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Abstract: Quantum mechanical calculations of different eresgiomponents of Picric acid in ground and excited
state were carried out by HatreeFock method , dtatied state and in various solvents to studyetfiects of
solvents on various energy components. The solvaitergy, chemical potential, hardness, electrimjithil of
picric acid were calculated with the help of congguHOMO-LUMO gap of picric acid in different solusnin

both ground and excited state. The plots of enexgynponents and thermodynamic parameters against the
dielectric constant of the corresponding solvengsenfound to be polynomial of higher order. The @bt of
HOMO-LUMO of Picric acid and dielectric constantfsvarious solvents in ground state and excitecestaveals

that LUMO of picric acid is more affected than tbhHOMO by change in the dielectric constant & folvent
Keyword: Ground state, Excited state, picric acid, HF-metretergy components, HOMO, LUMO, solvation
energy, dielectric constants.

I ntroduction

Physical and chemical property of a molecule depeamd the structure and the various kinds of ensrgfethe
molecule. Chemical reaction of a molecule in solutis affected by the nature of the solvent; sahadfects not
only the energies of HOMO and LUMO of the moleculat also other kinds of energies. Energy of a mdke
may be considered to have various energy comporsemts as reaction field energy, total zero-electemms,
Nuclear-nuclear, Nuclear-solvent, total one-elattierms, Electron-nuclear, Electron-solvent, Kioetotal two-
electron terms, Electronic energy, total quantunthmenergy, Gas phase energy, Solution phase enetgy
solute energy, total solvent energy, Solute cagitgrgy, Reorganization energy, Solvation enertgl iaternal
energy , total enthalpy, total Gibbs free energy zero point energy. Picric acid is a yellow cajlgte, bitter[1-2],
toxic[3-5], explosive solid[6] which is widely uden the identification of activated compounds lire fabs[7],
preparation of Charge transfer complexes[8-12]afous utilities etc. It has been used as an ek@d§], dyes
[13] and antiseptic [14]. Keeping in view the utilof picric acid various kinds of energies of jcacid in the
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ground as well as excited states in gaseous phasenadifferent kinds of solvents have been thecadly
calculated in this paper.

Computational methods

The initial structure of Picric acid was built wi@hem-Draw ultra8.0 and the structure was optim@echem3D
ultra 8.0. The structure was exported to MaestBoo®.Schrodinger 2012 version. The optimizatiornhaf structure
was done on the Jaguar panel of the Maestro 9HFRBPLY-3 method of theory was chosen. 6-31gasis set
was selected and 255 basis functions were createzhfculation. The molecule was assigned net ekange and
singlet multiplicity. In the solvent menu of th@jgar panel PBF solver was used for optimizatiothefstructure in
both the gaseous and solution phase. The optimiz#ie gaseous state and in the different soluticer® done
both ground states and the excited states of tHecuwle. The thermochemical data were determinel thi¢ help
of vibrational frequency determination.

Geometry optimization
for perform a geometry optimization one needs tesguat the geometry and the direction in whichetreh, a set
of co-ordinates to optimize, and some criteriawben to optimization is complete. The search diveds obtained
from the gradient of the energy and the initial $l@s. An initial Hessian(second derivative matrix force
constant matrix) and the gradient are used to defearch direction that should result in lowerifigmergy. The
choice if co-ordinate systems have a substantiph@thon the convergence of the optimization. Tlealidet of Co-
ordinate is one in which the energy change alorg &a-ordinate is maximized, and the coupling betweo-
ordinates is minimized. Jaguar chooses the codadsystem by default. It has two options Cartesiagh z-matrix
that produces an efficient optimization requireswerstanding of the coupling between simple iakeico-
ordinates

For optimization to minimum energy structures, tbavergence criterion for SCF calculation is e
assure accurate analyses gradients. For thesegjatsve function is considered converged wherrdoe mean
square (RMS) change in density matrix element $s khan the RMS density matrix element changericnite
whose default value is 5.0x10The geometry is considered to have converged vtherenergy of successive
geometries and the elements of analyze gradiertteeagnergy and the displacement has met converggiteria.
For optimization in solution, the default criteeiee multiplied by a factor of three, and a higheongty is given to
the energy convergence criterion. Thus if the enefmnge criterion is met before the gradient aisglacement
criteria have been met, the geometry is considemterged. The optimized geometry may not havecal lo
minimization energy i,e it may have reside on adfadlo know whether it is global minimization waok for the
value of vibrational frequencies. If all the vilkicatal frequencies are real (i,e +ve) then it repntés global
minimum, but if any of the vibrational frequencissegative (i,e imaginary) then it is local minimu

Performing a solvation calculation

It involves several iterations in which the wavadtions for the molecule in the gas phase araulzéd.
The program ch performs electrostatic potentitihfit which represents the wave function as a spbimt charges
on the atomic centers. The interactions betweenrbkecule and the solvent are evaluated by Jag®aisson-
Boltzmann solver [15-16], which fits the field prozkd by the solvent dielectric continuum to anateepf point
charges. These charges are passed back to sch whitorms a new calculation of the wave function the
molecule in the field produced by the solvent paimarges. Electrostaticpotential fitting is perfedon the new
wave function, the solvent-molecule interactiongaevaluated by the Poisson-Boltzmann solver, anans until
the solvation freeenergy for the molecule converges

For solvation calculations on neutral systems @tewthe program pre evaluates the Lewis dot stredor
the molecule or system and assigns atomic van @eldVadii accordingly. The sevan der Waals ragiiused to
form the boundary between the solvent dielectrictiocoum and the solute molecule. The Lewis dotcstme and
van der Waals radii information both appear in ¢hiput from the program pre. The radii are listedier the
heading “vdw?2” in the table of atomic informatioalbw the listing of non-default options. After thee output,



K.K.Srivastava et a//Int.J. ChemTech Res.2014,6(1),pp 730-749. 732

the usual output appears for the first, gas-phatmilation, except that the energy breakdown fer gbf output
also describes the electron-nuclear and kinetidridmnions to the total one-electron terms in tinergy, as well
asthe virial ratio —=V/T, where V is the potenti@leegy and T is the kinetic energy. This ratio sbdog -2 if the
calculation satisfies the virial theorem. After thiest scf output, the output from the first run the program ch
appears. Since performing a solvation calculativabées electrostatic potential fitting to atomintess, the usual
output for that option is included every time outftom the program ch appears in the output filae Tpost
program writes out the necessary input files fer Boisson-Boltzmann solver; this step is notediéndutput file.

The next output section comes from the PoissonzBwhn solver. The output includes information andhea (in
A2) of the molecular surface formed from the inéet®n of spheres with the van der Waals radii et on the
various atoms; the reaction field energy in KT (meh& = 298 K), which is the energy of the interantof the

atom-centered charges with the solvent; the solaeogssible surface area (in A2), which reflects shrface
formed from the points whose closest distance fthenmolecular surface is equal to the probe radfuthe

solvent; and the cavity energy in kT, which is categl to be the solvation energy of a nonpolar solltose size
and shape are the same as those of the actuat soblecule. The output from the program solv folothe

Poisson-Boltzmann solver results, giving the nundigroint charges provided by the solver to moteldolvent,
the sum of the surface charges, the nuclear repuisiergy already calculated by Jaguar, the nupl@at charge
energy representing the energy of interaction betvtee molecule’s nuclei and the solvent point gbsy and the
point-charge repulsion energy, which is calculabetl not used because it is irrelevant to the desh@vation

results.After this output, the output for the satenlvation iteration begins. The output from swines first, giving
the results for the molecule-and-solvent-point-gkarsystem. Total quantum mech. energy corresporttie final

energy from the scf energy table for that itergtiand includes the entire energies for the molesaleent

interactions. The output next includes the gas @laasl the solution phase energies for the molesiriee these
terms are, of course, necessary for solvation gnealgulations. The first solution phase energy jponent is the
total solute energy, which includes the nuclearaar; electronnuclear, kinetic, and two-electrormig but no
terms involving the solvent directly. The secondchponent of the solution phase energy is the talakst energy,
which is computed as half of the total of the nacieolvent and electron-solvent terms, since sdhits effect has
already changed the solute energy. Third, a solawéy term, which computes the solvation energg oonpolar
solute of identical size and shape to the actuaktesanolecule, as described in reference [15]néduided. This is
only done for water as solvent. The last solutibage energy component (shown only if it is nonzer¢grm (T),

the first shell correction factor, which dependstba functional groups in the molecule, with atongar the
surface contributing most heavily. Finally, thet Ends with the reorganization energy and the siolwvanergy.

The reorganization energy is the difference betwtbertotal solute energy and the gas phase enangygdoes not
explicitly contain solvent terms. The final sohatienergy is calculated as the solution phase gragcribed
above minus the gas phase energy. The solvatiogyeisdisted in Hartrees and in kcal/mol,

Chemical potential (L)[17]

HOMO as ionization energy(IE) and LUMO as electadfinity (EA) have been used for calculating theotonic
chemical potential (m) which is half of the enecfyHOMO and LUMO.

M= (ErvomotELumo)/2

Hardness (#7)[18]

The hardness (h) as half of the gap energy of HGM® LUMO has been calculated using the followingagipn
Gap= Eiomo-ELumo

n =Gap/2
Electrophilicity (a)[19]
The electrophilicity &) has been calculated using equation-

w= P2 n
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Reaction field energy (in KT)

This gives us the energy of the interactions ofratentred charges with the solvent;Solvent adolessurface

area (SASA inAOz) reflects the surface formed form the points whdesest distance from the molecular surface
is equal to the probe radius of the solvent.

Cavity energy (in KT)

This is solvation energy of a non-polar solute vensige and shape are the same as those of aduutal smlecule.

Quantum mechanical energy
This term corresponds to the entire energies fntblecule solvent interaction and is equal tostia of total

zero electron terms and electronic energy.

Reorganisation energy

This is the difference between the total soluterggh@nd the gas phase energy, and does not ekplicinhtain
solvent terms.

Calculations for excited states

The energy parameters in excited states for clebetl Hatree-Fock reference wave function have loadculated
by configuration interaction singles (CIS) methadJaguar panel of Maestro9.3.

Thermochemical Properties

Thermochemical calculations of the constant volumaat capacity (¢, internal energy (U) entropy (S), enthalpy
(H) and Gibbs Free energy are calculated at stdntimperature and pressure by calculating vibration
frequencies with the help of rotational symmetryniwers, which identify the number of orientationaofolecule
which can be obtained from each other by rotatmil, zero point energies are also computed.

Results and discussion
Solvent parameters:

Table-1 summarizes the solvent parameters such as dielectric corsstamilecular weight, density and polarity of
the solvents used for the present theoretical shydyoisson-Boltzmann solver. In table-3 the enemyponents
calculated by Hatree-Fock method on Jaguar pantieoMaestro 9.3 with 6-31fbasis set utilizing 255 basis
functions for Picric acid in the ground state h&meen incorporated. In table 4 the values of samanpeters for
picric acid in the excited state calculated by @ method appears.The pictures of HOMO and LUM®@iofic
acid in gaseous state, in most stabilizing solveatsbeen shown in fig.8.

An electron acceptor represents the ability to iobéa electron in the LUMO and HOMO represents the
ability to donate electron.

The (Enomo-ELumo) gap is an important scale of stability [23] and compdsl with large (Bomo-ELumo)
gap value tend to have higher stability. The pdrakthe table-3 indicates the stability of picecid increases in
the solvents in the ground and excited state in dider; gas>aceotonitrilie>dmf>methanol>dichlororaeth
>THF> chloroform> water>carbontetrachloride> berezaryclohexane and aceotonitrilie>dmf> methanol>
dichloromethane >THF> chloroform> water> gas>catbtachloride> benzene>cyclohexane respectively.
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Tablel: Physical parameters of various solvents

Solvents M.W Density Dielectric constant Probe wadi
g/mol g/ml R
1.Acetonitrile 375 0.777 375 2.19
2.Benzene 78.12 0.87865 2.284 2.6
3.Carbontetrachloride 153.82 1.594 2.238 2.67
4.Chloroform 119.38 1.4832 4.806 2.52
5.Cyclohexane 84.16 0.77855 2.023 2.78
6.Dichloromethane 84.93 1.3266 8.93 2.33
7.DMF 73.09 0.944 36.7 2.49
8.methanol 32.04 0.7914 33.62 2
9.THF 72.11 0.8892 7.6 2.52

10.Water 18.02 0.99823 80.37 14
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Table: 2
job name HOMO LUMO Gap p=Ehomo+Elumo/2 n=(Lumo-Homo)/2 Electrophilicity
w=p?2n
1 Gas(GS) -0.40811 0.0025 -0.41061 -0.202805 0.205305 0.004222084
Gas (ES) -0.40809 0.0024 -0.41049 -0.202845 0.205245 0.004222515
2 acetonitrile(GS) -0.384175 0.02435 -0.408525 -0.1799125 0.2042625 0.003305836
acetonitrile(ES) -0.384128 0.024407 -0.408535 -0.1798605 0.2042675 0.003304006
3 benzene(GS) -0.39758 0.012733 -0.410313 -0.1924235 0.2051565 0.003798145
benzene(ES) -0.39754 0.012646 -0.410186 -0.192447 0.205093 0.003797897
4 carbontetrachloride(GS) -0.397804 0.012367 -0.410171 -0.1927185 0.2050855 0.003808481
carbontetrachloride(ES) -0.397804 0.012367 -0.410171 -0.1927185 0.2050855 0.003808481
5  chloroform(GS) -0.391053 0.018444 -0.409497 -0.1863045 0.2047485 0.003553345
chloroformexcited(ES) -0.391056 0.018421 -0.409477 -0.1863175 0.2047385 0.003553668
6  cyclohexan(GS) -0.398972 0.011423 -0.410395 -0.1937745 0.2051975 0.003852435
cyclohexane(ES) -0.398958 0.011448 -0.410406 -0.193755 0.205203 0.003851763
7  dichlormethane(GS) -0.387654 0.02142 -0.409074 -0.183117 0.204537 0.003429251
dichlormethane(ES) -0.387654 0.02142 -0.409074 -0.183117 0.204537 0.003429251
8  dmf (GS) -0.384524 0.024194 -0.408718 -0.180165 0.204359 0.003316688
dmfexcited(ES) -0.384328 0.024311 -0.408639 -0.1800085 0.2043195 0.003310289
9  methanol(GS) -0.384105 0.024625 -0.40873 -0.17974 0.204365 0.003301156
methanol(ES) -0.384105 0.024625 -0.40873 -0.17974 0.204365 0.003301156
10 THF(GS) -0.38841 0.020805 -0.409215 -0.1838025 0.2046075 0.003456164
THF(ES) -0.388387 0.02084 -0.409227 -0.1837735 0.2046135 0.003455175
11  Water(GS) -0.38495 0.02469 -0.40964 -0.18013 0.20482 0.003322879
Water(ES) -0.384914 0.024636 -0.40955 -0.180139 0.204775 0.00332248
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Table.3 : Energy components of Picric acid in the Ground state in gas phase and various solvents.

Energy components , in hartrees Gas-phase Acelenitr Benzene Carbon Chloroform  Cyclohexane  Dichloro dmf  methanol THF téra
tetrachloride methane

(A)Total zero electon terms 1117.88 1119.97 1120.0 1119.05 1120.22 1118.45 1117.84 111796 1118.67 118.19
(B)Nuclear-nuclear/nuclear repulsion 1121.69 1120.3 1121.03 1121.11 1120.77 1121.13 1120.53 1120.24120.39  1120.64 1120.55
(C)Nuclear-solvent -2.44 -1.06 -1.03 -1.72 -0.92  2.07 -2.40 -2.44 -1.98 -2.36
(E)Total one electron terms -3481.02 -3475.23 -RF8 -3478.59 -3477.04 -3478.77  -3476.10 -3475.1147537 -3476.46 -3476.01
(F)Electron-nuclear -4391.50 -4393.41 -4393.59 9486 -4393.67  -4392.03  -4391.33 -4391.63 -4392.31-4392.28
(G)Electron-solvent 2.36 1.03 1.00 1.66 0.89 201 232 2.36 191 231
(H)Kinetic 913.90 914.00 914.00 913.95 914.01 913.93 913.90 13.99 913.94 913.95
(I)Total two electron terms 1443.37 1441.31 1442.42 1442.52 1441.97 1442.57 1441.62 1441.23 1441.38 41.14 1441.82
(L)Electronic energy (E+I) -2037.65 -2033.92 -2086.9 -2036.07 -2035.07 -2036.21 -2034.48 -2033.88 3AB -2034.69 -2034.20
g’;‘lggﬁk‘iﬁmum mechanical -915.96 -916.04  -915.99 -915.99 -916.01 91599 684 -91603 -916.04 -916.02  -916.01
(O)Gas phase energy -915.96 -915.96 -915.96 -815.9  -915.96 -915.96 -915.96 -915.96  -915.96 -915.96
(P)Solution phase energy(Q+R+S) -915.99 -915.98 9815 -915.98 -915.97 -915.99 -915.99 -915.99 -915.99 -915.98
(Q)Total solute energy(N-C-G) -915.95 -915.96 -9865 -915.96 -915.96 -915.96 -915.95 -915.95 -915.96 -915.96
(R)Total solvent energyC/2+G/2) -0.04100 -0.01631 -0.01589 -0.02762 -0.01397 -0.03401 -0.04011 -(re40 -0.03227 -0.02644
(S)Solute cavity energy 0.00000 0.00000 0.00000 00@DO 0.00000 0.00000 0.00000 0.00000 0.00000 02005
(U)Reorganization energy(Q-O) 0.06000 0.00072 @660 0.00271 0.00041 0.00417  0.00582  0.00581  0.003740.00295
(V)solvation energy(P-O) -0.03500 -0.01558 -0.52 -0.02491 -0.01355 -0.02984 -0.03429 -0.03498 2&r6 -0.01934

Reaction Field Energy (KT) -43.63791  -17.38373 .92819 -29.47034 -14.88405  -36.2714 -42.8392 -4R45-34.4478 -28.11175
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Table4 : Energy components of Picric acid in the excited state in gas phase and various solvents.
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Energy components , in hartrees Gas-phase  Acalenitr Benzene Carbon Chloroform  Cyclohexane  Dichloro dmf methanol THF Water
tetrachloride methane

(A)Total zero electon terms 1117.88 1120.06 1120.0 1119.05 1120.22 1118.45 1117.99 1117.96 1118.66 118.13
(B)Nuclear-nuclear/nuclear repulsion 1121.69 1120.3 1121.11 1121.11 1120.77 1121.13 1120.53 1120.39120.39  1120.64 1120.50
(C)Nuclear-solvent -2.45 -1.06 -1.03 -1.72 -0.92  2.07 -2.40 -2.44 -1.98 -2.38
(E)Total one electron terms -3481.02 -3475.23 -BF8 -3478.59 -3477.04 -3478.77  -3476.10 -3475.4247537 -3476.46 -3475.90
(F)Electron-nuclear -4391.50 -4393.58 -4393.59 92486 -4393.67  -4392.03 -4391.64 -4391.63 -4392.304392.17
(G)Electron-solvent 2.37 1.03 1.00 1.66 0.89 201 232 2.36 191 2.32
(H)Kinetic 913.90 914.00 914.00 913.95 914.01 913.93 913.91 13.99 913.93 913.95
(I)Total two electron terms 1443.37 1441.31 144251 1442.52 1441.97 1442.57 1441.62 1441.39 1441.38 41.14 1441.77
(L)Electronic energy (E+l) -2037.65 -2033.92 -203%6.0 -2036.07 -2035.07 -2036.21  -2034.48 -2034.03 34B -2034.69 -2034.14
g’;‘ggﬁk‘i‘ﬁm“m mechanical -915.96 -916.04  -915.99 -915.99 -916.01 -915.99 684 -91603 -916.04 -916.02  -916.01
(O)Gas phase energy -915.96 -915.96 -915.96 -815.9  -915.96 -915.96 -915.96 -915.96  -915.96 -915.96
(P)Solution phase energy(Q+R+S) -916.00 -915.98 9815 -915.98 -915.97 -915.99 -915.99 -915.99 -915.99 -915.98
(Q)Total solute energy(N-C-G) -915.95 -915.96 -965 -915.96 -915.96 -915.96 -915.95 -915.95 -915.96 -915.96
(R)Total solvent energyC/2+G/2) -0.04098 -0.01631 -0.01589 -0.02760 -0.01398 -0.03401 -0.04011 -(r©40 -0.03230 -0.02657
(S)Solute cavity energy 0.00000 0.00000 0.00000 00@DO 0.00000 0.00000 0.00000 0.00000 0.00000 02005
(U)Reorganization energy(Q-0) 0.00597 0.00072 @580 0.00270 0.00042 0.00417 0.00574 0.00581 0.003760.00300
(V)solvation energy(P-O) -0.03500 -0.01560 -0.52 -0.02490 -0.01356  -0.02984 -0.03437 -0.03498 2&na@ -0.01943
Reaction field energy (kT) -43.7310 -17.3812 -2810 -29.4448 -14.9102  -36.2714 -42.854  -43.45404.50 -28.0616
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The plot of the energy gap between HOMO and LUMG@swe dielectric constant of solvents in ground
state and excited state have been shown in thafand 1b respectively. The dependence of the yiga (y) on
dielectric constant (x) in ground and excited stiikows the equation y = 2E-10x 4E-08X + 2E-06X - 6E-05X
+ 0.0006x - 0.4114 (R? = 0.9913) and y = 2E?10XE-08X + 2E-06X - 6E-05X + 0.0006x - 0.4113( R2 =
0.9943) respectively.

The Picric acid molecule has been dbtmbe stabilized in the ground state in gastomiteile, THF, and
cyclohexane in the order; gas> acetonitrile> THiyelohexane than their corresponding excited statgereas,
the excited state is more stabilized in chloroforvmter, benzene and gaseous state , the order being
chloroform>water>benzene>gaseous state. Thereifoiejs desired to stabilize picric acid in theognd state
then out of ten solvents studied acetonitrile is fest. On the other hand, chloroform is the blesice for the
stabilization of picric acid in the excited staban its ground state. However, methanol, carbrateloride and
dichloromethane stabilizes the ground state aniteskstate to the same extent; the order of staiitin being
methanol> dichloromethane>carbontetrachloride.

The 3D plots of HOMO-LUMO and dielgctconstant shown in figure 7a and 7b reveals th#1O of
picric acid is more effected than HOMO in both ¢neund and excited state by change in the dietectmstant of
the solvent.

The chemical potentials (L) of picric acid in the ground state and excitedestae in the following order;
methanol>gas> acetonitrile>water>dmf> dichloromadwlHF> chloroform>benzene> carbontetra chloride>
cyclohexane>gas and methanol> acetonitrile>gaé>dmter> dichloromethane> THF>chloroform> benzene>
carbontetrachloride> cyclohexane respectively ardesin carbontetra chloride, dichloromethane, mmethalhe
chemical potentials of picric acid in methanol,bzartetrachloride and dichloromethane are identitdloth the
ground and excited states.

The plot of the chemical potential versus dieleatnstant of solvents in ground state and excitais
have been shown in the fig2a and 2b. The dependdribe chemical potential (y) on dielectric coms¢®) follows
the equation

The Picric acid molecule has beemébtio possess higher chemical potential in the mgtostate in
benzene, chloroform, gas, methanol, water in tderpmethanol>gas>water> chloroform>benzene> , @d®rthe
excited state has higher chemical potential incatttle, carbontetrachloride, cyclohexane, dicbloethane, dmf
and THF, the order being; acetonitrile>dmf> dicbloethane> THF>carbontetrachloride>cyclohexane. &fbes,
if it is desired to have highest chemical potengitric acid in the ground state, then out of selvents studied
methanol is the best. However , chemical potentialpicric acid in methanol, carbontetrachloridedan
dichloromethane in the ground state and excitetk stege same; the order being; methanol>dichloroameth
>carbontetrachloride.

The hardness(nn) of picric acid increases in the ground and excistate in the following order;
cyclohexane> benzene>carbontetrachloride> waterbloraform> THF> dichloromethane> methanol> dmf>
acetonitrile> gas and cyclohexane>benzene>carlvaotdvride> gas> water> chloroform>THF >
dichloromethane> methanol>dmf> acetonitrile reipely. The hardness incarbontetrachloride, diatteethane,
methanol, is same in both the ground and excitgst

The plot of hardness versus dielectric constargodfents in the ground state and excited state baen
shown in the fig3a and 3b respectively. The depecel®f hardness (y) on dielectric constant(x) feidhe y = -
1E-10X + 2E-08X - 1E-06X + 3E-05% - 0.0003x + 0.2057, (R2 = 0.9913) and y = -1E2HORE-08X - 1E-06X +
3E-05x - 0.0003x + 0.2057(R2 = 0.9943) in the ground excited state respectively.

The Picric acid molecule has been found to be Istiidecyclohexane in both the ground and excitatest the
hardness .Therefore, if it is desired to incredsadness of picric acid to largest extent in theugd state then out
of ten solvents studied cyclohexane is the best.
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The electrophilicity (w)of picric acid increases in ground and exciteatestin the following order
cyclohexane>carbontetrachloride>benzene>chlorofdidE>dichloromethane>water>dmf>acetonitrile>
methanol> gas and cyclohexane>carbontetrachlorglezdne> chloroform> THF> dichloromethane> water>
gas>dmf> acetonitrile> methanol. The electrophificif picric acid is identical in both the grounddaexcited state
in methanol, carbontetrachloride, and dichlorometha

The plot of electrophilicity (y) versus dielectionstant(x) of solvents in ground state and excitde
have been shown in the figda and 4b respectivdtg dependence of the electrophilicity on dieleatdnstant
follows the y = 8E-12%- 1E-09X + 9E-08X - 3E-06X + 4E-05xX - 0.0003x + 0.0043 (R? = 0.9998) and y = 6E-
12>¢ - 1E-09X + 8E-08X - 2E-06X + 4E-05% - 0.0003x + 0.0043 (R2 = 0.9999) in the ground ardited state
respectively.

The Picric acid molecule has been found to podsighselectrophilicity in the ground in cyclohexaféerefore, if
it is desired to increase electrophilicity of pacecid to larger extent in the ground state, theinod ten solvents
studied cyclohexane is the best. However, methaadbontetrachloride and dichloromethane stabilizesground
state and excited state to the same extent; ther ofdstabilization being; carbontetrachloride>hiiicomethane>
methanol.

The Solvation energy of picric acid in the ground state and excitedestae in the following order; acetonitrile>
methanol>dmf>dichloromethane>THF>chloroform> waterzene>carbontetrachloride>cyclohexane .

The plot of the solvation energy versus dieleatoastant of solvents in ground state and excitaté dtave been
shown in the figba and 5b respectively. The depecelef the solvation energy(y) on dielectric conttg follows
the equation y = 4E-16x 7E-08X + 4E-06X - 0.0001% + 0.0017% - 0.0116x + 0.0037 (R2 = 0.9996) and y = 3E-
10X - 6E-08X + 4E-06X - 0.0001% + 0.0016% - 0.0114x + 0.0035 (R2? = 0.9997) in the ground erdited state
respectively.

Picric acid is solvated more in the excited sthtmtthe ground state in benzene, dmf, THF watercgodhexane,
whereas the ground state is solvated more thareexstate in only chloroform. The rest four solgenamely
acetonitrile, carbontetrachloride, dichlormethanad methanol have same influence on both the gramdt
excited states.

The reaction field energy in KT (where T=29K) irases in the order both in the ground state andesksiate
cyclohexane>carbontetrachloride>benzene> water>orafdrm> THF>dichlormethane> DMF> methanol>
acetonitrile and cyclohexane>carbontetrachloridezbee> water>chloroform>THF> dichlormethane> DMF>
methanol> acetonitrile respectively. and same itharl, dichloromethane, carbontetrachloride.

The values of various thermodynamic quantitiesiofipacid in gaseous phase and ten different sodvappear in
Table 5 and 6. The data are self-explanatory.

Thermodynamic parameters: An examination of tablan8l 6 gives an idea about different thermodynamic
parameter.

Entropy:

The excited state of picric acid becomes orderediifferent solvents in the order benzene> wateMFD
acetonitrile> THF>. In carbontetrachloride , cywaane, dichloromethane and methanol, the grotaid and
excited states have same ordered states. In chtor@fnd gaseous state the ground state is moreedrde

Enthalpy:

The solvation of excited states of picric acid xethermic in acetonitrile, benzene, cyclohexanef,dmd THF,
while it is endothermic in chloroform and water.r@@ntetrachloride, dichloromethane and methanoktsame
influence on both ground and excited states ofgamid.
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Changein Gibbsfree energy:

The excited state is more favored in acetonitfilef, and cyclohexane. The order being acetonitrlletF->
cyclohexane.

Figure 1a. Effect of dielectric contant on the HOMO-LUMO gap of picric acid in the GS
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Figurelb..Effect of dielectric contant on the HOMO-LUM O gap of picric acid in the ES
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Figure 2a.Effect of dielectric contant on the chemical potential of picric acid in the GS
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Figure 2b.Effect of dielectric contant on the HOMO-LUM O gap of picric acid in the ES
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Figure 3a.Effect of didlectric contant on the hardness of picric acid in the GS
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Figure 3b.Effect of didectric contant on the hardness of picric acid in the ES
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Figure 4a.Effect of dielectric contant on the electrophilicity of picric acid in the GS
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Figure 4b.Effect of dielectric contant on the electrophilicity of picric acid in the ES
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Figure 5a.Effect of dielectriccontant on the solvation energy of picric acid in the GS
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Figure 5h.Effect of didlectric contant on the solvation of picric acid in the ES
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Figure 6a.Effect of dielectric contant on thereaction field of picric acid in the GS
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Figure 6b.Effect of dielectric contant on the reaction field of picric acid in the GS
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Figure7a. 3D plot of HOMO-LUMO-dielectric constant to study the effect on HOMO and LUMO of picric
acid with the changein the diglectric constant of solventsin GS
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Figure7b. Figure 3D plot of HOMO-LUM O-di€electric constant to study the effect on HOMO and LUMO of
picric acid with the change in the dielectric constant of solventsin ES
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Figure 8. Picture of HOMO and LUMO in gaseous state, most stabilizing solvents and least stabilizing solventsin ground and excited state.
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Table5 :. Thermochemical resultsof the constant volume heat capacity (C,), internal energy (U), entropy (S), enthalpy (H) and Gibbs Free ener gy

u Cv S H G InQ Utotal Htotal Gtotal
(SCFE + ZPE +
U) (Utot + pV) (Htot - T*S)
cal/mol cal/mol cal/mol
Gas-phase(GS) 7.37000  43.10000 108.82300 7.962001.48300 41.32289 -1820.01388 -1820.01201 -18204.147
Gas-phase(ES) 7.46000 43.18400 110.35700 8.0530@,.85700 41.94288 -1819.98284 -1819.98096 -1820®851
Acetonitrile(GS) 7.36400  43.08300 108.75100 7.9560e24.46800 41.29738 -1820.01397 -1820.01210 -18208
Acetonitrile(ES) 7.36300 43.08200 108.73600 7.9550€24.46400 41.29120 -1820.01404 -1820.01216 -18233
Benzene(GS) 7.45400  43.14800 110.27100 8.04600 832d0 41.91032 -1819.97490 -1819.97303 -1820.07714
Benzene(ES) 7.43600 43.11100 110.00200 8.02900 762@0 41.80403 -1819.97497 -1819.97309 -1820.07695
Carbontetrachloride(GS)  7.43800  43.11200 110.034G003100 -24.77600 41.81742 -1819.97424 -1819.97236 -1820.07625
Carbontetrachloride(ES)  7.43800  43.11200 110.034(03100 -24.77600 41.81742 -1819.97424 -1819.97236 -1820.07625
Chloroform(GS) 7.39500 43.08200 109.28800 7.988024.59600 41.51382 -1819.99370 -1819.99183 -1820D95
Chloroform(ES) 7.39600  43.08200 109.30100 7.9890(24.59900 41.51896 -1819.99368 -1819.99181 -1820D95
Cyclohexane(GS) 7.45800  43.13900 110.36600 8.050024.85500 41.95106 -1819.97084 -1819.96896 -1820.07
Cylohexane(ES) 7.45800 43.13800 110.36600 8.050024.85500 41.95118 -1819.97086 -1819.96898 -1820873
Dichloromethane(GS) 7.38300  43.08900 109.05300 5D@7 -24.53900 41.41683 -1820.00362 -1820.00174 018271
Dichloromethane(ES) 7.38300  43.08900 109.05300 5P@7 -24.53900 41.41683 -1820.00362 -1820.00174 018271
DMF(GS) 7.37300 43.09600 108.87600 7.96500 -24.296@1.34480 -1820.01263 -1820.01075 -1820.11355
DMF(ES) 7.36400  43.08700 108.73900 7.95700 -24.463@1.28959 -1820.01275 -1820.01087 -1820.11354
Methanol(GS) 7.36400  43.09000 108.73100 7.95700 .4&200 41.28612 -1820.01395 -1820.01208 -1820.11474
Methanol(ES) 7.36400  43.09000 108.73100 7.95700 .4&200 41.28612 -1820.01395 -1820.01208 -1820.11474
THF(GS) 7.39000 43.10100 109.08100 7.97800 -24344@1.42542 -1820.00095 -1819.99908 -1820.10207
THF(ES) 7.38600  43.10100 109.08000 7.97800 -24(4401.42513 -1820.00100 -1819.99912 -1820.10211
Water(GS) 7.46100 43.18500 110.41800 8.05300 -30@B6 41.97242 -1819.98306 -1819.98118 -1820.08544
Water(ES) 7.45300 43.18000 110.24800 8.04500 -B0O®B2 41.90019 -1819.98303 -1819.98116 -1820.08525
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Table 6: Thermochemical resultsof the constant volume heat capacity (C,), internal energy (U) entropy (S), enthalpy (H) and GibbsFree energy

AU AH AG AS
Gas-phase(ES-GS) 0.03105 0.03105 0.02960 1.53400
Acetonitrile (ES-GS) -0.00007 -0.00007 -0.00005 .01600
Benzene (ES-GS) -0.00007 -0.00006 0.00019 -0.26900
Carbontetrachloride(ES-GS) 0.00000 0.00000 0.00000 0.00000
Chloroform(ES-GS) 0.00002 0.00002 0.00001 0.01300
Cyclohexane(ES-GS) -0.00002 -0.00002 -0.00002 moo
Dichloromethane(ES-GS) 0.00000 0.00000 0.00000 o0mo
DMF(ES-GS) -0.00012 -0.00012 0.00001 -0.13700
Methanol(ES-GS) 0.00000 0.00000 0.00000 0.000000
THF(ES-GS) -0.00004 -0.00004 -0.00004 -0.00100
Water(ES-GS) 0.00003 0.00003 0.00019 -0.17000
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Conclusion:

The present study on solvation of picric acid by tifferent solvents has lead us to conclude thatthree
categories of solvents one which stabilizes thesggostate more than the excited state of picrid,abie other
category has just opposite influences the thirdgmaty has equal preferences for both ground aniteestate. Out
of the studied solvents chloroform belongs to foategory; cyclohexane, benzene, water, THF, DMérigeto the
second category and rest belongs to the third categ

Thehardness of picric acid in ground and excited state is fotade highest in cyclohexane and lowest in
acetonitrile. The electrophilicity of picric acid found to be highest in cyclohexane and loweshéthanol while
chemical potential is highest in methanol and Iaviresyclohexane.
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