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Abstract

The Raman Effect occurs when light impinges upancéecule and interacts with the electron
cloud and the bonds of that molecule. Raman spgy is commonly used in chemistry, since
vibrational information is specific to the chemitands and symmetry of molecules. It therefore
provides a fingerprint by which the molecule canidentified.A new spectroscopy technique to
uncover the precise sequence of atomic movemedtstactural changes that occur during
complex chemical transformations. GFP involves assit intermolecular proton transfer
reaction to produce its fluorescent form. This lampon an ultra fast timescale - from 10
femtoseconds to 10 picoseconds. To perform straictareasurements and determine the
mechanism and pathway of any reaction occurringhia time range by using femtosecond
stimulated Raman spectroscopy (FSRS). A greatwlasilknown about the kinetics of the proton
transfer reaction but little was known about theuaccomplexity of the reaction coordinate or
combination of atomic motions that must occur befthre proton can be transferred. The time
resolved structural data which told us the actt@ié motions that are necessary. 'This work
shows a possibility that we will be able to knownhstructure changes in real-time even in very
complex molecules like a protein using FSRS.

Raman Spectroscopy

The Raman Effect occurs when light impinges upanodecule and interacts with the electron
cloud and the bonds of that molecule. For the spwdus Raman Effect, a photon excites the
molecule from the ground state to a virtual enesigye. When the molecule emits a photon and
returns to the ground state, it returns to a dffiérotational or vibrational state. The difference
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in energy between the original state and this netedeads to a shift in the emitted photon's
frequency away from the excitation wavelength[1].

If the final state of the molecule is more enegd#tian the initial state, then the emitted photon
will be shifted to a lower frequency in order fdrettotal energy of the system to remain
balanced. This shift in frequency is designated &sokes shift. If the final state is less eneogeti
than the initial state, then the emitted photorl b shifted to a higher frequency, and this is
designated as an Anti-Stokes shift. Raman scaftegnan example of inelastic scattering
because of the energy transfer between the phatahthe molecules during their interaction[2].

A change in the molecular polarization potentiahorount of deformation of the electron cloud
with respect to the vibrational coordinate is reedifor a molecule to exhibit a Raman Effect.
The amount of the polarizability change will deterenthe Raman scattering intensity. The
pattern of shifted frequencies is determined byrthational and vibrational states of the sample.
Raman spectroscopy is commonly used in chemistrge svibrational information is specific to
the chemical bonds and symmetry of molecules.dtetfore provides a fingerprint by which the
molecule can be identified[3].
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Fig.1.Energy levelsin Raman Spectr oscopy

Femtosecond broadband stimulated Raman spectros@®RS) is a new technique that
produces high-resolution (time-resolved) vibratiospectra from either the ground or excited
electronic states of molecules, free from backgddiluorescencel[4].
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Fig.2.Example of Femtosecond broadband Raman spectr oscopy
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FSRS uses simultaneously a narrow bandwidth ~1-Bgmsan pump pulse with a continuum
~30-50 fs Stokes probe pulse to produce sharp Rayasrs, at positions corresponding to
vibrational transitions in the sample, riding omp tof the continuum Stokes probe spectrum.
When FSRS is preceded by a femtosecond actinic gautge that initiates the photochemistry
of interest, time-resolved Raman spectroscopy @cdrried out. We present two theoretical
approaches to FSRS: one is based on a couplingrm&R pump and probe light waves with the
vibrations in the medium, and another are a quasth@ohanical description[5].

The latter approach is used to discuss the congitif applicability and limitations of the
coupled-wave description. Extension of the quanmetchanical description to the case where
the Raman pump beam is on resonance with an exaiettonic state, as well as when FSRS is
used to probe a nonstationary vibrational wave @aptepared by an actinic pump pulse[6,7].

Nature of Molecules

A molecule is defined as an electrically neutrabugr of at least two atoms in a definite
arrangement held together by very strong (covaleh®mical bonds[8,9]. Molecules are
distinguished from polyatomic ions in this striemse. In organic chemistry and biochemistry,

the term molecule is used less strictly and alsaplied to charged organic molecules and
biomolecules.

Fig.3. Complex molecule

When elements combine to form a compound, the ptiegeof the compound are determined
from the properties of the MOLECULE of the subs&anthe molecule, then, is the building
block of a compound, just like the atom is a buigdblock of the element. The molecule is the
smallest portion of a compound that can be isolaed still retain the properties of the
compound[10]. A molecule is depicted in various sidyere are a few:
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Fig.4.Different waysto depict a molecule

Molecules are made up of two or more atoms, eittighe same element or of two or more
different elements, joined by one or more covalgdr@gmical bonds. According to the kinetic-
molecular theory, the molecules of a substancanacenstant motion[11-13]. The state (solid,
liquid or gaseous) in which matter appears dependke speed and separation of the molecules
in the matter. Substances differ according to thecgire and composition of their molecules. A
molecular compound is represented by its moledolanula; for example, water is represented
by the formula H20. A more complex structural fofenus sometimes used to show the
arrangement of atoms in the molecule[14].

Molecules differ in size and molecular weights wadl in structure. In a chemical reaction
between molecular substances, the molecules aa bfoken apart into atoms or radicals that
recombine to form other molecules, i.e., other g&rnrses. In other cases two or more molecules
will combine to form a single larger molecule, diaege molecule will be broken up into several
smaller molecules[15].

Molecular simulations of aqueous and soft surfasesinterfaces (air/water, air/ice, air/organic,
water/organic etc.) and solute-solvent interactionsterfacial environments, in particular those
of atmospheric relevance[16]. The aim is to un@edtat a molecular level the fundamental
interactions governing the physics and chemistrythef interfacial processes and to provide
physically justified input for the atmospheric mtgd® advance our understanding of air quality
issues and global climate change.

Some examples ar e given below:

1. Microscopic wetting of heterogeneous organiaaas

Matrix of snapshots from molecular dynamics simala of water on self-assembled monolayer
of alkanethiols on gold as a function of the fractof COOH terminated alkanethiols (along the

x-axis) and number of water molecules wetting tHeMS (along the y-axis). The fraction of
non-wetted surface area of each system is indidagdolv the corresponding snapshot. Color
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coding: methyl terminated alkanethi-green, COOHerminated alkanethic-blue, water
oxygen-red, water hydrogemhite[17].
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2. Photobemistry of nitrate in sea salt aerosol parti

This study shows the complex interactions betwddoricle, sodium and nitrate ions resulting
enhanced photolysis of nitrate in the mixed saltutgmn droplets compared to pure NaN
solution droplets Color coding: Chlorid-yellow, sodiumgreen, nitrat-blue (nitrogen) and
purple (oxygen), watered (oxygen) and white (hydrogen)[1

3. Icevapor interaction via the qu-liquid layer on the surface of ice. Snapts from
molecular dynamics simulations of ice: perfectéegstal (initial condition of the simulation) «
the left, ice slab with two open surfaces at 256nkthe right[19]

151



Yatri R. Shah et al J. Chem. Pharm. Res,, 2010, 2(1): 147-154

4. Oxidation of NaBr aerosol particles by o0z«

This snapshot from anolecular dynamics simulation aimed at elucidating mechanism ¢
bromine production from the reaction of ozone watiueous NaBr aerosol particles shows
ozone molecule (blue) in contact with a bromide {(parple) at the surface of 1.2M Na
solution Sodium ions are depicted in green, oxygen atomed, hydrogen atoms in grey|[z

Structural snapshots of complex molecules

A new spectroscopy technique to uncover the preseguence of atomic moveme and
structural changes that occur duricomplex chemical transformation$he scientists used ti
new method to pin down the changes that occur vgrean fluorescent protein (GFP) glo
under blue light, and say the approach could be tsdurther understand important chemi
transformatios in other complex molecules, as well as tailor mealecules GFP involves a
classic intermolecular proton transfer reactioproduce its fluorescent form[21]. This happ
on an ultra fast timescafeem 10 femtoseconds to 10 picoseconds. Previout had been
extremely difficult to perform structural measurertse and determine the mechanism
pathway of any reaction occurring in this time mnBut using femtosecond stimulated Rar
spectroscopy (FSRS). A great deal was known al@ukinetics othe proton transfer reactic
but little was known about the actual complexitytioé reaction coordinate or combination
atomic motions that must occur before the protonlmatransferred. The time resolved struct
data which told us the actual atic motions that are necessary[22,23].

The structural changes by obtaining vibrationakseof the GFP chromopho-the part of the
molecule responsible for its co-after it was raised to an excited electronic statephoton
absorption. As the moletiproceeds along its chemical reaction coordinakgch is a result o
protons transferring from one residue to anothbg team could monitor the molecu
vibrations[24,25].
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Fig.5.Green fluorescent protein

The reaction coordinate was found to comprise tiraptex motion of many atomic groups in
addition to the proton that is transferred. 'Thisnplexity has long been predicted, but it was
very difficult [or] impossible to directly observexperimentally until our development of the
time resolved stimulated Raman technique, Sincertew approach allows scientists to observe
the atomic motions that occur after a molecule dissa photon it could potentially be important
in the development of photovoltaic devices and dgasitized nanoparticles that are used to
convert light into electricity[25-30]. Knowing howeach atom moves in real-time during
chemical reactions has been a dream of chemistis. Work shows a possibility that we will be
able to know how structure changes in real-timenemevery complex molecules like a protein -
using FSRS.
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