
Raman effect in solids, liquids and gases  

 

 The solid sample may be in the form of a single crystal or a pellet of compressed 

powder dispersed in KBr(similar to KBr technique used in IR)in concentration range 

of 10 to 100%. 

 Raman lines obtained with crystals are sharp but they become diffuse as the 

temperature is raised.In calcite (CaCO3),two Raman lines are identified with 

oscillations of the crystal lattice,while the others are found to be due to vibrations of 

CO3 group present in calcite. 

 A sharp line having a large frequency shift has also been obtained with diamond due 

to lattice oscillation.In case of gypsum(CaSO4.2H,0),Krishnan obtained three strong 

Raman lines at λ=2.8,2.9 and 3-0μ.In Raman spectra,the lower limit of detectability of 

solvents in pyridine is:water 0-07%,CH3OH 0-25%,C2H5OH 0.17%,HCOOH 0-09% 

and CCI4 0-15%. 

 Raman spectra of gases are generally weaker than those of liquids or solids,hence 

require cells of larger path length.The gas may be filled in a glass or silica tube.If the 

molecule has sufficiently low moment of inertia, the rotational fine structure may be 

obtained on either side of the Rayleigh line. 

 
 
 
 
 
 

Applications in Inorganic Chemistry. 

 The vibrational Raman spectrum has been used to distinguish between linear  

CS2,HF2,NO2
+,N3

-,BO2
-,ZnCl2) and bent (H2O,H2S,H2Se,NO2,OF2,NO2

-) structures. 

 Structure of H2O: The three fundamental vibrations in a non-linear triatomic 

molecule are expected to be active both in IR and Raman. Since this prediction is true 

for H2O, it has a bent structure like SO2,S2O and D2O.  

 Hydrogen cyanide: In Raman spectrum HCN exhibits two lines at 2062 and 2094 

cm-1 which may be due to two isomers HCN and HNC in dynamic equilibrium. 

 Nature of Bonding in Complexes: The IR spectra of symmetrical tetrahedral 

complexes ML4 (e.g. ZnCI4
2-, CdCl4

2-etc.) and octahedral complexes (e.g., SiF6
2-, SF6 

etc.) exhibit no bands but the Raman spectra of such complexes exhibit strong lines. 

Thus, from the M-L bond stretching-force constant, useful information about the 

strength of the metal-ligand bond can be obtained. The oxy anions (e.g., PO4
3-, SO4

2- 

etc.) have much larger force constants. This is considered as an evidence for the 

presence of dπ – Pπ bonding between the central atom and oxygen atom in addition to 

σ bonding. 

 

 

 

 



Applications in organic Chemistry. 

 Structure of Benzene: Raman spectrum ofbenzene shows two strong Raman lines at 

995 and 1050 cm-1 due to C-C and C=C bonds, respectively. This supports the 

Kekule structure of benzene. 

 Determination of Orientation: Raman spectroscopy has been used to determine the 

relative positions of substituents on benzene ring. For example, all meta-disubstituted 

benzene derivatives exhibit an intense and strongly polarized Raman line at 995 cm-1 

which is absent from the Raman spectra of ortho and para substituted derivatives. The 

Raman spectra of ortho-substituted compounds are richer in lines than their para 

isomers and the paraisomer shows a line at about 625 cm-1 which is absent in the case 

of ortho isomer. 

 

Applications in Physical Chemistry 

 The amorphous state of a substance gives rise to broad and diffused bands while 

crystalline state gives fine sharp lines. 

 The degree of hydrolysis of a salt can be determined by measuring the relative 

intensities of a set of lines characteristic of the base, the acid or the salt. 

 In case of phenomenon of electrolytic dissociation, the intensity of Raman lines 

enables us to determine the number and nature of ions produced. Thus we can decide 

whether the dissociation is complete or partial.  

HNO3
+ H2O H3O

+
+ NO3

-

 
Raman spectrum of anhydrous nitric acid shows a number of lines at about 1400 cm-1 

which is characteristic of –NO2 group. On dilution, this band gradually fades away 

and is replaced by a band near 1046 cm-1 (which is characteristic of NO3
-) with 

increasing intensity. This change in scattered radiation of HNO3 is due to ionization. 

By monitoring the intensity of NO3
- and HNO3 in Raman spectrum it is possible to 

obtain the dissociation of H2SO4. 

 

Applications in Polymer Chemistry 

 Raman spectra can be interpreted in terms of unit cells which may contain a few 

elements of different polymer chains. Stretched polymers may be examined with 

polarized radiation. Raman spectroscopy provides useful conclusions about the 

structural units of macromolecules, i.e., benzene nuclei (1000, 1600, 3060 cm-1), 

symmetrical Si-O-Si vibrations (490 cm-1) in silicones and C-S and S-S vibrations 

(650, 510 cm-1) in polysulphides. All these vibrations give intense Raman bands but 

are absent or weak in infrared spectra.  

 

 

 

 

 



 



 
 

 



 
 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 



 


