CNOVA

SENSING THE INVISIBLE

A Brief Introduction to Raman Spectroscopy

After decades of development, Raman

spectroscopy technology has made
tremendous progress and has been
widely applied in various fields. With
the continuous development of laser
technology, Raman spectroscopy will
be applied to more disciplines,
showing broad and promising
prospects.

Raman spectroscopy has already been
applied in many fields. This document

aims to provide an overview of the
technology behind Raman
Spectroscopy.

1 What is Raman Spectra?

Raman spectroscopy, also known
as Raman spectra, is a type of
scattering spectroscopy. The
Raman spectroscopic analysis
method is based on the Raman
scattering effect discovered by the
Indian scientist Sir C.V. Raman. It
analyzes the scattered spectra of
light with different incident
frequencies to obtain information
about molecular vibration,
rotation, and is applied as an
analytical method in molecular
structure research.

In short, Raman scattering light
produced when a substance is
irradiated can provide information
about the molecular composition of
the substance. Different substances
have their own unique Raman
spectra, much like fingerprints for
humans.

Therefore, it is possible to collect
Raman scattered light from the
irradiated substance through optical
instruments, convert it into a
spectrum, and perform substance
composition analysis.
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Therefore, it is possible to collect
Raman scattered light from the
irradiated substance through optical
instruments, convert it into a
spectrum, and perform substance
composition analysis.



2 A Brief History on
Raman Spectra

The development of Raman
spectroscopy instruments has
undergone significant milestones
over the years.

In 1928, at the age of 40, Indian
physicist Sir C.V. Raman discovered
the Raman effect by irradiating
benzene liquid with a mercury
lamp, for which he was awarded
the Nobel Prize in 1930. During
this stage, Raman spectroscopy
was a primary means of studying
molecular structure. The Raman
spectrometer at that time used a
mercury arc lamp as the light
source, and the Raman scattering
spectrum generated by substances
was extremely weak, limiting its
applications, especially with the
emergence of infrared
spectroscopy, which overshadowed
Raman spectroscopy in molecular

structure analysis.
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It wasn't until the 1980s that
significant advancements occurred
with the rapid development of
science and technology. Laser
Raman spectrometers saw
significant improvements in
performance. Companies like Spex
in the US and Renishaw in the UK
introduced confocal laser Raman
spectrometers. The use of low-
power laser sources greatly
extended the lifespan of lasers, and
the introduction of confocal
microscopy enabled laser Raman
scanning similar to biological
sectioning, providing Raman
spectra at different depths of
samples. EG&G Dilor introduced a
multi-point online industrial
Raman system using fibers up to
200m long, expanding the
application range of Raman
Spectroscopy.

In the early 1990s, driven by the
needs of social production
activities, various technologies
were explored and applied to
Raman spectroscopy instruments,
making the development of small,
portable Raman spectrometers
possible.



Today, Raman spectroscopy
instruments have diversified
development in two main directions:
research instruments pursuing
higher performance and portable
instruments dedicated to solving
practical problems in the field,
focusing on practicality. On this
basis, new products such as online
instruments, specialized instruments,
and instruments for various special
application conditions continue to
emerge. With technological
advancements, the application fields
of Raman spectroscopy instruments
continue to expand, and the market
is rapidly growing, especially for
handheld in the field detection
techniques.

3 Raman Applications

Raman technology finds key
applications across various fields due
to its versatility and reliability. Some
of the key applications include:

Material Identification and
Characterization:

Raman spectroscopy is widely used
for identifying and characterizing
materials based on their chemical
composition and molecular
structure. It can distinguish
between different types of
materials, including solids, liquids,
and gases, making it valuable in
materials science, chemistry, and

geology.
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Pharmaceutical Analysis:

Raman spectroscopy plays a crucial
role in pharmaceutical analysis,
enabling rapid identification of
active pharmaceutical ingredients
(APIs), excipients, and polymorphs.
It is utilized for drug quality
control, counterfeit detection, and
monitoring of pharmaceutical
manufacturing processes.

Forensic Science:

In the Forensic Sciences, Raman is
employed for analyzing trace
evidence, identifying illicit
substances, and examining
questioned documents. Its ability
to analyze samples non-
destructively and provide chemical
fingerprints makes it indispensable
in criminal investigations.

Environmental Monitoring:

Raman spectroscopy can be
utilized for environmental
monitoring and analysis of air,
water, and soil contaminants. It
helps identify pollutants, monitor
environmental changes, and assess
the impact of human activities on
ecosystems.
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Art and Cultural Heritage
Preservation:

Often Raman spectroscopy is used
to aid in the analysis and
conservation of artworks, artifacts,
and cultural heritage objects. It can
identify pigments, dyes, and
materials used in historical artifacts
without causing damage, assisting
in authentication and preservation
efforts.

Food and Beverage Quality
Control:

Raman spectroscopy is employed
in the food and beverage industry
for quality control, authenticity
testing, and detection of
contaminants. It helps ensure food
safety by identifying adulterants,
allergens, and spoilage indicators

For more information,
please email us at:
info@htnova.com
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Industrial Process Monitoring:

Raman spectroscopy is used in
various industries for process
monitoring, product quality
control, and chemical analysis. It
enables real-time monitoring of
reaction kinetics, chemical
transformations, and product
composition, enhancing process
efficiency and product consistency.

4 Future of Raman

Today, Raman spectroscopy
technology is widely applied across
various fields such as biotechnology,
geology, pharmaceuticals, chemical
engineering, materials science,
physiology, archaeology, and
environmental protection. The
continuous development of Raman
spectroscopy detection techniques
has led to its broader application in
areas like medical diagnostics,
forensic science, and trace analysis in
legal investigations.

All these recent achievements
indicate that with the advancement
of laser technology and upgrades in
detection techniques, Raman
spectroscopy will increasingly find
applications across diverse domains,
leading to greater technological
advancements and creating more
economic value.
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