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Chapter I

CHAPTER – I
INTRODUCTION

1.1 Introduction
 
Atoms are the basic building blocks of matter and they form the molecules that are involved in the processes of living systems. The human body consists of products of numerous complex chemical reactions and holds together by natural physical forces. Atoms consist of a central nucleus surrounded by cloud of negatively charged electrons. The electron of an atom is bound to the nucleus by the electromagnetic force. A group of atoms can remain bound to each other forming a molecule. 
 
A chemical bond is an interaction between atoms or molecules and allows the formation of chemical compounds, which contain two or more atoms. Strong chemical bonding are associated with the sharing or transfer of electrons between the participating atoms. The strength of bonds varies and classified as “strong bonds” such as covalent (or) ionic bonds and “weak bonds” are dipole-dipole interactions, the London Dispersion force and Hydrogen Bonding. Strong chemical bonds are the intramolecular forces, which hold atoms together in molecules and these bonds typically involve the transfer of integer number of electrons. Molecules, crystals and diatomic gases are held together by chemical bonds, which dictate the structure of matter. 

 1.2 Chemical Reaction 
 
A chemical reaction leads to the transformation of one set of chemical substances to another. It involve the rupture or rearrangement of the bonds holding atoms together. It can be either spontaneous, requiring no input of energy or non-spontaneous, requiring some type of energy like heat, light etc. The substance initially involved in a chemical reaction is called reactants. Chemical reactions are usually characterized by a chemical change and they yield one or more products, which usually have properties 
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different from the reactants. Different chemical reactions are used in combination of chemical synthesis in order to get a desired product. One of the important chemical reaction is the free radical reaction. 

1.3  Free Radical Reaction 
 
Free radical reaction is a chemical reaction, which involves free radicals and are  abundant in organic reactions. The radical reactions are part of organic synthesis, the radicals are often generated from radical initiators such as peroxides or azobis compounds. Many radical reactions are chain reactions with a chain initiation step, a chain propagation step and a chain termination step. It occur frequently in the gas phase are initiated by light. 

The most important reaction involving free radicals are, 

        Free radical substitution, 

        Free radical addition reaction, 

        Intermolecular free radical reaction, 

        Fragmentation reactions and 

        Free radical rearrangement reactions. 

 1.4 Radicals 
Radicals (often referred to as free radicals) are atoms or molecules which contain unpaired electrons. Electrons have a very strong tendency to exist in a paired rather than an unpaired state. The free radicals indiscriminately pick up electrons from other atoms into secondary free radicals, thus setting up a chain reaction Fig[1.1]. The unpaired electrons are highly chemically reactive. Radical play an important role in combustion, Atmospheric Chemistry, Polymerization, Biochemistry and many other chemical 
2

processes. 

             Chain reactions involving free radicals are usually divided into three distinct processes such as initiation, propagation and termination Fig [1.2].
· Initiation reactions are those that result in a net increase in the number of free radicals to form stable species. 
· Propagation reactions are those reactions involving free radicals in which the total number of free radicals remain the same.

· Termination reaction are those reactions resulting in a net decrease in the number of free radicals.          

 1.5 Free radical formation 
              Atoms are most stable in the ground state, if every electron in the outermost shell has a complimentary electron that spins in the opposite direction. A free radical atom consists of at least one unpaired electron in the outermost shell and capable of independent existence. A free radical is easily formed when a covalent bond between entities is broken and one electron remain with each newly formed atom. It can be mainly formed by Photochemical reaction and Thermal Fission reaction or by oxidation reduction reaction Fig [1.3]. Any radical involving oxygen can be referred to as reactive oxygen species. Oxygen centered free radicals contain two unpaired electron in the outermost shell. When free radicals steal an electron from a surrounding compound or molecule, a new free radical is formed in its place Fig [1.4]. The newly formed radical return to its ground state by stealing electron with anti-parallel spins from cellular structures or molecules. Free radicals have a very short half life which makes them very hard to measure in the laboratory and measured using electron spin resonance and spin trapping methods. 
3
1.6 Types of free radicals 
              There are numerous types of free radical that can be formed within the body. The most common free radical is oxygen centered free radical and includes superoxide anion, hydroxyl radical, alkyl radical Fig [1.5], singlet oxygen and hydrogen peroxide. Superoxide anions are formed when oxygen acquires an additional electron and leaving the molecule with only one unpaired electron. The rate of formation depends on the amount of oxygen. Hydroxyl radicals are short lived and formed from O2 and H2O2. Hydrogen peroxide is unique and converted to the highly damaging hydroxyl radical. Singlet oxygen is not a free radical and it can be formed during radical reaction. Singlet oxygen can transfer the energy to a new molecule and act as a catalyst for free radical formation. The molecule can also interact with other molecule leading to the formation of a new radical. Allyl and benzyl radicals are more stable than simple alkyl radicals because of increased stabilization due to resonance. Although radicals are generally short-lived due to their reactivity, long lived radicals are exist, and may be categorized as follows : 

 1.6.1 Stable radicals 
              The primary example of a stable radical is molecular dioxygen O2. Organic radicals can be long lived if they occur in a conjugated  system, such as the radical derived from  - tocopherol. There are also hundreds of examples of thiazyl radicals, which shows remarkable kinetic and thermodynamic stability. 

 1.6.2 Persistent radicals
              Persistent radical compounds are those whose stability is due to steric crowding around the radical center, which makes it physically difficult for the radical to react with another molecule and mainly produced in combustion reaction.
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1.6.3 Diradical 
              Diradical are molecules containing two radical centres. Multiple radical centers can exist in a molecule. Atmospheric oxygen naturally exists as a diradical in its ground state as triplet oxygen. The high reactivity of atmospheric oxygen is due to its diradical state. 

1.7 Atmospheric Radicals 
              Radical species plays an important role in controlling chemistry of the atmosphere. The uptake of radicals by both aqueous atmospheric aerosols and cloud droplets can impact gas-phase chemistry by removing reactant radicals from the gas phase. The uptake of HO2 radicals by cloud droplets slows down the gas-phase loss of ozone because HO2 can react with O3 Fig[1.6]. The most common radical in the lower atmosphere is molecular dioxygen. Other free radicals are produced through photodissociation of source molecules. In the lower atmosphere, the photo dissociation of nitrogen dioxide to give an oxygen atom and nitric oxide plays a key role in smog formation. In the upper atmosphere, the important source of radical is the photodissociation of normally unreactive chlorofluorocarbons by UV radiation.

 
Hydroxyl radicals Fig [1.7] are highly reactive and consequently short lived. It is referred to as the “detergent” of the troposphere because it react with many pollutants, often acting as the first step to their removal and plays an important role in eliminating some Green House Gases like Methane and Ozone. The rate of reaction with the hydroxyl radical determines the pollutants last in the atmosphere if they do not undergo photolysis are rained out.Methane which reacts relatively slowly with hydroxyl radical. 

 1.8 Properties of free radicals
Free radical processes tend to be non-cyclic, irreversible, non-homoeostatic. The 
5

most important property of free radical is magnetic property and provide a powerful tool for detection and study. Molecules with even numbers of paired electrons are diamagnetic. Free radicals are paramagnetic due to the spin of odd electron and the spin of the remaining paired electrons effectively canceling each other. The stability of radical refers to the molecules tendency to react with other compounds. An unstable radical will readily combine with many different molecules. The stability of free radicals can vary widely depending on the properties of the molecule. The active center is the location of unpaired electron on the radical because this is where the reaction takes place. 

 1.9 Importance of Free Radicals 

 
Free radicals perform many valuable functions in our body, including controlling blood flow, fighting infection, even killing cancer cells. Our body use oxygen to convert food items such as fat and sugar into energy. In this process oxygen is converted to water and each water molecule normally takes up four electron and there lead to electron defect. These particles are called as free radicals. The free radicals are naturally produced by some system within the body and have beneficial effects. The immune system is the main body system which utilizes free radicals. Foreign invaders or damaged tissue marked with free radicals by the immune system and helps in the determination of tissue, which needs to be removed from the body. The Antioxidants work to protect lipids from peroxidation by radicals. 

 
Antioxidants are intimately involved in the prevention of cellular damage. It can safely interact with free radicals and terminate the chain reaction before vital molecules are damaged and plays an important role in biological processes, which are necessary for life such as the intercellular killing of bacteria .

1.10 Vinoxy Radical 

Vinoxy radical is one of the important free radical and has been produced by one 
6

of the two mechanisms, 

              a) Attachment of the oxygen atom (O) to carbon atom C(1) followed by migration of a hydrogen atom from C(1) to C(2) atom and accompanied by release of radical (R). 

             b) Attachment of the oxygen atom to C(2) followed (or) accompanied by release of radical R. 

             Vinoxy radical (CH2CHO) plays a vital role in combustion chemistry as an intermediate in the oxidation reactions of unsaturated hydrocarbons.From a spectroscopic point of view, the CH2CHO radical is known to be planar molecule with the A2 ground electronic state and has two resonant structures, one is the formyl methyl type (CH2-CH=O) and the other is the vinoxy type (H2C=CH-O). 

 1.10.1 Vinoxy Radical in Atmosphere  

              The vinoxy radical (CH2CHO) is an important intermediate in atmospheric photochemical process, which has been identified as a product of the gas phase reaction of OH radical with ethylene oxide. The vinoxy radical is found to be an intermediate in the reaction of OH radical with acetylene (C2H2) under atmospheric condition. Subsequent oxidations of vinoxy radicals in the atmosphere are dominated by reaction with O2.

 1.11 Fluoroformyl methyl radical (CH2CFO)
              CH2CFO is a fluorinated analog of CH2CHO and has been attracted in atmospheric chemistry because this radial is an important intermediate of photochemical reactions of felons Fig[1.8]. In the stratosphere, CH2CFO are produced by the following  reactions, 

7

CH2CHF  +  O (3p)    →     CH2CFO + H,

CH2CF2   +   O (3p)    →     CH2CFO + F

               CH2CFO has also received attention for its molecular structure, such as the vinoxy radical, since its structure is expected to be intermediate between the vinoxy type (H2C = CF –Ò), which has the unpaired electron on the oxygen atom and the formylmethyl type (ĊH2-CF = O), which has the unpaired electron on the carbon atom. The CH2CFO radical is confirmed to be planar molecule in the ground electronic state since it has small positive inertial defect and found to be damage stratospheric ozone and terrestrial ecosystem.

1.12 . Objective of the present work

· To optimize the radicals such as CH2CHO and CH2CFO by using ab inito and density functional theory methods. 

· To find the stability of radicals using different theoretical methods.

· To confirm the optimized structures as global minima through frequency calculation.

· To calculate the dipole moment, chemical hardness and chemical potential using the above methods.
8
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Fig 1.1  Free radical process.
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Fig 1.2  Chain reaction involving free radicals.
10
[image: image7.png]



Fig  1.3  Free radical formation.
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Fig  1.4   Free radical stealing electrons from a stable atom.
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Fig 1.5 Structure of Alkyl radical .
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Fig 1.6 Formation of HO2 and  OH radical.
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Fig 1.7   Hydroxyl radical.
14
 SHAPE  \* MERGEFORMAT 



Fig. 1.8  Structure of CH2CFO.
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Chapter II
CHAPTER – II
REVIEW OF LITERATURE
2.1 Introduction 
                CH2CFO plays an important role in atmospheric chemistry and  confirmed to be a planar molecule in the ground electronic state, since it has a small positive inertial defect. The CH2CFO radical belongs to a class of halogen substituted vinoxy radicals that has been receiving increased attention in the past several years An essential aspect of a research project is the review of related literature. The following are the various studies which are related to my topic. 

 
1. Gen Inoue, et.al., (1981) observed the pure rotational spectrum of the vinoxy radical (CH2CHO), in the millimeter wave region. Many -type R-branch transitions were identified with resolved fine structure and partially resolved hyperfine structure. The radical was found to be planar in the ground electronic state due to small inertial defect. It was observed that the formyl methyl type contributed more to the ground electronic state rather than CH2CH=O.

2. Yasuki Endo, et.al., (1983) studied the microwave spectrum of the fluoromethyl radical by using a source frequency modulation spectrometer. The radical was generated directly in the cell by the reaction of methyl fluoxide with 2450 MHz discharge products of CF4. The fine, hyperfine components and the individual lines were measured precisely. The hyperfine structure observed for the ground state was consistent with electronic symmetry of B1 and with odd parity with respect to the reflection on molecular plane. These observations made that the fluoromethyl radical was essentially planar. 

3. Nada.R,et.al .,(1992) studied  Magnesium Silicate (MgSiO3) using a periodic 
16

ab initio Hartree-Fock method in order to characterize the chemical nature of the Si-O bond and to investigate the technical requirements for calculations on minerals, especially concentrating on the effect of basis set size. The unit cell volume has been optimized to assess the reliability of the method and of the computational conditions. Density of states and electron charge density maps have been calculated to investigate the electronic properties. The calculation stress the importance of using a basis set able to describe the ionicity of O and Mg and the role played by d orbitals on Si.

4. Freyria.C, et.al.,(1993) studied  Beryllium (Be) and Calcium (Ca) substitutional impurities in bulk MgO using the periodic ab initio Hartree-Fock method and considerably simpler ionic model based on two-body forces and the dipole shell model. In both cases a supercell approach was used. The Hartree-Fock calculations contained 32 atoms while in the case of the ionic model supercells of up to 250 atoms were employed. The Hartree-Fock results for the Be and Ca defect formation energies are -4.10 and 6.25 eV respectively, the corresponding results from the ionic model being -3.88 and 6.37 eV, these data being defined with respect to ionic, rather than atomic substitutions. The effect of such defects on the Hartree-Fock charge distribution of the host was examined in terms of nuclear displacements (these being compared with the corresponding results of the ionic model) and electronic redistribution, the latter being analysed in terms of charge density maps and induced atomic multiples. The convergence pattern of the Hartree-Fock defect formation energies was discussed using data from cells containing 8, 16 and 32 atoms. The larger unit cells employed with the ionic model allow a more careful study of the convergence rate of the supercell method. 

 
5. Yasuhiro, et.al., (1994) analyzed the rotational spectra of sulfur-bearing carbon-chain free radicals using Fabry-Perot type Fourier transform microwave spectrometer combined with a pulsed discharge nozzle. Transitions of an isotopic species had been observed in the same system. The observed spectral patterns indicated that 
17

HC3S and HC4S are linear free radicals in the ground electronic states. The observed transition frequencies for the radicals in the 7-25 GHZ region had been fitted to the Hamiltonian appropriate to electronic states. The observed transition frequencies for the radicals in the 7-25 GHZ region had been fitted to the Hamiltonian appropriate to electronic states. The total bond length of the radical was found to be 5.107A°

6.  Masashi Furubayashi, et.al., (1997) determined a new laser induced florescence spectrum in the region of 307-335nm. The fluorescing molecule was CH2CFO (fluoroformyl methyl) radical. The ab initio calculations on the CH2CFO radical gave a planar geometry with vibrational frequencies that are consistent with the observed fundamental frequencies. The vibrational frequencies show that the structure of the ground state was closer to fluoroformyl methyl (CH2CFO) rather than a vinoxy type (CH2=CFO) radical. 

7. Scott A.Wright, et.al., (1997) recorded the laser fluorescence excitation spectrum of the origin band of an electronic transition in the CH2CFO radical with partial rotational resolution using a supersonic. The rotational structure of the band was consistent with an in-planar electronic transition. The transition of the vinoxy radical was designated as B2A" –  X2A"  The lower state rotational constants agreed with those calculated from an ab initio CH2CFO equilibrium structure. 

 
8. Yamaguchi, et.al.,(1998) performed geometry optimization and vibrational analysis of the ground and lowest three excited states of the fluorovinoxy radical (CH2CFO) by CASSCF method. Franck-Condon factors of the   B –  X   transition were calculated and then subjected to the vibronic bands in laser induced fluorescence spectra. The calculated factors satisfactorily reproduced the measured fluorescence excitation and dispersed fluorescence spectra after a small correction of the relative displacement between normal coordinate systems of two states. 
18
 
9. Bunte, et.al., (1998) reported  ab initio quantum chemical calculations on the reaction was found to be important in the sustained combustion of nitrogen-ground state potential energy surface for the open shell doublet reaction. The containing fuels. The geometry optimizations have been carried out at the QCISD/6-31G(d,p) level using UHF zeroth-order wave functions in search of local minima and transition states, followed by energy refinements for all critical points at the QCISD(T)/6-311 +G(2df,2p) level. All saddle points were subjected to intrinsic reaction coordinate calculations to determine the minima to which they connect. Two completed reaction pathways are reported. Some of these results will be compared with earlier work by others on the same reaction where geometry optimizations were carried out primarily at the UMP2/6-311G(d,p) level. The comparison brings to light some interesting differences between QCISD and UMP2 theory in the prediction of molecular structures and the connectivity of critical points (and therefore, connected reaction paths) for the doublet system in Reaction .

 
10. Sarah Williams, et.al., (2000) studied the jet cooled laser induced fluorescence spectrum of the B  X electronic transition of 2-methyl vinoxy radical,which was assigned as a superpositions of contributions from non -interacting isomers. The spectrum of the cis isomer was identified by comparison with  ab initio electronic structure calculation. Both theory and experiment clearly indicated that the methyl conformation changed from  X state to B state. The ab initio calculation show that in the ground state the preferred conformation placed one methyl CH bond in the plane of molecular frame.

11. James R. Cheeseman, et.al.,(2000) described  the Ab initio Hartree−Fock (HF)calculation of the electric dipole and magnetic dipole polarizability βαβ reported for thechiral molecules methyloxirane (1) and trans-dimethylthiirane (2) in the static limit. Values of β = 1/3Tr[βαβ] obtained used to predict the specific optical rotations [α]D of 1 and 2. Gauge-including atomic orbitals (GIAOs) are used to ensure origin independence 19

of β and [α]D. β and [α]D values converge slowly to the complete basis set limit. Basis sets including diffuse functions are required to achieve reliable results. The HF and DFT values of βαβ differ generally by 10−30%. Calculated [α]D values for 1 and 2 obtained using large basis sets agree well with the experimental values in sign and magnitude. The deviations can be attributed in part to the neglect of the frequency dependence of β and of solvent effects.

 
12.  Satoshi Inomata, et.al., (2001) analyzed a new laser induced fluorescene spectrum 320 – 360 nm. The fluorescing molecules are identified as cis and trans 2 chlorovinoxy radicals. From an analysis of the laser induced single vibronic level fluorescence, some of the vibrational frequencies are assigned for the ground electronic state and also for excited state. The vibrational assignments are supported by ab initio calculation. The calculated geometries of the cis and trans CHClCHO radicals are planar in the ground state and slightly non polar in the excited state. The experimental results showed that cis and trans CHClCHO are closer to those of the CH2CHO rather than CH2CFO. Dong-bo Cao et.al., (2002) investigated the potential energy surface of C2H2FO at CCSD (T) / 6-311G (d, p) / B3LYP / 6-311G (d, p) level. The results show that isomers of 1, 3, 4, 5, 5’, 8, 9, 9’ are stable and the energy barriers are more than 30 k cal / mol. Only isomer was synthesized experimentally and the calculated frequencies are in good agreement with experimental values. Compared to the analogous C2H3O radical isomers, the energy order was changed. This may due to conjugation of the carbonyl group in isomer CH2CFO with the substituent fluorine at the  - position. 

 
13.Youjung Seo ,et.al.,(2001) performed QCISD calculations to calculate the geometries and energies for neutral and protonated molecules to reproduce the absolute proton affinity scale. The calculated structures at the MC-QCISD//ML level agree very well with experiment and with highly correlated post-Hartree–Fock calculations. The mean absolute deviations from the experimental results of the results at the MC- 
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QCISD//ML and the MC-QCISD//MP2/6-31G(d,p) levels are 4.4 kJ/mol and 4.2 kJ/mol, respectively. It was concluded that the MC-QCISD level of theory can provide good accuracy of the proton affinity scale with less cost.

            14. Hongmei Su ,etal.,(2001) examined an O(3P) atom reacts with a terminal alkene, RCH=CH2, a vinoxy radical can be produced by one of two mechanisms:  (a) attachment of the oxygen atom to C1 followed by migration of a hydrogen atom from C1 to C2 and then release of the radical R, or (b) attachment of the oxygen atom to C2 followed or accompanied by release of the radical R. The hot band B ← X spectra of partially deuterated vinoxys allow one to distinguish between these two possibilities. The general result is that vinoxy was produced in comparable amounts by the two mechanisms. In the reaction of O(3P) atoms with ethylene, one of the product channels was a vinoxy and a hydrogen atom. A hydrogen atom can be directly released from the carbon atom to which the oxygen was attached or it can migrate to the other carbon forming a hot acetaldehyde. The latter then dissociates to form methyl and formyl radicals (mainly) or a hydrogen atom and a vinoxy radical. The hot band spectra of vinoxys from the reaction of O(3P) with CHD=CHD and CH2=CD2 show that while both processes occur, the majority of the hydrogen atoms are released directly rather than indirectly. Fast hydrogen atoms produced by photodissociation of H2S were shown to abstract a hydrogen atom from the methyl group of acetaldehyde yielding a hydrogen molecule and vinoxy. The vinoxy was vibrationally very cold despite the large available energy. 

15. Alexandra A. Hoops, et.al., (2003) examined the photodissociation spectroscopy and dynamics resulting from excitation of the B2A"  X2A" translational spectroscopy. The photofragment yield spectrum revealed vibrationally resolved structure between 29870 and 38800 cm-1. The photon energies investigated only the CH2F + CO and HCCO + HF fragment channels are observed. In contrast to CH2CFO, the vinoxy 
21

radical had been studied both experimentally and theoretically. The vinoxy radical has two observed excited electronic states. The structure, energies and vibrational frequencies of four stationary points were calculated using GAUSSIAN 98 program package at the QCISD / 6-311G** level theory. 

16. Keith T. Kuwata, et.al., (2003) evaluated quantum chemical calculation at B3LYP / 6-31G (d, p), CBS – QB3, MPWIK / 6-31 + G (d, p) levels to characterize the reactivity of synacetaldehyde oxide and its vinyl hydroperoxide isomers. The vinoxy radical formed upon vinyl hydroperoxide decomposition is converted to a chemically activated peroxy radical in the presence of O2. The calculations predict that the unimolecular reaction of the peroxy radical will compete significantly with its collisional stabilization even upto 1 atm pressure. 

 
17. Hassan Sabzyan, et.al.,(2003) examined a high level B3LYP hybrid density functional studies were performed with the target being to determine both the reliability of the methods for computing energetic properties of small silicon–hydrogen compounds, and the accuracy of the currently available thermodynamic properties of these compounds. The energies are Silicon–Hydrogen and Silicon–Silicon bond dissociation energies, atomization energies, and heats of formation. The hybrid B3LYP computational study was performed in combination with five different basis sets. Currently available experimental energies for these compounds have a large experimental error, but with the CBSQ(0 K) energies it was possible to narrow these experimental values. In general, the B3LYP hybrid DFT method with a large basis set computes energies that are slightly below the CBSQ values.

18. Aristophanes Metroponlos, et.al., (2004) investigated an ab initio study of ground states of the vinoxy radical at MCSCF level. They had obtained their equilibrium geometrics and their C-O bond energies, using analytic gradients for geometry 
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optimizations. They also obtained the adiabatic ionization energy of the vinoxy radical and also verified that the radical does not autoionize. 

19.  Mareike Gerenkamp, et.al., (2004) implemented analytic gradient with respect to nuclear displacements for the spin-component scaled MP2 method (SCS-MP2) was presented. The geometries and vibrational frequencies of a benchmark set of 31 first-row molecules are considered. The new SCS-MP2 method performs significantly better than standard MP2: the RMS deviation (mean absolute error) for bond lengths drops from 1.2 (0.8) to 0.9 (0.6) pm and from 84 (67) to 57 (48) cm−1 for the vibrational frequencies. As further tests the geometries of weakly bonded systems, transition metal compounds and organic transition states are considered. For almost all systems the SCS-MP2 method outperforms the MP2 approach albeit for the same computational cost. Significant improvements are especially observed for cases which are usually known as MP2 .

20. Andersson.M.P, et.al.,(2005) calculated optimal frequency scaling factors for the B3LYP/ 6-311+G(d,p) method for fundamental vibrational frequencies on the basis of a set of 125 molecules. Using the new scaling factor, the vibrational frequencies calculated with the triple-ζ basis set 6-311+G(d,p) give significantly better accuracy than those calculated with the double-ζ 6-31G(d) basis set. Scale factors were also determined for low-frequency vibrations using the molecular set of 125 molecules and for zero-point energies using a smaller set of 40 molecules. The effect on the calculated vibrational frequencies for various combinations of diffuse and polarization functions added to the triple-ζ 6-311G basis set are studied. The 6-311+G(d,p) basis set was found to give almost converged frequencies for most molecules, and concluded  that the optimum scaling factors are valid for the basis sets 6-311G(d,p) to 6-311++G(3df,3pd). The new scale factors are 0.9679 for vibrational frequencies, 1.0100 for low-frequency vibrations, and 0.9877 for zero-point vibrational energies. 
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21. Marcello F. Costa, et.al.,(2006) studied the electron correlation and vibrational correction on the polarizability of the LiH molecule .The results for the dipole moment, polarizability and first hyperpolarizability of the LiH molecule obtained through many-body perturbation-theory, coupled-cluster and quadratic configuration interaction methods are presented. The best result for the dipole polarizability, obtained using the QCISD(T) scheme, indicates that the vibrational contribution was appreciable, amounting to ca. 10% of the total polarizability. Regarding the first hyperpolarizability, the vibrational contribution was even more important and has opposite sign in comparison with the electronic contribution

 
22. Katarzyna Piechowska, et.al., (2006) studied the Ab initio potential energy surfaces and radial coupling matrix elements of the vinoxy radical have been calculated in a subspace of two active angles involved in the photodissociation process. A quasidiabatic scheme has been developed in the vicinity of the conical intersection and some implications on the possible photodissociation mechanism  of vinoxy from different formation path have been discussed.

23. Nakajima Masakazu, et.al., (2007) reported Laser induced fluorescene excitation spectra of the B – X2A" electronic transition of the CH2CHS radical, which was sulfur analog of vinoxyl radical CH2CHO under room temperature and jet cooled condition. The LIF excitation spectra show very poor vibronic structures, since the fluorescence quantum yields of the upper vibronic levels are too small to detect fluorescence, except for the vibration less level in B state. A dispersed fluorescence spectrum of jet – cooled CH2CHS from the vibration less level of the B state was also observed. 

 24. Calvo Sergio.R, et.al., (2007) investigated the reactivity of various PtxPdy combinations (with x + y = 10 and various x:y ratios) towards the adsorption of specific 
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intermediates of the oxygen reduction, using the B3PW91 hybrid density functionaltheory. The reactivity was shown to be not only sensitive to the composition of the cluster, but also to the atomic distribution. The calculations indicate that two different ensembles: one ordered and one randomly mixed, with overall composition Pt3Pd7 are thermodynamically more favorable than pure Pt10 for the oxygen reduction reaction. The reasons for this behavior are clearly explained in terms of the atomic and electronic distribution, which makes the Pd atoms to act as electron donors both to Pt atoms and to the adsorbates, thus the reactivity of the Pd atoms in such environment becomes intermediate between Pt and Pd. Moreover, it was found that in a mixed Pt3Pd7 state the electronic distribution makes the average atom more similar to Pt than to Pd, whereas in an ordered Pt3Pd7 cluster, the average atom was more similar to Pd than to Pt.
25. Jens Antony, et.al., (2007) analyzed second-order Møller−Plesset (SCS-MP2) method for the computation of noncovalent interaction energies was carried out with a database of 165 biologically relevant complexes. The effects of the spin-scaling procedure (i.e., MP2 vs SCS-MP2), the basis set size, and the corrections for basis set superposition error (BSSE) are systematically examined. When using two-point basis set extrapolations for the correlation energy, augmentation of the atomic orbital basis with computationally costly diffuse functions is found to be absolute. In general, SCS-MP2 also improves results for noncovalent interactions statistically on MP2, and significant outliers are removed. Moreover, it was shown that effects of BSSE and one-particle basis set incompleteness almost cancel each other in the case of triple-ζ sets (SCS-MP2/TZVPP or SCS-MP2/cc-pVTZ without counterpoise correction), which opens a practical route to efficient computations for large systems. It was recommend that SCS-MP2 as the preferred quantum chemical wave function based method for the noncovalent interactions in large biologically relevant systems when reasonable coupled-cluster with single and double and perturbative triple excitations (CCSD(T)) calculations cannot be 
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performed anymore. A comparison to MP2 and CCSD(T) interaction energies for n- alkane dimers, however, indicates (and this also holds to a lesser extent for hydrogen-bonded systems) limitations of SCS-MP2 when treating chemically “saturated” interactions. The different behavior of second-order perturbation theory for saturated and for stacked π-systems was discussed. 

 
26. Akihiro watanabe, et.al., (2009) examined the rotational spectra of the CH2CFO radical in the 2A" ground state with resolved fine and hyperfine structures using Fourier transform microwave spectroscopy. Rotational transitions are analyzed using the ordinary rigid asymmetric top Hamiltonian for doublet species with three nuclear spins. Seventeen molecular constants including the fine and hyperfine coupling constants had been determined. The CH2CFO radical was confirmed to be a planar molecule in the ground electronic state since it had a small positive inertial defect. From the hyperfine coupling constants of protons, the unpaired electron density on the CH2 carbon atom was estimated to be about 85%.

 
27. Nakajima Masakazu, et.al., (2009) observed an electronic excitation spectrum of B ← X transition of the CH2CHS radical by fluorescence spectroscopy in the range of 21800 – 23400 cm-1. Vibrational assignments for the depletion spectrum were made with the help of a theoretical excitation spectrum computed from results of ab initio calculations. The rotational band contours observed in the depletion spectrum show a large variation due to a vibrational level dependence of the excited state life time. 

28. Jianguo Zhang ,et.al.,(2009) performed theoretical study of 1,1-diamino-hexaazido-cyclo-tetraphophazene (DAHA) and its isomers performed using quantum computational ab initio RHF and density functional theory (B3LYP and B3PW91 methods) with 6-31G* and 6-31G** basis sets implemented in Gaussian 03 program suite. Molecular structure and bonding, vibrational frequencies, Mulliken population 
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analysis, and natural bond orbit (NBO) have been studied. The heats of formation from    atomization energies have also been calculated based on the optimized geometry. The obtained heats of formation data are compared with their homologous cyclophosphazene in order to demonstrate the accuracy of the methods, which indicate that the studied compounds might be potentially used as high energetic materials.
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Chapter III


CHAPTER III

METHODOLOGY

3.1 Introduction
                  Classical physics deals primarily with macroscopic phenomena. Many of the observed characteristics of atomic systems, however, are such that they cannot be reproduced by any model which behaves according to classical laws. To early development of atomic theory consisted of efforts to overcome these difficulties by modifying the laws of Classical physics and the properties of the models to which they were applied. These efforts reached their successful conclusion in the period from 1925 to 1930, when an entirely new theoretical discipline, Quantum Mechanics, was developed by Schrödinger, Heisenberg, Dirac and others. Quantum Chemistry is a branch of theoretical chemistry, which applies Quantum Mechanics and Quantum field theory to address issues and problems in chemistry. The description of the electronic behavior of atoms and molecules as pertaining to their reactivity is one of the applications of Quantum Chemistry. Quantum Chemistry lies on the border between Chemistry and Physics and significant contributions have been made by scientists from both fields. It has a strong and active overlap with the field of Atomic physics and Molecular physics, as well as Physical Chemistry (.

Quantum Theory is based on Schrödinger’s equation: 

                                        H(=E(                                                               (1)

The electrons are considered as wave-like particles whose "waviness" is mathematically represented by a set of wave functions ( obtained by solving Schrödinger’s equation. Schrödinger’s equation for molecular systems can only be solved approximately. 
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The approximation methods can be categorized as both ab initio, semi empirical and density functional theory. Their practical differences are listed below:
3.2 Semi-empirical method 

         Semi-empirical quantum chemistry methods are based on the Hartree Fock formalism, but make many approximations and obtain some parameters from empirical data. They are very important in computational chemistry for treating large molecules where the full Hartree-Fock method without the approximations is too expensive. The use of empirical parameters appears to allow some inclusion of electron correlation effects into the methods. Semi-empirical calculations are much faster than their ab initio counterparts.  The method has been limited to hundreds of atoms. It can be used to study ground, transition, and excited states.
3.3 Ab initio methods 

 Ab initio quantum chemistry methods are computational chemistry methods based on quantum chemistry The term ab initio indicates that the calculation is from first principles and that no empirical data is used. The Hartree SCF (Self Consistent Field) suffers from a shortcoming that the orbital product wave function is not antisymmetric. Fock used antisymmetrized wave function and followed the same procedure as decribed by Hartree. This is the most popular Hartree-Fock method used to obtain the approximated solution to Schrodinger equation of many electron atom. Although Hartree-Fock method uses the antisymmetrized wave function, is does not adequately account for electron correlation. In order to get a better approximation and include more correlation perturbation expansion is used, where the correlation is bulit in step by step. 

3.3.1 Hartree Fock theory 

Hartree Fock theory is one the simplest approximate theories for solving the 
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many-body Hamiltonian. It is based on a simple approximation to the true many-body wave function: that the wave function is given by a single Slater determinant of [image: image13.png]
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Where the variables r include the coordinates of space and spin. For the wave function ( captures much of the physics required for accurate solutions of the Hamiltonian. Most importantly, the wavefunction is antisymmetric with respect to an interchange of any two electron positions. This property is required by the Pauli exclusion principle, i.e.   
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 This wave function may be inserted into the Hamiltonian, equation and an expression for the total energy derived. Applying the theorem that the value of a determinant is unchanged by any non-singular linear transformation and consider the φ to be an orthonormal set. Let introduce a Lagrange multiplier εi  to impose the condition that the φ are normalised, and minimise with respect to the 
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An enormous simplification of the expressions for the orbitals φ results. They reduce to a set of one-electron equations of the form 
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Where v(r) is a non-local potential and the local ionic potential is denoted by vion. The one-electron equations resemble single-particle Schrödinger equations. 

The full Hartree-Fock equations are given as,
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The right hand side of the equations consists of four terms. The first and second give rise to the kinetic energy contribution and the electron-ion potential. The third term, or Hartree term, is the simply electrostatic potential arising from the charge distribution of N electrons. The term includes an unphysical self-interaction of electrons when j=i this term is cancelled the fourth, or exchange term. The exchange term results from the inclusion of the Pauli principle and the assumed determinant form of the wavefunction. The effect of exchange is for electrons of like-spin to avoid each other. Each electron of a given spin is consequently surrounded by an “exchange hole”, a small volume around the electron which like-spin electron avoid. The Hartree-Fock approximation corresponds to the conventional single-electron picture of electronic structure: the distribution of the N electrons is given simply by the sum of one-electron distributions 
[image: image21.wmf]2

j

. This allows concepts such as labelling of electrons by angular momenta, but it must be remembered that this is an artifact of the initial ansatz and that in some systems modifications are required to these ideas. Hartree-Fock theory, by assuming a single-determinant form for the wavefunction, neglects correlation between electrons. The electrons are subject to an average non-local potential arising from the other electrons, which can lead to a poor description of the electronic structure. Although qualitatively correct in many materials 
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and compounds, Hartree-Fock theory is insufficiently accurate to make accurate quantitative predictions. 

3.4 Electron Correlation 

A Hartree-Fock wave function takes into account the interaction between electrons only in an average way and consider the instantaneous interactions between electrons. Since electron repulse each other, they tend to keep out of each other’s way. For example, in helium, if one electron is close to the nucleus at a given instant, it is energetically more favorable for the electron to be far from the nucleus at that instant. One times speaks of coulomb hole surrounding each electron in atom. This is a region in which the probability of finding another electron is small. The motions of electrons are correlated with each other and electron correlation is considered. The correlation energy Ecorr is the difference between the exact nonrelativistic all energy  Enonret  and the Hartree Fock energy E
Ecorr=Enonret-EHF                                                                                                                                            (7)

3.4.1 Møller-Plesset perturbation theory 


The most economical general correlation methods are based on the perturbation theory of Møller and Plesset. Møller-Plesset perturbation theory (MPPT) is one of several quantum chemical post-Hartree-Fock ab initio methods in the field of computational chemistry which improves the Hartree-Fock method by adding electron correlation effects. Perturbation theory is based upon dividing the Hamiltonian into two parts:
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H0 is unperturbed Hartree-Fock Hamiltonian and λV is a small perturbation applied to H0. If the perturbation is sufficiently small, the energy and wave function can be expressed as a power series:
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The first term of the series is the zero order correction; the second term is the first order correction, and so on.  Each successive correction term is calculated until the calculation is terminated at some level. The HF wave function and energy are considered as an unperturbed part, and perturbation is the electron-electron interaction. Substituting equations 3.1 and 3.2 in the Schrödinger equation one gets, from the theory of perturbation, the second order energy is
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 m is the number of basis function. Since H′ is the two electron Hamiltonian operator, the above sum has value, only for 
[image: image27.wmf])

(

o

m

y

, a doubly excited configuration relative to 
[image: image28.wmf]HF

y

  

Hence the second order energy is
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 and εb are the different occupied molecular orbital energies of the electrons. The first order correction to the wave function is 
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For the doubly excited state, the corrected second order wave function is
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 The two-electron integral is given by


[image: image34.wmf])

2

(

)

2

(

12

)

1

(

)

1

(

)

2

(

)

2

(

12

)

1

(

)

1

(

1

1

b

i

a

j

b

j

a

i

ab

ij

HF

r

r

H

f

f

f

f

f

f

f

f

y

y

-

=

¢


The symbols i, j and a, b are electronic coordinates or indices of the occupied and unoccupied spin-orbitals, respectively. The inclusion of second order energy correction is designated as MP2. The MP1 energy is identical to the Hartree-Fock value, and the MP2 energy includes the correlation energy in addition to the Hartree-Fock energy. It is possible to improve the MPPT to include the third and fourth order energy corrections, and the procedures are then referred as MP3 and MP4, respectively. In this method, the convergence problem may arise at geometries distorted far from equilibrium or when the ground state is not significantly separated from the lowest excited state.  If one move towards higher order perturbation theory, the algebra involved becomes more complicated. 

3.5 Density Functional Theory 

Density functional theory is an extremely successful approach for the description of ground state properties of metals, semiconductors, and insulators. The success of density functional theory (DFT) not only encompasses standard bulk materials but also complex materials such as proteins and carbon nanotubes. The main idea of DFT is to describe an interacting system of fermions via its density and not via its many-body wave function. For N electrons in a solid, which obey the Pauli principle and repulse each other via the Coulomb potential, this means that the basic variable of the system depends only on three the spatial coordinates x, y, and z  rather than 3*N degrees of freedom. 
34
3.5.1 Thomas-Fermi model 
Thomas-Fermi theory makes a change in approach from Hartree-Fock theory, as it was the first method using electronic charge density as its fundamental variable instead of the wavefunction. It is thus the earliest form of density fundamental theory. Thomas and Fermi proposed a scheme for solving many electron systems. In this model the electron density n(r) is the central variable rather than the wavefunction, and the total energy of a system is written as a fundamental ETH[n(r)], where square brackets are used to enclose the argument of the functional, which is the density. Thomas Fermi energy is composed of three terms,
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 EMBED Equation.3 [image: image39.wmf] 
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The first is the electronic kinetic energy associated with a system of non-interacting electron gas. This form is obtained by integrating the kinetic energy density of a homogeneous electron gas t0[n(r)],
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where t0[n(r)] is obtained by assuming all of the free-electron energy states ε=k2/2,up to the Fermi wave vector 
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nk is the density of allowed states in reciprocal space .This leads to form given in (9) with coefficient 
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.The power law dependence on the density can also be established on dimensional grounds. The second term is the classical electrostatic energy of attraction between the nuclei and the electrons, where vext(r) is the static coulomb 
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potential arising from the nuclei.
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Finally the third in (8) represents the electron-electron interactions of the system, and in this case is approximated by the classical coulomb repulsion between electrons, known as the Hartree energy. To obtain the ground state density and energy of a system, the Thomas-Fermi equation (8) must be minimized subject to the constraint that the number of electrons is conserved. This type of constrained minimized problem, which occurs frequently within many-body methods, can be performed using technique of lagrange multiplies. In general terms, the minimized of an energy functional leads to the following stationary condition.
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This yields the so, called Thomas –Fermi equation.


[image: image49.wmf]0

'

'

/

)

'

(

)

(

)

(

3

/

5

3

/

2

=

-

-

ò

+

+

m

dr

r

r

r

n

r

v

r

n

A

ext

k

                                            (13)

From (13) the ground state density can be solved directly. Thomas-Fermi theory suffers from many difficulties, probably the most serious defect is that it does not predict bonding between atoms. So molecules and solids cannot form in this theory. The main source of error comes from approximating the kinetic energy in a crude way. This is because of the kinetic energy represents a substantial portion of the total energy of a system and so even small error prove disastrous.
3.5.2 The Hohenberg-Kohn Theorems
The Hohenberg-Kohn theorems relate to any system consisting of electrons moving under the influence of an external potential 
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Theorem 1. 
 
The external potential 
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, and hence the total energy, is a unique functional of the electron density n(r). The energy functional E [n(r)] alluded to in the first Hohenberg-Kohn theorem can be written in terms of the external potential 
[image: image52.wmf])

(

r

v

ext

 in the following way, 

 
[image: image53.wmf])]

(

[

)

(

)

(

)]

(

[

r

n

F

dr

r

v

r

n

r

n

E

ext

+

ò

=

                                                               (14)

Where F[n(r)]  is an unknown, but otherwise universal functional of the electron density n(r) only. Correspondingly, a Hamiltonian for the system can be written such that the electron wavefunction φ that minimizes the expectation value gives the ground state energy,
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The Hamiltonian can be written as, 
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where [image: image56.png]


 is the electronic Hamiltonian consisting of a kinetic energy operator [image: image57.png]


and an interaction operator, 
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The electron operator is[image: image60.png]


 the same for all N-electron systems, so 
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 is completely defined by the number of electrons N, and the external potential Vext(r). 

           The proof of the first theorem is remarkably simple and proceeds by reduction ad absurdum. Let there be two different external potentials, Vext(r)1 and Vext(r) 2  that give 
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rise to the same density n0(r). The associated Hamiltonians, 
[image: image62.wmf]Ù

1

H

 and 
[image: image63.wmf]Ù

2

H

 will therefore have different ground state wavefunctions, φ1 and φ2 that each yield n0(r). Using the variational principle, together with yields, 
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where E1º and E2º are the ground state energies of 
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 respectively. It is at this point that the Hohenberg-Kohn theorems, and therefore DFT, apply rigorously to the ground state only. An equivalent expression for (13) holds when the subscripts are interchanged. Therefore adding the interchanged inequality to (14) leads to the result: 


[image: image68.wmf]0

1

0

2

0

2

0

1

E

E

E

E

+

Ð

+

                                                                                       (19)

which is a contradiction, and as a result the ground state density uniquely determines the external potential 
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, to within an additive constant. Stated simply, the electrons determine the positions of the nuclei in a system, and also all ground state electronic properties and N completely define  
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Theorem 2. 
 
The ground state energy can be obtained variationally: the density that minimizes the total energy is the exact ground state density. The proof of the second theorem is also straightforward: as just shown, n(r) determines, 
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and therefore φ. This ultimately means φ is a functional of n(r), and so the expectation value of  [image: image74.wmf]Ù
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 is also a functional of n(r), i.e.

38


[image: image75.wmf]ñ

á

=

Ù

j

j

F

r

n

F

)]

(

[

                                                                                        (20)

A density that is the ground-state of some external potential is known as [image: image76.png]


-representable. Following from this, a [image: image77.png]


-representable energy functional      
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And the variational principle asserts, 
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Where φ is the wave function associated with the correct groundstate n(r). This leads to, 
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And so the variational principle of the second Hohenberg-Kohn theorem is obtained, 
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Although the Hohenberg-Kohn theorems are extremely powerful, but do not offer a way of computing the ground-state density of a system in practice. About one year after the seminal DFT paper by Hohenberg and Kohn, Kohn and Sham devised a simple method for carrying-out DFT calculations, which retains the exact nature of DFT. This method is described next.
3.5.3 The Kohn-Sham Formulation 
The Kohn-Sham formulation centers on mapping the full interacting system with the real potential, into a fictitious non-interacting system whereby the electrons move within an effective “Kohn-Sham” single-particle potential.
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 The Kohn-Sham method is still exact since it yields the same groundstate density as the real system, but greatly 
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facilitates the calculation. 

First consider the variational problem presented in the second Hohenberg-Kohn theorem - the groundstate energy of a many-electron system can be obtained by minimizing the energy functional (9), subject to the constraint that the number of electrons N  is conserved, which leads to, 
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and the corresponding Euler equation is given by, 
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where µ is the Lagrange multiplier associated with the constraint of constant N. The idea of Kohn and Sham was to set up a system where the kinetic energy could be determined exactly, since this was a major problem in Thomas-Fermi theory. This was achieved by invoking a non-interacting system of electrons. The corresponding groundstate wave function
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 for this type of system is given exactly by a determinant of single-particle orbital 
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The universal functional F[n(r)] was then partitioned into three terms, the first two of which are known exactly and constitute the majority of the energy, the third being a small unknown quantity,
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 is the kinetic energy of a non-interacting electron gas of density                                             
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n(r), 
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 is the classical electrostatic (Hartree) energy of the electrons, 
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and EXC[n(r)] is the exchange-correlation energy, which contains the difference between the exact and non-interacting kinetic energies and also the non-classical contribution to the electron-electron interactions, of which the exchange energy is a part. In the Kohn-Sham prescription the Euler equation given in (15) now becomes, 
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Where the Kohn-Sham potential vks(r) is given by,      
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With the Hartree potential, vH(r)
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and the exchange-correlation potential vXC(r) 

 vXC(r)=  
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The crucial point to understand in Kohn-Sham theory is that (32) is just a rearrangement of (33) so the density obtained when solving the alternative non-interacting Kohn-Sham system is the same as the exact ground state density. The ground state density is obtained in practice by solving the N one-electron Schrödinger equations, 


[image: image97.wmf])

(

)

(

)]

(

2

/

1

[

2

r

r

r

v

i

i

i

ks

j

e

j

=

+

Ñ

-

                                                                 (34)                       

Where εi are Lagrange multipliers corresponding to the orthonormality of the N single-particle states, 
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The non-interacting kinetic energy
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Since Vks(r) depends on the density through the exchange-correlation potential, relations (34), (35) and (36), which are known as the Kohn-Sham equations. In order to handle the kinetic energy in an exact manner, N equations have to be solved in Kohn-Sham theory to obtain the set of Lagrange multipliers εi, as opposed to one equation that determines µ when solving for the density directly, as in the Thomas-Fermi approach. However an advantage of the Kohn-Sham method is that as the complexity of a system increases, due to N increasing, the problem becomes no more difficult, only the number of single-particle equations to be solved increases. Although exact in principle, Kohn-Sham theory is approximate in practice because of the unknown exchange-correlation functional
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Where EH[n(r)] and Eee [n(r)] are the exact kinetic and electron-electron interaction energies respectively. The intention of Kohn and Sham was to make the unknown contribution to the total energy of the non-interacting system as small as possible, and this is indeed the case with the exchange-correlation energy, however it is still an important contribution since the binding energy of many systems is about the same size as 
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, so an accurate description of exchange and correlation is crucial for the prediction of binding properties. Present approximations for the exchange-correlation energy are far from satisfactory; consequently the development of improved exchange-correlation functionals is essential. 
3.6 Basis set

A basis set is the mathematical description of the orbitals within a molecular 
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system used to perform quantum mechanical calculations. Larger the basic set, More accurately the approximate the orbitals, by imposing fewer restrictions on the location of the electrons in space. In principle, the basics set used to expand the orbital should be complete, in order to obtain exact solution to Schrodinger equation. To find an optimal balance between reaching accurate results and keeping the computational cost as small as possible, varieties of basis sets have been developed Standard basis sets for electronic structure calculations use linear combinations of Gaussian function to form the orbitals. One may distinguish the minimal basis set spilt valance basis set ,double basis set, extended basis set (the larger than the double Zeta basis set), polarized basis set (incorporates basis functions of higher angular quantum number beyond what is required by the atom in its electron ground state; allows orbitals to change not only size, but also shape)  with diffuse functions and others.

               A commonly used basis set in electron correlation calculations is the 6-311G** set for first –and second row atoms, which is single zeta for the core and triple zeta for the valance atomic orbital and contains five d-type Gaussian polarization functions on each non - hydrogen atom and three p-type polarization  functions on each hydrogen atom .                              

3.7 Computational details
 
In the present work, the molecular geometries of CH2CHO and CH2CFO radicals were fully optimized using the Density functional theory of UB3LYP and UB3PW91 methods and ab initio methods of spin unrestricted Hartree- Fock method [6,23] and Moller-Plesset Peturbation theory [31] with augmented correlation-consistent polarized valence triple zeta basis set. The chemical potential (µ), chemical hardness (η) and dipole moment (µD) have been calculated using the above levels of theory. All the calculations have been performed using Gaussian03 package [10].
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Chapter IV

CHAPTER – IV
RESULT AND DISCUSSION
 
Spectroscopic studies of the vinoxy radical, its derivatives and analogous molecules have been carried out by various methods [16]. Fluorine is the most electron negative atom and has a potentiality of the σ inductive electron withdrawing effect in most situations. It is also potentially strong π electron donor to the carbon π- system. According to these properties, the fluorine substitution of pf the vinoxy radical is expected to change the π conjugate system of the C-C-O chain and affect its molecular structure. The influence of the fluorine substitution on the structures of a few free radicals has been discussed in the previous papers [8]. In the present study quantum chemical methods has been carried out for CH2CFO and CH2CHO radicals and the optimized electronic structures of the CH2CHO and CH2CFO radicals are shown in the Fig[4.1] and Fig[4.2] respectively. The vibrational frequency calculations show that the CH2CFO and CH2CHO radicals are on real local minima without imaginary frequencies. 

           The essential geometrical data, C-H and C-F stretching frequencies, the dipole moment, chemical hardness and chemical potential are given in the Table [4.1]. The CH2CFO and CH2CHO radicals are found to be planar at UHF/ aug-cc-pVTZ UB3LYP/aug-cc-pVTZ, UB3pw91/ aug-cc-pVTZ, UMP2 / aug-cc-pVTZ level of theories, which coincides well with the previous theoretical study [6, 23, 31]. From the energies given in Table [4.1], it is observed that the radical are found to be more stable at MP2 level of theory due to the inclusion of electron correlation effect, rather than other B3LYP, B3PW91 and HF levels of theory. In case of density functional theory, the bond length, bond angle and dihedral angle values of B3LYP and B3PW91 methods are found to be same. While considering the ab initio method, the geometrical parameters are found to vary for HF and MP2 level of theory. This may be due to the inclusion of electron 
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correlation effect at MP2 levels of theory. From the results obtained, it is found that the   fluorine substitution enhances the stability of the radical at UHF/ aug-cc-pVTZ, UB3LYP/aug-cc-pVTZ, UB3pw91/ aug-cc-pVTZ, UMP2 / aug-cc-pVTZ levels of theory. Also, the C=C bond length is found to be increased around 0.02 Å and C-H, C-O bond lengths are found to be decreased around 0.012 and 0.06 Å respectively by the inclusion of halogen atom (fluorine) at the above levels of theory. The bond angles and dihedral angles are compared with all the above levels of theory and found that it is altered around 2˚. Thus the fluorine substitution gives a very small effect on the C-C-O-π conjugate system, which agrees well with the previous study [42].

             Moreover, the vibrational spectrum for the optimized form of CH2CFO and CH2CHO radicals are shown in Fig [4.3], Fig [4.4], Fig [4.5], and Fig [4.6]. The C=O stretching frequency has been observed for CH2CFO and CH2CHO radical at all levels of theory and their values are found to be 1726, 1755, 1820, 1840 and 1592, 1544, 1572, 1592 at UHF/ aug-cc-pVTZ, UB3LYP/aug-cc-pVTZ, UB3pw91/ aug-cc- pVTZ, UMP2 / aug-cc-pVTZ levels of theory respectively. The C-H antisymmetric stretching frequency is 3292, 3301, 3439, 3455 cm-1, 3253, 3263 , 3399, 3414 at above levels of theory respectively.

4.1 Chemical reactivity parameters

 
Chemical hardness and chemical potential are called chemical reactivity parameters. The chemical potential (µ) and chemical hardness(η) of a molecular system are the first and second derivatives of energy with respect to the number of electrons and are given as
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χ is called electronegativity, which is the negative of chemical potential. The chemical potential is the measure of escaping tendency of electron cloud, whereas the chemical hardness measures the resistance to the flow of electrons. They are related to ionization energy (I) and electron affinity (A) as                     
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               where I =-EHOMO(the energy of highest occupied molecular orbital) and A = -ELUMO (the energy of lowest unoccupied molecular orbital).

           The calculated dipole moment, chemical hardness and chemical potential at UHF/ aug-cc-pVTZ, B3LYP/aug-cc-pVTZ, B3pw91/aug-cc-pVTZ, MP2/aug-cc-pVTZ level of theory for CH2CFO and CH2CHO radicals are given in the Table 4.1. The dipole moment which is the first derivative of the energy with respect to an applied electric field is a measure of the asymmetry in the molecular charge distribution. The dipole moment of CH2CHO radical is found to be 2.81, 3.02, 2.98 and 2.85 (D) and for CH2CHO radical, the dipole moment is 3.17, 3.13, 3.18 and 3.18 (D) at UHF/ aug-cc-pVTZ, B3LYP/aug-cc-pVTZ, B3pw91/aug-cc- pVTZ, MP2/aug-cc-pVTZ levels of theory respectively. Among all the methods, the chemical hardness values of CH2CHO and CH2CFO radicals are found to be -6.09, -4.03, -3.79, -6.063 and -6.37, 4.28, -4.20, -6.38 (eV) at UHF/ aug-cc-pVTZ, B3LYP/aug-cc-pVTZ, B3pw91/aug-cc-pVTZ, MP2/aug-cc-pVTZ levels of theory respectively. The chemical potential values of CH2CHO and CH2CFO radicals are found to be -5.36, -3.61, -3.63, -5.32 and -5.68, 3.85, -3.99, 5.32 (eV) at above levels of theory respectively. 
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Chapter V


CHAPTER – V

SUMMARY AND CONCLUSION

 
The CH2CHO and CH2CFO radicals were optimized using ab initio and density functional theory methods by implementing augmented correlation-consistent polarized valence triple zeta basis set. The energy and geometrical parameters have compared at the above levels of theory. It is observed that the stability of the molecules has enhanced by the fluorine substitution. The fluorine substitution gives a very small effect on the C-C-O-π conjugate system, which agrees well with the previous study [42]. Also, the above radicals are found to be more stable at MP2 level of theory due to the inclusion of electron correlation effect. The dipole moment, chemical hardness and chemical potential values have also been calculated.
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Figures and table
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Fig.4.1 The optimized structures of CH2CHO radical at ab initio 

                    and density functional theory methods.
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       Fig. 4.2 The optimized structures of CH2CFO radical at ab initio  

                     and density functional theory methods.
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        Fig 4.3 The vibrational spectrum of CH2CFO radical at HF and 
                     MP2 methods.
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     Fig 4.4 The vibrational spectrum of CH2CFO radical at B3LYP and 
                  B3PW91 methods.
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        Fig 4.5 The vibrational spectrum of CH2CHO radical at HF and 
                     MP2 methods.
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      Fig 4.6 The vibrational spectrum of CH2CHO radical at B3LYP and 
                   B3PW91 methods.
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Table 4.1 The bond length ( in Å), bond angles ( in ˚), dihedral angles, Energy ( in Hartrees), dipole moment ( in Debye), chemical hardness µ (in eV) and chemical potential η (in eV) of CH2CHO and CH2CFO radicals at UHF/ aug-cc-pVTZ, UB3LYP/aug-cc-pVTZ, UB3pw91/ aug-cc-pVTZ, UMP2 / aug-cc-pVTZ levels of theory.

	
	UHF
	UB3LYP
	UB3PW91
	UMP2

	
	CH2CHO
	CH2CFO
	CH2CHO
	CH2CFO
	CH2CHO
	CH2CFO
	CH2CHO
	CH2CFO

	r(C1-C2)
	1.419
	1.439
	1.421
	1.431
	1.414
	1.432
	1.458
	1.461

	r(C1-H3)
	1.081
	1.069
	1.082
	1.078
	1.072
	1.079
	1.078
	1.075

	r(C1-H4)
	1.081
	1.069
	1.082
	1.078
	1.072
	1.079
	1.078
	1.075

	r(C2-O5)
	1.23
	1.177
	1.229
	1.197
	1.227
	1.195
	1.192
	1.177

	r(C2-F6)
	1.103
	1.319
	1.105
	1.367
	1.087
	1.359
	1.107
	1.357

	H4C1H3)
	119.49
	121.19
	119.52
	120.87
	119.44
	120.89
	120.52
	121.83

	θ(C1C2F6)
	116.97
	113.04
	120.06
	112.12
	119.44
	112.14
	114.715
	110.00

	θ(C1C2O5)
	123.08
	126.75
	123.09
	127.93
	122.43
	127.72
	123.91
	128.63

	θ(C2C1H4)
	119.46
	118.05
	116.84
	118.18
	118.19
	118.13
	118.67
	117.69

	θ(C2C1H3)
	121.05
	120.76
	119.39
	120.96
	119.59
	120.98
	120.81
	120.49

	D(O5C2C1H4)
	0.0
	-179.99
	121.08
	0.013
	179.99
	0.013
	0.003
	-0.009

	D(F6C2C1H3)
	0.0
	-0.008
	0.0
	-0.017
	0.008
	-0.018
	-0.005
	0.008

	D(H3C1C2O5)
	-180.0
	-179.99
	0.0
	-179.99
	-0.01
	-179.99
	-179.99
	179.78

	D(H4C1C2F6)
	-180.0
	179.99
	180.0
	179.98
	-179.99
	179.98
	179.996
	179.99

	Energy 
	-153.2368
	-251.2748
	-153.1717
	-252.5373
	-152.3603
	-252.4361
	-152.8817
	-252.0529

	µ(D)
	2.81
	3.18
	3.02
	3.17
	2.98
	3.13
	2.85
	3.18

	µ
	-5.36
	-5.68
	-3.61
	-3.85
	-3.63
	-3.99
	-5.32
	-5.70

	Η
	-6.097
	-6.37
	-4.03


	-4.28


	-3.79


	-4.20
	-6.063
	-6.38
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