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C-X bond heterolyeis (mechanism SRI) due to the reaotion 

RX + M+ -%R+ 4 MX ie accelerated by metal ion8 H+ (Lewis acids) which 

form stable halide completes MX with reagent x-(1-3). The rate 1aW found was 

d[Rx]/at = k,[RX] 4 k,[H4] [RX] where k. is the rate constant of the RX 

solvolysis in the same eolvent. 'Pert. butyl halides proved to be suitable 

substrates for extensive research of the rate-equilibrium Oo~latiOns for 

such reactions. 

le have found that the values of IL, , ko, and stabilitg constants of the 

complex K = Hwl k-l are connected by the B&ted type equation 

Ig($/ko) = -0.7 4 0.84 1gK (I) 

which covers all variations of metal, RX halide (where R = (CH3)3C-, X = F, 

Cl, Br), and solvent. The data for the following reaction Set8 are shown in 

the Figure. 

1. Rydrolysis of t-BuF in water, 25' (3). Ions: Zr(IV), Th(IV), So(III), 

Al(III), Fe(III), Be(II), Ga(III), H(I), &#I), -(II), Cd(I1). The reac- 

tions with Be(II), Mg(II), Zn(II), and Cd(IQ were studied by a ga~+~hroma- 

tographic method. The value of k, = 3.2=lo'7 set" found by the conductivity 

method is in agreement with the data (4). A aquochromium(II1) ion 

Was found to be inactive for the C-F bond heterolyeie in water in spite of 

the high stability of the CrF*+ complex (W = 5.20 (5)). This result is in 

accord with the extremely slow rate of water exchange between 
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Fig. - Plot of lg(k,/ko) vs. l@I for the tert. butyl halide solvolysis 

under the action of metal ions (Lewis acids). k,/ko and K in Ih'. 

0 - t-BUF in water, 25O (3); ions: I-Zr(Iv), 24h(Iv), 3-sc(II.I), 

441(111), 5_Fe(III), 6-Be(II), 7-Ga(III), B-H(I), 1%M&II), 170WII), 

W-Od(II). 

0 -ii-BuClin32~EtOH - H20, 25' (2); Ions: 9-A&1), 'II-Bi(III), 

134d(II), 164b(II), 194!1(1), 2o_Co(II), 21-Mn(II), 224X(11), 23-WIII), 

2&zn(II). 

A - t-BuBr in 44.6 wt$ EtOH - H20, 20'; ions: 12-Cd(II), VI-Pb(I1). 

+ - t-BuCl in nltmmethane, 75' (8); catalyst: IO-HCl. 

a- t-BuCl, 25', ion cd(II) (7); 30, 35, and 40 wt$ EtOH - H20; these 

data are shorn scaled up in A. 

--- Decomposition of nit-de catalyzed by bases (9, IO). 
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aquochromium(II1) ion 

2. solYolyl3is of 

and sovent H,O. 

t-BuClin 32 wi$EtOH - H20, 25' (2). Ions: Ag(I), 

Bi(III), Cd(II), Pb(II), Tl(1). Co(II), Mn(II), Cu(II), Ga(III), Zn(II>. 

Activities of Tl(III), Hg(II), and Pd(II) ions were found to be too high to 

be measured by our methods. 

3. Solvolysis of t-BuBr in 44.6 wt$% EtOH - H20, 20'. Ions: Cd(II), Pb(I1). 

These results were obtained as those deecribed in (3). 

All the metal ions were added in the form of nitrates. The K values in 

the sets l-3 for water solutions were used (5). The change of 1gK with the 

addition of 30 and 44 wt$ of EtOH accounts for about 0.3 and 0.5 unit accord- 

ing to the data (6). which is close to the experimental inaccuracies in determination of kl,ko and K 

4. Solvolysis of t-BuCl, 25', ion Cd(I1) (7). Variation of the medium: 

30, 35, and 4-O wt% EtOH - H20. The values of K in these media have been taken 

from (6). These data are shown scaled up in A. The slope of the line is the 

same, p= 0.84, but the line is displaced by 0.3 unit to the right. 

5. Isotopic j6 Cl exchange between t-B&Z and H3%l Fu nitromethane at 

75O* Catalyst: HCl (undissociated molecules). In accordance with previous data 

(8), for this reaction lO$ (set") = 2.4 + 340[BCl], hence k,/lco = 142 M". 

The value of K = 1700 ah' the HCli complex has been estimated from the data 

of Table 3b of the same work. 

We would like to draw attention to the general character of the COIC 

relation (Fig.). The equation (I) is obeyed for the ions differing in charge, 

t?h?CtrOIl StNCturS, SOlVStiOn WlSrgy i~l~hlding the H30+ ion which accelerates the 

C-F bond heterolysis in accordance with the K value of the HF complex. The u+ 

charged electrophiles (HCl in nitromethane) act in a similar way. The 

generality is al80 demonstrated with X variable, since differant X*s(e.g. 

X = F and Cl) conform with different sets of active metals, and 

solvent variation (H20, H20 - EtOH, CH3N02). 

The relation found is like the B&ted equation for general acid-base 

catalysis. As far as the form is concerned equation (I) seems to be howeyer a 
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more suitable one, with the relative rate k,/ko being used. In this case the 

intercept does not depend on the substrate and solvent. It should be noted 
. . 

that equation (I) is also well obeyed for the Bronsted and Pedersen data 

(9, IO) for the decomposition of nitramide catalyzed by bases (anions of 

carboxylic acids and ring-substituted a&lines). 
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