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Introduction 

 

The solvents have considerable influence on chemical and physical processes 

(reaction rates, selectivity, chemical equilibria, position and intensity of spectral 

absorption bands).1 Solvent effects are closely related to the nature and extent of solute- 

solvent interactions locally developed in the immediate vicinity of the solutes. Solute- 

solvent interactions are much more complex in mixed solvents than in pure solvents due 

to the possibility of preferential solvation by any of the solvents present in the mixtures. 

Moreover, the solvent-solvent interactions produced in solvent mixtures can affect the 

solute-solvent interactions and therefore they can also affect preferential solvations.2-5 

Room temperature ionic liquids (RTILs) have recently attracted greater attention as 

environmentally benign alternatives to conventional organic solvents in a variety of 

synthetic, catalytic, and electrochemical applications, as a result of their unique physical 

and chemical properties and the relative ease with which these properties can be fine- 

tuned by altering the cationic or anionic moieties comprising the RTILs.6 Several organic 

reactions were performed in ionic liquids successfully, but quantitative aspects of 

reactions in ionic liquids have been much less investigated.7 The complexity of even the 

simple reactions in RTILs is significantly greater than those of reactions in molecular 

solvents. Therefore, there is a continuing challenge to understand the role of RTILs in the 

reactions. For this reason, the kinetics of the reaction between 1-chloro- 2,4-

dinitrobenzene and aniline was studied in mixtures of an ionic liquid,1- ethyl-3- methyl 

imidasolium ethyl sulfat ([EMIM][EtSO4]), with solutions of methanol, chloroform and 

dimethylsulfoxide at 25 ºC. 

 
 

Experimental 
 

Kinetics of the reaction was studied spectrophotometrically. Absorbances were 

recorded at Zmax of the product from 354 (in methanol) to 374 nm (in 1- ethyl-3-methyl 
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imidasolium ethyl sulfat) at 25 ºC. Pseudo-first order (kobs) conditions were used in all 

cases. Initial rate method was used in the study. All the kinetic runs were carried out at 

least triplicate. Concentration of 1-chloro-2, 4-dinitrobenzene was 4×10-4 M and those 

of aniline were 4×10-2 M. Thermostated water was circulated around the cell of 

spectrophotometer and the temperature was maintained at 25 ± 0.1ºC. 

 

 
Results and discussion 

 

The second-order rate constants of the reaction, k2, in mixtures of [EMIM][EtSO4] with 

methanol, chloroform and dimethylsulfoxide were obtained at various mole fractions of 

[EMIM][EtSO4] at 25 ºC. The solvatochromic parameters for solutions of [EMIM][EtSO4] 

with methanol, chloroform and dimethylsulfoxide at various compositions have been 

determined in our laboratory.8 Single-parameter correlations of log k2 versus normalized 

polarity parameter (ETN), hydrogen-bond acceptor basicity (þ), hydrogen-bond donor acidity 

(a), and dipolarity/ polarizability (n*) of media do not give acceptable results in the solutions. 

Therefore, the normalized polarity parameter, hydrogen-bond acceptor basicity, hydrogen-

bond donor acidity, and dipolarity/ polarizability of the media are not individually the main 

factor in determining solvent effects on the reaction rate. For example, the correlation 

equation between logk2 and dipolarity/ polarizability is as follows: 

log k2=−5.947(±0.382)+1.878(±0.407) n* (1) 

(n=34, R=0.632, F1, 33 =21.3) 

Multi-parameter correlation of logk2 versus the solvatochromic parameters gives 

acceptable result: 

log k2=−6.690 (±0.293)–5.00(±0.156)a+0.603(±0.338)n*+3.122(±0.377)þ 

(n=34, r=0.916, MPD=3.484, F3,33=52.08) (2) 

þ a = -0.492; þ n* =0.311; þ þ = 0.806 

The results demonstrate that the reaction rate constant increases with ETN, n* and þ and 

decreases with a. The intermediate of the reaction has zwitterionic character; the activated 

complex of the reaction therefore, has higher polarity relative to those of the reactants. The 

activated complex leading to the intermediate of the reaction has the zwitterionic character 

with positive charge on nitrogen of aniline and negative charge on the benzene ring. Then, 

hydrogen-bonding interactions of media (donor and acceptor) with the charges on the 

activated complex can stabilize it. The activated complex with zwitterionic character is 

expected to be favored by the increase in the normalized polarity parameter and dipolarity/ 

polarizability of media, because zwitterionic molecules were more stabilized in high-polar 

media than in the media with lower polarity. Also, 
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hydrogen-bonding interactions of the media (solvent as acceptor with þ 

parameter) with positive charge on the activated complex of the reaction 

stabilize the activated complex higher than the reactants; therefore, the increase 

in the þ parameter accelerates the  reaction rate. The negative charge of the 

activated complex of the reaction is distributed on the benzene ring, but the 

electron pair in aniline is mainly located on nitrogen atom. Then, hydrogen-

bonding interactions of the media (solvent as donor with a parameter) with 

electron pairs will stabilize the reactant higher than the activated complex of 

the reaction. Therefore, aniline will be stabilized via hydrogen-bonding 

interactions with hydrogen-bond donors. For this reason the reaction rate 

constant decreases with hydrogen-bond donor acidity. Standardized coefficient 

of þ parameter is higher that of the other parameters (þ þ>þ a>þ n*). The 

standardized coefficient or beta coefficient is the estimate of an analysis 

performed on variables that have been standardized, so that they have variance 

of 1. This is usually done to find out which of the independent variables have 

a greater effect on the dependent variable in the multiple regression analysis, 

when the variables are measured in different units of measurement. Before 

fitting the multiple regression equation, all variables (independent and 

dependent) can be standardized by subtracting the mean and dividing by the 

standard deviation. The standardized regression coefficients, then, represent the 

change  in a dependent variable that result from a change in one standard 

deviation in an independent variable. As a result, solvatochromic parameters 

of media can describe solvent effects on the reaction rate and represent a model 

for similar cases in the ionic liquid mixed with molecular solvents. Then, 

unlike what has been reported in a few papers, results indicate that the media 

effects on this reaction can be described by means of the solvatochromic 

parameters in the presence of the ionic liquid with conventional solvents. 
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