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Introduction 

The combination of elemental and crystallographic analysis is frequently required to identify and 

describe natural and synthetic materials. Physical and Chemical characterization requires a set of 

analytical spectroscopic and/or imaging techniques to access a thorough knowledge of the 

sample, to better understand the structural, chemical, and textural factors that control their 

properties, their behavior, and their reactivity... As an example, a mineral description often 

requires chemical information (Major, minor, and trace elements), structural information (crystal 

structure, crystallinity…), and morphological information (crystal shape and size). 

Among these techniques, Scanning electron microscopy (SEM) and Raman spectroscopy occupy 

a major place among the characterization techniques and have often been combined in many 

studies. SEM is a microscopy technique that provides various information on morphology, 

topography, and chemistry at a nanometric scale, supplemented by electron beam-based 

techniques providing chemical or crystallographic information, like Energy-dispersive X-ray 

Spectrometry (EDS), Wavelength-dispersive X-ray Spectrometry (WDS), Electron Backscattered 

diffraction (EBSD) or cathodoluminescence (CL). Micro-Raman spectroscopy is also widely 

used in the organic or inorganic materials characterization at a micrometric / sub-micrometric 

scale. The spectrum is unique for a given compound. It can provide details on the chemical and 

structural properties (functional groups, lattice defects, crystallinity, etc.). Raman offers various 

information, which includes, among others, the identification of polymorphs, crystallographic 

orientation, evaluation of temperature, and stress effects on the structure. Moreover, micro-

Raman spectroscopy provides complementary chemical and structural information to that 

obtained from SEM-EDS. Then, both are often used in parallel. 

Switching from one to the other is in some cases considered a problem that cannot be solved 

using common technical solutions (precise location, identification of particles…). Coupling 

SEM-EDS and confocal Raman imaging on the same analytical system is an efficient method for 

the advanced physicochemical characterization of materials and the determination of structural 

properties of materials at the micro/submicrometric scale.  

 



The technical aspects of coupling Raman and SEM in a unique system are first described, as well 

as the practical aspects and limitations inherent in this type of coupling. The interest of the 

coupling will be illustrated by various examples of application to geomaterials and mineralogy, 

including cultural heritage materials, and naturally occurring asbestos, for which this coupling 

makes it possible to solve problems for characterization. 
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