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Equilibrium constants of the formation of 1,3,5-trinitro-benzene 
complexes and their reaction rate constants with o-Ps 

B. LEVAY 

Department of Nuclear Chemistry, Eotvos Lorhnd University, PO. Box 32,1518 Budapest 112, Hungary 

Abstract 

Equilibrium constants of complex formation between the strong electron acceptor 
1,3,5-trinitro-benzene (TNB) and basic donors (n-butyl-amine and piperidine) were 
determined by positron annihilation lifetime technique. The reaction rate costants of the 
complexes with o-Ps were calculated too. The results were compared with our earlier 
investigation on TNB in methanolic solutions of NaOH Ill. All the complexes formed were 
so called Meisenheimer complexes 121. The stability of the complexes and their reactivity 
towards o-Ps can be accounted for by the differences in their structure, in the size of the 
donor molecules and in the charge distribution on the complexes. 

Introduction 

Aromatic nitro-compounds are well known as strong electron acceptors easily forming 
donor-acceptor charge-transfer molecular complexes with bases or other nucleophilic species 131. The 
adducts with intense colours produced by the addition of bases to solutions of aromatic 
trinitro-compounds have come to be known as "Meisenheimer complexes" (MC). Their structure can 
be represented by the following general formula containing cyclohexadienate-type anion 121: 

Figure 1: General formula for Meisenheimer complexes. 

Structural studies has shown great differences in actual structure or charge distribution of MC-es 
depending on the type of donor molecules.The formation of a zwitterion for complexes with 
aliphatic amines and intramolecular hydrogen-bond stabilization for primary amines was 
postulated by Lewis and Seaborg 141; the reaction between TNB and piperidine was interpreted by 
Briegleb et al. 151 as forming weak charge-transfer complex and also a pair of ions: 

- I 
NO. 

Figure 2: Structure of MC-es with n-butyl-amine (a) and piperidine (b). 
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The high electron affinity of aromatic nitro-compounds results in high reactivity towards o-Ps. 
The electron affmity of a donor-acceptor complex on the other hand is generally much lower than that 
of the free acceptor molecule. Owing to this effect positron annihilation lifetime technique can be used 
to follow the process of complex formation as a function of increasing donor concentration and the 
equilibrium constant of complex formation can be determined 161. 

The reactivity of aromatic acceptor molecules towards o-Ps is strongly affected by the charge 
distribution on the aromatic ring. Excess negative charge, e.g., can be delocalized over the conjugated 
system and can decreas the reactivity by filling in the low-lying vacant orbitals formed due to the 
effect of electron withdrawing nitro-substituents 171. 

The aim of the present work was to continue our studies on MC-es formed from TNB with 
different basic donor molecules and to get information about the stability and structure of the 
complexes. 

Experimental 

Positron lifetime spectra were recorded by a fast-fast coincidence spectrometer with a time 
resolution of 280 ps. The lifetime measurements were camed out at 20 OC under atmospheric 
pressure of air. 

The concentration of TNB in methanol was kept constant at CTNB = 0.025 M and 0.020 M in 
case of n-butyl-amine and piperidine respectively and the concentration of the donors varied in the 
CD = 0 - 3.5 M and 0 - 3.0 M range respectively. The equilibrium constants of the complex 
formation (K) were calculated by using the formula derived earlier 111: 

where the o-Ps annihilation rate, AO was measured in a TNB solution at Cm and C D  = 0; k was 

measured at Cm as a function of CD. h, stands for the extrapolated value of hc to CD = w , i.e., 
when the concentration of the MC (CMc) is assumed to be equal to CTNB. 

A plot of the left hand term of equation (1) against k has been found to be linear and from the 

gradient of the line K, and from its intercept with the X axis h, have been evaluated. The 

reaction rate constants (k) of the MC-es towards o-Ps were calculated from h, according to the 
well known equation (2): 

where h(0) stands for the o-Ps annihilation rate in the pure solvent and CMc = CTNB. 

Results and discussion 

The results are shown in Table I, for comparison together with that measured earlier in 
methanolic solutions of NaOH Ill. 



Table 1: Equilibrium contants of MC-es formed from TNB with different basic 
donors and the reaction rate contants of MC-es towards o-Ps in methanol. 

Donor K k .lo-10 
w-11 w-1s-11 

(3.8f0.2) 

NaOCH3 1 1.4f 0.5 (0.6f0.1) 
n-butyl-arnine 1.8k0.1 (0.83~0. 1) 

piperidine 0.50f 0.05 20.01 

The MC with methoxide adduct is about one order of magnitude more stable then those formed 
with amines. This fact can reasonably well be accounted for by steric effects. The stability seems to 
decrease with increasing steric hindrance caused by the donor molecules. On the other hand the higher 
stability of the n-butyl-amine complex as compared to that of the piperidine can be explained by the 
stabilization effect of the intramolecular hydrogen-bond formation. 

The reactivity of the MC-es towards o-Ps are significantly lower than that of the free electron 
acceptor TNB. In general terms this can be interpreted by the filling in of the low-lying vacant orbitals 
of TNB by charge transfer from the electron donors. 

The somewhat higher reaction rate constant for the n-butyl-mine adduct as compared to that of 
the methoxide one can be accounted for by the differences in the charge distribution on the aromatic 
ring. The result seems to be in agreement with the assumption that the n-butyl-mine adduct is a 
zwitterion with an overall neutral charge while the adduct with methoxide has one unit excess negative 
charge delocalized on the benzene ring. 

The extremly low reactivity of the piperidine adduct, which has also one unit delocalized excess 
negative charge on its conjugated system, might be the result of the presence of the positive counter 
ion which can partly hinder the interaction between o-Ps and the complex. 

Summary 

Positron annihilation technique was used for determining stability of Meisenheimer complexes 
formed from 1,3,5-trinitro-benzene with different basic donors. The differences in stability of the 
adducts and their reactivity towards o-Ps were accounted for by steric hindrances and hydrogen-bond 
stabilization caused by the donor molecules and by differences in the charge distribution on the 
complexes. 
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