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Proton-Ligand Stability Constants of Halo-N-Arylhydroxamic Acids 

Y.K. AGPAWAL* and (Miss) A. MUDALIAR 

Department of Chemistry, Gove mmant Science College Satna (M.P.) , India 

In a previous aorrmunication [l]we described the preparation and ion- 

isation constants of hydroxamic acid. We naw report further work on the 

halogen substituted N-arylhydrox&c acids (I), their proton ligand stabil- 

ity constants and correlation with Hmtt u function. 

(X = F, Cl or Br) 

The thermodynamic pKa for N-arylhalodroxamic acids are given in Table 

1. The values on the themodynamic paraa-eters are shawn in Table 2. The plot 

of change in free energy from mixed aqueous to aqueous media 6 versus dio- 

xane precent is shown in Fig. 1. In these plots we have expressed these 

results as 6 where 

S=AGos - AGow (1) 

In egn.(l) A Gow and A Gas refer to the standard free energy changes 

in pure water as solvent and in aqueous or organic mixture as solvent, 

respectively. It is interesting to note in dioxane-water mixtures, the effect 

of increased organic content on 6 is in the same order as F > Cl > Br. 
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TABLE 1 

ThermxQnmnic proton ligand stability constants of halo N-arylhydroxamic acid 

Dioxane X=F 

n2(mole %(v/v) 25' 35O 
fraction) 

0.023 10 a.80 a.60 
0.050 20 9.20 9.00 
0.083 30 9.71 9.50 
0.123 40 10.33 10.15 
0.147 45 10.73 10.52 
0.174 50 11.08 10.87 
0.240 60 12.16 11.95 
0.330 70 13.50 13.x, 

25': pKa = 15.41 n2 + a.44 

35O: pKa = 15.37 n2 t a.24 

x = Cl x = Br 

25' 35O 25' 35O 

8.70 
9.11 
9.61 
10.22 
10.58 
11.01 
12.03 
13.41 

- - 
8.48 
8.90 
9.38 
9.99 
10.35 
10.75 
11.75 
13.15 

15.37 n2 t a.34 15.20 n2 t 8.33 

15.17 n2 t 8.13 15.49 n2 + 8.07 

8.68 a.46 
9.09 8.88 
9.60 9.37 

10.20 9.98 
10.56 10.35 
10.98 10.75 
12.00 11.73 
13.38 13.18 

It is observed that a linear relationship exists between the pKa and 

the mole fraction of dioxsne of the form 

pKa =mn2 + c (2) 

The values of slope, m, and the constant were obtained by the method of least 

squares and given in Table 1. While a plot of pKa against reciprocal of the 

dielectric constant of dioxane is not linear at 25' and 35'C and evidently 

non-electrostatic factors exert a considerable influence on the dissociation 

[2, 31 as shawn by the Born equation, q-1.(4) 

pKa = 
AGonon 
2.303 F?I + 

where r t and r are the radii of the ions 

of the dioxsne. The pKa values in Table 1 

calculated by the Hamnett equation, - log 

are in good agreement. 

and D is the dielectric constant 

established experimentally and 

K/K0 = p 0, and the least squares 
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Thermodynamic parameters of halo N-mylhydroxamic acid 

X Dioxane 

10 20 30 40 45 50 60 70 

AGO 12.01 12.56 13.25 14.10 14.65 15.12 16.60 18.43 
12.13 12.70 13.40 14.32 14.85 15.34 16.86 18.77 

F AH0 8.4 8.4 8.8 7.6 8.8 8.8 8.8 8.4 

-AS0 12.01 13.95 14.93 2.1.80 19.62 21.20 26.16 33.64 
12.10 13.95 14.92 21.80 19.59 21.22 26.15 ‘33.64 

AGO 11.88 12.44 13.12 13.95 14.44 15.03 16.42 18.30 
11.97 12.56 13.24 14.10 14.60 15.17 16.58 18.55 

Cl AH0 9.3 8.8 9.7 9.7 9.7 10.9 11.8 10.9 

-AS0 8.65 12.21 11.44 14.25 15.90 13.85 15.50 24.82 
8.66 12.20 11.48 14.27 15.90 13.85 15.51 25.82 

AGO 11.85 12.41 13.09 13.92 14.41 14.97 16.37 18.22 
11.89 12.47 13.19 14.07 14.60 15.18 16.62 18.60 

Br AH0 10.5 10.5 10.1 9.7 8.8 8.8 8.4 7.1 

-AS0 4.53 6.41 10.03 14.16 18.82 20.69 26.66 37.30 
4.51 6.39 10.02 19.10 18.81 20.70 26.67 37.31 

The values at the upper line are at 25'C and at the lawer line are at 35'C. 
AGo and AH0 are in kcal mle -1 , -AS0 is in calm1 -1 -1 

deg 
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Figure 1. 



The titration procedure was essentially the same as reccarmen ded else- 

where [5, 61. Generally 0.05 mle of hydroxamic acid in 47.5 ml of solvent 

were placed in a three necked titration vessel (themstated at 25' or 35') 

carrying a glass electrode, calomel electrode and microburette. Nitrogen 

gas presaturated with solvent was passed through the solution which was 

titrated with 0.1 M tetrabutyl mnium hydroxide in 0.5 ml aliquots and 

noting the highest appropriate drift free reading on the pH meter. 
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