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ABSTRACT

We present a thermodynamic calculations of mecldnétectronic and chemical bonding in 1,3-diisopyb4, 5-
dimethylimidazolium cyano-1-phenylthenolalg, (1,3-diisopropyl-4,5-dimethylimidazolium-2-nitiethylmalonate
(2) and 1,3-dicyclohexyl-4, 5-dimethylimidazoliumRingmethylid ). The geometries of all fragments of the three
complexes were fixed at the geometry obtained fhenX-ray data. Single point calculations were perfed along
with frequency calculations &3LYP density functional theory.
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INTRODUCTION

The nucleophilic strength ®§-Heterocyclic carbenes have been in the centeuofnterest [1- 3].As part of a long
term research projects for synthesis and charaateyn compounds contain imidazolium salts, we havestigated
different molecules and anions of this type [4/83. a continuation of these studies we have perfdrtheoretical
calculations for some imidazolium compounds thatehpreviously synthesized and characterized by yxtra-
diisopropyl-4,5-dimethylimidazolium cyano-1-phergnolate 1) [9], 1,3-diisopropyl-4,5-dimethylimidazolium-2-
nitrodiethylmalonate2) [10] and 1,3-dicyclohexyl-4, 5-dimethylimidazaibDicyanomethylid 8) [11].There single
crystal X-ray structure analysis revealed fhemation of stableC-H---X (X = O, N) hydrogen bonds between
imidazolium cation and anion species.

All calculations were carried out using GAUSSIANPBgram suite [12]. The geometries of all fragmenftshe
three complexes were fixed at the geometry obtaired the X-ray data. Single point calculations &performed
along with frequency calculations a8BYPdensity functional theory [13, 14] with (6-311G4}), basis set polarized
with d and p orbitals.

These calculations were performed with an approtionas that all the equations used to obtain HeErhodynamic
properties assume non-interacting particles anceftbe can be applied only to an ideal gas. Thistédtion will
introduce some error, depending on the extentefifviation form ideal system.

Partition functions for the electronic, vibrationabtational and translational motions were useddtermine the

internal thermal energy, entropy and heat capatitpnstant volume. The determined parametersvater used to
calculate the thermodynamic properties.
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Table (1) shows the calculated thermodynamic ptaserfor the cation and ion for each case, as waslithe
complex made from the combination of the two fragtee Combining the two fragments is calculated & b
exothermic and spontaneous as denotedtbgndAG,

Calculated entropy agree with the expected valfifseocombining two fragments in one complex.

Results obtained from the Gaussian output file wéth variety of energy units, all were converted)fmole. The
thermodynamic parameters were obtained from thautzbd electronic energy with added correctiomgte total
energy as the total entropy &: = E + E + B + EEand =S+ S + S + S with subscripts denote the
translation, rotation, vibration and electronic ot To calculate the enthalpy and free energyremtions must be
added to the electronic energy)(@s Horr = Eot + ks T and Gorr = Heorr - TS0 15].

Calculated change in entropy, enthalpy and fregggmdor the reaction between the two fragmentgii@ the
complex, were all negative. Interpreting these Itessi straight forward as two molecules combinéton one large
molecule decreases the entropy. While combiningtipely and negatively charged molecules is exattierand
spontaneous, denoted by the negative sigalbff,, and4G.

Electrostatic potential (ESP), as well as, atonhiarges of the three complexes were mapped as sindfigures 1,

2 and 3. The ESP map showed that the three chéstgibdtion around the N and O atoms in the anidragment

of the first complexX) has the highest extent, while the negative charmralized between the oxygen on the nitro
group and the eclipsed oxygen in the second com@)e¥or the last complex3) the negative charge is mostly on
the N atom away from the cationic fragment.

To conclude, the results presented in this thezakttudy are compatible with the X-ray data penfed for the
same compounds.

Table (1): Calculated thermodynamic parametersfor the three complexesin Joule/mole at 25°C.

1 2 3
Calc. value cation anion complex cation anion complex cation anion complex
o -1420661.7 | -1251342.0| -2672360.0| -1420413.7| -2045061.1| -3465807.5| -2033336.9| -589348.6 | -2622973.9
Internal energy
a
EzpE . 833.0 316.0 1153.7 838.4 483.4 1325.6 1166.6 84.9 1254.3
Zero point energies
Euoa 853.7 3375 1197.5 858.4 507.7 1374.7 1194.3 96.3 1293.7
Total thermal energy
S 0.371 0.382 0.553 0.365 0.413 0.612 0.428 0.290 240.5
Total entropy
. Heor 856.2 340.0 1200.0 860.9 510.2 1377.2 1196.8 98.8 1296.2
Correction for enthalpy
. Goorr 745.5 226.1 1035.3 752.0 387.2 1194.7 1069.2 12.3 1139.9
Correction for free energ
ASyn -0.201 -0.166 -0.194
AH -352.4 -326.7 -287.9
AGiyn -292.5 -277.3 -230.1

%2pe= 0.5(sum of all non-imagery frequencies)
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Figure 1. Electrostatic potential map for 1,3-diisopropyl-4,5-dimethylimidazolium cyano-1- phenylthenolate C1sH27N3O (1) within the

range from -9.4x10an(r ed) to 9.4x10? an (blue)
i B

Figure 2:Electrostatic potential mapfor 1,3-diisopropyl-4,5-dimethylimidazolium-2-nitr odiethylmalonate C15H3:N3O6 (2) within therange
from - 0.15an(red) to + 0.15 an (blue)
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Figure 3: Electrogtatic potential map for 1,3-dicyclohexyl-4,5-dimethylimidazoliumbDicyanomethylid CyoHsoN, (3) within the range from -
0.13an(red) to + 0.13an (blue)
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