Raman and Infrared Spectroscopy
Both Raman and Infrared spectroscopy are widely used to characterize chemical substances. They can serve as tools to identify chemical compounds, to recognize functional groups, to quantitatively or semi- quantitatively calculate content of substances in a sample.
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Figure 1. Infrared (red line) and Raman (blue line) spectra of toluene.

As can be seen In Figure 1, not all of the normal vibrations give strong bands both in Raman and in infrared spectra. Intense Raman scattering occurs from vibrations which cause a change in the polarizability of the electron cloud round the molecule. Usually, symmetric vibrations cause the largest changes and give the greatest scattering. In infrared the most intense absorption is caused by a change in dipole and hence asymmetric vibrations which cause this are the most intense. Polar groups, like OH, C=O, NO2 will give strong bands in infared, which symmetric vibrations of non-polar groups like N=N, C-C or C-S are Raman active.
In Raman spectroscopy usually no special treatment of the sample before the experiment is required. Sample can be simply placed on the microscope table or – in the case of liquids- can be placed in a glass or plastic container. In the latter case, spectrum is collected through the container’s wall.
In infrared spectroscopy the sample can be recorded in the transmission or reflection mode. In the first case, the compound has to be dispersed in a IR transparent medium (KBr, NaCl for medium infrared, CsI or polyethylene for far infrared) and pressed in a pellet. Sample can be also dissolved in an appropriate solvent and placed in a cuvette equipped in salt windows. One has to remember that absorbance is given by the equation A=c*d, where c- concentration and d- cuvette thickness, therefore the lower is the concentration, the longer must be the optical path.
For many solids, in particular polymers, it is more convenient to record spectrum in the reflectance mode. Attenuated total reflection infrared (ATR-IR) spectroscopy is used for analysis of the surface of materials. It is also suitable for characterization of materials which are either too thick or too strong absorbing to be analyzed by transmission spectroscopy. For the attenuated total reflection infrared (ATR-IR) spectroscopy, the infrared radiation is passed through an infrared transmitting crystal with a high refractive index, allowing the radiation to reflect within the ATR element several times.
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The sampling surface is pressed to the top surface of the crystal such as ZnSe, Ge or diamond. The IR radiation from the spectrometer enters the crystal. It then reflects through the crystal and penetrating “into” the sample a finite amount with each reflection along the top surface via the so-called “evanescent” wave. At the output end of the crystal, the beam is directed out of the crystal and back into the normal beam path of the spectrometer.

To obtain internal reflectance, the angle of incidence must exceed the so-called ‘critical’ angle. This angle is a function of the real parts of the refractive indices of both the sample and the ATR crystal:
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Where n2 is the refractive index of the sample and n1 is the refractive index of the crystal. The evanescent wave decays into the sample exponentially with distance from the surface of the crystal over a distance on the order of microns. The depth of penetration of the evanescent wave d is defined as the distance form the crystal-sample interface where the intensity of the evanescent decays to 1/e(37%) of its original value. It can be given by:
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Where  is the wavelength of the IR radiation. For instance, if the ZnSe crystal (n1=2.4) is used, the penetration depth for a sample with the refractive index of 1.5 at 1000cm-1 is estimated to be 2.0µm when the angle of incidence is 45°. If the Ge crystal (n1=4.0) is used under the same condition, the penetration depth is about 0.664µm. The depth of penetration and the total number of reflections along the crystal can be controlled either by varying the angle of incidence or by selection of crystals. Different crystals have different refractive index of the crystal material. It is worthy noting that different crystals are applied to different transmission range (ca. ZnSe for 20,000~650cm-1, Ge for 5,500~800cm-1).
Objectives:

1. Analysis of non-homogeneus samples (polymers and minerals) using Raman spectroscopy. Recording Raman map for the selected sample area. Identification of the sample components. 
Raman mapping consists in collecting set Raman spectra in the specified sample area. The spatial resolution depends on the spectrometer aperture and lenses used and can reach 1m in the xy and 2m in the depth. The analysis of the resulted map of Raman spectra allows to obtain information about distribution of various components in the sample. In polymer electrolytes not only salt or filler distribution has to be considered, but also local changes in the crystallinity of the sample and salt dissociation.
2. Recording spectra of simple organic compounds using transmission and reflectance techniques.  Study of ionic association in liquid electrolytes. Preparation of NaSCN solutions with various salt content. Estimation of ionic species fractions content on the basis of the peak deconvolution. 

The interactions of lithium cations with a solvent or polymer matrix results in significant changes in vibrational spectra of the anion. The distribution of the charge in the anion is different in a so– called “free” anion than in an ionic pairs or in aggregate. This involves change of the force constant and hence shift of the peak towards higher or longer wavenumbers. Further, the symmetry of the “free” anion is different than that of ion pair which results in different number of normal modes. The deconvolution of the anion’s characteristic bands allows to estimate percentage of various ionic species in the system.  
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