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ABSTRACT

7,7',8,8'-tetracyanoquinodimethane (TCNQ) is wideded as ar acceptor for the preparation of organic charge
transfer. In this paper the effect of ten solvemisthe ground state of TCNQ has been reported. Bdidulations
have been done on the Schrodinger software aneffbet of solvents have been theoretically caledatith the
help of Poisson-Boltzmann solver. The solvatioergyn chemical potential, hardness, electrophiiciHOMO-
LUMO gap and the picture of the HOMO and LUMO ofNKZ in the ground state in the solvents have been
reported
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INTRODUCTION

Physicaland chemical property of a molecule depandshe structure and the various kinds of energfethe
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 molecliet also other kinds of energies. Energy of a mudkemay
be considered to have various energy componentsasiceaction field energy, total zero-electromt Nuclear-
nuclear, Nuclear-solvent, total one-electron ter&Eigctron-nuclear, Electron-solvent, Kinetic, totalo-electron
terms, Electronic energy, total quantum mech. gnébgs phase energy, Solution phase energy, witgksenergy,
total solvent energy, Solute cavity energy, Repizztion energy, Solvation energy total internaérgy , total
enthalpy, total Gibbs free energy, and zero paietrgy.

7,7',8,8'-tetracyanoquinodimethane (TCNQ) has bherlely used as a strong electron accept or to forghly
conducting charge-transfer complexes[1-3]. It fo@marge transfer complexes[4-10] of various uéiti

Keeping in view the utility of TCNQ various kind$ energies of TCNQ in the ground state in gasetas@ and in
different kinds of solvents have been theoreticadliculated in this paper.

Computational methods

The initial structure of TCNQ was built with Chenrdv ultra8.0 and the structure was optimized onn@3i@ ultra

8.0. The structure was exported to Maestro 9.3ctif@&linger 2012 version. The optimization of theigure was
done on the Jaguar panel of the Maestro 9. The BFFIY-3 method of theory was chosen. 6-3idasis set was
selected and 255 basis functions were createdafoulation. The molecule was assigned net zerogehand singlet
multiplicity. In the solvent menu of the jaguar paPBF solver was used for optimization of the ciee in both

the gaseous and solution phase. The optimizatiengiseous state and in the different solutions were in

ground state of the molecule.
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Geometry optimization

for perform a geometry optimization one needs tesglat the geometry and the direction in whicketoch, a set of
co-ordinates to optimize, and some criteria for mvke optimization is complete. The search direci®obtained
from the gradient of the energy and the initial $l@s. An initial Hessian(second derivative matniXarce constant
matrix) and the gradient are used to define sedirgttion that should result in lowering of energ@ye choice if
co-ordinate systems have a substantial impact @aohvergence of the optimization. The ideal se€@fordinate
is one in which the energy change along each cmatelis maximized, and the coupling between coratds is
minimized. Jaguar chooses the coordinate systedefault. It has two options Cartesian and z-matrat produces
an efficient optimization requires an understandiofg the coupling between simple internal co-ordisat

For optimization to minimum energy structures , toavergence criterion for SCF calculation is &t assure
accurate analyses gradients. For these jobs, a fuaection is considered converged when the roa@msguare
(RMS) change in density matrix element is less tttesn RMS density matrix element change criteriohpse
default value is 5.0x1® The geometry is considered to have converged winernergy of successive geometries
and the elements of analyze gradients of the enamgl the displacement has met convergence critEoa.
optimization in solution, the default criteria ariltiplied by a factor of three, and a higher ptiors given to the
energy convergence criterion. Thus if the energgnge criterion is met before the gradient and disghent
criteria have been met, the geometry is considemt/erged. The optimized geometry may not havecallo
minimization energy i,e it may have reside on adgadlo know whether it is global minimization waok for the
value of vibrational frequencies. If all the viboatal frequencies are real (i,e+ve) then it repnesglobal minimum

, but if any of the vibrational frequencies is nidga(i,e imaginary) then it is local minimum.

Performing a solvation calculation

It involves several iterations in which the wavedtions for the molecule in the gas phase are [zl The

program ch performs electrostatic potential fitfimdhich represents the wave function as a set oit mharges on
the atomic centers. The interactions between thkecule and the solvent are evaluated by Jaguariss®o

Boltzmann solver [12-13], which fits the field prazkd by the solvent dielectric continuum to anotetrof point

charges. These charges are passed back to sch waitorms a new calculation of the wave function the

molecule in the field produced by the solvent painarges. Electrostatic potential fitting is penfi@d on the new
wave function, the solvent-molecule interactions mevaluated by the Poisson-Boltzmann solver,sanan, until

the solvation free energy for the molecule converge

For solvation calculations on neutral systems itewghe program pre evaluates the Lewis dot stractor the
molecule or system and assigns atomic van der Wadiisaccordingly. These van der Waals radii ezeduto form
the boundary between the solvent dielectric contimand the solute molecule. The Lewis dot strucame: van der
Waals radii information both appear in the outpainf the program pre. The radii are listed underhbading
“vdw2” in the table of atomic information below ttisting of non-default options. After the pre put, the usual
output appears for the first, gas-phase calculaggoept that the energy breakdown for the scfududfso describes
the electron-nuclear and kinetic contributionstte total one-electron terms in the energy, as agethe virial ratio
-VIT, where V is the potential energy and T is kiveetic energy. This ratio should be -2 if the c#étion satisfies
the virial theorem. After the first scf output,etloutput from the first run of the program ch appe&ince
performing a solvation calculation enables elet#tis potential fitting to atomic centers, the usoatput for that
option is included every time output from the peog ch appears in the output file. The post prognaites out the
necessary input files for the Poisson-Boltzmannesplthis step is noted in the output file. The thextput section
comes from the Poisson-Boltzmann solver. The ouipeltides information on the area (in A2) of thelecalar
surface formed from the intersection of sphere whe van der Waals radii centered on the varidoms; the
reaction field energy in KT (where T = 298 K), whiis the energy of the interaction of the atom-essd charges
with the solvent; the solvent-accessible surfa@adin A2), which reflects the surface formed frtime points
whose closest distance from the molecular surfa@gial to the probe radius of the solvent; anccéwity energy
in KT, which is computed to be the solvation enesfig nonpolar solute whose size and shape argathe as those
of the actual solute molecule. The output from fpinegram solv follows the Poisson-Boltzmann solvesuits,
giving the number of point charges provided bysbker to model the solvent, the sum of the surfdwages, the
nuclear repulsion energy already calculated by @iaghe nuclear-point charge energy representiegetiergy of
interaction between the molecule’s nuclei and tblwent point charges, and the point-charge repnlsioergy,
which is calculated but not used because it iseivent to the desired solvation results. After thigput, the output
for the second solvation iteration begins. The oufpom scf comes first, giving the results for timelecule-and-
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solvent-point-charges system. Total quantum mewdrgy corresponds to the final energy from theesergy table
for that iteration, and includes the entire enexdge the molecule-solvent interactions. The outpmit includes the
gas phase and the solution phase energies fordalexute, since these terms are, of course, negefssasolvation
energy calculations. The first solution phase epergmponent is the total solute energy, which idekithe
nuclear-nuclear, electron nuclear, kinetic, and-eélextron terms, but no terms involving the solvdinectly. The
second component of the solution phase energyisotll solvent energy, which is computed as hathe total of
the nuclear-solvent and electron-solvent termgesgome of its effect has already changed theeseh#trgy. Third,
a solute cavity term, which computes the solvatoergy of a nonpolar solute of identical size ahdpg to the
actual solute molecule, as described in refereb2g [s included. This is only done for water adsent. The last
solution phase energy component (shown only i§ ihdnzero) is term (T), the first shell correctfantor, which
depends on the functional groups in the molecuiih aoms near the surface contributing most hgakinhally, the
list ends with the reorganization energy and thiwasion energy. The reorganization energy is thiéedince
between the total solute energy and the gas phegye and does not explicitly contain solvent terihe final
solvation energy is calculated as the solution ghasergy described above minus the gas phase engngy
solvation energy is listed in Hartrees and in koal/

Chemical potential (£)[14]: HOMO as ionization energy(IE) and LUMO as electafimity (EA) have been used
for calculating the electronic chemical potential (vhich is half of the energy of HOMO and LUMO

M= (EnomotELumo)/2

Hardness (77)[15]: The hardness (h) as half of the gap energy of HGi® LUMO has been calculated using the
following equation

Gap= Eiomo-ELumo

n =Gap/2

Electrophilicity (a)[16]: The electrophilicity ) has been calculated using equation
w= P2 n
Reaction field energy (in KT)

This gives us the energy of the interactions ofratentered charges with the solvent; Solvent addessurface

area (SASA inA°2) reflects the surface formed form the points whadssest 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 véhsize and shape are the same as those of aduutal smlecule.

Quantum mechanical energy
This term corresponds to the entire energies fmntblecule solvent interaction and is equal tostima of total zero
electron terms and electronic energy.

Reor ganisationenergy
This is the difference between the total soluterg@nend the gas phase energy, and does not ekplicintain
solvent terms.

RESULTSAND DISCUSSION

Solvent parameters: Table-1 summarizes the solpardameters such as dielectric constants, molecudght,
density and polarity of the solvents used for trespnt theoretical study by Poisson-Boltzmannesolv

The (Enomo-ELumo) gap is an important scale of stability [17] and compdsi with large (Fomo-ELumo) gap value
tend to have higher stability. The perusal of tiad-2 indicates the stability of TCNQ increaseshim solvents in
the ground state in the order:
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Cyclohexane> benzene> carbontetrachloride> watetdoraform> THF> dichloromethane> methanol=
acetonitrile> DMF

Tablel. Physical parameters of various solvents

Solvents M.W Density  Dielectric constant  Probe uadi
g/mol g/ml A°

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 7.6 252
10.Water 18.02  0.99823 80.37 1.4

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

Therefore, if it is desired to stabilize TCNQ iretground state then out of ten solvents studyetbbexane is the
best.

The plot of the energy gap between HOMO and LUM@sue dielectric constant of solvents in groundestaave
been shown in the fig 2. The dependence of theggrgap (y) on dielectric constant (x) in groundestdollows the
equation y = -8E-09%+ 1E-06x - 8E-05X + 0.0019% - 0.0188x - 2.5076,(R2 = 0.9911)

Table 2.Valuesof HOMO-LUM O energy, p, 1, @ of TCNQ calculated by DFT -B3L Y P/6-31G- level

Solvents HOMO LUMO Gap  p=Ehomo+Elumo/2 n=(Lumo-Homo)/2 Electrophilicity

w=p%2n
acetonitrile -7.059  -4.479 -2.580 -5.769 1.290 0.029
benzene -7.215 -4.674 -2.541 -5.945 1.271 0.030
carbontetrachloride -7.218  -4.675 -2.543 -5.946 1.271 0.030
chloroform -7.143  -4.580 -2.563 -5.861 1.281 0.030
cyclohexane -7.230 -4.693 -2.537 -5.962 1.268 0.030
dichlormethane -7.103  -4.530 -2.573 -5.817 1.287 0.029
dmf -7.065 -4.482  -2.583 -5.773 1.292 0.029
methanol -7.058 -4.478  -2.580 -5.768 1.290 0.029
THF -7.112 -4.545 -2.568 -5.828 1.284 0.029
Water -7.018 -4.457  -2.561 -5.738 1.280 0.028

energy in eV

The pictures of HOMO and LUMO of TCNQ in gaseowstesiand in various solvents have been shown it fig.

Figurel. Pictureof HOM O-LUMO of TCNQ in the ground state in gaseous and ten various solvents

State HOMO LUMO State HOMO LUMO
Gaseous state dichloromethane|
cyclohexane methanol
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carbontetrchloride DMF

# acetonitrile

Benzene

chloroform water

THF

oghnghegh

The chemical potentials(x) of TCNQ in the ground state increases in themrde
Water > methanol> acetonitrile> DMF> dichlorometbanTHF> chloroform> benzene> tetrachloromethane>
cyclohexane.

Therefore, if it is desired to have highest cheinpmtential, TCNQ in the ground state, then outesf solvents
studied water is the best.

The plot of the chemical potential versus dieleatonstant of solvents in ground state have beewrsiin the fig3.
The dependence of the chemical potential (y) otedigc constant(x) follows the equation y = 3E-D8%E-06X +
0.0003X - 0.0072% + 0.0733x - 6.0792,(R? = 0.9988)

The hardness(#7) of TCNQ increases in the ground state in the Valhg order;
DMF> methanol= acetonitrile> dichloromethane> THIEhloroform> water> benzene= carbontetrachloride>
cyclohexane

The TCNQ molecule has been found to be hardesydloliexane in the ground state. Therefore, if désired to
increased hardness of TCNQ to largest extent igtbend state then out of ten solvents studied DdvitRe best

The plot of hardness versus dielectric constardabfents in the ground state have been shown irfigde The
dependence of hardness (y) on dielectric constafuifows y = 4E-09% - 7E-07X + 4E-05X - 0.001xX + 0.0094x +
1.2538,(R2 = 0.9911)

The electrophilicity (w)of TCNQ molecule has been found to possess higbtrefghilicity in the ground in
chloroform, benzene, carbontetrachloride and cyotahe.

Therefore, if it is desired to increase electraptit of TCNQ to larger extent in the ground stateen out of ten
solvents chloroform, benzene, carbon tetrachlaaitld cyclohexane are the best.
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The plot of electrophilicity (y) versus dielectdonstant(x) of solvents in ground state have Isbenvn in the fig5.
The dependence of the electrophilicity on dieleatonstant follows the y = 3E-19x5E-09% + 3E-07X - 9E-06X
+0.0001% - 0.0008x + 0.0316(R2 = 1.0003) in the ground.

Figure 2. Effect of dielectric constant ontheHOMO-LUMO gap  Figure 3.Effect of dielectric constant on the chemical potential of

of TCNQ in the GS TCNQ intheGS
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Figure 4.Effect of dielectric constant on the hardness of TCNQ Figure 5.Effect of dielectric constant on the electrophilicity of TCNQ
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Figure 6.Effect of dielectric constant on the solvation energy of
TCNQ inthe GS
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The Solvation energy of TCNQ in the ground state are in the followorger;
Methanol> acetonitrile> DMF> dicloromethane> THFhlaroform> water> benzene> carbontetrachloride>

cyclohexane.

Thus, it was found that TCNQ is most highly soldhti the ground state in methanol than other stlidolvents.
The plot of the solvation energy versus dieleatbastant of solvents in ground state have been stovhe fig.6.
The dependence of the solvation energy(y) on digteconstant(x) y = -2E-06x+ 0.0003% - 0.0171xX + 0.4086X% -

4.0883x + 0.0747(R2 = 0.9989)

In table-3 the energy components calculated by Bfethod on Jaguar panel of the Maestro 9.3 with @*3asis
set utilizing 255 basis functions for TCNQ in thregnd state have been incorporated.

293
Pelagia Research Library



K. K. Srivastava et al

Adv. Appl. Sci. Res,, 2014, 5(1):288-295

Table2. . Values of energy components of TCNQ in gaseous state and various solventsin ground state calculated by DFT -B3LY P/6-31G- level

Ground state

Energy components , in eV Gas-phase  Acetonitrile nzBaee Carbon Chloroform  Cyclohexane Dichloro dmf thaeol THF Water
tetrachloride methane

(A)Total zero electon terms 22592.84 22652.19 22642.01 22622.06 22645.50 28610. 22600.00 22592.60 22608.59 22587.86
(B)Nuclear-nuclear 22669.82 22651.41 22677.47 27666 ~ 22663.27 22667.48 22660.53 22657.77 22651.17 656220 22641.68
(C)Nuclear-solvent -58.57 -25.28 -24.78 -41.21 -21.97 -49.72 -57.76 8.58 -47.61 -53.82
(E)Total one electron terms -69833.19 -69711.02 826972 -69791.02 -69759.98 -69796.45 -69742.03 2691 -69710.78 -69736.55 -69704.46
(F)Electron-nuclear -88054.91 -88140.83 -88104.09 -88088.40 -88106.84 88078.37  -88068.39  -88054.63 -88070.44 -88044.12
(G)Electron-solvent 56.58 24.52 24.05 39.90 21.33 48.09 55.80 56.58 0646. 52.49
(H)Kinetic 18287.31 18288.86 18289.02 18288.52 18289.06 18@88. 18287.89 18287.27 18287.84 18287.16
()Total two electron terms 28698.41 28651.50 28685  28683.37 -2554.55 28685.38 28664.82 28658.04 65289 28661.63 -2554.22
(L)Electronic energy (E+l) -41134.79 -41059.52 2953 -41107.65 -41088.20 -41111.06 -41077.21 8B® -41059.28 -41074.92 -41054.01
(N)Total quantum mechanical energy(A+L)  -18464.96 18466.68 -18465.66 -18465.64 -18466.13 -18465.56 8468.40 -18466.66 -18466.68 -18466.34 -18466.14
(O)Gas phase energy -18464.96 -18464.96 -18464.96 -18464.96 -18464.96 18464.96  -18464.96 -18464.96 -18464.96 -18464.96
(P)Solution phase energy(Q+R+S) -18465.69 -18465.28 -18465.28 -18465.48 -18465.24 18465.58  -18465.68 -18465.69 -18465.56 -18465.34
(Q)Total solute energy(N-C-G) -18464.69 -18464.91 -18464.91 -18464.82 -18464.92 18464.76  -18464.70  -18464.69 -18464.78  -18464.82
(R)Total solvent energyC/2+G/2) -1.00 -0.37 -0.37 -0.66 -0.32 -0.82 -0.98 -0.99 780. -0.66
(S)Solute cavity energy 0.00 0.00 0.00 0.00 0.00 000. 0.00 0.00 0.00 0.00 0.00
(U)Reorganization energy(Q-O) 0.27 0.05 0.05 0.14 0.04 0.20 0.26 0.27 0.18 0.14
(V)solvation energy(P-O) (kj/mol -16.74 -7.44 -7.28 -11.96 -6.48 -14.29 -16.55 -86.7  -13.78 -0.37
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CONCLUSION

The present study on solvent effect on the eneogyponents of TCNQ in ground state by ten diffessitvents
has lead us to conclude it is highly solvated irnhaeol while lowest in cyclohexane. It has beemfbthat TCNQ
is most hard in dmf .The chemical potential ofNIZis found to be highest in water and lowest idlalyexane.
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