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Introduction 

 

Room-temperature ionic liquids (RTILs) have recently gathered up increasing 

attention as environmentally benign alternatives to conventional organic solvents in a 

variety of synthetic, catalytic, and electrochemical applications, 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. They 

continue to excite interest for a number of reasons. The first arises from the claim that 

ionic liquids are environmentally friendly solvents, particularly because they have very 

low vapor pressures under ambient conditions. Secondly, they might provide improved 

reactivities in a number of chemical processes. Finally, the fact that a wide range of 

cations and anions can be employed gives chemists the potential to design the solvents 

with specific properties. In such case, ionic liquids are described as “designer solvents”. 

In this work the solvent effects on kinetics of nucleophilic heteroatomic substitution 

reaction of 2-chloro-3,5-dinitropyridine with aniline was studied in aqueous and alcoholic 

solution of 1-(1-butyl)-3-methyl imidazolium tetrafluoroborate ([bmim]BF4) at 25°C. 

 

 
Experimental section 

 

Materials 

 

2-Chloro-3, 5-dinitropyridine (m. p. 64°C) was obtained from Merck and purified by 

recrystalization from methanol-light petroleum as yellow needless. Aniline was 

purchased from Merck and purified by vacuum distillation. Methanol (> %99.5) and 

ethanol (> %99.8) were supplied by Merck. Doubly-distilled water was used in all 
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solvent samples. 1-(1-Butyl)-3-methylimidazolium tetrafluoroborate (>98%), stored 

under argon, was purchased from Solvent-Innovation GmbH and was used as received. 

Kinetic measurements. 

 

The kinetics of the reaction was studied spectrophotometrically, by running the 

reactions in the thermostated cells of spectrophotometer at 25°C. A GBC UV-vis cintra 

40 spectrophotometer coupled with a thermocell was used with 1.00 cm silica cells, and 

the absorbance variation with time was recorded at Z = 350-360 nm (in different solvent 

compositions) for the product of reaction. The kinetics of reactions was studied under 

pseudo-first-order conditions with respect to 2-chloro-3, 5-dinitropyridine. 

 

 

Results and discussion 

 

The suggested reaction mechanism of 2-chloro-3,5-dinitropyridine with aniline or 

similar primary or secondary amines is shown in Scheme 1. 

Application of the steady-state approximation gives equation 1, in which kA is the 

observed second-order rate constant and B is a second molecule of the amine or an added 

base: 
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k−1 + 2 + 3 [B] 

 

Either the formation of the intermediate or its decomposition into products, in these 

reactions, may be considered as the rate-determining step. Therefore, different cases may 

be established which has been reported elsewhere [16e]. If the formation of the 

intermediate is the rate-determining step, i.e. (a) k-1 << (k2 + k3 [B]), then equation 1 

reduces to kA = k1, and the amine does not catalyze the reaction. But, if the decomposition 

of the intermediate to products is the rate-determining step, i.e. (b) k-1 

>> (k2 + k3 [B]), equation 1 is converted to equation 2 and the reaction is catalyzed by 

amines. 
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In order to determine rate-determining step of the reaction between 2-chloro-3,5- 

dinitropyridine and aniline, the influence of aniline concentration as base on the reaction 

rate was studied in different composition of solvents. Second-order rate constants of the 

reaction at various concentrations of aniline showed that no significant acceleration in the 

rate constant occurred with increasing the aniline concentration. Hence the reaction is not 

catalyzed by base. It can be concluded that the formation of the zwitterionic intermediate 

is the rate-determining step of the reaction and first case of equation 1 satisfies this 

situation. 

The second-order rate constants of the reaction, kA, in mixtures of [bmim]BF4 with 

water, methanol, and ethanol were obtained at various mole fractions of the [bmim]BF4 

at 25°C. Fig.1 demonstrates plot of the reaction rate constant vs. mole fraction of the 

[bmim]BF4. 

The solvatochromic parameters for solutions of [bmim]BF4 with water, methanol, and 

ethanol at various compositions have been determined in our previous studies. As can be 

seen, rate constant of the reaction decreases sharply with the ionic liquid content. The 

second order rate constant of the reaction follows sequence of water>methanol>ethanol> 

[bmim]BF4. 

Although, the normalized polarity parameter (E N) of water is higher than that of 

ethanol and methanol, single-parameter correlation of logkA vs. E N does not give a 

reasonable result in all solutions. For example in solutions of [bmim]BF4 with methanol 

the regression coefficient of logkA vs. E N or β is 0.510 and 0.924, respectively that these 

don’t give acceptable results. So dual-parameter correlations of the logkA vs. ET
N and.  β  

were  considered  next  and  are  summarized  in  equations  3,  4,  and  5.   These parameters 

give good results in the all solutions: 

In mixtures of water with [bmim]BF4 

 
log kA = −8.123 (±0.445) + 6.776 (±0.261) E N + 2.963 (±0.553) β 

 
(n = 12, r = 0.994, s.e. = 0.070, F2,10 = 364.12) (3) 

 

where, n, r, s.e. and F are number of data, regression coefficient, standard error and 

statistical Fisher number, respectively. standardized coefficient of E N = 1.075, 

standardized coefficient of β = 0.221. In mixtures of methanol with [bmim]BF4 

log kA = −6.990 (±0.228) + 3.796 (±0.286) E N + 4.492 (±0.147) β 

(n = 12, r = 0.996, s = 0.042, F2,10  = 631.24) (4) 
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standardized coefficient of E N = 0.377, standardized coefficient of β = 0.866. 

 
In mixtures of ethanol with [bmim]BF4 

 
log kA = −6.808 (±0.458) + 3.640 (±0.541) E N + 4.544 (±0.180) β 

 
(n = 12, r = 0.993, s = 0.064, F2,10   = 326.17) (5) 

 
standardized coefficient of E N = 0.288, standardized coefficient of β = 1.079. 

Normalized polarity parameter is a blend of n* (dipolarity/polarizability) and a 

(hydrogen-bond donor acidity) of media. Thus, substitution of this parameter with n* and 

a demonstrated 
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Figure 1. Second-order rate constants of reaction vs. mole fraction of [bmim]BF4 in aqueous 

solution of methanol (♦), ethanol (■), and water (K) at 25°C. 
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Figure 2. Plot of the calculated values of -logkA by equation (10) vs. the experimental values of it in 

mixtures of methanol with [bmim] BF4 at 25°. 

negligible effect of n* on the reaction rate. Multi-parameter correlations of logkA vs. a 

and þ demonstrate acceptable results in the all solutions: 

In mixtures of water with [bmim] BF4 

 
log kA = −6.686 (±0.344) + 4.043 (±0.133) a + 3.263 (±0.478) β 
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(n = 12, r = 0.996, s.e. = 0.060, F2,10 = 499.87) (6) 

standardized coefficient of a = 1.087, standardized coefficient of β = 0.244. 

In mixtures of methanol with [bmim] BF4 

log kA = −4.862 (±0.090) + 1.960 (±0.129) a + 2.649 (±0.190) β 

(n = 12, r = 0.997, s.e. = 0.037, F2,10 = 816.90) (7) 

standardized coefficient of a = 0.558, standardized coefficient of β = 0.511. 

In mixtures of ethanol with [bmim] BF4 

log kA = −5.108 (±0.171) + 2.227 (±0.255) a + 2.896 (±0.185) β 

(n = 12, r = 0.996, s.e. = 0.051, F2,10  = 514.41) (8) 

standardized coefficient of a = 0.383, standardized coefficient of β = 0.688. 

In order to show the efficiency of the suggested dual-parameter 

correlations, for example the calculated values of reaction rate constants in 

mixtures of methanol with [bmim]BF4 using equation 7 have been plotted vs. 

the experimental values. Fig. 2 shows a good agreement between the 

experimental and the calculated values of logkA. 

It is clear that the reaction rate constant increases with a and β in the all 

solutions. The negative charge of the activated complex of the reaction is on 

pyridine ring. Hydrogen-bonding interactions of the media with negative 

charge on activated complex of the reaction stabilizes the activated complex 

more than the reactants, therefore the reaction rate is increases with a 

parameter. The activated complex leading to the intermediate of the reaction 

have zwitterionic character with positive charge on nitrogen of aniline and 

negative charge on pyridine ring. Hydrogen-bonding interactions of media 

(donor and acceptor) with the charges on activated complex stabilize the 

activated complex more than the reactant of the reaction. Thus, the reaction 

rate constant increases with hydrogen-bond donor and acceptor parameters. 
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