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Abstract

The concept chromatography can be used to refer to a huge variety of
distinct analytical procedures. Each of these procedures utilizes a mobile
phase and an immobile phase as a basic component, yet they all belong
under the chromatography umbrella concept. The subsequent component
separation that is carried out is based on the disparity in concentration
ratio that can be detected between the two phases. This disparity acts as
the basis for the subsequent component separation that is carried out. Due
to the limits of current technology, there is presently no detector that is
universally applicable to high-performance liquid chromatography
(HPLO), it is required to choose a detector in accordance with the
characteristics of the chemicals that are to be examined. The
measurements of absorbance in ultraviolet and visible spectrum, known as
UV-Vis, or disclosing fluorescence are the foundations of the most common
types of fluorescence detectors. In HPLC the components of the apparatus
consist of a carrier phase, which is typically a solvent with a buffer
solution; a pump; an injector; a column; a detector; and an integrator. The
column is the most important part of the system where the various
components are separated from one another. Based on that, there are
many various kinds of columns through which the behavior of the
components to be separated by these columns is understood. Due to the
fact that chromatography is such a widely used technology.
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1. Introduction

Today, the concept chromatography includes a vast
variety of analytical methods, all of which share the use
of a mobile phase and a stationary phase as a central
component. In contemporary use, the stationary phase
(SP) can be a liquid or a solid, and the mobile phase can
be a gas or a liquid. There are a lot of chemicals that are
known, and many of them are made all over the world
by the chemical industry. Because many methods of
chemical analysis are subject to interference, separation
of complex solutions into a pure or relatively pure
substance prior to chemical analysis is often necessary
[1-2]. Most of this work has been taken over by modern
chromatographic techniques. Chromatography,

sometimes known as "color writing," was initially
developed by a Russian botanist by the name of M. S.
Tswett [3]. Tswett used a column filled with calcium
carbonate to separate the colored plant pigments, and he
used petroleum ether as the eluting solvent in his
experiment. And since that time, liquid chromatography
has developed into the most widely used and advanced
method of analytical separation. This is mostly owing to
the abilities of separation that it possesses as well as its
vast range of applications, also mentioned the possibility
of using a gas as the mobile phase instead of the liquid.
This event is considered to be the beginning of partition
chromatography. Several studies have been devoted for
examining and discussing the process behind the
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component separation achieved by HPLC. The three
types of liquid chromatography that are used the most
frequently are normal-phase liquid chromatography (NP-
LC), reversed-phase liquid chromatography (RP-LC),
and hydrophilic interaction chromatography (HILIC). It
has come to our attention, as a result of the researchers’
exhaustive examinations and study, that the (RP-LC) and
(HILIC) they have the highest frequency of applications
so they will be highlighted more. While, RP-LC style is
the most used type of HPLC, particularly when it comes
to the separation of mixtures of biological substances. In
RP-LC, the column is what serves as the non-polar
retaining stationary phase. It is filled with functionalized
silica particles. In reversed-phase liquid chromatography
(RP-LC) the mobile phase is often a polar liquid that is
made up of two components: an aqueous phase that is
either neutral or slightly acidified, and an organic solvent
[4-5]. In HILIC operation, the column will be polar, and
the mobile phase will be a mix of water and an organic
solvent. Columns with HILIC are more polar than
columns with RP-LC. On the other hand, HILIC (figure
1) is capable of producing more accurate separations for
many substances that exhibit poor retention in RP-LC.
However, there are some constituents that are frequently
impossible to disentangle by employing technological
methods. As a result, the HILIC technique is the most
suitable choice to use in order to separate this kind of
molecule. In recent years, HILIC separation has clearly
been employed in a broad variety of applications, as seen
by the abundance of research that have been published
on the topic. Rashid and his coworkers presented some
of the investigations that has been listed in [6-20].

Figure 1: HILIC complements other chromatographic
liquid areas

2. The HPLC equipment

The mobile phase is pulled out from a container using a
pump, which both regulates the flow rate and creates
sufficient pressure to push the mobile phase through the
column. In order to inject the sample onto the column,
which is normally located inside of a column oven, an
auto sampler or a manual injection may be utilized.
Throughout the chromatographic run, the detector will
react differently depending on how the content of the
column effluent varies. The result of the detector is
monitored by a data system. The primary components of
an HPLC system are seen in Figure 2.
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Figure 2: Components of a high performance liquid
chromatography system: classification of HPLC

3. The classification of HPLC

Preparative HPLC, analytical HPLC (based on scale of
operation),  Affinity  chromatography, adsorption
chromatography, size exclusion chromatography, ion
exchange chromatography, chiral phase chromatography
(which is based on the notion of separation), gradient
separation, and isocratic separation are all types of
chromatographic techniques (based on elution technique)
both normal phase chromatography and reverse phase
chromatography are types of chromatography based on
styles of operation [21-22].

4. Separation chromatography is based on the
following physical principles:

4.1. The parameters of retention

It was noticed that a dynamic equilibrium for analytes
between the phases that were engaged in a
chromatographic technique. The distribution is said to be
in equilibrium when it reaches this balance. If the
distribution coefficient, denoted by DA (the ratio of the
concentration of a substance (A) in the mobile phase
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(MP) to the concentration of that substance in the
stationary phase (SP)) of the substances to be separated
are not sufficiently dissimilar to one another, then the
separation will not be successful. Substances that have a
distribution coefficient DA that is relatively high are
more effectively retained by the stationary phase than
substances that have distribution coefficients that are
relatively low. The time it takes for the substances that
were not retained to move is named the hold-up time
(tm). This time is also often dead time or void time. The
analyte retention time, or (ts), is how long it takes for
solutes to stop moving along the column [23-24].

4.2.The Retention factor, selectivity, as well as
resolution

The retention factor (k) represents the extent to which
the analyte remains on the stationary phase more than in
the mobile phase. It is defined as the product of the
distribution coefficient DA and the ratio of the stationary
phase volume Vs to the volume of the mobile phase Vm.
In the case of multicomponent systems, it is not enough
for the retention factor to be within an appropriate range.
They must also deviate significantly from one another.
In order to identify this variable, the selectivity is added,
which refers to the relative separation retained between
two components. Selectivity is determined as the
percentage of the retention periods of two distinct peaks
[25-26].

5. Conditions for chromatographic
separation

5.1.The columns

When building a method, choosing the stationary
phase or column is the first and most important
step. It is hard to make a process that is both
reliable and easy to repeat if there isn't a column
that is both steady and good at what it does. It is
important that the columns wused in process
validation are stable and repeatable so that
problems caused by samples that don't stay put
can be avoided [27]. There are many standards
that must be met. The most important ones are
the size of the column, the quality of the silica
surface, and the features of the linked stationary
phase (table 1). Most HPLC columns use packing
made of silica because it has many good physical
qualities. When making a new method, it is often
best to start with columns that have a lot of
possible plates and are stable over a wide pH
range [28]. This is because it is easy to work with
such groups. When starting a separation, you
should avoid columns with a certain stable phase,
very small particle size, narrow internal diameter,
or very short column length. When, on the other

hand, there is enough information about the
analytical method and all that is needed are
improvements, it is important to look into values
for the different parameters to  improve
resolution, shorten analysis time, reduce the
amount of mobile phase, and do other similar
things [29].

Table 1: An Overview of Certain Stationary Phases
Used in RP-HPLC and HILIC

Columns Application Ref.
Cyano Column Human plasma [30]
C18 Pharmaceutical dose [31]
Phenyl- hexyl phenolic compounds [32]
Biphenyl- silica Aromitacs mycotoxins [33]
N-acylamide Estradiol diasterecisomers  [34]
phase
Click B Nucleosides oligosaccharides [35]
cyclodextrin
Cholesterol Pharmaceutical related [36]
hydride compounds
Mixed mode Nucleobases and nucleosides [37]
Diol Proteins, phenolic compounds [38]
Amino Carbohydrates, amino acid ~ [39]
Cyano Peptides [40]
ZIC-pHILIC Free estrogens and their [41]

conjugates in river water

5.2. Column ovens

Controlling the temperature of the column is essential for
optimizing HPLC performance metrics including
efficiency, retention, and selectivity. The separation
process may be managed and refined by employing
HPLC column ovens. This is possible due to the fact that
heat typically shortens the amount of time required for
separation. The amount of heat that applied will change
depending not only on the components of the sample but
also on the stationary phase of the column [42].

5.3. The buffer solution

In order to separate polar and ionizable chemicals
using HPLC, it is necessary to maintain accurate
control of the pH wusing buffer solutions. This
might guarantee that the retention times are
repeatable so there is no tailing of the peaks. This
also guarantees that there is no tailing of the
peaks. In addition, buffering avoids interactions
between analytes and any residual silanols that
may be present on the stationary phase. The pH
that you want your solution to be is what should
guide your selection of buffer. The pH range that
is normal for reversed phase on silica-based
packing is between (2-8) [28]. Since buffers are
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most effective at controlling pH at their pKa, it is
essential that the buffer have a pKa that is near to
the target pH. Accordingly, adjusting the
concentration of the buffer solution is essential to
the process of developing the HILIC methodology
and this is also the case in RPLC because, given
the due to the intricacy of their separation
mechanism, and in particular in the HILIC
mechanism. Researchers have published various
in-depth investigations on the impact of the
reaction mechanism of buffer solution
concentration with HPLC stationary phases in an
effort to better understand the behavior of this
concentration [43-47].

5.4. The Mobile Phase

The mobile phase has an impact on the resolution,
selectivity, and efficiency of the investigation. In
RP-HPLC separation, the content of the mobile
phase, also known as the solvent strength, take a
crucial role. There are numerous solvents used in
HPLC, although water, methanol (MeOH), and
acetonitrile (ACN) are the most common. These
solvents are widely employed in RP-HPLC and
HILIC, the two most prevalent HPLC techniques.
Each of these solvents has a low UV cut-off of
190, 205, respectively [48]. These solvents can be
used with water without causing any problems.
When developing a new method, using a mobile
phase that is a combination of acetonitrile and
water is your best option for the beginning stages.
Given that the separation process of HILIC
columns is more complicated than that of RPLC
columns, acetonitrile (ACN) is the solvent that is
utilized in these columns the vast majority of the
time. In most cases, the gradient begins with 95%
acetonitrile  containing 5% buffer solution and
then gradually decreases the acetonitrile ratios
throughout the course of the experiment. [49-51].

5.5. The detectors

The detector plays an extremely significant role in
HPLC. The choice of detector is determined by the
chemical structure of the substances to be performed, the
possibility of interference, the necessary detection limit,
the availability and/or the price of the detector. The UV-
visible detector is a flexible HPLC instrument that
measures absorbance. This detector provides the high
sensitivity necessary for low level impurity detection and
quantitative analysis in regular UV-based applications.
Photodiode Array (PDA) [52,53]. Advanced optical

detection is available for use with Waters analysis
HPLC, preparative HPLC, or LC/MS system solutions
with the Detector. This detector's refractive index
chromatographic and spectral sensitivity, together with
its stability and repeatability, make it the go to
instrument for detecting substances that exhibit little to
no UV absorption. A high level of sensitivity and
selectivity in fluorescence detection is provided by a
Multi-wavelength Fluorescence Detector, making it
possible to quantify tiny amounts of target substances
[54-55]. The LC-MS detector can also be used because it
is a device that distinguishes and finds gaseous ions
based on their mass-to-charge ratio. Whereas, in LC-MS,
liquid chromatography was used for isolation and mass
spectrometry (MS) was used for detection. This means
that it has high separation in liquid chromatography and
high sense in mass spectrometry (MS). In liquid
chromatography with mass spectrometry (LC-MS), the
sample is first separate from the mobile phase in a mass
spectrometry part. Later, the sample is ionized, and the
ion fragments are then sorted by mass number using a
mass analyzer of the mass spectra generated by the
detector. LC-MS provides the high isolation capacity of
the chromatographic method for complex samples with
the advantages of high selectivity of mass spectrometry,
high sensitivity, and availability of relative molecular
mass and composition information. As a result, it has
been extensively utilized in numerous industries such as
pharmaceutical analysis, as well as food analysis and
chemical analysis environmental analysis [56-58].

6. The benefits of using HPLC

The high-performance liquid chromatography (HPLC)
methodology is a technique for detecting which chemical
components are present in a given sample. It is a process
that is very precise, can be performed very quickly, and
can be automated. HPLC can be used in Laboratories
that focus on medicine, forensics, environment, and
industry all utilize the technology to measure and sort
out the substances involved in samples. When compared
to other chromatographic methods, HPLC is incredibly
fast and effective. It does not rely on gravity but rather
employs a pump to drive a liquid solvent through an
adsorbent material. This causes the various chemical
components to travel at different rates, which in turn
allows them to be separated. In addition to providing a
high resolution, the procedure may be finished in a very
short amount of time. It is precise, and its reproducibility
is excellent. Because a big portion of it is performed by
machines [59-60].
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7. Application of HPLC for the Analysis of many
of compounds

HPLC is now a common way to separate, identify, and
measure the different parts of a mixture which can be
used in many applications.

7.1. Development of pharmaceuticals

The production of pharmaceutical goods is one of the
most prevalent applications for HPLC. It is a trustworthy
and accurate method for determining the purity of a
product. Consequently, it can assist companies that
produce pharmaceuticals in the development of more
pure goods. In spite of this, it is not normally the
technique of choice when pharmaceuticals are made in
big quantities as a result of the high cost involved in
doing so on a large scale [61-62]. HPLC is also utilized
in the process of determining and analyzing antibiotics.
Gas chromatography can be replaced with this method
successfully. This is due to the fact that scientific
investigations have shown outcomes that are promising
in terms of specificity and accuracy. In addition, HPLC
can be utilized for the examination of almost any kind of
antibiotic material. As a result of the widespread
application of antibiotics in both human and veterinary
medicine, HPLC plays a significant part in the process of
determining and identifying the wvarious antibiotic
components [63-64].

7.3. Biomolecules

Hydrogen, oxygen, carbon, nitrogen, sulfur, and a few
more elements are present in biomolecules in very low
amounts. These components make up the biomolecule.
The concept biomolecule is used rather frequently in the
As a result, HPLC is the method of choice for separating
these substances since it is the most suitable option,
given that the alternatives do not provide the same level
of separation efficiency [71-77].

7.2. Food

The widespread application of pesticides in farming and
food production has been a trend that has intensified
over the past several decades. This may be problematic
in many instances, since it can result in chemical
residues being left on items, which then poses a danger
to the customers' health. It is a blessing that HPLC may
also be used to recognize and estimate pesticides, in
addition to synthetic flavorings and colorants. In order to
determine the overall quality of food, HPLC has been
put to widespread use for quantitative examination of a
wide variety of substances, including carbohydrates,
vitamins, and additives [78-80], table 2 [81-87] shows

using HPLC in food analyzing field of chromatography
to refer to molecules such as peptides, proteins, and
antibodies. However, the concept also refers to other
classes of molecules such as carbohydrates,
oligonucleotides, and lipids (table 2) [65-70]. Many of
these compounds has the ability to join together to create
larger complexes, some of which, like antibodies, may
be composed of multiple distinct parts.

Table 2: Using of HPLC for analyzing biomolecules
and food
Analytical
Technique Analyte Ref.
HPLC-ESI-MS Bioactive anq biomarker [65]
peptides
HPLC/Q-TOF-MS Lipid [66]
RP—HPLC-DAD Antibody [67]
RPLC-MS Sugar Phosphates [68]
LC-ESI-QTOF- .
MS/MS Phenolic compounds [69]
LC-MS/MS Sphingolipids [70]
LC-Q-TOF-MS Cocoa beans [81]
UHPLC-ESI
MS/MS Cocoa beans [82]
UPLC-QToF MS Fruit juice [83]
Sodium Iron
HPLC and LC/MS Chlorophyllin in Foods [84]
HPLC and HPLC- | Chlorophylls/Chlorophyll [85]
MS ins in Food
HPLC-HRMS and _
HPLC-DAD Viticis Fructus [86]
HPLC-DAD Tetrac_ycllne_ antl_blotlc [87]
residues in milk
8. Conclusions
Analytical procedures based on HPLC,

particularly LC-MS/MS, have remained popular
and successful in the last years for the detection
and quantification of a wide range of important
components. So, this research provides
information on the HPLC technique. Method
development and validation are ongoing activities
that are tightly intertwined in order to accurately
measure a parameter and determine the extent to
which it may be pushed. This technique has been
shown to be adequate for the examination of a
variety of chemicals that are of importance in the
fields of food, agriculture, and the environment. A
significant impact on the separation selectivity is
made by the choice of column, buffer, detector,
wave length, and other conditions composition
(organic and pH). The advantages of using an
HPLC approach were that it had a high selectivity,
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sensitivity,

and

time,
last

less
The

economic value, required

had a lower limit of detection.

modification may be accomplished by modifying
the gradient slope, temperature, and flow rate, as

well

as the kind of mobile phase enhancers and the

percentage of those modifiers. In conclusion, it is
possible to assert that this wonderful technology

has

of science on all

contributed significantly to the advancement
levels, most notably scientific

research, due to the fact that it is possible to link
this technology with other technologies in order to
produce impressive scientific.
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