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Chapter 1  Overview of Spectral Techniques 

1.1  The Origin of Spectral Techniques 

1.1.1  Spectrum and Spectroscopy 

The spectrum is a pattern of electromagnetic radiation intensity arranged in order of 
frequency from largest to smallest (or smallest to largest), which reflects the energy 
level structure of an entire physical system. Usually, we use a one-dimensional curve to 
represent the spectrum. The abscissa can be frequency, wavenumber, wavelength or 
energy, and the ordinate can be radiation intensity, absorbance or transmittance. 

Spectroscopy is a method of studying the properties of matter through the 
interaction between matter and electromagnetic waves of different frequencies (or 
wavelengths) and is an important means of studying the microscopic particles (atoms, 
molecules, etc.) of matter. The spectra formed by the interaction of light and matter at 
different frequencies are different, and they can reflect different characteristics of 
microscopic particles. For example, γ-rays are caused by transitions between atomic 
nuclei. X-rays are caused by transitions between inner electron energy levels, and 
ultraviolet and visible light are caused by transitions between outer electron energy 
levels. Near-infrared and mid-infrared light are caused by molecular vibration energy 
levels. Far-infrared light and microwaves are caused by transitions between the 
rotational energy levels of molecules, and radio waves are mainly caused by transitions 
between electron spin and nuclear magnetic resonance energy levels[1].  

1.1.2  The History of Spectral Techniques 

The concept of spectroscopy was proposed by the British physicist Newton in the 17th 
century. In 1666, Newton first discovered the existence of spectra experimentally. In 
Newton’s experiment, sunlight is refracted in a prism through small holes, and it was 
found that white sunlight can be dispersed into seven colors from red to purple, which 
is the discovery of the spectrum, and this experiment is the origin of the spectrum. 

In 1802, the British chemist William Hyde Wollaston used a set of thin slits instead 
of the small holes in Newton’s experiment to discover that the spectrum of the sun was 




