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ABSTRACT

An introduction to chromatography is given throughout the work, emphasizing the division of components into
stationary and mobile phases. It describes the parts of a chromatographic system and presents mass
spectrometry as an accurate ion analysis method. The components of a mass spectrometer and developments in
liquid chromatography-mass spectrometry (LC/MS) technology are also covered in the text, with a focus on
how well this technology combines the ability to detect mass spectrometry with the resolving power of liquid
chromatography. Drug development procedures and structure elucidation investigations are said to benefit
greatly from the use of LC/MS, which provides data on the molecular weight, structure, identification, and
quantity of sample components. There is also discussion of the significance of method validation and several
factors for assessing liquid chromatographic research.

Keywords: Chromatography, Liquid Chromatography-Mass Spectrometry, Method Validation.

I. INTRODUCTION

In chromatography, the components that must be segregated are categorized into two steps: The stationary
phase stays immobile, but the mobile phase moves in a specific direction. This is a physical technique of
separation. "A fluid which percolates through or along the stationary bed in a definite direction” is the definition
of a mobile phase. It could be in the form of a liquid, gel, or solid, and the stationary phase could be a
supercritical fluid, gas, or liquid. A liquid may be dispersed across a solid, which may or might not aid in the
process of separation. [1] The Greek words "chroma" (colour) and "graphein" (writing) are the source of the
word "chromatography,” which literally translates to "colour writing."[2,3,4]. After meticulous calibration, the
mass spectrometer functions as an extremely precise analytical scale for ions. The ion source, mass analyser,
and detector make up the schematic components of the MS system. The mass-to-charge ratios (m/z) of the ions
are used to identify and separate them once they are produced in the gas phase of the ion source. In the late
19th and early 20th centuries, J. ]. Thompson was the first to explain the capacity to separate ions according to
their mass and charge. [1]

Mass spectrometry/liquid chromatography, or LC/MS, is swiftly taking the lead as the instrument of choice for
liquid chromatographers. An effective analytical method develops by coupling the resolving power of liquid
chromatography with the detection specificities of mass spectrometry. It, provides a dependable and simple
interface, has become a mainstream technology since electrospray ionization (ESI) has improved. Since the
recently established API-based approaches result in mild ionization, they can be supplemented for structure
elucidation investigations by using LC-tandem MS, which is achieved by implementing fragmentation-induced
collisions in the interface itself, or by using a triple quadrupole system. It can be used with biological molecules,
and by optimizing the process to reduce the effects of ion repression, very sensitive and accurate approaches
can be expanded through the employing stable isotope internal standards with tandem mass spectrometry.
Validating methods is crucial in between the drug development and discovery processes. Information The
LC/MS data can provide information about the molecular weight, structure, identity, and quantity of particular
sample components. Selectivity, specificity, LOD, LOQ, linearity, range, accuracy, precision, and recovery were all
determined by the study. robustness, resilience, and stability of liquid chromatographic investigations. [5,6,7]
Rapid mass-directed purification of particular chemicals from such mixtures is possible with preparative LC-MS
systems, and this is useful for basic research as well as the pharmaceutical, agrochemical, food, and other
industries [8,9,10]

II. AIM AND OBJECTIVE

Aim: An overview of liquid chromatography- mass spectrometry techniques for identification and
quantification of mixture compound.
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Objective:
1. To determine the molecular weight and structural information of compound in sample.

2. To separate and purify components in a mixture based on their chemical properties.
III. LC-MS INSTRUMENTATION

Ion generating unit/ionization source, mass analyser, and mass spectrometric data acquisition are the main
components of the liquid chromatography assembly (LC-MS) which includes the pump, mixing unit (solvent
degassing system), injector (manual/auto), guard column, analytical columns, detectors, recorder, and
integrators.[2]
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Figure 1: LCMS-Assembly
Pump:
The LC-MS requirement and consistent flow rates between 10 pl min-1 and 2 ml min-1 must be met by the
pump. will vary based on the interface utilized and the HPLC column's diameter. When using a microbore. For
instance, the electrospray interface of an HPLC column operates at the lower end of this range; but, when a
normal 4.6 mm column is used, the electrospray interface often operates at the upper end of this range.
Similarly, the atmospheric pressure chemical ionization (APCI) interface also makes use of this spectrum.
Although there are many different kinds of pumps available, which are discussed elsewhere, the reciprocating
pump is currently the most often used form of pump [1,11,12] Syringe pumps, constant pressure pumps, and
reciprocating pumps are the three main types of pumps that are employed.
Sample Introduction:
It is employed to add sample volume to the system of chromatography. Sample volumes can typically be injected
ranging from 1pL to 100pL. Up to 2ml of An injector loop can be used to add injection. It is common to employ
two main types of injectors: manual and automatic. Compared to manual injectors, automatic injectors offer
greater comfort, ease of use, accuracy, and precision [8,10]
Columns:
It is stationary phase which consists of silica material in combination with carbon chain. A column's length of
between 50 and 300 mm is typically employed. Cyano, Amino, Phenyl, Octadecyl (C18), and Octyl (C8) packings
are the columns used in HPLC. Based on the type of chemicals that need to be separated, the columns are
employed [8,13]
Detectors:
The choice of detector is often critical to the success of a particular HPLC procedure. There are several types of
detectors that are commonly used, such as the refractive index, electrochemical, UV, conductivity, and
fluorescence detectors. Each type of detector has certain benefits and drawbacks that are covered in other
places [1,14] Hopefully, a more comprehensive explanation of their characteristics may shed light on some of
the ways in which the mass spectrometer can be effectively utilized as a detector.
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IV.  IONIZATION SOURCES

The three most used ionization methods are electrospray ionization (ESI), air pressure chemical ionization
(APCI), matrix-assisted laser desorption/ionization. In addition, chemical ionization (CI) or negative chemical
ionization and electron impact (EI) are also utilized as ionization sources in MS. [2,15]

Electrospray ionization (ESI):

Fenn developed ESI into a reliable ion source that could interface with LC and showed how to use it for several
significant classes of biological molecules. [16,17] Applying a Electrospray occurs when a liquid passing through
a capillary tube with a weak flow encounters a strong electric field. big charged particles are created as a result,
and the solvent is subsequently evaporated. lons are released from droplets when the liquid surface tension is
overcome by coulombic repulsion due to an increase in charge density brought on by solvent evaporation. This
is the idea behind how ions are formed with this method. This technique's detection sensitivity is just 10-8 pl,
and a big volume is required to raise the sensitivity. Using a non-volatile high mass sample from ESI. Ionization
of molecules and liquids is possible; however, this source of ionization has low fragmentation, poor sensitivity,
and an unstable source.[18]
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Figure 2: Electrospray ionization
Atmospheric pressure chemical ionization (APCI):

In air pressure chemical ionization (APCI), a process akin to ESI, a liquid is pumped through a capillary and then
nebulized at the end. The solvent molecules and gas in the ion source are ionized by a corona discharge that
occurs close to the capillary's tip. The following reaction and charge transfer of these ions ionizes the analyte.
Small, thermally stable compounds that are not well ionized by ESI can benefit from the approach. The LC
eluent is sprayed via an APCI vaporizer that is heated to between 250°C and 400°C. under atmospheric
pressure. The liquid is vaporized by the heat. A large variety of polar and nonpolar compounds can be treated
with APCI. It is usually applied to molecules with a charge of less than 1,500 u since it seldom causes double
charging. Because of this, as well as the high temperatures involved, electrospray is a better method for
analysing big macromolecules that can be thermally unstable than APCI. Because nonpolar analytes are
typically used in normal-phase chromatography, APCI is utilized more frequently than electrospray. [19]
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Atmospheric pressure photoionization (APPI):

For ambient ionization, the combination of APPI and LC/MS is frequently used, especially in security
applications where explosives detection is necessary. Additionally, it is frequently employed in the investigation
of drug metabolites, steroids, petroleum compounds, and insecticides that lack polar functional groups.
Analysing low-carbon wastewaters with both polar and nonpolar low-mass compounds is appropriate when
using atmospheric-pressure photoionization (APPI), a relatively new technique. With this method, the liquid
effluent is evaporated in a heated nebulizer similar to the one that was previously described for the APCI
source, producing a dense cloud of gas-phase analytes. A UV lamp's first photon beam, usually produced by a
krypton discharge lamp that releases photons at 10 eV

There are two ways that APPI is practiced:

(1)direct APPI and

(2) dopant-assisted APPI (DA-APPI). [20]

Sample & mobile phase

-
- 4“-.--

Nebulizer gas Nebulizer gas

’:.o .

. %

Heater

e

0
»
S
1
.:c‘. Drying gas
Desolvation =< 0 e’ Q
i :
L3 .‘.: \:‘ *, {: Gas phase lons
¢ ——
L%t e -
0 A RO
2% e | o S Sie
B e e lon source to
RO mass spectrometer

Figure 4: Atmospheric pressure photoionization
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Matrix-assisted laser desorption/ionization (MALDI):

As of yet, there hasn't been much experience with matrix-assisted laser desorption ionization (MALDI) in LC-
MS applications. It is presented here because, frequently, it offers analytical data that is supplementary to that
which can be obtained using electrospray ionization and LCMS. [1] The ionization method known as MALDI is
used for big and/or labile molecules, including polymers, dendrimers, proteins, peptides, and fullerenes. Using
this method, analytes are embedded in a matrix that absorbs light at the laser's wavelength. Analyte ions are
produced on the matrix by using nitrogen ultraviolet (UV) lasers (337 nm) in vacuum. Although the exact
mechanism for ionization is unknown, three theories have been put forth to account for the matrix-sample
materials' desorption from the crystal surface (the matrix will naturally be crystalline in a vacuum).

* Due to increased molecular mobility, quasi-thermal evaporation happens upon laser impact.

* The matrix is then assumed to transmit protons to the sample molecules, charging the analyte, as a result of
the evacuation of the upper lattice layers of the matrix (desorption).

The features of the instrument, including its benefits and drawbacks, are essentially the same as those of the LC-
MS coupling. For the linear mode only, the m/z range of MALDI-TOF analysers in the hundred thousand is valid;
for the reflectron mode, it is restricted to approximately 100,000 or fewer. The sensitivity is another problem, as
it might drastically drop for very big m/z values in the hundred kDa region. There have been reports of linear
mode measurements of big proteins in the MDa range [2,21,22]

Chemical Ionization:

The technique known as chemical ionization (CI) was created expressly to increase the generation of molecular
species, or to lessen the fragmentation that comes with ionization. There are several similar methods, which are
referred to as "soft ionization techniques"” in general. [1] One somewhat less energy method of ionization is
chemical ionization (CI). Therefore, it is a sensible option for materials that don't provide a molecular ion signal
when used in the EI mode. Its discovery is given to Munson and Field. With a few modifications, CI and EI
essentially employ the same ion-source assembly. To sustain the higher pressure (about 1 torr) necessary for
effective ion-molecule reactions, the ionization chamber must first be made as gastight as possible by reducing
its apertures. distinct slits. Second, the electron energy is increased to 500 eV and created from a stronger metal
filament or ribbon in order to allow the electron beam to travel through the ion chamber a reasonable distance.
Third, because the electron beam is unable to cross the ionization chamber's other end, the permanent.The
electron trap and the magnet are taken out. Ultimately, a more effective pumping system is used to pump the
analyser region differently and remove the CI gas while maintaining a source pressure below 10-4 torr.[20]

V. MASS ANALYZER

Utilizing a mass analyser or m/z analyser, ions are categorized based on their m/z ratio and unique behaviour
in magnetic and/or electric fields. The emergence of ionization sources capable of vaporizing and ionizing
biomolecules has made it imperative to enhance the speed, accuracy, and resolution of mass analysers. [5]
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Figure 5: Quadrupole analyazer

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[1331]


http://www.irjmets.com/

TRJ ETS

e-ISSN: 2582-5208
International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:07/Issue:04/April-2025 Impact Factor- 8.187 www.irjmets.com

Four parallel metal rods make up the quadrupole analyzer. A small band of m/z values can be communicated
along the axis of rods with a combination of variables and unchanged radio frequency voltage. By changing the
voltages over time, a mass spectrum can be created by scanning across a range of m/z values. The majority of
quadrupole analysers operate at less than 4000 m per second, with the average scanning speed being up to
1000 m/z per second. The mass accuracy is rarely greater than 0.1 m/z due to the typical use of unit mass
resolution. [16] The linear quadrupole mass analyzer consists of four parallel rods arranged radially, which can
be cylindrical or hyperbolic in shape. The opposite rods are charged with a direct current (DC) potential, either
positive or negative, while an alternating current (RF) voltage with an oscillation is added. [8,23]

Flight Time Analyzer

The time-of-flight (TOF) analyzer accelerates ions with a high voltage. [16,24] The ions' m/z values define their
velocity and, in turn, the length of time it takes for them to pass through a flight tube and arrive at the detector.
If the initial accelerating voltage is pulsed, a mass spectrum as a function of time can be obtained from the
detector's output. The TOF analyzer can acquire spectra with extreme speed and sensitivity. Its exceptional
mass precision also enables the computation of molecular formulae for minuscule molecules. [16,25] The time
it takes for a single charged ion (z=1, m/z = w) to travel to the detector is dependent on the mass of the ions.
The detector will be approached by the lighter ions. Initially, I strike the detector All of the ions are
simultaneously scanned and identified. It is possible to employ the extremely fast mass range scanning for very
big m/z values. [9,26]
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Figure 6: Flight time analyzer
Fourier transform-ion cyclotron resonance (ET-ICR):

Ions entering a chamber are confined in circular orbits by strong electrical and magnetic fields, a process
known as Fourier transform-ion cyclotron resonance (FT-ICR). Ions are stimulated to produce a time-
dependent current by an electrical field of radio frequency (RF). The Fourier transform is used to translate this
current into the ions' orbital frequencies, which match their mass-to-charge ratios. Multiple steps of mass
spectrometry can be carried out using FT-ICR mass analysers without the need for additional mass analysers.
They also offer good mass resolution and a broad mass range. [2,27,28]

Ions trap mass analyser:

An ion trap mass analyser can scan a wide range of goods with excellent mass, sensitivity, and resolution. A
quadrupole ion trap is an ion trap operating in three dimensions. It consists of a ring electrode that is
cylindrical and exposed to a quadrupole field. There are two more electrodes that have caps on them. [8,29] One
end cap electrode contains several holes or apertures that facilitate the transport of ions to a detector, whereas
the other electrode has a single, tiny central aperture that facilitates the delivery of electrons or ions into the
trap. To stabilize the ion trajectories, there is a bath gas of helium in the trap. The ions and bath gas filled with
helium collide. As a result, the ions' mobility raises the analyser's trapping efficiency. The ions leave the body
through the mass spectrum is created by trapping the mass to charge (m/z)

values. [8,30]
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VI. LC/MS INTERFACE

1. Moving-Belt Interface:

The initial commercially accessible interface was the moving-belt interface. It can be easily divided into four
steps:

1. Applying the mobile phase and analyte(s) to a continuously moving belt

2. Eliminating the mobile phase by guiding the belt through various differentially pumped areas and under an
infrared heater.

3. The analyte is rapidly desorbed or vaporized into the mass spectrometer source, followed by ionization
using a surface technique such as FAB;

4. The belt is cleaned using a heater and/or wash-bath to remove any excess sample or involatile components
before introducing additional mobile phase and analytes, then repeating steps (ii)-(iv).[1]

Analytes are moved from the high vacuum of the MS to the condensed liquid-phase side of the LC through a belt
at the moving-belt interface. The mobile phase of the LC is applied onto a band of 4 12 54 before it evaporates.
As the analytes remain on the belt that is rotating continuously, they are transferred from air pressure to the
vacuum of the ion source through two vacuum locks that are pumped differently. Inside the ion source, a heater
induces the material to evaporate from the belt, enabling MS analysis. While most moving-belt analyses utilize
CI/EI for volatile analytes, this method is also employed for analyzing less volatile substances like nucleosides

and nucleotides. [31,32]
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2. Direct liquid introduction interface

In the direct liquid injection interface, atomization of (part of) the column effluent is achieved by generating a
liquid jet at a small diaphragm and then breaking it down into droplets. Nebulization takes place in a low-
pressure desoluation chamber connected to a Cl ion source. Heat-resistant and/or non-volatile compounds can
be easily converted from liquid to gaseous state by dissolving droplets in a reduction chamber. The reaction gas
used in solvent-mediated IC of isolated analyte molecules is a reversed-phase solvent. The direct liquid injection
interface disappeared and was replaced by an LC-MS interface at thermal spray and later at atmospheric
pressure, mainly because the allowed liquid flow rate was limited to 100 pl/min and due to frequent fluid
blockages 4-pm. D. diaphragm. [33,34]
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Figure 9: Direct Liquid Introduction Interface
3. Continuous-flow fast atom bombardment

Some fascinating pages on the earliest history of LC-MS development were written by the pioneers of the
continuous flow rapid atom bombardment (FAB) method, lead by Caprioli [35] who has produced a complete
book on this technique. [36] This problem is different from other LC-MS approaches since it doesn't necessitate
the first nebulization process or the creation of a new LC-MS separator, which are prerequisites for other direct
coupling methods (DLI, TS, APCI, ESI).

One of the "energy sudden" ionization techniques that significantly expanded the application domain of mass
spectrometry in the early 1980s was the use of cesium ions (liquid secondary ions mass spectrometry, LSIMS)
or accelerated argon or xenon atoms (fast atom bombardment, FAB; originally developed by Barber [37] to
bombard involatile molecules. FAD and associated techniques were a significant scientific breakthrough that
made routine work possible because commercial FAB ion source weapons were quickly made available for
purchase. It makes sense that the expansion of solid probe FAB-MS to continuous LC monitoring followed the
same path as the extension of traditional chemical ionization to the DLI interface ten years prior. Although it
quickly showed intriguing LC-MS monitoring capabilities, continuous-flow FAB nevertheless had several
intrinsic drawbacks.

[38] A number of modifications to continuous flow FAB were created in order to accomplish different goals or to
be utilized in conjunction with quadrupole MS (like the Finnigan Bio Probe for CF/LSIMS). One such
modification was the "frit FAB," which was investigated in Japan. [39] FAB with constant flow, however, was
unable to compete with LC-MS methods based on the simpler experimentally, API sources (APCI and ESI).
Although FAB ionization is still an effective method for high-resolution magnetic sector mass spectroscopy, its
use in conjunction with continuous liquid solution injection is no longer used following the development of
direct solid probes. [40]
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4. Particle Beam Interface (PB):
The chromatographic solvent (0.6-2 mL, depending on its volatility) is nebulized at atmospheric pressure and
then transferred from the gently heated desolvatation chamber into the low pressure ion source via a two-stage
jet separator. Ionization can be achieved using FAB, CI, or EI. While PB can accommodate EI, one of its main
drawbacks is that it may not be able to distinguish low-volatile samples in the jet-separating zone. [41,42]
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Figure 11: Particle Beam Interface
5. Thermospray Interface:

M. Vestal and associates created the TSP interface. [43] TSP's capacity to withstand the high flow-rates supplied
by LC (up to 2 mL/min) gives it a significant edge over other LC-MS interfaces. Heating the liquid flow out of an
LC system produces a spray of superheated mist with tiny liquid droplets, as the name thermospray suggests.
[44] The effluent can be heated and vaporized using a variety of methods; the most effective approach, however,
is to drive the liquid flow through an electrically heated capillary, which can be inserted straight into the MS ion
source. When the droplets hit the hot ion source's walls, they vaporize even more. The mechanical pump line on
this ion source is positioned in opposition to the spray to remove any surplus solvent vapor. Non-volatile
samples can be analysed without pyrolysis thanks to the solvent's protective properties and quick heating.
Through a sampling cone, the analyte ions are sampled into the mass spectrometer (MS), with the assistance of
an applied electric field (repeller or accelerating electrode) if needed. [31] Many of the issues with the moving-
belt and direct-liquid-introduction interfaces were resolved by the thermospray interface, and as a result, LC-
MS became a standard analytical technique in many laboratories. This was demonstrated by the fact that most
mass spectrometer manufacturers offered this form of interface as their first commercial offering. Additionally,
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it was the first of several interfaces; the othersthe mass spectrometer was not used to create ions from the
analyte; rather, it was utilized to separate the samples based only on their m/z ratios. These methods include
electrospray and atmospheric pressure chemical ionization, in which ionization is accomplished directly from
solution within the interface itself. [1]
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Figure 12: Thermospray Interface
6. Electrospray Interface (ESI):

ESI was founded in the 1980s by John Fenn, who was awarded the Noble Prize for his work on "soft desorption
ionization methods for mass spectrometric analyses of biological macromolecules." Because of its exceptional
sensitivity and adaptability, ESI swiftly emerged as the LC-MS interface that everyone had been waiting for,
providing a broad range of uses for compounds with high to medium polarity throughout a larger molecular
weight range. ESI technology is the industry leader in LC-MS equipment; really, almost all of these instruments
contain an ESI interface that can be coupled with an APCI interface to analyzer less polar molecules. shows how
improvements in LC and MS have led to the development of modern instrument configurations that allow for
exceptionally high detection sensitivity and specificity [45].
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Figure 13: Electrospray ionization interface
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7. Atmospheric pressure chemical ionization Interface (APCI):

Chemical ionization, or APCI, is an additional API technique. Its ionization mechanism is different from ESI's,
while having a similar interface design. This makes it better suited for non-polar molecules or compounds with
low to medium polarity. APCI uses a gas, such as N2, to spray the sample solution into a heater that is set at
around 400 °C, vaporizing the solvent and sample molecules. Stable reaction ions are created when solvent
molecules are ionized by the corona discharge needle. Ionization results from the transfer of protons between
the sample molecules and these stable reaction ions (ion-molecule reaction). Numerous patterns, including
proton transfer events and electrophilic addition reactions, are known to be involved in these ion-molecule
processes. In contrast to ESI, APCI uses a higher energy procedure and does not be prone to producing the
multiply-charged ion [M + n H] n+. As such, it finds widespread application in the analysis of extremely fat-
soluble or non-ionizing chemicals in solution. [46]
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Figure 14: Atmospheric pressure chemical ionization Interface
Table 1: Comparison between LC, MS and LC-MS
Liquid Chromatography (LC) Mass Spectrometry (MS) LC-MS

1. The components in MS can be | 1. Using the interfaces in LC-MS,

transformed into gas phase ions, | the separated components from
1. Substances in LC will migrate with gasp P P

. : which are then separated in LC can be moved into the mass

the mobile phase at varying rates i . .
) ) space or time based on mass to spectrometer. It is possible to

based on their adsorption or ) ) .
it charge ratios. determines how separate and calculate relative
artition. . . .
p many ions there are in each atomic or molecule masses at
mass to charge ratio. the same time.
2. Employed in investigations on
2. Research in chemistry and 2. Clarification of biological and pharmacokinetics,
biochemistry uses this method to chemical molecular structures. bioavailability, and bio
equivalency.
3. Used to measure and separate 3. Calculating the molecular . .
. . . 3. Employed in forensic and
pharmaceutical goods and mass of proteins, peptides, etc. o .
. metabolite investigations
chemicals.
. . . 4. Tracking the gasses that 4. To determine drug compound
4. The agricultural, insecticide, and . 8 5 . . 8
. . ) patients exhale while having assay results
pharmaceutical industries employ it.
surgery.
5. Requires a tiny sample with exact 5. It is quite accurate and 5. Itis an extremely particular
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and high accuracy sensitive. and sensitive procedure.

VII. ADVANTAGES OF LC-MS

Compared to other chromatographic procedures, LCMS has several advantages, some of which are as follows:

1. Selectivity: Mass selectivity allows for the isolation of co-eluting peaks without the need for
chromatographic resolution.

2. Peak assignment: In the event of complicated matrices, accurate peak assignment is ensured by the
generation of a chemical fingerprint for the drug under investigation.

3. Specifies regarding molecular weight: confirmation and recognition of compounds, both recognized and
unidentified.

4. Structural information: Chemical structure can be clarified through controlled fragmentation.

5. Quick method development: Makes it simple to identify eluted analytes without requiring validation of
retention times.

6. Sample matrix adaptability: Cuts down on the amount of time needed for sample preparation.

7. Quantitation: With minimal instrument optimization, both quantitative and qualitative data can be collected
with ease. [47]

VIII. FUTURE TRENDS AND PERSPECTIVES

Pharmaceutical study indicates that LC-MS is an extremely sensitive and specialized technology. It significantly
affects drug metabolism studies. the search for novel therapeutic possibilities as well as the identification,
assessment, and characterization of impurities and degradation products in pharmacological ingredients and
formulations. MS's increasing sensitivity and resolution show that it is still advancing technologically. The path
of development continues to move toward hybrid instruments such as Q-TOF. As technology advances and
devices become more accessible and user-friendly, FT-ICR will become more and more widespread. Proteomics’
expected significance in drug development will have an impact on MS and increase the need for high resolution
sequencing. Multiplexed LC-MS-MS combined with higher throughput sample preparation techniques will allow
for even quicker analysis and the combination of MS and LC-NMR. The accurate identification of drugs and their
metabolites will be made possible by the development of an LC-NMR-MS system. There should be developments
in this area as the technical challenges of integrating capillary and micro separation techniques with nano spray
MS are resolved. In the long run, tiny mass spectrometers might even be possible thanks to the application of
microfluidic technology for chip separations. Japan is an adept in tiny electronics on chips, which could come in
handy here. [48,49]

IX. APPLICATIONS

e Molecular Weight Determination:
The estimation of molecular weights is a basic use of LC/MS. Identification depends on this information. [8]
e Molecular Pharmacognosy:

For the purpose of the study ingredient difference phenotypic cloning, LCMS ascertains the contents and
categories of several groups of grown plant cells and chooses the pair of groups with the greatest difference in
ingredient content. [5,50]

¢ Characterization and Identification of Compounds:

1. Carotenoids: Reversed phase HPLC, in particular, is typically used to separate mixtures and remove
impurities instead of gas chromatography since carotenoids are not thermally stable. By using Nuclear Magnetic
Resonance, the small samples of carotenoids that were separated from biological matrices like human serum or
tissue stop structural analysis are examined. As a result, only the most sensitive analytical techniques—such as
HPLC with photodiode-array UV/visible absorbance detection and liquid chromatography/mass
spectrometry—are suitable. Combining information from tandem mass spectrometry, photodiode-array
absorbance spectroscopy, mass spectrometry, and HPLC retention periods can, at the very least, validate the
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identity of carotenoid. To present, carotenoid analysis has been conducted using five LC/MS techniques: moving
belt, particle beam, continuous flow rapid atom bombardment, electrospray, and atmosphere [5,51]

2. Proteomics: Target protein characterization and biomarker identification are two areas of proteomics
research where Liquid Chromatography / Mass Spectrometry (LC/MS) has emerged as a potent tool. [47,52]

3. Characterization of Glycopeptides: The glycopeptides under investigation are characterized using MS-based
glycoproteomic investigations. This entails identifying the peptide backbone core, the type of glycan involved,
and the glycosylation location. Currently, intact glycopeptides may be efficiently characterized using tandem MS
fragmentation and data analysis difficulties with MS-based techniques. Liquid chromatography-tandem mass
spectrometry (LC-MS/MS) is used to analyzer the peptides. [5]

4. Peptide Mapping: Previously, proteins that were purified from living things were used to make protein
medications. Nevertheless, recombinant technology has just lately been used to make them. Some of the
recombinant protein medications that are sold include insulin, interferon, and erythropoietin. From the
perspective of quality control, it is critical to confirm the expression of recombinant proteins. Peptide sequencer
analysis of amino acid sequences and other more straightforward techniques like mass mapping using MALDI -
TOF MS or peptide mapping with HPLC are some of the methods used for this. For instance, a quadrupole mass
spectrometer is used in LC/MS protein analysis and peptide mass mapping of a model sample of horse heart
myoglobin. [47]

» Pharmacokinetics:

In the realm of bioanalysis, LC-MS is frequently employed, with a focus on pharmaceutical pharmacokinetic
investigations. To ascertain the rate at which a medication will be eliminated from the body's organs and the
hepatic blood supply, pharmacokinetic studies are required. Because MS analysers have higher sensitivity and
specificity than UV detectors, which are frequently coupled to HPLC systems, and a quicker analysis time, they
are beneficial in these kinds of research. Using tandem MS-MS, where the detector may be set to pick specific
ions to fragment, has a number of advantages. The total of the operator-selected molecular fragments is the
measured quantity. The LC separation can happen very quickly as long as there are no interferences or ion
suppression in the LC-MS. [53]

» Pharmaceutical application:

LC-MS technology is used in almost all phases of the drug development process. In this field, sensitivity,
selectivity, and speed are the three primary problems. In contrast to UV and UVphotodiode array (PDA)
detection, the combination of LC and MS offers improved selectivity and identification confirmation.
Additionally, the degree of automation attained and the ease of use make LC-MS a desirable tool in the drug
development process. Whether combinatorial chemistry or traditional "intelligent” synthesis is used for drug
discovery, LC-MS is already playing a significant part in this process. Three strong software tools have been
created to aid in drug discovery using LC-MS. Every significant manufacturer of instruments offers these
software tools for purchase. Mass spectral characterisation is the first and most widely used instrument, and it
is integrated into Open Access [54,55]

Additional uses for pharmaceuticals, including

* The benzodiazepine rapid chromatography method

* Determination of metabolites of bile acid [19]

Environmental Applications:

Phenyl urea herbicides and low levels of carbaryl in food are detected by LC-MS. [8,56]

Detection of phenyl urea herbicides -

Since many phenyl urea herbicides are extremely similar, it can be challenging to tell them apart with a UV
detector. Diuron and monuron have a single benzene ring and are different by one chlorine. Chloroxuron is
made up of two chlorines and a second benzene ring that is connected to the first by an oxygen atom.For diuron
and monuron, the UV-Vis spectra are comparable, but for chloroxuron, they are different. With an LC/MS
system, electrospray ionization analysis reveals that every compound has a distinct mass spectrum. [19]
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Low quantities of carbaryl in food were detected. -

Pesticides in foods and drinks can pose a serious risk to human health. Ion trap LC/MS/MS analysis of the
carbamate insecticide carbaryl in whole food extracts showed to be more specific than earlier tests using single
quadrupole mass spectrometry and HPLC fluorescence. Positive ion electrospray was used in full scan mode to
find the protonated carbaryl molecule (m/z 202). For the next quantitative investigation, the product ion at m/z
145 produced by collision-induced dissociation was utilized to demonstrate the presence of carbaryl. Ion trap
analysis was shown to be more sensitive than fluorescence detection and more sensitive than earlier analysis
performed with a single-quadrupole mass spectrometer in scanning mode. Additionally, false positives in the
HPLC fluorescence were validated by ion trap LC/MS/MS. [19]

» Drug development:

Because LC-MS allows rapid molecular weight confirmation and structure determination, it is widely used in
drug development. These capabilities accelerate the process of creating, testing, and validating discoveries from
many potentially useful items. Peptide mapping, glycoprotein mapping, lipodom analysis, natural product
elimination, bioaffinity screening, in vivo drug screening, metabolic stability screening, metabolite
identification, identification impurity determination, bioanalysis Quantitative and quality control is one of the
highly automated techniques used in LC-MS applications for drugs develop. [53,57]

» Clinical and biochemical applications:

SNP genotyping, DNA quantification, gene expression analysis, and DNA and RNA sequencing are all done with
MALDI-TOF MS. [2]

> In Bioavailability and Bioequivalence study:

Comparative bioequivalence investigations that use pharmacodynamics, in-vitro dissolution tests, clinical trials,
and quantitative measurement of medicines or metabolites in biological matrix [8,58]

X. CONCLUSION

Liquid chromatography-mass spectrometry, or LC-MS, is becoming a vital analytical chemistry technology that
provides accurate information about molecular composition and structures in a variety of scientific domains.
Accurate molecule identification and characterisation made possible by LC-MS propels improvements across a
wide range of industries, including clinical research, environmental analysis, and the pharmaceutical industry.
LC-MS plays a crucial role in investigating complex mixtures, giving essential information for comprehending
component content and categories in applications like molecular weight determination and molecular
pharmacognosy. Precise characterisation and identification of chemicals are made easier by its unparalleled
sensitivity and specificity in analysing proteins, glycopeptides, and carotenoids.L.C-MS technology is highly
advantageous to pharmacokinetics and pharmaceutical applications as it facilitates the investigation of drug
clearance rates, metabolic processes, and quality control in the drug development process. Furthermore, LC-MS
facilitates environmental analysis by identifying distinguishing substances with a high degree of specificity,
protecting the environment. All things considered it is a potent analytical technique that combines mass
spectrometry with liquid chromatography to provide a thorough understanding of complicated mixtures.
Because of its adaptability, sensitivity, and dependability, it is a vital instrument for scientists working to
understand the complexities of the molecular world and progress numerous scientific fields.
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