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In the interaction of radiation and matter, quantum energy is either emitted or absorbed. This energy can be represented by a change in energy on which the processes includes those of the vibration and the rotation of atoms or molecules. The energy required for molecules to vibrate is quantized and is generally found in the IR region of the electromagnetic spectrum.
Understanding the vibrational modes existing in a simple molecule, such as water, is a great tool to understand more complicated systems and can be used to predict the identity of some unknown materials and compounds. This paper studies the number of vibrational modes of water that can be predicted theoretically using Group theory and is experimentally verified using FTIR spectroscopy.
Water has nine degrees of freedom (3N, where N is the number of atoms in the molecule), three corresponds to translational motion, three for the rotational motion and the remaining three correspond to the vibrational modes. The water molecule belongs to the C2V point group, a cyclic point group, having four symmetry operations: E = identity operator, C2 = two fold symmetry axis and two mirror operations about the xz-plane (σν) and yz-plane (σ’ν). The nine modes of water correspond to the nine irreducible representations derived from the character table of the C2V point group. The three vibrational modes existing in water are identified to cause a change in the dipole moment of the molecule and have the same symmetry to the translational modes, making them IR active.
Experimental results from FTIR spectroscopy revealed five peaks occurring in the spectra of water. The peaks occurring at wave number 3452 cm-1, 3308 cm-1, and 1641 cm-1 respectively, corresponds to the O-H asymmetric stretching, O-H symmetric stretching and H-O-H bending as predicted theoretically. The peaks at 2081 cm-1 and 667 cm-1, respectively, correspond to the overtones and out-of-plane hydrogen vibration in water molecule. The presence of overtones is a result of the combination of fundamental energy bands in the molecule since a perfect quantized transition between allowable energy bands will never occur when an incident radiation strikes a material. The out-of-plane hydrogen vibration occurs at the lower energy often useful for rotational spectroscopy.
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