug development, impurity profiling, PK/PD studies
« Biomedical research — proteomics, metabolomics, biomarker screening

« Environmental analysis — detection of pollutants, pesticide residues

« Forensic science — identification of drugs, poisons, and toxic substances

« Isotopic and elemental studies — accurate isotope abundance determination

MS is considered a gold-standard technique because of its high throughput, reliability, and compatibility
with separation techniques such as LC, GC, and CE. [1,2]

3. History :-

The foundation of mass spectrometry was laid in 1898, when Wilhelm Wien, a German physicist,
discovered that beams of charged particles could be deflected by a magnetic field. In more refined
experiments carried out between 1907 and 1913, the British physicist J.J [3]. Thomson, who had already
discovered the electron and observed its deflection by an electric field, passed a beam of positively
charged ions through a combined electrostatic and magnetic field. The two fields in Thomson’s tube were
situated so that the ions were deflected through small angles in two perpendicular directions. The net
result was that the ions produced a series of parabolic curves on a photographic plate placed in their paths.
Each parabola corresponded to ions of a particular mass-to-charge ratio with the specific position of each
ion dependent on its velocity; the lengths of the parabolic curves provided a measure of the range of ion
energies contained in the beam [4]. Later, in an attempt to estimate the relative abundances of the various
ion species present, Thomson replaced the photographic plate with a metal sheet in which was cut a
parabolic slit. By varying the magnetic field, he was able to scan through a mass spectrum and measure a
current corresponding to each separated ion species. Thus, he may be credited with the construction of the
first mass spectrograph and the first mass spectrometer [1].
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3. Principle of Mass Spectrometry :-
The working principle of MS involves three major steps:

1. lonization — converting molecules into charged ions
2. Mass separation — sorting ions according to their m/z values
3. Detection — recording ion abundance to generate a mass spectrum

lonization Techniques

Different ionization methods are selected based on sample properties:-Electrospray lonization (ESI) —
ideal for proteins, peptides, metabolites\Matrix-Assisted Laser Desorption/lonization (MALDI) — used for
biopolymers and macromolecules/Electron Impact (EI) - suitable for volatile organic
compounds/Chemical lonization (Cl) — generates softer ionization than EI/Atmospheric Pressure
lonization (API) — commonly used in LC-MS

Mass Analyzers

After ionization, ions are separated using analyzers such as:-TOF (Time-of-Flight) — high mass range, fast
scanning/Quadrupole — widely used for quantitative analysis/Orbitrap — very high resolution and
accuracy/FT-ICR — ultra-high resolving power/Hybrid analyzers (Q-TOF, triple quadrupole) — offer both
structural and quantitative capability

Tandem MS (MS/MS) :- Tandem mass spectrometry allows stepwise fragmentation of ions. A precursor
ion is isolated, fragmented, and its fragments analyzed—providing detailed structural information about
the molecule. [5-10]

Where,
M* = Molecular ion

M1*" and M2" = Fragment ions

4. Instrumentation Overview

A modern MS instrument consists of:
Sample inlet, lon source, Mass analyzer, lon optics, Detector, Vacuum system, Data processor

Each component contributes to precise ion formation, separation, and detection. Hybrid analyzers (Q-
TOF, triple quadrupole) enhance resolution and quantitative performance. [10-12]

[JCRT2511859 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | h299


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882

5. Types of lons Produced
Mass spectra display various ions:

Molecular ion (M*) — intact ionized molecule,Base peak — most intense peak,Fragment ions — result of
molecular cleavage,Rearrangement ions — form through intramolecular shifts,Metastable ions — formed
during flight,Multiply charged ions — typical in ESI analysis,Negative ions — rare but useful in specific
conditions, These ion types support qualitative and structural analysis. [2]

6. Advantages and Limitations
Advantages:

Very high sensitivity,Suitable for complex mixture analysis,Enables molecular weight
identification,Compatible with GC, LC, CE systems ,Requires very small sample volume

Limitations:High cost and skilled operation required,Difficulty distinguishing isomers,Limited ability to
differentiate optical/geometric isomers[2]

7. Classification and Data Interpretation

Mass spectra act as chemical fingerprints, enabling classification of compounds based on fragmentation
patterns, isotopic peaks, and diagnostic ions. Spectral libraries like NIST facilitate compound
identification, while MS-based classification aids in predicting structural and biological properties. [2]

8. Applications of Mass Spectrometry

8.1 Phytochemical Analysis:- MS combined with GC, LC, CE, and Q-TOF screening enables detection of
phytoconstituents such as alkaloids, flavonoids, terpenoids, and lipids at ng/mL levels. [13,14]

8.2 Structural Elucidation :- Using base peak, molecular ion, isotopic distribution, metastable ions, and
fragmentation pathways, MS provides accurate structural information for organic and inorganic
compounds. [15-17]

8.3 Molecular Mass Determination:- MS provides exact molecular weights, even in cases where molecular
ions are absent, by analyzing fragmentation behaviour. [18,19]

8.4 Isotopic Studies and Dilution Analysis:- MS is a gold standard for isotopic abundance measurement
and isotope-dilution quantification in complex mixtures. [20]

8.5 Quantitative Mixture Analysis:- MS enables quantitative analysis of complex samples using additive
ion-current measurements and characteristic fragment peaks. [21]

8.6 Impurity Profiling:- It detects impurities in trace levels (ppm), critical for pharmaceutical quality
assurance. [22]

8.7 Proteomics and Biomolecular Analysis:- MALDI-TOF, ESI-MS/MS, LTQ-Orbitrap systems enable
peptide sequencing, protein identification, and post-translational modification analysis. [23,24]

8.8 Clinical Applications:- MALDI-MSI and FT-ICR MS imaging support biomarker discovery, tissue
imaging, and therapeutic monitoring. [25-27]

8.9 Pharmaceutical Analysis:- MS supports impurity profiling, pharmacokinetics, metabolite
identification, formulation analysis, and drug-distribution imaging. [28—30]

8.10 Forensic Analysis:- GC-MS and LC-MS identify drugs of abuse, toxins, and poisons from biological
samples (blood, urine, hair). [29]

8.11 Metabolite Studies:- MS evaluates Phase | and Phase Il metabolic transformations and detects low-
concentration metabolites with high precision. [31]
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9. Conclusion

Mass spectrometry stands as a vital analytical tool in scientific research, offering unmatched precision in
identifying, quantifying, and characterizing chemical and biological molecules. Continuous innovations—
especially advanced ionization methods, high-resolution analyzers, and MS imaging—are expanding its
applications in pharmaceuticals, clinical diagnostics, environmental monitoring, and forensic chemistry.

[1,2]
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