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solvent molecule of crystallization that is also hydrogen-bonded 
to the diolate oxygen (0, or 0,’) through its hydroxy proton (Hs 
or Hs’). 

It is believed that 1 is only the first member of a family of 
nonionic polynuclear molybdenum(V1) peroxo complexes stabilized 
by chelating organic ligands. An analogous peroxo complex has 
been synthesized with homochiral (S)- 1,2-propanediol. Its crystal 
structure and peroxo group reactivity are currently under inves- 
tigation. 
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The rate of ligand isotopic exchange of I4C-labeled tris(acetylacetonato)aluminum(III), Al(acac),, in acetylacetone (Hacac) was 
expressed by R = ( k ,  + k,[H,O])[Al(a~ac)~], where [Al(acac),] = 0.0012-0.0057 mol dm-’ and [H,O] = 0.022-0.162 mol dm-’ 
at  15-40 OC under atmospheric pressure and a t  25 OC under pressures up to 237 MPa. The rate constants k ,  and k ,  decreased 
with an increase in pressure, on deuteriation of protolytic hydrogens of water and acetylacetone, and on addition of acetonitrile. 
The activation parameters, AH*, AS*, and A P ,  were 85 f 5 and 79 f 4 kJ mol-’, -38 f 18 and -34 f 14 J K-’ mol-’, and +10 
f 2 and +5  f 1 cm3 mol-I, for k ,  and k2, respectively. An interchange mechanism to form an intermediate containing both a 
one-ended acac- and a Hacac or a water molecule are concluded for the rate-determining steps of the k ,  and k2 paths, respectively. 

Introduction 
The ligand isotopic exchange of tris(acetylacetonato)alumi- 

num(III), [Al(acac),], with I4C-labeled acetylacetone (Hacac- 
[l4q) in toluene, tetrahydrofuran (THF), and ethyl acetate at 
0-35 OC gave moderate AH* and negative s* values and was 

large positive activation volumes, AV, as well as positive AS*, 
were understood to be useful in elucidating the m e c h a n i ~ m . ~ ~ . ] ~ ~ ~ ~ , ~ ~  

We have extended kinetic studies of the ligand isotopic exchange 
of [Al(acac)31 to that in neat H a w  and applied the pressure 
technique for clarifying the substitution mechanism. 

subject toihe catalytic effect of water and acids.” The activation 
mode of the substitution Drocess. however, has not been disclosed. Experimental Section 

The acetylacetonate (acac-) exchange of tris(acety1acetonato)metal 
complexes in neat acetylacetone (Hacac) is a kind of solvent 
exchange reaction. We have discussed, taking advantage of the 
simplicity of the system, the mechanism of the substitution process 
of neutral complexes of various tervalent metal ions such as va- 
nadium, chromium, iron, cobalt, ruthenium, and rhodium, on the 
basis of AH* and AS* values, and the deuterium isotope effect 
on the  rate^.^-^ 

On the other hand, many workers have studied the solvent 
exchange of hexakis(unidentate)aluminum(III) cations, e.g. 
[AI( H20)6] ’+, [ Al(dmf),] ,+ (dmf = N,N-dimethylformamide), 
[A1(Me2S0)6]3+ (Me2S0 = dimethyl sulfoxide), etc., and pos- 
tulated a dissociative-interchange mechanism.1wz3 Considerably 

(1) Present address: Coordination Chemistry Laboratories, Institute for 
Molecular Science, Okazaki National Research Institutes, Myodaiji, 
Okazaki 444, Japan. 

(2) Saito, K.; Masuda, K. Bull. Chem. SOC. Jpn. 1968, 41, 384-389. 
(3) Saito, K.; Masuda, K. Bull. Chem. SOC. Jpn. 1970, 43, 119-124. 
(4) Matsuzawa, K.; Saito, K. Bull. Chem. SOC. Jpn. 1973.46, 2777-2779. 
( 5 )  Kido, H. Bull. Chem. SOC. Jpn. 1980, 53, 82-87. 
(6) Kido, H.; Saito, K. Bull. Chem. SOC. Jpn. 1980, 53, 424-428. 
(7) Watanabe, A.; Kido, H.; Saito, K. Inorg. Chem. 1981, 20, 1107-1 112. 
(8) Kido, H.; Saito, K. Inorg. Chem. 1977, I6, 397-400. 
(9) Kido, H.; Saito, K. Bull. Chem. SOC. Jpn. 1979, 52, 3545-3548. 

(10) Merbach, A. E. Pure Appl.  Chem. 1982, 54, 1479-1493. 
( 1 1 )  Fiat, D.; Connick, R. E. J .  Am.  Chem. SOC. 1968, 90, 608-615. 
(12) Neely, J. W. Ph.D. Thesis, University of California, Berkeley, CA, 1971. 
(13) Hugi-Cleary, D.; Helm, L.; Merbach, A. E. Helu. Chim. Acta 1985, 68, 

545-554. 
(14) Frankel, L. S.; Danielson, E. R. Inorg. Chem. 1972, 1 1 ,  1964-1965. 
(15) Movius, W. A.; Matwiyoff, N.  A. Inorg. Chem. 1967, 6, 847-849. 
(16) Fratiello, A.; Schuster, R. J .  Phys. Chem. 1967, 71,  1948-1950. 

Materials. [Al(acac),] was prepared by the known method,24 re- 
crystallized, and sublimed a t  ca. 160 OC at 1 torr (1  torr = 133.3 Pa).4 
The labeled complex was prepared by the ligand exchange method and 
dried in vacuo (250 mg, ca. 8.1 pCi mg-I). 

Hacac was dried with anhydrous calcium sulfate and distilled at  
132-138 OC. The water content was determined by Karl Fischer titration 
to be 0.012 M (M = mol dm-’). H a ~ a c [ ~ H , ]  (74% deuteriated at  the 
methylene moiety) was prepared by the reported m e t h ~ d . ~  

Kinetic Procedure. Reactions under Atmospheric Pressure. Kinetic 
runs were carried out similarly to the procedure previously described.’ 
The labeled complex (ca. 7 mg) was dissolved in the solvent (ca. 7 cm3 
of Hacac or H a ~ a c [ ~ H , ] ,  with additional water or deuterium oxide, 
respectively, whenever necessary) and kept thermostated. Six or seven 
portions (0.50 cm3 each) were pipetted out at  appropriate time intervals 
and chilled a t  -60 OC. The solvent was evaporated off in vacuo at  ca. 
0 “C to recover the complex quantitatively, which was submitted to the 
liquid scintillation counting. The water content of the reaction mixture 
remained constant during the kinetic runs within the error of Karl Fischer 
titration (*2 X loF3 M). 

(17) Amman, C.; Moore, P.; Merbach, A. E.; McAteer, C. H. HeIu. Chim. 
Acta 1980, 63, 268-276. 

(18) Thomas, S. ;  Reynolds, W. L. J .  Chem. Phys. 1966, 44, 3148-3149. 
(19) Merbach, A. E.; Moore, P.; Howarth, 0. W.; McAteer, C. H. Inorg. 

Chim. Acta 1980, 39, 129-136. 
(20) Amman, C.; Merbach, A. E. Inorg. Chim. Acta 1980, 40, X98. 
(21) Delpuech, J.-J.; Khaddar, M. R.; Peguy, A. A,; Rubini, P. R. J .  Am. 

Chem. SOC. 1975, 97, 3373-3379. 
(22) (a) O’Brien, J. F. Ph.D. Thesis, University of Minnesota, 1968. (b) 

O’Brien, J. F.; Alei, M. J .  Phys. Chem. 1970, 74, 743-746. 
(23) Richardson, D.; Alger, T. D. J .  Phys. Chem. 1975, 79, 1733-1739. 
(24) Young, R. C. Inorg. Synth. 1946, 2, 25. This procedure was first 

described in: Biltz, W. Justus Liebigs Ann. Chem. 1904, 331, 334-358. 
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1.18 
3.15 
5.73 
1.54 
3.5 

2.12 
2.03 
1.67 
1.09 
1.56 

Table I. Dependence of Complex Concentration and Solvent Composition on the McKay Rate R and the Observed Rate Constant k ,  at 25 OC 
[Al(acac),]/ M [Hacac]/M [H20]/l0-* M pressure/MPa ~ p 0 - 7  M s-* k,/ 10-4 s-1 

0.10 3.54 3.00 

"Diluted with acetonitrile. 

9.7 
9.7 
9.7 
9.7 
9.7 
4.85" 
4.85" 
4.85" 

1.9" 
1.9" 

16.2 
14.2 
15.3 
8.6 
9.1 
5.5 
9.6 

15.3 

4.2 
14.7 

00' - 5 ' -  IO 15 %T 
[H,01/10-2 M 

Figure 1. Influence of the water concentration on the exchange rate 
constant (k , )  of [Al(acac),] ((1.7-3.4) X lo-, M) in acetylacetone under 
atmospheric pressure: (A)  15 OC; (0)  25 OC; (0)  25 OC in 74% meth- 
ylene-deuteriated Hacac containing 74% D 2 0 ;  (0) 30 OC; (A) 35 OC; 
(0) 40 OC. 

Reactions under Elevated Pressures. The labeled complex (ca. I O  mg) 
was dissolved in 10 cm3 of the solvent and dispensed at 0 OC into five 
vessels (1.7 cm3 each) consisting of a Teflon pipe (1.4-cm diameter and 
4.0-cm length) and two Teflon pistons with silicone rubber O-rings. The 
vessel wa: dipped into silicone oil (Shin-Etsu KF-96 I O  cs) in a hole 
(1.5-cm diameter and 5.0-cm depth) of a stainless steel block (7 cm X 
7.5 cm X 10 cm), which was thermostated at 25.0 f 0.1 'C. The 
container was stoppered and locked with a stainless steel screw cap and 
the pressure applied through the silicone oil with a hand pump. After 
a given time lapse the vessel was taken out of the container and cooled 
to 0 OC. The solution was submitted to the kinetic analysis mentioned 
above. The concentration of water in the solution remained unchanged 
within the fluctuation f 3  X IOw3 M. A Bourdon tube calibrated with 
Heise's standard gauge was used for the pressure measurements (17.6, 
42.1, 91.9, 140, 188, and 237 MPa (f0.5 MPa)). 

Calculation of the Reaction Rate. The exchange rate R was calculated 
by the simplified McKay equation (eq I) ,  where xo and x, are the specific 
counting rates of the complex at time zero and t ,  respectively. x, was 

R = 3[complex] In ( x o / x , ) / t  (1) 

practically zero under the present experimental conditions, since [Hacac] 
>> [complex]. The time zero ( t  = 0) was set at 1 min after mixing the 
complex with Hacac for runs under normal pressure and at 5 min after 
plunging for runs at higher pressures. 

Resul ts  
Verification of the Exchange. The recovered complex from the  

reaction mixture gave a UV absorption identical with tha t  of pure 
[Al(acac)J. The McKay plots In (xo /x l )  vs. t gave s t ra ight  lines 
a t  least unt i l  the specific activity of t h e  recovered complex de- 
creased t o  ca. 40% of t h e  original complex. These facts  indicate 
tha t  t he  ligand isotopic exchange took place exclusively under  the  
given experimental  conditions. 

Rate under Atmospheric Pressure.  T h e  exchange r a t e  R was 
proportional to the  concentration of t he  complex as shown in Table  
I. k ,  was  dependent  on t h e  water  concentration (Figure 1) a n d  
is expressed by eq 2. T h e  kl and k2 values at 15, 25, 30, 35, and 

R = k,[complex] 
= (k, + kz[HzO])[complex]  (2) 

40 O C  gave activation enthalpies and  entropies as shown in Table  

0.10 
0.10 

91.9 
91.9 

0.10 
0.10 
0.10 

0.10 
0.10 

9.31 

2.31 
5.10 

1.90 
2.56 
2.82 

0.505 
1.75 

19.7 
2.95 
3.26 

1.50 
1.62 

0.896 
1.26 
1.69 

0.463 
1.12 

Table 11. Rate Constants and Activation Parameters for the Ligand 
Isotopic Exchange between [Al(acac[14CI),] and the Solvent Hacac" 

15.0 0.10 2.9 (11.8) 0.43 (f0.35) 
25.0 9.1 ( fQ .9 )  1.48 ( f O . l l )  
30.0 14.6 (f2.5)  2.70 (f0.28) 
35.0 28.3 (f5.6) 4.20 (f0.67) 
40.0 56.6 (f8.1)  6.32 (f0.91) 
25.0' 0.10 8.06 (f1.31)  1.46 (f0.12) 

17.6 5.53 (f0.56)  1.46 (f0.06) 
42.1 5.06 (10.29) 1.38 (f0.03) 
91.9 4.14 (f2.89) 1.29 (f0.30)  

140 4.41 (f2.13) 1.07 (f0.22) 
188 3.00 (f0.30)  1.04 (f0.03)  
237 2.49 0.93 

temp/OC pressure/MPa k,*/  s-I k,"/10-3 M-1 s-I 

param ki k ,  
AH*/kJ mol-] 84.8 ( f 5 . 4 )  79.2 (f4.2) 
A S / J  K-' mol-' -37.6 (f17.9) -33.9 (f13.9)  
AV/cm3 mol-' +10.2 (f1.8) +5.0 (10.4) 
k H / k D d  1.6 1.5 

" R  = ( k ,  + k,[H,O])[complex], where [complex] = (1.54-5.73) X 
lo-, M and [ H 2 0 ]  = (2.2-16.1) X M. *Errors are calculated at 
the 70% confidence level. CRuns were carried out in  a high-pressure 
vessel. dDeuterium isotope effect. The kD's were obtained from the 
experiments using Ha~ac[methylene-~H,] and D20.  

10 15 ob 5 

[H201/ 10-2mol kg-' 

Figure 2. Observed exchange rate constant ( k , )  of [Al(acac),] 
((1.54-3.23) X M) in acetylacetone at 25 OC under elevated pres- 
sures: (0) 0.10 MPa; (0) 42.1 MPa; (A) 188 MPa. 

11. Both kl a n d  k2 decreased on deuteriation of t h e  acidic  hy- 
drogens of H a c a c  a n d  added  water  (Figure l ) ,  a n d  t h e  ratios 
k l H / k I D  a n d  k2H/k2D were 1.6 a n d  1.5 a t  2 5  OC, respectively 
(Table  11). W h e n  H a c a c  was diluted with CH,CN to  m a k e  
[Hacac ]  = 4.85 and 1.94 M, t h e  r a t e  decreased l inearly (Tab le  
1) .  

Pressure Effect.  T h e  exchange r a t e  R was also proportional 
t o  t h e  complex concentrat ion a t  91.9 MPa (Tab le  I). T h e  de- 
pendence of k, upon the wa te r  concentrati  \n under  various 
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Table 111. Kinetic Data for the Ligand Exchange and Related Reactions of Aluminum(II1) Complexes" 
AH*/kJ AS*/J AV*/cm' 

c o m p 1 ex processb mol-' K-' mol-' mol-' A ~ / V s o c  solvent cd DN' ref 
[AI(acac)J k ,  85 -3 8 + I O  +0.10 Hacac 26 -16 this work 

79 -34 +S +0.05 Hacac 26 -16 this work k2 
k2 80 -16 toluene 2.4 3 

k.3 90 -33 thf 7.4 20 3 
kl 90 -5 1 EtOAc 6.1 17 2 

krac 133 +227 C2HsOH-CSH1, 259 -309f 30 
k0 85 +42 +6 +0.32 H 2 0  78 18 13 
ko 88 +28 +14 +0.18 dmf-CH,N02 37h 26h 17 

[A1(Me2S0)6]3+ k, 83 +22 +16 +0.22 Me2S0  47 28 19 
[AI(tmp),l3+ k0 85 +38 +23 +0.20 tmpa-CH3N02 21' 23' 20 
[AI(CH3CN)6]3+ k, 79-80 +35-+41 CH3CN 36 14 22 

Legend: Hacac = acetylacetone; EtOAc = ethyl acetate; thf = tetrahydrofuran; dmf = N,N-dimethylformamide; Me,SO = dimethyl sulfoxide; 
tmpa = trimethyl phosphate. bk, = observed rate constant of ligand exchange (k, = k, + k2[H20] for [Al(acac),]); k,,, = racemization rate 
constant. e Vso = partial molar volume of the ligand. dRelative permittivity (dielectric constant). Donor number.28 fEstimated from the association 
constant with [V"'(O)(acac),] in CH2CI2. 8For ethanol. *For DMF. 'For TMPA. 

[A1(H20)6y+* 
[ AKdm0,l 

200 300 
l o o  p / M P a  

0 

Figure 3. Pressure dependence of kl  and k2 for the ligand isotopic ex- 
change of [Al(acac),] in Hacac at  25 "C: (0) k, ;  and (0) k2. 

pressures is shown in Figure 2. Both k ,  and k2 decreased linearly 
with an increase in pressure (Figure 3). Volumes of activation 
are given in Table 11. The compressibility of activation, A@*, was 
zero in the given pressure region. 
Discussion 

Exchange Mechanism. Since the reaction system is simple, the 
possible mechanisms are limited to those previously suggested 
(Figure 4).5-9 The k ,  path proceeds in three steps consisting of 
two elementary processes: (1) a substitution process, replacement 
of one end of the chelated acac- by the solvent Hacac, and (2) 
an intramolecular proton-transfer process, transfer of a proton 
between the two unidentate ligands in intermediate 111. The third 
step is the reversed process of the first, i.e. replacement of the 
unidentate Hacac by the free end of unidentate acac- to give the 
original complex. 

The concentration of I11 is very low as compared with that of 
I, since no significant signals other than those for Hacac and 
[Al(acac),] were observed in the aromatic proton resonance region 
of the N M R  spectrum in CD3CN ([complex] = 0.3 M, [Hacac] 
= 1.9 M). Additivity of the absorbance at  305 nm, the shoulder 
due to [Al(acac)J in Hacac, also supports this conclusion. Hence, 
k, << k-,. 

When I11 is reckoned as a steady-state intermediate, eq 3 holds. 

k ,  = kakb/(k-a + kb) (3) 
The probability to give the product out of intermediate I11 is 
related to the branching ratio, k , / ( k ,  + kb) .  The relative 
magnitude of k,  to kb can be estimated from the deuterium isotope 

t 

J 

( I V )  (Il) 
h? -path 

Figure 4. Plausible mechanism of the ligand exchange of [Al(acac),] (I) 
in Hacac. Asterisks denote the presence of I4C labeling, and arrows with 
circumflexes show the rate-determining step. 

effect. The primaiy kinetic isotope effect on the proton-transfer 
process is generally large (kH/kD > QZ5 Deuterium may change 
the nucleophilic basicity of Hacac, but to a much smaller extent 
than does the proton-transfer rate. Provided that only kb is subject 
to the deuterium isotope effect and that the kbH/kbD value falls 
in the range 2-10,26 the kb /k ,  ratio is calculated from the observed 
klH/kID ratio (=1.6) to be more than unity (1-lo), and conse- 
quently the branching ratio is calculated to be more than 0.5 
(0.5-0.9). We can thus conclude that k, << k-, < kb and that 
the first substitution step is substantially rate-determining. 

Similar values of activation parameters and deuterium isotope 
effects for k ,  and k2 support our previous discussion that both paths 
would have a similar rate-determining step. A water molecule 
can give IV more easily than Hacac does 111, and IV is converted 
into 111 quickly (Figure 4). 

Mechanism of Ligand Substitution Process. The mechanism 
of the substitution process may be discussed with reference to the 
kinetic data for related reactions of AllJ1 complexes (Table 111). 

The usefulness of the activation volume AV for elucidating 
the activation mode (associative or dissociative) of ligand sub- 
stitution reactions has been demonstrated particularly for sol- 
vent-exchange reactions.IO A dissociative mechanism has  been 
proposed for the exchange reactions involving unidentate solvent 
molecules, Me,SO, DMF, CH,CN, H20, etc., on the basis of AV 
values 5.7-23 cm3 mol-' and positive activation entropies AS*. 
Our moderately positive A'vt suggests an Id mechanism, while 
the modest negative AS* indicates an I, mechanism. Such a 
confusion may be solved as follows. 

(25) (a) Saunders, W. H., Jr. In Investigation of Rates and Mechanisms of 
Reactions, 3rd ed.; Lewis, E. S., Ed.; Wiley: New York, 1974; Chapter 
V, pp 211-255. (b) Laidler, K. J. Chemical Kinetics; McGraw-Hill: 
New York, 1965. 

(26) A very large value (kH/kD = 9) was reported for the ligand exchange 
of [Th(acac)J in CDCll and supposed to reflect the primary isotope 
effect of the proton transfer. Ohno, H.; Fujiwara, N.; Tomiyasu, H.; 
Fukutomi, H., unpublished results. 
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Table IV. Kinetic Data for the Ligand Exchange of [M"'(acac),] in Hacac" 
AH* </kJ AS* c/J effect of effect of 

MI11 r lpmb mol-' K-' mol-' [HacacId klHlklD [HZOI' mechanism ref 
co 52.5 152 +80 0 1 .o 0 Id or D 5, 9 
Cr 61.5 120 -2 1 1 1.5 0 I (see text) 5 ,  8 

Ru 68 115 -6 1 0 Ia 5 
Rh 66.5 118 -79 1.4 0 Ia 5 
V 64.0 73 -73 1 1 .o 1 1, 7 

A1 53.0 85 -38 1 1.6 1 I (see text) this work 

Fe 64.5 60  -92 1 1 .o 1 Ia 6 

'Rate equation is k, = k ,  + k2[H20]. bionic radius.)l CFor k,. dk, = (k', + k'2[H20])[Hacac]00r' in Hacac-CH&N mixed solvent ([Hacac] 
= 2-9.7 M). 'Presence (1) or absence (0) of k, term. 

Swaddlez7 and Merbach'O pointed out the usefulness of the ratio 
of AV to the partial molar volume Vso of the solvent molecule 
as a criterion for distinguishing the interchange mechanisms I, 
or Id in the absence of particular solventsolvent interaction such 
as hydrogen bonding in the bulk. The greater the absolute value 
of the ratio AP/Vso ,  the nearer the mechanism is to the limiting 
A or D mechanism. The ratio is less than 0.1 for the present 
system and ca. 0.2 for those systems involving unidentate solvent 
molecules. Therefore, a mechanism of less dissociative mode is 
suggested for the present system; Le., a more enhanced partici- 
pation of the incoming ligand in the transition state is expected. 

Both electrostatic and steric effects could be encountered. 
However, the electrostatic effect does not seem to be governing. 
The unidentate molecules in Table I11 have greater donor num- 
b e d 8  than Hacac and their aluminum complexes have a +3 
overall charge. If the electrostatic factor were predominant, they 
would exhibit more extensive participation of I, character than 
our complex does. A high positive charge could enhance the 
ligation of the polar solvent molecules around the first coordination 
sphere in the ground state, but this would be less so in the transition 
state, where the coordination bonds are elongated. Therefore, the 
AV value could be greater for +3 complex cations than for our 
chargeless complex. The extent of such second-sphere ligation 
may be related to the dielectric constant (e) of the solvent. The 
difference of AV values among the +3 complexes is not related 
to the t values. Such a contribution may not be ignored but does 
not seem to be ruling factor. 

It seems as if steric factors play an important role in determining 
the AV values. A significant effect of the bulkiness of the ligand 
was seen on the observed AV value in a couple of instances.29 
Bulky solvent molecules repulse each other a t  the coordination 
sphere to decrease the contribution of the incoming ligand in the 
transition state. Coordinated acac- has two methyl groups as do 
Me2S0 and D M F  but seems to provide a less crowded coordi- 
nation sphere than Me,SO and D M F  do, because of the flat 
enolate ring. The stacking of Hacac on the coordinated acac- may 
be possible in both the transition and the ground states. This may 
be the reason why the present exchange has less dissociative 
character. 

Comparison with Related Reactions. [ Al( a ~ a c ) ~ ]  was resolved 
and the racemization rate determined.30 The AH* and AS* values 
are largely positive in mixtures of isopentane-ethanol (1: 1 v/v) 
and isopentane-diethyl ether (4:l) (Table IV), and a mechanism 
via a pentacoordinated state involving a unidentate acac- was 
suggested. This result supports our view that the participation 
of Hacac in the transition state is particularly significant in our 
exchange reaction and forms a striking contrast to the fact that 
the racemization of [ C ~ ( a c a c ) ~ ]  gave almost the same AH* and 
AS* values as those of ligand isotopic exchange in Hacac, which 
proceeds via an Id or D m e ~ h a n i s m . ~  

We have shown that the ligand isotopic exchanges of [M(acac),] 
(M = V, Cr, Fe, Ru, Co, and Rh) in neat Hacacs7 have a common 
rate-determining step at k, in the kl path and that the substitution 
mechanism has been discussed on the basis of kinetic data in Table 
IV.5-9 This view is also true for the present exchange. The 
moderately negative AS* value for Al, together with Cr, suggests 
in-between character in the substitution mechanism. The Cr 
complex is claimed to undergo ligand exchange dissociatively in 
CH3CN and associatively in neat Hacac.5,8 The substitution of 
A1 complexes is concluded to proceed through an interchange 
mechanism largely affected by the nature of the ligand as men- 
tioned above. 

The difference between [Co(acac),] and [ A l ( a ~ a c ) ~ ]  could be 
pointed out. Tervalent ions of Co and A1 have similar small ionic 
radii (0.53 and 0.525 A),,' and their complexes have been un- 
derstood to exhibit similar ligand substitution mechanisms of Id 
or limiting D character because of the small size of the metal 
center. We have found, however, a rather significant difference 
in activation parameters, especially in AS*, indicating that AI has 
less dissociative character in substitution than Co does. The reason 
may be related to the difference in the electron configurations 
of both ions with and without d electrons, which can repulse an 
incoming electron pair in the transition state to make an inter- 
change mechanism dissociative, but we have to wait for the AV 
values for [ C ~ ( a c a c ) ~ ] .  
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