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1/r=h/12+k[H*]/6. =3 &34 22 244 2.8 g E A

k?%=38.5571 ; AH®=42.9k] mole 1; 48F=—48.6] mole™! K1
k28=172smole™! ; 4H,=27.8k] mole™ ; 45,5=—90.3] mole 1 K™!
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ABSTRACT. The H-nmr lineshapes of H,O in the solution containing Al3* ion have been
measured as a function of temperature and H*-ion concentration. Above [H*]=0.06, the lineshape
were analyzed by the uncoupled two-site exchange model. From the proton exchange rate between
hexaaquaaluminium ion and bulk water as a function of H-ion concentration. These kinetic data
could be fitted to a following linear rate law; that is; 1/7=%;/12+%,[H*]/6. The following proton
exchange parameters were obtained;

£ 98=38.5571 AH*=42.9k] mole™! 4S5,=—48.6J mole 1 K1
£298=172 s Imole™! AH,*=27.8k] mole™! 4S,5=-90.3] mole ! K™!
These activation parameters are indicating an associative interchange, Iz, mechanism for the acid-

hydrolysis of hexaaquaaluminium ion and the proton exchange between the hydration spheres of
Al¥* and H*.
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Fig.1. H spectra at 60MHz of 1.06M aluminium
perchlorate solution containing [H*]=0. 092 at vari-
ove temperature.
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Fig.2. Exchange broadening as a function of tem-
perature : (O)[H*1=0: (O) [H*]=0.063 ; (A)[H*]
=0.51 in 1.06M AI(C104)3
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Table 1. Linewidths and chemical shifts of bulk
water peak obtained by experiments and fitting
procedure at 311K.

ol &3 & & ¥4 Aol AY ool me] Bg

Linewidth, Hz Chem. Shift, Hz

[H*],M TX10,s8
exp. fitted  exp. fitted
0 2.5 2.6 232.0 2331 1.25
0.017 4.5 4.4 231.5 233.0 2.76
0. 039 5.9 6.0 232.5 232.9 4.10
0.063 7.2 7.3 232.8 232.9 5.15
0. 092 7.1 7.1 232.8 232.9 5.00
0.123 8.2 8.2 233.7 232.8 5.88
0.242 8.0 7.9 235.9 232.8 5.68
0.514 5.5 5.5 233.0 233.0 3.65
}
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Fig.3, Temperature of maximum broadening as a
function of added H*-ion concentration.
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Fig. 4. Exchange broadening as a function of added
H*-ion concentration : The added H*-ion concentra-
tion is converted to pH.
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Table 2.Kinetic analysis of 1.06M Al(ClO,);s solu-
tion on the basis of the rate law proposed

Temperature, K ky, 871 kg, s71mole~1

246 1.0+0.1 22.5+1.5
252 1.6+0.3 29.7+1.7
260 2.8+0.3 48.4140.8
265 5.5+1.3 44.2148.5
272 7.41+0.2 124+1.0
280 12.4+5.3 158+3.5
289 22.2+1.3 165+8
301 56.5+2.5 184417
311 103+15 470159

Table 3. Activation parameters for the variable-
temperature study of proton exchange on aluminium
perchlorate solution

k298, 51 38.5
4H;*, kJ mole-! 42.9
45%, J mole-1K-1 —48.6
k5298, s~lmole~! 172

4H5%, kJ mole-1 27.8
45,%, ] mole-1K-1 —90.3
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