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ABSTRACT. The H-nmzt lineshapes of H;O in the solution containing Al3* jon 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/r=4;/1244,[H*]/6. The following proton
exchange parameters were obtained;

72¥=38.5571 JH*=42.9k] mole™ 45,*=—48.6] mole 1 K!
5,28=172s"'mole™? 4H,*=27.8k] mole™! A48,5=-90.3] mole~? K-!
These activation parameters are indicating an associative interchange, fa, mechanism for the acid-

hydrolysis of hexaaquaaluminium ion and the proton exchange between the hydration spheres of
At 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*]=0: (O) [H*]=0.063 ; (A)[H*]
=0.51 in 1.06M Al(ClO¢)s.
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Table 1. Linewidths and chemical shifts of bulk

water peak obtained by experiments and fitting
procedure at 311K.

Linewidth, Hz Chem. Shift, Hz

{H*],M tX10,s
exp. fitted exp. fited
0 2.5 2.6 232.0 233.1 1.25
0.017 4.5 4.4 231.5 233.0 276
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 65.88
0.242 8.0 7.9 235.9 232.8 5.68
0.514 5.5 55 2330 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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A H e 25dAE oS 1§ Wb e
o}, Fig.6& o] @48 Fospl 2dFx 9
o, o] 2RgA e & pHAJAAE log 1/7
vs. pH A7} 489 A Y 2o, ¥ 2
B A ¥l AFAA L Az dov AP
FE7F AYAD B A9sA e ¥
£ pH 49d A AIH0) & 78 & ot
L die o3 JA] Jheis gl A &
AFozA U3 4R 2 v Fd o5 %
FFEo] 25 Fol5r) el o2 ZE ¥ A
(A7 vts Aoz B 4 vk Re pH
d o) A Fig.6o] xo|E uhs} zbo] Ay A
7b FAskst log(l/r)/pH & 257 Rotd s
5 W 19 7H7hst A, Yoon F£ HiO'9}
H;0 Alel9] a0l 28E 93 74A ¢]-29
EAFANA Faold FEE WIHAA JMdA
A3 &e} glvht. of 9 log(l/7)/pH g2 1¢]

- PARE

272K

2,0

LoG (17 )

0,5 1.5 2,5
PHadded

Fig.6. Logarithmic proton exchange rate of 1.06M
aluminium perchlorate solution as a function of the

pH(added).
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Table 2.Kinetic analysis of 1.06M Al(ClO)3 solu-
tion on the basis of the rate law proposed

Temperature, K ky, st ks, s~ Imole1

246 1.040.1 22.5+1.5
252 1.610.3 20.7+1.7
260 2.8+0.3 48.4+0.8
265 55+1.3 44,2485
272 7.410.2 124+1.0
280 12.445.3 168+3.5
289 22.241.3 16518
301 56.5+2.5 18417
311 103+15 470+59

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

k2%, 571 38.5
4H,*, kJ mole! 42.9
48%, T mole-1K-1 —48.6
£,2%8, 5-imole-! 172

4H,*, k]J mole-1 27.8

45,5, ] mole-1K-1 ~90.3

H3E o] Et

QX DEE HFE, Tadle2 e $oA A
Alg AZ A9 FE 99N L S54
o w2} log 1/79 pH FA & 2484 & 3 &,
#E 98 RN 7 AAE #5539 ¥
Hojeh, L5 F7ll @t 4 S §3
3] F7Mtan Sk, Aol Ad o] & A& &
E gt w2 234 §Yoz ¥ 24
3 AR} o Aok, Table3el o Az}
£ 7539 B4k, 32 &L Ay
<M 32 243 QR & 29 &
Ze wd dede 28 2A g ukE (3)
of i3 ¥ = vy FE gg Bojx gl
ot o1E A3} fetulE 2} A e AL FA
A 232 334 =3 (associative interchange;
Iz) 7o) Aol defoll A o] Foix=HA YL
gz & 5 Uk

E. Merbachst 29 FF d7aAEFL Al
(H:0)6** ok &l 23 2ol 9 S8R 2%

Yol, 32, No.5, 1988

NS =4 AFE WA Ja-17
Y758 F3YH o2 9473t 298K oA A &, 2%
=1.29s71, AH*=84.7k] mole™!, 4S*=41.6]
mole K1 R AV*=5.7cm’mole 1§ G}, o}
¥ 243 seviE e B34 23L 4y =
3t (dissociative interchange; Id) FA40o] Aol 4
HE &3l APtz HFHRAD. 27} o
5 A4 2734 48 FEE dW3AA
M4 A¥E 3= gk

47 E FEYAAM EEA e Mdojz
E AT At o] ¥R 28L laold &
ol o] AAFHE ©HE FE-PA ugo] +L9Y
Aol A 7Agder o wigod g3 FE&A
4 FAA 2 o F Folt detz A%
% 5 A, HE LR AR dFF ule) 2o
ZFAA dAlo A AP o] o] tli= o] 24
o) L5 VojEE EHAE ¥4 1EE o2
g ol R ¥ 4 U,

(H0)5A1(H,0)*" + CIO,~
— (H,0)sA1(CI02* + H;0 (4)

o] 4k-&-2 Eigen-Wilkins o5} Zol 93 F
oA 2 o Fo] A eté, & A Lo outer-sphere F
ol 27 A7]2 o]o{A inner-sphere & =
A deolydrk, wabA inner-sphere o 29 =
A 83 A A (o] FFol EEA 2k £
AARA) F4A 2ol A¥H oz dold +
e 7Hed S AR ¢ gt oo dE 49
A FAZE 244 RN FAA zel
WA g0l AH%E 4¥d 2 Ao, £ 4
T g3 A B AYel AYH2 A= F
ofc}, Al we]H of Aztg vhErh

o] dF& T &7 4 dv¢g 4
B2 FYE Y-S oo ZFAE BEYE

Qg 2 ¥

1. J.W. Akict, N.N. Greenwood, B.L. Khandel-
wal, and G.D. Lester, J. Chem. Soc., Dalton
Trans., 1972, 604.

2. J.W. Akitt, J. Chem. Soc., Dalton trans., 19
3, 1177.



442

J.W. Akiwt, J. Chem. Soc., Faraday Trans.,
78, 289 (1982).

a. R. Schuster and A, Fratiello, J. Chem,
Phys., 47, 1554 (1967).
b. A. Takahashi, J. Phys. Soc., Japan, 24,

657 (1968).
¢. A. Takahashi, sbéd., 28, 207 (1970).
J.A. Jackson, J.F. Lemons, and H. Taube,
J. Chem. Phys., 32, 553 (1960).
H.W. Baldwin and H. Taube,
(1960).
M.M. Zaripov and E. A, Nikiforov, Russian J.
Phys. Chem., 53, 39 (1979).
K. Miura, K. Hashimoto, and H. Fukui, J.
Phys. Chem., 80, 417 (1986).

sbid., 33, 206

, R. Rogers and E. Woodbery, J. Phys. Chem.,

10.

11.

12,
13.

15.

16.

MSCH - K - P B

66, 540 (1962).

R.A. Newmark, SERAPHIM Project #138, 19
85.

D-W. Fong and E. Grundwald, J. Am. Chem.
Sec., 91, 2413 (1969).

C. Yoon, unpublished data.

I.W. Akitt, N.N. Greenwood, B.L. Khandel-
wal, and G.D. Lester, J. Chem. Soc., Delton
Traas., 1972, 604.

. H.G., Hertz, H. Versmold, and C. Yoon, Ber.

Bunsenges. Phys. Chem., 87, 577 (1983).

D. Hugi-Cleary, L. Helm, and A. Merbach,
Helv, Chim. Acta, 68, 545 (1985).

M. Eigen and R.G. Wilkins, Adv. Chem. Ser.,
49, 55 (1965).

Journal of the Korean Chemical Society



