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Description

High Performance Liquid Chromatography (HPLC) is an analytical
technique that has revolutionized the field of chemistry,
pharmaceuticals, and biotechnology. It is a powerful tool that is used
to separate, identify, and quantify chemical compounds in a sample.
Over the years, HPLC has undergone significant advancements that
have improved its accuracy, sensitivity, and efficiency. One of the
major advancements in HPLC is the development of new stationary
phases. The stationary phase is the material used to coat the column of
HPLC, and its properties determine the separation of analytes. The
introduction of new stationary phases has greatly improved the
resolution and sensitivity of HPLC. Silica-based stationary phases
coated with various functional groups such as C18, C8, and C4 have
allowed the separation of complex mixtures of analytes with high
efficiency. These functional groups interact with the analytes in the
sample to produce a separation based on polarity and hydrophobicity.
Furthermore, the introduction of new stationary phases such as hybrid
silica, organic polymer, and zirconia have improved the selectivity and
specificity of HPLC.

Another major advancement in HPLC is the use of Ultra-High
Performance Liquid Chromatography (UHPLC). UHPLC utilizes
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smaller particle size stationary phases and higher pressure systems,
which results in a faster and more efficient separation of analytes. It is
especially useful when analyzing complex mixtures or trace-level
analytes, as it offers higher sensitivity and resolution compared to
traditional HPLC. It can be used for a wide range of applications such
as pharmaceuticals, environmental monitoring, food and beverage
analysis, and biotechnology. In addition to stationary phase and system
improvements, HPLC has seen significant advancements in detection
techniques. The introduction of Mass Spectrometry (MS) as a
detection method in HPLC has greatly enhanced the identification and
quantification of analytes. MS offers high sensitivity, selectivity, and
specificity, allowing for the detection of trace-level analytes and the
identification of unknown compounds. MS can be used for a wide
range of applications such as proteomics, metabolomics, and
environmental analysis. Furthermore, the development of tandem
mass spectrometry has improved the sensitivity and specificity of MS,
allowing for the detection of even lower levels of analytes. The
development of two-dimensional chromatography has provided even
higher resolution and peak capacity in HPLC. Two-dimensional
chromatography involves the use of two separation mechanisms, such
as reversed-phase chromatography and ion-exchange chromatography,
in a single analysis. This technique can separate complex mixtures
with high efficiency and selectivity, and is particularly useful in the
analysis of biologics and complex matrices. Two-dimensional
chromatography can be used for a wide range of applications such as
protein purification, drug discovery, and metabolomics.

Lastly, the integration of HPLC with other analytical techniques,
such as Nuclear Magnetic Resonance (NMR) spectroscopy and
Infrared (IR) spectroscopy, has enabled the identification and
characterization of analytes with higher accuracy and precision. This
integration allows for the identification of unknown compounds and
the determination of their chemical structure. The combination of
HPLC with NMR and IR spectroscopy can be used for a wide range of
applications such as drug discovery, metabolomics, and food and
beverage analysis. The developments in stationary phases, systems,
detection  techniques, two-dimensional chromatography, and
integration with other techniques have all contributed to the increased
sensitivity, resolution, and efficiency of HPLC.
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