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Abstract:

Mass spectrometry (MS) has become a routine and vital analytical technique in the life sciences, with ion
formation (ionization) serving as the critical first step. Various ionization methods have been developed, each
suited to specific classes of analytes. Among them, Electrospray lonization (ESI) and Matrix-Assisted Laser
Desorption lonization (MALDI) are the most widely used soft ionization methods. ESI generates ions from
charged droplets through either the ion evaporation or charge residual model, making it ideal for polar and large
biomolecules. MALDI, in contrast, utilizes laser energy and a matrix to facilitate ionization, effectively analyzing
biomolecules such as peptides and proteins. For less polar or nonpolar compounds, Atmospheric Pressure
Chemical lonization (APCI) and Atmospheric Pressure Photoionization (APPI) are often more effective. A
major advancement occurred in 2004 with the introduction of ambient mass spectrometry, which allows
ionization directly from samples in their natural environment with minimal preparation. The most prominent
techniques in this category are Desorption Electrospray lonization (DESI) and Direct Analysis in Real Time
(DART). This mini-review provides an educational overview of the major ionization techniques and their
mechanisms, aimed at students and researchers new to the field of MS.
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1. INTRODUCTION:

Mass spectrometry (MS) is an analytical method that
determines the mass-to-charge ratio (m/z) of ions to
analyze and measure the chemical content of a
sample. The overall process involves four major
steps: ionization, acceleration,
deflection/separation, and detection. The first and
most critical step is ionization, the conversion of
neutral sample molecules into gas-phase ions, as
only charged particles can be manipulated by the
electric and magnetic fields within the mass
spectrometer.

lonization methods are generally classified based on
the energy transfer to the analyte:

Hard lonization (e.g., Electron lonization, EI):
Involves high-energy transfer (e.g., 70 eV electrons)
causing extensive fragmentation. This is highly
beneficial for structural elucidation as the
fragment pattern acts as a characteristic fingerprint
of the compound. However, the molecular ion peak
may be lost, preventing accurate molecular weight
determination.

Soft lonization (e.g., ESI, MALDI, CI): Involves
low-energy transfer, which maintains the intact
molecular structure and gives rise to abundant
molecular ions ([M+H]+ or [M-H]-) with little
fragmentation, ideal for molecular weight
determination.

The choice of ionization technique is paramount, as
the efficiency and fragmentation are significantly
dependent on the analyte's properties, particularly its
molecular weight, polarity, and thermal stability.

2. Major lonization Techniques and Mechanisms
The evolution of mass spectrometry, particularly the
breakthrough of Electrospray lonization (ESI) in the
1980s, expanded the analysis options for high-
molecular weight, non-volatile, and thermolabile
analytes by generating multiply-charged ions.

2.1. Spray and Desorption-Based Soft lonization
Electrospray lonization (ESI)

ESI is sensitive and highly versatile, making it one
of the most popular ionization techniques.

It is uniquely suited for polar or ionic compounds
and large biomolecules (up to 200,000 Da).

The mechanism involves applying a high voltage to
a liquid stream, forming a Taylor cone and
ultimately a fine spray of charged droplets. As the
solvent evaporates, the charge density on the droplet
surface increases until the ions are ejected into the
gas phase, either via the lon Evaporation Model
(IEM) or the Charge Residue Model (CRM).
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Matrix-Assisted Laser Desorption lonization
(MALDI):

MALDI is a soft ionization technique widely used
for macromolecules like peptides and proteins.

The solid analyte is co-crystallized with an excess of
a UV-absorbing matrix. A pulsed UV laser excites
the matrix, leading to the desorption and eventual
ionization of the analyte molecules in a rising plume.
A significant drawback of MALDI is its requirement
for a high vacuum, which limits analysis to non-
volatile species.

2.2. Atmospheric Pressure Techniques for Non-
Polar Analytes

While ESI is highly effective for polar compounds,
it struggles with nonpolar species. For these less
polar compounds, two primary atmospheric pressure
methods are employed:

Atmospheric Pressure Chemical lonization
(APCI): An adaptation of chemical ionization
where the analyte is vaporized, then ionized via a
corona discharge and subsequent ion-molecule
reactions, often resulting in protonated molecular
ions ([M+H]+).

Atmospheric Pressure Photoionization (APPI):
This technique uses photon energy (often from a UV
lamp) to ionize a gaseous dopant, which then
transfers charge to the analyte.

2.3. Ambient lonization Techniques

The introduction of ambient mass spectrometry in
2004 marked a major step forward, enabling direct
analysis from samples in their native environment
with minimal or no pretreatment.

Desorption Electrospray lonization (DESI): A
form of ambient ionization where a charged solvent
spray is directed onto a solid sample surface. This
process simultaneously desorbs and ionizes the
analytes from the surface, allowing for in situ
analysis.

Direct Analysis in Real Time (DART): Another
key ambient technique that employs a stream of
heated, gaseous solvent molecules (often helium or
nitrogen) to desorb and ionize the analyte, typically
through proton transfer reactions.

3. CONCLUSION:

The wide array of ionization techniques—ranging
from hard methods that induce fragmentation to soft
and ambient methods that preserve the molecular
ion—provides MS with unparalleled versatility.
Each technique is uniquely positioned to handle
specific analyte characteristics, such as size,
polarity, —and volatility. The continuous
advancements in ionization, particularly in ambient
techniques like DESI and DART, have expanded the
applications of mass spectrometry across vast fields,
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including chemistry, biology, pharmaceuticals,
forensic science, and environmental monitoring.
Ultimately, the selection of the correct ionization
technique is critical, as it determines the quality and
type of molecular information obtained.

REFERENCES:

1. Radauscher EJ (2015) Design, Fabrication and
Characterization ~ of Carbon Nanotube Field
Emission Devices for Advanced Applications.

2. Benson DR, Markovich A, Al-Refai M, Lee
SH (2010) Chemical lonization Mass
Spectrometer  for ambient measurements  of
Ammonia. Atmos Meas Tech 3: 1075-1087.

3. Gross JH (2004) Mass Spectrometry, Field
lonization and Field Desorption. Springer, pp: 355-
380.

4. Warren DR (1979) Field Desorption Mass
Spectrometry. Anal Chem 51:283A-293A.

5. Shibdas B, Shyamalava M (2012) Electrospray
lonization Mass Spectrometry: A Technique to
Access the Information beyond the Molecular
Weight of the Analyte. International Journal of
Analytical

B.Akhila et al

ISSN 2349-7750

Chemistry, pp: 1-40.

6. Leonid VZ, Yaroslava GY, Tatiana El, Tracy
AS, Barbara JG (2003) Molecular dynamics
simulations of matrix-assisted laser desorption
connections to experiment. International Journal of
Mass Spectrometry

226: 85-106.

7. Andrew EC, Erin JK, Amit A, Donna MW
(2013) Matrix-Assisted Laser Desorption lonization
Time of Flight Mass Spectrometry: a Fundamental
Shill in the Routine Practice of Clinical
Microbiology. Clin Microbiol Rev

26: 547-603.

8. Marvin LV (2001) Methods of lon Generation.
Chem Rev 101: 361-375.

9. Michael B, Robert SB, Gerard JE, Sedgwick RD,
Andrew NT (1982) Fast atom bombardment mass
spectrometry. Anal Chem 54: 645-657.

19. Huang D, Hua X, Xiu GL, Zheng YJ, Yu XY,
et al. (2017) Secondary ion mass spectrometry: [le
application in the analysis of atmospheric
particulate matter. Analytica Chimica Acta 989: 1-
14.

Swwiapeeom



https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1044030508006946?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1044030508006946?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1044030508006946
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1044030508006946
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1044030508006946
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1044030508006946
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fprotocol%2F10.1007%2F978-1-4939-1258-2_1?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fprotocol%2F10.1007%2F978-1-4939-1258-2_1?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fprotocol%2F10.1007%2F978-1-4939-1258-2_1?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fprotocol%2F10.1007%2F978-1-4939-1258-2_1?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2F9781351461542?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.taylorfrancis.com%2Fbooks%2F9781351461542?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/http%3A%2F%2Fsearch.proquest.com%2Fopenview%2F940e00470125717716b3143262ebf0e3%2F1%3Fpq-origsite%3Dgscholar%26cbl%3D18750%26diss%3Dy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/http%3A%2F%2Fsearch.proquest.com%2Fopenview%2F940e00470125717716b3143262ebf0e3%2F1%3Fpq-origsite%3Dgscholar%26cbl%3D18750%26diss%3Dy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/http%3A%2F%2Fsearch.proquest.com%2Fopenview%2F940e00470125717716b3143262ebf0e3%2F1%3Fpq-origsite%3Dgscholar%26cbl%3D18750%26diss%3Dy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/http%3A%2F%2Fsearch.proquest.com%2Fopenview%2F940e00470125717716b3143262ebf0e3%2F1%3Fpq-origsite%3Dgscholar%26cbl%3D18750%26diss%3Dy?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.atmos-meas-tech.net%2F3%2F1075%2F2010%2Famt-3-1075-2010.html
https://www.researchgate.net/deref/https%3A%2F%2Fwww.atmos-meas-tech.net%2F3%2F1075%2F2010%2Famt-3-1075-2010.html
https://www.researchgate.net/deref/https%3A%2F%2Fwww.atmos-meas-tech.net%2F3%2F1075%2F2010%2Famt-3-1075-2010.html?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.atmos-meas-tech.net%2F3%2F1075%2F2010%2Famt-3-1075-2010.html?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.atmos-meas-tech.net%2F3%2F1075%2F2010%2Famt-3-1075-2010.html
https://www.researchgate.net/deref/https%3A%2F%2Fwww.atmos-meas-tech.net%2F3%2F1075%2F2010%2Famt-3-1075-2010.html
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F3-540-36756-X_8?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F3-540-36756-X_8?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F3-540-36756-X_8
https://www.researchgate.net/deref/https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F3-540-36756-X_8
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac50038a857?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac50038a857?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac50038a857
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac50038a857
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.hindawi.com%2Fjournals%2Fijac%2F2012%2F282574%2Fabs%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS1387380602009624
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23824373
https://www.researchgate.net/deref/https%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fcr990104w
https://www.researchgate.net/deref/https%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fcr990104w
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac00241a002
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac00241a002
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac00241a002
https://www.researchgate.net/deref/http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fpdf%2F10.1021%2Fac00241a002
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0003267017308462
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0003267017308462
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0003267017308462
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0003267017308462
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0003267017308462
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0003267017308462
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0021967395005145
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0021967395005145
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0021967395005145
https://www.researchgate.net/deref/https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2F0021967395005145

	A MINI-REVIEW OF MAJOR IONIZATION TECHNIQUES IN MASS SPECTROMETRY: MECHANISMS AND APPLICATIONS
	Abstract:

	Please cite this article in press B.Akhila et al A Mini-Review Of Major Ionization Techniques In Mass Spectrometry: Mechanisms And Applications, Indo Am. J. P. Sci, 2025; 12(10).
	1. INTRODUCTION:
	2. Major Ionization Techniques and Mechanisms
	2.1. Spray and Desorption-Based Soft Ionization
	2.2. Atmospheric Pressure Techniques for Non-Polar Analytes
	2.3. Ambient Ionization Techniques

	3. CONCLUSION:


