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Chandrashekhara Venkata Raman was born 
in Tiruchirappally (Tamil-Nadu, INDIA)  on 
November  7th  1888. The second of eight 
childrens of R. Chandra Shekhar Iyer and 
Parvathi Ammal.  
 
He was a brilliant student at the Presidency 
College in Madras. In 1905 published his two  
first papers in the Philosophical Magazine.  
 
He combined an efficient work  in business 
with the scientific activity.  
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Summary of the discovery  
 
1921- Travel to UK (International Universities Congress). The impact from the 
sky blue color in the Mediterranean Sea “The scattering question” 
 
1922- Publish the first paper on the scattering of light assuming the 
phenomena associated with a weak fluorescence induced by the light.  
 
1923- Study the difraccition of XR by the liquids. Alt the same time Compton 
discover the “secondary radiation” in the scattering process of XR by 
electrons. Raman extrapolated the same idea to the light scattering. 
 
1923- Arnold Smekal predicts theoretically the “secondary radiation”.  
 
1925- Kramers&Heisenberg developed the first quantum model of the 
interaction between the radiation and the matter including the inelastic factor.  
 
1927- A Raman’s student discover experimentally that the “weak 
fluorescence” is strongly polarised.   
 
27-28/Feb./1928- After a great experimental effort they observed a small 
signal in the scattering of glycerin by the sunlight with different wavelength 
than the incident light.   



Raman called this effect “secondary radiation induced by the light” 

(publication of the discovery in the Calcuta’s newspapers on February 28th) 
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A New Type of Secondary Radiation 
C. V. Raman and K. S. Krishnan, Nature, 121(3048), 501, March 31, 1928  
 
If we assume that the X-ray scattering of the 'unmodified' type observed by Prof. Compton corresponds to 
the normal or average state of the atoms and molecules, while the 'modified' scattering of altered wave-
length corresponds to their fluctuations from that state, it would follow that we should expect also in the 
case of ordinary light two types of scattering, one determined by the normal optical properties of the atoms 
or molecules, and another representing the effect of their fluctuations from their normal state. It 
accordingly becomes necessary to test whether this is actually the case. The experiments we have made 
have confirmed this anticipation, and shown that in every case in which light is scattered by the molecules 
in dust-free liquids or gases, the diffuse radiation of the ordinary kind, having the same wave-length as the 
incident beam, is accompanied by a modified scattered radiation of degraded frequency.  
The new type of light scattering discovered by us naturally requires very powerful illumination for its 
observation. In our experiments, a beam of sunlight was converged successively by a telescope objective 
of 18 cm. aperture and 230 cm. focal length, and by a second lens was placed the scattering material, 
which is either a liquid (carefully purified by repeated distillation in vacuo) or its dust-free vapour. To detect 
the presence of a modified scattered radiation, the method of complementary light-filters was used. A blue-
violet filter, when coupled with a yellow-green filter and placed in the incident light, completely 
extinguished the track of the light through the liquid or vapour. The reappearance of the track when the 
yellow filter is transferred to a place between it and the observer's eye is proof of the existence of a 
modified scattered radiation. Spectroscopic confirmation is also available.  
Some sixty different common liquids have been examined in this way, and every one of them showed the 
effect in greater or less degree. That the effect is a true scattering, and secondly by its polarisation, which 
is in many cases quire strong and comparable with the polarisation of the ordinary scattering. The 
investigation is naturally much more difficult in the case of gases and vapours, owing to the excessive 
feebleness of the effect. Nevertheless, when the vapour is of sufficient density, for example with ether or 
amylene, the modified scattering is readily demonstrable.  



Nobel Price  
      1930 
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He studied the crystal dynamics, the mineralogy 
(fascinated by the diamonds), the combined 
analysis of XR and light interaction with 
crystals, the theory of music, etc…. 
 
Founder and first director of the Indian Institute 
of Sciences in Bangalore . India declared the 
national science day the 28th of February .  
He publish 5 books and 475 papers. 
 
Personality: Kamala Sohonie affair 
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Einstein wrote: 
 
 "C.V. Raman was the 
first to recognise and 
demonstrate that the 
energy of photon can 
undergo partial 
transformation within 
matter. I still recall vividly 
the deep impression that 
this discovery made on 
all of us... ."  
 
Died on November 11th 

1970. 
 



The Raman effect:  
 

A “coordinated”discovery ?? 



From  1913 Mandelstam  and Landsgber in Russia performed similar studies 
using crystals, mainly quartz.  
  
On 21 of February 1928 at the Moscow State University they observed for the 
first time the “secondary radiation”. But the first publication appears several 
months later (Naturwissenschaften,  on 13 of July).  
 
By that time Raman  had performed  a worldwide diffusion of the discovery.  
This was not well accepted by the Soviet system. Mandelstam in particular was 
punished….   



   Also at that time, several French physicists also studied the scattering of 
light in gaseous phases. Mainly: Alfred Kastler, Pierre Daure, Jean 
Cabannes and Yves Rocard. These three last physicists discover the 
Cabannes - Daure effect and publish the results in March-April 1928. 



The instruments  



Espectrograph_Kirchhoff_Bunsen_1823 First spectrograph used by Raman 

 Raman spectrum CCl4 
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Science Simulators and Raman Operation  

F. Rull  
INTA-LIDAX 2008 

2011 



Kirchhoff_Bunsen_1823 
 Raman first spectrograph 1928 
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The Raman effect ? 





The general process 
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The matter is intrinsically  DYNAMICS 

 V(r) = -A/rm+B/rn 

V(r) = k r2/2 

ω = 1/2π(k/µ)1/2 

T=E+V 



Basic question : description of vibrations 

Displacement coordinates ∆r = r-ro 
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3N-6 are vibrations 
6 are whole motions  

Cartesian Coordinates  

Normal coordinates Qi 



Classical Approach to the Raman effect 
 
 
When a molecule is subjected to the electric field E = E0cosωt of 

electromagnetic radiation, the dipolar moment of the molecule p is given 
by: 

 
p = µ0 + [α]E 

 
If the movement is described by qn (t) = qn0cos(ωnt),  
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Long D. 1977 



 RAMAN Scattering 

Laser 
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Vibracional Spectroscopy 
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The polarizability tensor can also be represented in a graphical form  
using  the polarizability ellipsoid 

An important aspect of the Raman tensor is its dependence with the 
orientation of the axes of reference. In a real symmetric polarizability tensor 
the elements αxy=αyx, αxz=αzx and αyz=αzy and instead of nine different 
components, the tensor has a maximum of six distinct components. All 
these components change with the rotation of the reference axis except 
certain linear combinations which are invariant for these rotations. 
The invariants are the mean polarizability and the anisotropy of the tensor 
 
 
   α=1/3(αxx+ αyy+  αzz) 
 
γ2=1/2[(αxx - αyy)2+(αyy – αzz )2+( αzz- αxx)2+ 6 (α2

xy+ α2
xz+ α2

yz)].  
 
 



An interesting property of these invariants is that can be used to 
calculate the space average values of the individual tensor elements. In 
the case of a symmetric tensor we have 
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Thus a symmetric tensor can be expressed as the sum of two symmetric 
tensors using the above equations, α = αiso +αaniso where 
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The isotropic part has no angular dependence and the anisotropic part is 
dependent on the orientation. 



where C is a constant, gi is the degeneracy of the i vibration and the 
quantity  
 
 
 
 
    is known as the Raman activity of the i vibration. This quantity is also 
known as the absolute differential Raman scattering cross section. 

The Raman Intensity 
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According to the Placzek´s classical approach, the differential cross section 
for Raman scattering at right angles of the direction of an incident plane-
polarised light for the vibration i described by the normal coordinate Qi is 
given by 
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see Weber, 1979; Long, 1977; Bogaard & Haines, 1980; Hemert & Blow, 1981 



The measured intensity under a monochromatic illumination of intensity I0 is 
given by,  
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The main challenge for estimating the intensity of Raman vibrations in the condensed 
state is the difficulty to obtain the parameter Ai. Many work has been devoted to this task 
starting from isolated molecules. The problem is how to transfer Ai from the isolated 
molecule to the associated state. 
In the case of liquids the key parameter is the internal field factor which derives in the 
most accepted form from Onsanger´s model of the dielectric molecular polarization. In 
this case the intensity measured under monochromatic illumination of intensity I0 at 90º 
angle is given by 
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In these cases the polarization properties can also supply important 
information about the symmetry properties of the molecular assemblages 
constituting the sample.  The measure of the I║ intensity and I⊥ intensity which 
are obtained analyzing the polarization parallel and perpendicular to the 
excitation polarization respectively allow estimating the depolarization ratio  
ρ = I⊥ / I║ for a given vibration 
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Band shapes 
When a molecular /atomic system is irradiated with an electromagnetic radiation 
the response is proportional to the correlation function of the elements that interact 
with the incident radiation and depending on its nature the response will be 
temporal, spatial or both. In the case of Raman spectroscopy the correlation is 
temporal and in the case of X-Ray diffraction is spatial. 

Also the response is mediated by the interaction with the instrument: 
optics, slits, detectors, electronics… 

Instrument 



The dynamic problem 
Number of vibrations (3N-6) , type of vibration,  
intensity of each vibration 

 Raman PP 

ω = 1/2π(k/µ)1/2 



Any physical property of the molecules or crystal is conditioned by the 
geometrical configuration at the equilibrium. This also holds for the 
dynamics i.e. the way in which atoms vibrate around their equilibrium 
position. In consequence the measured intensity for a particular vibration 
described  by a normal coordinate qi will depends on the geometrical 
conditions involved in such vibration  
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Representations 
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Group Theory 

How to proceed?? 



The cartesian coordinates description  

∆ri = ri - roi 

∆xi ∆yi ∆zi 

The internal coordinates description 

3N 

3N-6 



The symmetry properties 
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In the description of the molecular vibrations by the symmetry coordinates, 
the first step is the knowledge of the point group of symmetry of the 
molecule. The symmetry operations of this group are supposed to act not 
only on the positions but also on the displacement coordinates and their 
velocities. Consequently, T and V are invariant by the group.  
 
The second step is the knowledge of the irreducible representations (I.R.) of 
the group. These are tabulated for all point groups and are represented by 
tables known as the group character tables (Wilson et al., 1955; Ferraro & 
Ziomek, 1969; Nakamoto, 1986; Cotton, 1983; Poulet & Mathieu, 1970). 
 
In the third step we state that the set of k normal coordinates Qik associated 
with a natural frequency ωi form a basis for a R.I. of the G symmetry group 
of the molecule i.e. there is a bi-univocal correspondence between: 
  
 normal coordinates, 
 I.R. of the group G, 
 the species of symmetry, 
 the coordinates of symmetry. 
 





The symmetry coordinates can be then defined as a set of displacements 
of atoms that behave as the irreducible representation (I.R.) of the 
symmetry operations of the group G. For the calculation of symmetry 
coordinates, it is particularly useful to start from a set of internal 
coordinates (recall that this basis can approach the solution of the dynamic 
problem using the GF method). 
 
If the internal coordinates R are grouped into sets that are transformed into 
themselves by the symmetry group G, then it is possible to select a 
generator from each of these sets and to define a projection operator Pα 
corresponding to the I.R. Гα.  
 
The coordinate of symmetry can be expressed as: 

Sk,α = Pα Rk   
    

  Pα= FN Σχα(g) g (lk)      
 

where  χα is the character of the element g of the group G in the I.R. α, lk is the 
selected generator, g (lk) is the result of applying the symmetry operation g є G to lk, 

and FN is a normalization factor. 



S1 (A1) = 1/√2(∆r1+∆r2)  

S2 (A1) = ∆φ  

S3 (B2) = 1/√2(∆r1-∆r2)   

The matrix U associated with this transformation S = UR is an orthogonal transformation (UUt = E). 

The matrix U associated with this 
transformation S = UR is an orthogonal 
transformation (UUt = E). 



Now, knowing the U matrix that relates the internal coordinates with 
those of symmetry, the dynamic problem resolution can be addressed 
according to the GF method. The matrices of the reduced masses and 
force constants become: 

U G U-1= Gs  U F U-1= Fs  

And the secular equation of the system is then written: 

│ Gs Fs-λE│ = 0  



S1 = Q1 

S2 = Q2 

S3 = Q3 

NORMAL MODES IN WATER MOLECULE 
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