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CRITICAL EVALUATION OF EQUILIBRIUM CONSTANTS INVOLVING

ACETYLACETONE AND ITS METAL CHELATES

Acetylacetone(2,4-pentanedione, MW 100.12), the simplest of the beta-

diketones, is among the most versatile and most used chelating agents in

solvent extraction. Acetylacetone is known to form neutral chelates with

about 60 metals; most of them exhibit low solubility in the aqueous phase

but dissolve readily in organic solvents, used as diluents in solvent

extraction processes.

The aim of the present communication is to compile, discuss and criti-

cally evaluate the published data on the dissociation, solubility and

liquid-liquid distribution of acetylacetone and its metal chelates. When

the data of several authors are compared, all reliable constants obtained

under the same conditions are averaged, weighted inversely to their stan-

dard deviations and the error quoted as the standard deviation of this

average. The thermodynamic constants were recalculated by the present

authors from the original data using the least-squares method with a 95%

confidence interval (68L).

1. Dissociation of acetylacetone

In aqueous solutions, acetylacetone (HA) is in equilibrium with hydrogen

ions (H+) and with acetylacetonate (enolate) ions (A). The concentration

dissociation constant of the acid HA is defined as

K = [H][AJ/[HA] (1)a

where the square brackets denote the molar concentration of the species.

For practical purposes the "mixed" (BrØnsted) dissociation constants are

sometimes determined

K'a = (Hf)' {A]/[HA] (2)

where (H+)I denotes the hydrogen ion operational activity. The thermodynamic

dissociation constant is defined as follows

Ka = (Hf)(A)/(HA) = Ka A/y (3)

where y denotes the molar activity coefficient of the species. Several

reviews of the published values of dissociation constants of acetylacetone

under various conditions are available (64 5, 71 Sa, 78 5). Table 1 shows

the dependence of Ka (mol dm3) on the temperature for I = 0 and I = 1.0
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mol dm3.

Table 1 Dissociation constants Ka/mol dm3 and Ka/mol dm3 at different

temperatures and ionic strength 1/mol dn3

Temp.

°C (54

1±0
I, 55

PKa

Ib)

I

(61

-0
L)

1=1.0
(69 L)

PKa

I =1.0
(72 K)

10 9.10 9.11 ±0.02 (9.180)
a

9.25

15 9.09 ±0.02 9.118

20 9.02 (9.057)
a

9.09

25 (8.99) 9.03 0.O3 8.994 (9.02)

30 8.95 (8.934)
a

8.96

35 8.97 ±0.05 8.876

40 8.86 (8.812)
a

45 8.91 ±0.02 8.750

o -1 +
iH /kJ mol 11.8 10.9 —0.3

(13±2)b (10.0 ±07)b (21.4 ±06)b (24 ±8)b
o —1—LS/Jmo1 K

—134 —202 ±8c

(—127 ±6)b (—139 ±2)b (—100 ±2)b (_93 ±28)b

a pK = (9.3027 ±0.0003) — (0.01228 ±0.00028)t, where 10 <t/°C <45 (69 L)

b data recalculated by the present authors using least-squares method

c misprint in the original paper
Taking into account also the other published data for pK at 25°C and

I - 0 : 8.94 (40 S), 8.93 (45 E) and 9.03 (63 G), the recommended value

for PKa is 8.99 ±0.04 at 25°C and I - 0.

Very good agreement has been obtained in the determination of the PKa

value at 25°C and I = 1 M (Na+, H+)Cl04 by three independent groups of

authors: 8.994 (69 L), 8.99 (71 S1 73 S) and 9.05 ±0.03 (77 B). The value

of PKa determined by (65 S) is lower (8.878 ±0.007); in this case, however,

1 M (K+, H+)Cl has been used for adjusting the ionic strength which can

influence the enol-keto equilibrium. Even lower values have been obtained

for the mixed dissociation constant at 25°C and I = 1 M (Na+, H)Cl04:
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pK = 8.71 (63 G) and 8.76 (61 P) (from this paper it is not evident

whether concentration or mixed constants were determined). Taking into

consideration data obtained for 1M (Na+, H+)C104 the recommended value of

PKa will be 9.00 ±0.03 at 25°C.

It is of interest to note that the recommended values for the dissocia-

tion constants of acetylacetone are the same for I - 0 and I = 1 M (Na+,

H+)Cl04. This surprising fact has been explained in terms of a shift in

the enol-keto equilibrium towards the keto form, as evidenced from NMR and

spectrophotometric measurements (69 L).

The values of PKa = 8.82 (53 R, 68 G) and 8.85 (79 5), determined at

25°C and I = 0.1 M (Na+, H+)C104, are in a good agreement with the calcula-

ted value. Other published PKa values under similar conditions are 8.88

(65 0) and 8.81 ±0.04 (8.84 ±0.04 at 20°C) (70 K). It should be noted, how-

ever, that it is not evident whether concentration or mixed constants were

determined. The constants PKa = 8.62 and 8.67 (71 5, 73 S) are appreciably

lower and they were not taken into consideration for the recommendation of

the most reliable value.

PKa values determined at other ionic strengths at 25°C are: 8.98 (68 Ga)

at I = 0.017 mol dm3, 8.88 (71 R) at I = 0.02 mol dm3, 8.81 (51 C) and

8.97 (77 Sc) at I = 0.2 mol dm3.
° °

The values of AS , given in Table 1, differ from the value AH = 14.7

±0.2 kJ mol1 (78 P) determined by direct calorimetric measurements at

I = 0.05 -1.5 M (Na+, H+)N03, (Na+, H+)Cl or (K+, H+)N03 in the temperature

range from 15 to 55°C.

Table 2 Recommended values of dissociation constants Ka /mol dm3 of

acetylacetone at 25°C

I 0 I = 0.1 M NaClO4 I = 1 M NaClO4

PI<a
8.99 ±0.04 8.83 ±0.02 9. 00 ±0.03

2. Solubility of acetylacetone

Acetylacetone is miscible with a variety of organic solvents; its solu-

bility in neutral aqueous solution is 1.72 mol dm3 at 20°C (58 R) and 1.92

mol dm3 at 25°C (69 J). The solubility increases with increasing ionic

strength and acidity (see Table 3), due probably to a shift of the enol-keto
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equilibrium (69 J). In earlier papers (54 S1 58 R), the increase of the

solubility has been explained by the formation of species of the type H2A+.

Table 3 Solubility of acetylacetone (mol dm3) at 25°C (69 J)

Concentration of

electrolyte (mol dm3) 0 1.0 2.5 5.0

NaClO4 1.92 3.56 5.5

HC1O4
1.92 4.88 CO

3. Distribution of acetylacetone

The distribution of acetylacetone between an organic solvent and an

aqueous phase can be described as

DHA = []/[HA] + [A] =
KD(HA)/(l + K[H]1) (4)

where

KD(HA) = [K]/[HA] (5)

and the bar ([]) indicates the organic phase species.

Experimentally determined KD(HA) values for 18 organic solvents have

been summarized in a previous communication (78 S). The very good agree-

ment found between data determined by different authors (64 W, 72 K, 73 K,

73 5, 74 K, 77 B, 78 S) enables us to recommend the most reliable constants

for 9 commonly used organic solvents (Table 4).

Distribution constants decrease with increase of the ionic strength and

the acidity of the aqueous phase. This is in line with the increasing solu—

bility of acetylacetone in aqueous electrolyte solutions.

Table 4 Recommended values of distribution constants, log KD(HA) between

water and various organic solvents, 25°C. (Total concentration of

acetylacetone, c < 0.1 mol dm3).

Solvent 1/mol dm3
0.001 0.1 1.0

n—Hexane -0.02 ±0.01 -0.06 ±0.04

Cyclohexane 0.00 ±0.01 -0.04 ±0.04

Benzene 0.77 ±0.01 0.74 ±0.02 0.64 ±0.02

Toluene 0.66 ±0.01 0.62 ±0.01 0.55 ±0.02

Xylene 0.57 ±0.01 0.52 ±0.01
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Table 4 (Continuation)

Solvent 1/mol
—3dm

0.001 0. 1 1. 0

Dichloromethane 1.41 ±0.02 1.32 ±0.02

Trichloromethane 1.38 ±0.02 1.37 ±0.01 1.25 ±0.03

(chloroform)

Tetrachloromethane 0.52 ±0.01 0.51 ±0.01 0.42 ±0.02

(carbon tetrachloride)

3-Methyl butanol 0.54 ±0.02

KD(HA) values also depend on the total concentration of acetylacetone,

cHA. Log KD(HA) of pure acetylacetone, calculated from its solubility in

water is 0.76 at 20°C and 0.72 at 25°C. Using benzene as an organic solvent,

KD(HA) does not depend on cHA but decreases in trichloromethand, and

increases in tetrachloromethane are observed with increasing cHA. This

effect becomes especially pronounced at cHA higher than 0.5 mol dm3.

The distribution constant also depends on the temperature: for tn-

0 + -1 0chloromethane as the onqanic solvent, AH = -11 -l kJ mol and AS = -12.3

±0.8 J mol K at temperatures between 10 and 35°C (69 J). KD(HA) for

dichloromethane has been also found to be temperature dependent, though to

a lesser extent than for trichloromethane. No temperature dependence has

been found for tetrachloromethane (69 J).

4. Stability and liquid-liquid distribution of metal acetylacetonates

General

Overall concentration stability constants, n' or thermodynamic sta-

bility constants,

= [MA(m-n)+I/[Mm+I[A_]n (6)

= (MA(m-n) / (M) (A) n = n 'MA/M YArI (7)

are used to characterize the formation of complexes in the aqueous phase.

When these data are not available, the corresponding stepwise stability con-

stants K or K°n n

Kn = {Mm-n)+}/[Mmn-l)+} [A1 (8)
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K = (MAm +)/ (MAm1n l)) (A) = Kn YM/'MA1YA (9)

are included in the present compilation (y denotes the molar activity coeffi-

cient of the species).

Eqs. (7) and (9) can be used for recalculation of the stability con-

stants of metal acetylacetonates for I = 0 — 0.1 mol dm3. Experimentally

found values of stability constants at I = 1 mol dm3 are usually higher

than those at 0.1 mol dm3, which is probably connected with the fact that

PKa at I = 0.1 mol dm3 is lower than those at I = 0 and 1.0 mol dm3.

The stability constants can be also calculated from thermodynamic data

according to

= — T LS0 = —RT ln ° (10)n n n n

from which

log = {LS — LH/T]/2.303R (11)

In some publications the complex formation of the metal with hydroxide

ion, e.e. hydrolysis, was not taken into consideration. This can lead to

large errors in the determination of stability constants. Additionally,

the presence of acetic acid impurity in acetylacetone (the commerdial pro-

duct usually contains several percent of the acid) may also cause errors in

the determination of stability constants, especially when using potentio-

metric methods.

The overall extraction constant Kex involving the metal chelate forma-

tion and its distribution in liquid-liquid system can be expressed as

Kex = [MJ [H+Jm,[Mm--I []m = KD() m K/K(HA) (12)

where

KD(MAm) = [mJ/{MAmJ (13)

Expressing the hydrogen ion term as an activity, the extraction constant

is denoted as K'
ex

Distribution constants of metal acetylacetonates KD() are generally

not too large, and for this reason they can be experimentally determined

with a sufficient precision; however, the possible formation of hydroxo-

complexes has to be considered.
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The heterogeneous overall stability constant of the chelate MAm

=
1m1Mm+1 [A-Im = m

KD(MAm)
(14)

can be calculated from know Kexl Ka and KD() values according to eq. (12).

The m value can be calculated from the value using eq. (14) when KD(MA)

is known.

Beryllium acetylacetonate

The stability constants of beryllium complexes with acetylacetone at

various T and I are summarized in Tables 5 and 6.

Table 5 Stability constants of beryllium acetylacetonate n at different

temperatures (55 I, 55 Ib, 72 K)

Temp. log l log 2
°C 10 10 I=lmoldm3

10 7.93 14.89 16.32 ?

20 7.88 14.63 15.40 ?

30 7.83 14.54 14.32

40 7.67 14.11

LH° (kJ mol1) -8.4 -37

(—16 ±20)a (—41 ±35)a (—164 ±139)a

AS° (J mol1K1) 121 154

(96 ±68)a (141 ±118)a (266 ±474)a

a Recalculated by the present authors using least-squares method

Table 6 Survey of stability constants of beryllium acetylacetonate, 25°C

log log 2 1/mol dm3 Method Ref.

785a 14•58a 0 potent. 55 lb

7.96 14.67 <0.02 potent. 63 G

8.17 14.54 low distr. 59 K

753a 1410a 0.1 potent. 55 lb

7.44 ±0.08 14.06 ±0.06 0.1 potent. 79 S

7.55 14.35 1.0 potent. 63 G

7.27 14.26 1.0 distr. 68 R

a Recalculated data using eq. (7).
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The general agreement of data obtained by different authors at 25°C

enables us to recommend the most reliable constants at different I (Table 7).

On the other hand, the values of AH° and AS determined by the potentio-

metric method (55 I, 55 Ib) are not in agreement with experimental data

obtained by the liquid-liquid distribution method (72 K) even taking into

account the different experimental conditions.

At higher values of pH, the following reactions were found to take

place (63 G):

BeA+ = BeA(OH) +

with an equilibrium constant log K = -6.4 at 25°C and 1÷0, and

BeA(OH) = BeA(OH)2 + H+

with an equilibrium constant log K = -9.8 at 25°C and I ÷ 0.

The distribution constant of BeA2 using trichloromethane as solvent

(log KD(BeA = 2.15, 2.45 and 3.05 at 10°C, 20°C and 30°C, respectively;
2

I = 1.0 mol dm (72 K)) is higher than those using pure acetylacetone

(log KD(BeA = 1.61 at 25°C and low I (59 K)).
2'

The extraction constant log K' = -2.79 at 25°C and I = 0.1 M (Na+, H+)

Cl04 (63 S) for benzene as organic solvent is in agreement with the value

log K'ex = -2.6 at 20°C and I = 1 mol dm3 for trichloromethane (68 R).

Table 7 Recommended values of stability constants of beryllium

acetylacetonate, 25°C

I/mo1 dm3 0 0.1 1.0

log 7.9 ±0.1 7.48 ±0.06

log 2 14.62 ±0.06 14.08 ±0.04 14.30 ±0.05

Magnesium acetylacetonate

The stability constants of magnesium acetylacetonate have been deter-

mined by a potentiometric method at different I from which values were

calculated for I ÷ 0 (55 I, 55 Ib) (Table 8).

At 25°C and I = 0.1 M (Nat, H)Cl04 the following values of stability

constants were obtained (79 S): log l = 3.36 ±0.02 and log 2 = ±0.09.

These data are in a good agreement with Izatt's values obtained by the recal-

culation for the above conditions: log l = 3.33 and log 2 = 5.8 which

allows to recommend the most reliable data of stability constants of magne-

sium acetylacetonate (Table 9).
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Table 8 Stability constants of magnesium acetylacetonate

at I 0 (55 I, 55 Ib)

Temp.

°C log 13i log 2

10 3.75 6.50

20 3.67 6.38

30 3.63 6.17

40 3.65 6.09

AH° /kJ mol1 -7.5 -26n
(-6 ±1l)a (-24

AS° /J mol1K1 46 35b

(51 ±37)a (38 ±39)a

a Recalculated by the present authors using least-squares method.

b The value 57 J mol given in the original paper is evidentaly a

misprint.

Table 9 Recommended values of stability constants of magnesium

acetylacetonate n' 25°C

1/mol dm3 0 0.1

log l 3.65 ±0.05 3.34 ±0.03

log 2 6.28 ±0.10 5.86 ±0.08

Scandium acetylacetonate

The first stability constant of scandium acetylacetonate log l = 8.4

±0.1 at 20°C and I = 0.01 mol dm3 (66 Ka) determined spectrophotometrically,

and log l = 8.3 at 25°C and I = 0.1 mol dm3 (66 5), determined from distri-

bution data are in a good agreement. However, the potentiometric method

gives, at 30°C and I 0 (calculated from data obtained at different I), the

following results: log = 8.0 ±0.1 and log 2 = 15.2 ±0.2 (55 Ia); for

I = 0.1 mol dm3 we obtain much lower values: log l = ±0.1 and log 2

= 14.3 ±0.2.

The value of log has not been determined because of the low solu-

bility of scandium acetylacetonate in aqueous solutions. From the hetero-

geneous stability constant log = 22.89 at 20°C and I = 0.1 M (Na, H)
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ClO (63 S) and 231a at 25°C and I = 0.1 M (Nat, HC1O4 (64 0) it can be

expected (see eq. (14)) that log 133 <- 21.3 because log KD(ScA 1.7 for
3

benzene as organic solvent (63 S).

The extraction constants using benzene as solvent log K' = -5.83 at

20°C and I = 0.1 M (Nat, H)ClO (63 S); _59a at 25°C and 0.lM (Na,H)

Cl04 (64 0) and _55a at 25°C and I = 0.5 M (Nat, H)C1O4 (67 F). For tn-

chloromethane a greater disagreement has been found: log Kex = _71a at

25°C and I = 0.1 M (Nat, H)ClO4 (64 0) and -6.35 in the same conditions

(66 S)

Yttrium and rare earth acetylacetonates

The stability constants of yttrium and rare earth acetylacetonates

determined by the potentiometric (54 I, 55 Ia, 60 G, 64 Y) and ion-exchange

(64 P) methods at different experimental conditions are summarized in Table

10. It is of interest to note that in the plot log 131 as a function of

atomic number, only the first part of the curve increases linearly (from La

to Eu), whereas in the second part (from Gd to Lu) log l value is nearly

constant. The difference between consecutive elements in the first part is

about 0.15, but the total variation from Tb to Lu is only 0.2

A survey of thermodynamic constants determined by the direct calori-

metric measurements is given in Table 11.

Distribution constants of rare earth acetylacetonates increase with

increasing atomic number: log K are -0.39; -0.30; -0.16; -0.03; 0.04;
D( 3)

0.19; 0.33 and 0.8 for Nd, Sm, Gd, Tb, Dy, Ho, Er and Lu, respectively for

p.ure acetylacetone used as a solvent at 25°C and low I (60 B). Acetylace-

tonates lighter than Sm have a very limited solubility in acetylacetone,

while those heavier than Sm have a greatly increased solubility. Distribu-

tion constant of cenium(IV) acetylacetone log KD,C A > 2 for benzene as a

1 1
solvent (62 Sa) (for n-hexane tH = 40 kJ mol and tS = 108 J mol K

(77 A)).

Although extraction constants were not determined, their approximate

values can be calculated according to eq. (12) using the values of 133 and

a These constants have been calculated by the present authors from experi-

mental data given in original papers.
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Table 10 Stability constants of yttrium and rare earth acetylacetonates n

Ref.log

13.9 ±0.2

14.10 ±0.12

±0.20

±0.20

Metal
Temp
°C

I
mol dm Log ,og 2

Y 30 0 6.40 ±0.10 11.10 ±0.15

30 0.1 5.87 ±0.02 10.85 ±0.08

25 2.0 5.57 ±0.05 10.16 ±0.15

La 30

30

25

0

0.1

2.0

5.10

4.96

4.71

±0.10

±0.03

±0.05

8.95

8.41

8.16

±0.15

±0.08

±0.15

11.85

10.91

Ce

Pr

30

30

30

30

30

30

25

0

0.1

0.1

0

0.1

0.1

2.0

5.28

4.8

5.09

5.43

4.9

5.27

5.01

±0.11

±0.1

±0.04

±0.13

±0.1

±0.03

±0.05

9.26

8.5

8.4

9.56

8.7

9.20

8.84

±0.20

±0.2

±0.1

±0.23

±0.2

±0.08

±0.15

11.3

12.52

11.5

12.4

±0.2

±0.36

±0.2

±0.1

Nd 30 0 5.60 ±0.10 9.90 ±0.15 13.1 ±0.2

Sm

30

30

30

25

0.1

0

0.1

2.0

5.30

5.9

5.59

5.32

±0.04

±0.1

±0.02

±0.05

9.40

10.4

10.05

9.72

±0.07

±0.15

±0.03

±0.15

12.6

13.6

12.95

±0.1

±0.2

±0.04

Eu 30

30

25

0

0.1

2.0

6.05

5.87

5.41

±0.10

±0.03

±0.05

10.60

10.35

9.71

±0.15

±0.06

±0.15

14.05

13.64

±0.20

±0.08

Gd 30

25

0.1

2.0

5.90

5.42

±0.03

±0.05

10.38

9.81

±0.08

±0.15

13.79 ±0.09

Tb 30 0.1 6.02 ±0.01 10.63 ±0.05 14.04 ±0.06

Dy 30

25

0.1

2.0

6.03

5.74

±0.01

±0.05

10.70

10.22

±0.03

±0.15

14.04 ±0.07

Ho 30 0.1 6.05 ±0.01 10.73 ±0.02 14.13 ±0.12

30 0.1 5.65 10.41

Er 30 0.1 5.99 ±0.01 10.67 ±0.04 14.05 ±0.05

55 Ia

60 G

54 Y

55 Ia

60 G

64 Y

54 I

54 I

60 G

54 I

54 I

60 G

64 Y

55 Ia

60 G

55 Ia

60 G

64 Y

55 Ia

60 G

64 Y

60 G

64 Y

60 G

60 G

64 Y

60 G

64 P

60 G

25 2.0 5.70 ±0.05 10.08 ±0.15 64 Y
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Table 10 (continuation)

Metal moldm3 log l log 2 log
Reg.

Tm 30 0.1 6.09 ±0.01 10.85 ±0.03 14.33 ±0.05 60 G

25 2.0 6.03 ±0.05 10.75 ±0.15 64 Y

Yb 30 0.1 6.18 ±0.01 11.04 ±0.03 14.64 ±0.05 60 G

30 0.1 5.7 10.15 64 p

Lu 30 0.1 6.23 ±0.04 11.00 ±0.11 14.63 ±0.18 60 G

25 2.0 5.98 ±0.05 10.78 ±0.15 64 Y

Table 11 Thermodynamic constants LH° /kJ mol1 and AS/J mol1K1

at 25°C and I = 0.05 mol dm3 (78 P)

Metal LH LH iH LS AS

La — 2.7±0.2 — 5.9±1.7 88±2 147±3 184±4

Pr — 5.9±1.2 —16 ±6 92±3 173±5 205±25

Nd — 5.7±0.8 —18 ±5 90±3 156±4 176±20

Sm —19 ±7 93±3 148±4 180±25

Gd —25 ±8 95±3 149±5 176±30

Tb —28 ±5 94±3 154±4 167±20

Dy —31 ±8 95±4 150±7 159±25

Ho —31 ±10 97±3 153±6 159±33

Er .4.5±0.7 —30 ±8 97±3 151±8 163±28

Yb —31 ±10 101±3 163±5 197±33

Lu —22 ±8 104±3 170±6 201±28

Titanium acetylacetonate

The stability constants of titanium(III) complexes with acetylacetone

were determined at 25°C and I = 1.0 mol dm3 by means of spectrophotometric

method: log l = 10.43, log 2 = 18.82 and log = 24.9 (66 V).
Zirconium acetylacetonate

The stability of zirconium acetylacetonate has been determined from

the distribution of zirconium between pure acetylacetone and an aqueous

phase at 25°C and low I: log l = 8.38, log 2 = 15.96, log = 23.22 and

PAAC 54:12 - S
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log 134 = 30.08 (59 K). The distribution constant determined under these con-

ditions is log K A
= 0.40 (59 K). The hydrolysis of zirconium ions has

D(Zr 4)
not been considered and for this reason the above data should be regarded as

the lowest values of stability constants. The spectrophotometric method

gives a substantially higher value for log 13 = 11.25 ±0.10 at 18-20°C in

1 M HC1 (66 K).

Hafnium acetylacetonate

The formation of hafnium acetylacetonate has been investigated by two

independent groups of authors (59 K, 61 P) both utilizing the liquid-liquid

distribution method. The values of stability constants determined at 25°C

and low I are: log l = 8.73, log 2 = 15.37, log 13. = 21.75 and log 134 =

28.10 (59 K). At 25°C and I = 1 M (Nat, H+)Cl04, the following constants

were determined (61 P): log l = 7.4, log 2 = 14.7, log 133 = 21.4 and

log 134 = 28.1. Although the disagreement between the data obtained is not

very large (considering the difference in I), it should be noted that the

hydrolysis of hafnium ions has not been considered in any of the publications.

The values of experimentally determined distribution constants for pure

acetylacetone (log KD(HfA = 0.82 at 25°C and low I (59 K)) and for benzene

+ +solution of this reagent (log K 'HfA = 1.0 at 25°C and I = 1 M (Na , HD 4)
Cl04 (61 P)) seem to be too low for such a coordinatively saturated chelate.

This suggests that mixed hydroxo—complexes are also formed in the aqueous

phase. The data should thus be considered as the lowest possible values of

the respective equilibrium constants.

Thorium acetylacetonate

Stability constants of thorium acetylacetonate determined by the potenti-

metric (55 Ia) and by the liquid-liquid distribution methods (50 R, 53 Ra,

53 Rb, 58 P, 61 R) are summarized in Table 12.

The distribution constant log KD(ThA ) = 2.50 ±0.05 at 25°C and I = 0.lM
+ + 4

(Na , H )Cl04 for benzene as the organic solvent has been determined independ-

ently by (50 R) and (58 P). Using trichloromethane as solvent log KD(ThA ) =

2.55 ±0.05 at 25°C and I = 0.1 M (Nat, H)ClO4 (53 Rb) and using n-hexane

log KD(T) = 0.64 (H = 68 kJ mol1, LS = 245 J mol1K1) at 25°C and

I = 1 M (Na , H )Cl04 (77 A).
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Table 12 Stability constants of thorium acetylacetonates n

log l = 7.8 ±0.1

log 2 = 14.4 ±0.2

log = 21.8 ±0.3

log = 26.8 ±0.2

log

log

KD(ThA) = 2.50

K = -9.0ex

±0.05

-0.1

for

for

benzene

benzene

Vanadium acetylacetonate

Vanadium(II) forms mono, bis and tris acetylacetonate complexes (65 Sb).

The stability constants at 25°C and 1 M (K, H+)Cl are: log = 5.383

±0.012, log 2 = 10.189 ±0.028 and log = 14.704 ±0.014 (65 Sb).

Vanadium (IV) forms complexes of type VOA+ (log l = 8.68 at 25°C) and

VOA2 (log 2 = 15.79 at 25°C; I not given) (56 B).

T/°C 30 25 25 25

—3
1/mol dm 0 0.01 0.1 0.1

Ref. 55 Ia 50 R, 61 R 53 Ra, 61 R 58 p

log l 8.8 7.82 ±0.16a 8.00 ±0.17 7.75

log 2 16.2 15.57 ±0.081) 15.48 ±0.31 15.34

log 22.5 21.72 ±0.121) 21.48 ±0.42 22.23

log 26.7 26.86 ±0.191) 26.78 ±0.47 27.01

aralculated using limiting value method.b Calculated using least-squares method

The value of the extraction constant can be calculated from the tenta-

tive values of and KD(ThA (see Table 13) using eq. (12): log Kex =
4/

-9.0 and -11.4 at 25°C and I = 0.1 M (Na+, H+)Cl04 for benzene and trichloro-

methane, respectively. The value of log Kx = -12.16 at 20°C and I = 0.1 M

(Na+, H+)Cl04 is in error because the stepwise formation of thorium complex

has not been taken into account.

Table 13 Tentative values of equilibrium constants of thorium acetyl-

acetonate at 25°C and I = 0.1 mol dm3
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Protactinium acetylacetonate

Protactinium(IV) forms mono and bis acetylacetonate complexes of type

PaOA+ and PaOA2 (74 L). However, in a large excess of sulfate ions the pre-

sence of the tris-acetylacetonate complex Pa(OH)A3 has been observed (74 La).

Distribution data for Pa(IV) between acetylacetone solution in benzene and

1 M(Na+, H+)C104 in the temperature range from 5° to 45°C have been used for

the determination of stability constants and the corresponding AH and

values (74 L). Using least-squares method the following values have been

obtained for 25°C: log l = 6.1 ±0.1, log 2 = 13.15 ±0.13 and log KD(PaOA)

= 2.07 ±0.10.

The extraction constant log K = -4.13 ±0.05 at 25°C and 1M (Nat, H+)

C10, and from its variation with temperature, AH° = 30±2 kJ mol1 and

22±8 J mol1K1 (74 L). On the other hand, from distribution data for

acetylacetone solution in benzene and (l-x) M (Na+, H+)Cl04 + xM Na2SO4 in

the temperature range from 3° to 48°C the extraction constant of the reaction

Pa(OH)S0 + 3 iA = Pa(OH)A3 + 3H+ + SO
was found to be log Kex = _8.l7±0.06 at 25°C and from its temperature

dependence, LH° = 14±3 kJ mol1 and AS° = _llO±ll J mol1K1 (74 La).
Protactinium(V) forms mono, bis- and tris-acetylacetonates of the type

PaOA2+, PaO2A, PaO2A2 and PaOA3 and an adduct with acetylacetone of the type

PaOA3.2HA (70 La). Distribution data for Pa(V) between HA solutions in

xylene and 3 M (Na+, H+)Cl04 have been used for the determination of stabili-

ty constants for the following type of reactions

Pa03+ + x HA = PaO(HA) (H) + y
The values of log xy obtained from a least-squares fit to the distri-

bution data are log l1 = 1.00±0.17, log l3 = _2.lO±0.lS, log 24 =

±0.16, log = 0.38±0.11 and log (53KD53) = 0.73±0.18 at 25°C (70 La).

The following distribution constants were also obtained: log KD13 = 0.02

±0.12 and log KD33 = 0.06±0.30. The model for the formation of protactinium

(V) acetylacetonate is partly supportec by an earlier investigation (68 D)

of the distribution of Pa(V) between HA in benzene and 1 M (Na+, H+)C104 at

25°C.
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Assuming the extraction reaction

Pa(OH) + 4iK = Pa(OH)3A2.2HA + 2 H+

the extraction constant is log K = 2.5.ex

The complicated aqueous chemistry of Pa and the paucity of data makes

the selection of recommended values impossible at the present time.

Chromium acetylacetonate

Stability constants of chromium(II) acetylacetonate have been deter-

mined potentiometrically at 25°C and 1 M (K, H)Cl: log l = 5.96 ±0.02

and log 2 = 11.70 ±0.03 using PKa = 8.878 (65 Sa).

Molybdenum acetylacetonate

From the distribution of molybdenum(V) (cMo = 0.001 mol dm3) between

acetylacetone solution in trichloromethane and hydrochloric acid (or ammoni-

um chloride) of different concentration the following equilibrium constants

have been calculated at 20°C: log l = 10.37, log 2 = 20.36 and

log KD(M0O(OH)A) = -0.29 (68 A).

The distribution of molybdenum(VI) (cMo = 0.05 mol dm3) under the

above conditions has been described by the following reactions (68 A):

MoOr + A =
M0O2A+ log 1 = 10.57

MoOr + 2A = M0O2A2 log 2 = 20.49

M0O2A2 = M0O2A2 log KD = 1.69

M0O2A2 + OH =
M0O3A

+ HA log K = 10.61

HM0O4 + HA = M0O3A
+ OH a log K = 2.07

It should be noted that the formation of polymeric species has been

neglected in the calculations, the values thus should be regarded as tenta-

tive.

Uranium acetylacetonate

Distribution data of uranium(IV) between acetylacetone solutions in

benzene and 0.1 M (Na+, H+)Cl04 have been used for the determination of sta-

bility constants (55 R, 61 R). Using the two-parameter method the following

values were obtained:

log l = 9.05±0.16; log 2 = 17.02±0.34; log = 23.92±0.52 and

log = 29.76±0.63. A least—squares analysis (61 R) gives: log l = 9.02

a Evidently misprint in the original paper.
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±0.29, log 2 = 17.28±0.44, log 133 = 23.80±0.50 and log 134 = 29.78±0.62.

The distribution constant of uranium(IV) acetylacetonate at 25°C for

benzene as organic solvent is log KD(UA ) = 2.63±0.03 at 0.1 M (Na+, H+)C104

(61 R) and for n-hexane log KD(UA) = 0.66 at I M (Nat, H)ClO4 (LH° = 65 kJ

mol1, iS° = 230 J mol1K) (77 A).

The extraction constant calculated from eq. (12) is log Kex = -5.9 at

25°C and I = 0.1 mol dm3 for benzene as solvent.

Stability constants of uranium(VI) acetylacetonate are summarized in

Table 14. The results are rather scattered thus only tentative values are

included in Table 15.

Table 14 Survey of stability constants of uranium(VI) acetylacetonate

log log '2 1/mol dm3 T/°C Method Ref.

55 lb

55 lb

55 I

55 lb

59 K

55 lb

55 R

79 S

63 J

14.47 0 10 potent.

14.15 0 20 potent.

14.11 0 30 potent.

13.68 0 40 potent.

14.13 low 25 distr.

136a 0.1 25 potent.

13.1 0.1 25 distr.

13.5±0.1 0.1 25 potent.

12.3 1 25 polarog.
Data recalculated using eqs. (7) and (11).

Using the distribution method (55 R), the formation of mixed complexes

of the type UO2A(OH), UO2A(HA) and U02A2(HA) has been detected and the

respective equilibrium constants K have been determined at 25°C and I = 0.lM
+ +

(Na , H )Cl04

+ A + OH

a

= UO2A(OH) log K 15.6

UO22 + A + HA =
UO2A(HA)+ log K = 8.7

+ 2A + HA =
U02A2(HA) log K = 14.8

It should be noted, however, that the potentiometric method (79 5) did

not prove the formation of the complex UO2A(HA)+.

Distribution constants of uranium(VI) acetylacetonate at 25°C and

I = 0.1 M (Nat, H)ClO4 are: log KD(UOA) = 0.25 and log KD(UOAHA)) =

1.52 using benzene as organic solvent (55 R).

7.94

7.66

7.73

7.42

8.87

74a
6.8

7.0±0.1

7.5



Equilibrium constants: acetylacetone and its metal chelates 2575

The value of the extraction constants calculated from the above data:

log Kex = -5.5 and -3.6 for the extraction of U02A2 and U02A2(HA), respec-

tively. By the direct determination, the following data were obtained:

log Kex = -5.85 (67 B) and -6.1 at 30°C and I = 2 M(Li, H)ClO4 (67 N);

solvent benzene. The formation of mixed complexes, however, was not taken

into account.

Table 15. Tentative values of stability constants of uranium(VI)

acetylacetonates 25°C

1/mol dm3 0 0. 1

log 7.7 ±0.2 7.1 ±0.2

log 14.1 ±0.2 13.4 ±0.2

Neptunium acetylacetonate

The investigation of the distribution of neptinium(IV) between different

organic solvents containing acetylacetone and 1 M (Na+, H+)Cl04 has been

used for the determination of stability constants: log l = 8.58 ±0.07,

log 2 = 17.23 ±0.12, log = 23.94 ±0.14 and log = 30.22 ±0.16 (70 L).

The distribution constants, log KD(NpA increase in the order:

0.537±0.008 for n-hexane (AH = 72±2 kJ mol1, tS = 251.3±0.2 J mol1K),

0.812±0.007 for cyclohexane (iH = 64.9±0.4 kJ mol1, = 233.5±0.1 J mol

K1), 1.23±0.01 for 4-methyl-2-pentanone(hexone), 2.68±0.02 for tetrachloro-

methane, and 3.45±0.04 for benzene at 25°C and I = 1 M (Nat, H)C1O4 (70 L).

The values of the extraction constants calculated from eq. (12) using

data included in (70 L) are: log Kex = -5.13 for n-hexane, -4.96 for cyclo-

hexane and benzene or tetrachioromethane.

A spectrophotometric titration of pentavalent neptunium with acetyl-

acetone shows the formationof 1:1 and 1:2 chelates with stability constants

log l = 4.08±0.01 and log 2 = 7.00±0.02 at 25°C and I = 0.1 M (Na, H)

C104; log l = 4.08±0.02 and log 2 = 7.07±0.02 at 25°C and I = 1 M (Nat, H)

C104 (72 G).

Plutonium acetylacetonate

The stability constants of plutonium(IV) acetylacetonate have been

determined by the liquid-liquid distribution method at 25°C and I = 0.1 M

(Na, H)ClO4 (55 R, 60 R, 61 R). Using the ligand number method, the
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following values were obtained: log l = 10.0±1.0, log 2 = 19.1±1.2,

log = 27.6-1.5 and log = 33.5-1.8; two-parameter analysis gives log l

= 10.5±1.0, log 2 = 19.7±1.5, log = 23.1±2 and log = 34.0±2.1 (55 Rb,

70 L). The least-squares method allows the determination of only log K2K3 =

17.77±0.12 and log K4 = 5.91±0.09 (61 R).

The distribution constant is log K = 2.54±0.07 and 2.6±0.3 at
D(PuA4)

25°C and I = 0.1 M (Na+, if)ClO4 for benzene and trichloromethane, respec-

tively (55 Rb, 60 R).

Manganese acetylacetonate

Stability constants of manganese(II) acetylacetonate determined at

different T and I are summarized in Tables 16 and 17.

Table 16 Stability constants of manganese(II) acetylacetonate at I ±0

Tio log l log 2

10 4.28 7.53

20 4.24 7.35

30 4.18 7.25

40 4.11 7.07

LH°/kJ mol1 -10.5 -30

( 9.6±4.5) (..25±8)a

_l8.5±l.]P

6•3c

AS° /J mol1K1 46 39

(48±l5)a (55±28)a

56.1±3•8b 68±4b

59c
a Recalculated by the present authors using least—squares method.

b Obtained by calorimetric measurements at I = 0.05 mol dm3 (78 P).
c Obtained by liquid-liquid distribution method at I = 0.1 mol dm3 (68 G).

Table 17 Survey of stability constants of manganese(II) acetylacetonate,2s°

log l log 2 1/mol dm3 Method Ref.

0 potent. 55 I, 55 lb

3•88b 681b 0.05 78 p

389a 682a 0.1 potent. 55 I, 55 lb

4.07 0.1 distr. 68 G

3.79±0.06 6.81±0.10 0.1 potent. 79 S

4.09 6.98 1 distr. 77 Sb

a Recalculated using eqs. (7) and (11). b Calculated using eq. (11).
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The general agreement in stability constants determined using various

methods allows us to recommend the most reliable values (Table 18).

The distribution constant log KD(M A = -1.23 at 25°C and I = lM (Na+,
n 2'

H+)clo_ for tetrachloromethane as organic solvent; log Kex = -11.8 under the

same conditions (77 Sb).

Table 18 Recommended values of stability constants of manganese (II)

acetylacetonate, 25°C

1/mol dm3 0 0.1

log 61 4.21±0.05 3.91±0.11

log 62 7.3 ±0.1 6.82±0.02

Iron acetylacetonate

Stability constants of iron(II) acetylacetonate have been determined

only by a single group of authors using reliable potentiometric method:

log 61 = 5.07 and log 62 = 8.67 at 30°C and I ÷ 0 (55 I).

A survey of equilibrium constants of iron(III) acetylacetonates is

given in Table 19.

Table 19 Equilibrium constants of iron(III) acetylacetonates

T/°C 1/mol dm3 log 61 log 62 log 63 log Kex Ref.

25 0 11.4 (?) 22.1 (?) 26.7 51 B

30 0 9.8±0.3 18.8±0.6 26.2±0.9 55 Ia

25 low 9.27 17.98 23.87 59 K

30 0.1 9.3±0•3a 18.0±0,6a 25.3±0.9a 55 Ia

20 0.1 63 S

20 0.1 9.17 18.34 71 K

(?) 0.4 10.6 19.7 76 F

25 l0 10.5 71 F

a Recalculated using eqs. (7) and (11))D Benzene was used as the organic solvent.

From the data in Table 19 it is evident that the differences between

reported values are too large as to be explained only by the changes of T

and I, thus, only tentative constants at'I = 0.1 mol dm3 can be given

(Table 20). The polarographic method allows only the determination of step-

wise stability constants: log K2 = 8.4 and log K3 = 6.5 at 25°C and I = 0.1

mol dm3 (63 P). Using the tentative values of log 61 = 9.25, then log 62 =

17.65 and log 63 = 24.15.

From the heterogeneous stability constants log = 27.42 (63 5) and
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27.49 (71 K) at 20°C and I = 0.1 M (Nat, H)C1O4 it follows that log =

24.5 for the distribution constant log KD(FeA 3 (59 K) using benzene as
' ' +

organic solvent (log KD(FeA = 2.95 and 1.45 at 25°C and I = 1 M (Na , H+)
3/

C104 for benzene and 4-methyl-2-pentanOne, respectively (68 L).

Table 20 Tentative equilibrium constants of iron(III) acetylacetonate

at I = 0.1 mol dm3 and T = 20-30°C

log l = 9.25±0.10 log = 24.5 ±0.3

log 2 = 18.0 ±0.2 log Kex
= -1.1 ±0.2 for benzene as organic solvent

Cobalt acetylacetonate

The stability constants of cobalt(II) acetylacetonate determined at

various T and I are summarized in Tables 21 and 22. The general agreement

between values obtained by different authors allows us to recommend the most

reliable data.

Table 21 Stability constants of cobalt acetylacetonate at I 0 (55 I, 551b)

Temp/°C log l log 2

10 5.58 9.92

20 5.40 9.57

30 5.40 9.51

40 5.34 9.30

AH°/kJ mo1 -5.0 -26

(33±26)a

AS°/J mol1K1 88 98

(62±60)a (73±88)a

57±5b

a Recalculated by the present authors using least-squares method.
b Determined by calorimetric measurements at I = 0.05 mol dm3 (78 P)

Table 22 Survey of stability constants of cobalt(II) acetylacetonates,25°C

I/mol dm3 log log Method Ref.

0 5,40a 954a potent. 55 I, 55 lb

0.017

0.05

5.51

507b

9.74

905b

potent. 68

78

Ga

P

0.1 508a 906a potent. 55 I, 55 lb

0.1 5.18 9.42 (?) potent. 69 Sa

0.1 5.09±0.04 9.08±0.04 potent. 79 S

a b
Recalculated using eqs. (7) and (11). Recalculated using eq. (11).
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Cobalt(II) acetylacetonate is extracted into tetrachioromethane only

slightly: log KDC A = -0.94 at 25°C and I = 1 M(Na, H+)C104 (74 S).
0 2'

Table 23 Recommended values of stability constants of cobalt(II)

acetylacetonate, 25°C

1/mol dm3 0 0.1

log l 54±01 5.10±0.06

log 2 9.5±0.1 9.08±0.04

Nickel acetylacetonate

A survey of stability constants of nickel acetylacetonate is given in

Tables 24 and 25.

Table 24 Stability constants of nickel acetylacetonate at I = 0 (55 1,55 Ib)

Temp./°C log l log 2 log

10 6.16 11.00 13.51

20 6.06 10.77 13.09

30 5.92±0.05 10.38±0.16 12.49

40 5.86 10.26 12.16

/kJ mol1 28a

(_177±6,7)b

54a

(_44±24)b

82a

(_79±23)b

17c

38±1d

32e

AS°/J mol1K1 50

(55±23)b

50

(54±80)b

46c 59c

53±4d 66±5'

63e 80e

a Evidently an error in the original paper: H0 should be -17, -44 and -72

kJ mol1 for log l' log 2 and log , respectively.
b Recalculated by the present authors using least-squares method.

c Determined potentiometrically at I = 0.02 mol dm3 (71 R).

d Determined by calorimetric measurements at I = 0.05 mol dm3 (78 P).

e Determined at I = 0.1 mol dm3 (68 G).
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Table 25 Survey of stability constants of nickel acetylacetonate, 25°C

1/mol dm3 log l log 2 Method Ref.

0 5.92 10.49 potent. 49 M

599a 1058a potent. 55 I, 55 lb

0.017 6.05 10.66 potent. 68 Ga

0.02

0.05

5.69

566b

10.16

108b

potent. 71

78

R

p

0.1 567a 1010a potent. 55 I, 55 lb

0.1 5.72 9.66 (?) distr. 68 G

0.1 5.74±0.03 10.23±0.04 potent. 79 S

a Recalculated data using eqs. (7) and (11).

b
Data calculated using eq. (11).

The value log 2 = 9.66 (68 G) is too low in comparison to other pub-

lished data - thus not taken into consideration for the evaluation of the

most reliable data (Table 26).

The distribution constant of nickel acetylacetonate between tetrachloro-

methane and 1 M (Na+, H+)Cl04 at 25°C is very low: log KD,NiA = -2 -2.5
2'

(77 5).

Table 26 Recommended values of stability constants of nickel

acetylacetonate, 25 °C

1/mol dm3 0 0.1

log l 5.96±0.05 5.71±0.04

log 2 10.54±0.05 lO.lE±O.09

Palladium acetylacetonate

The reaction between palladium(II) chloride and acetylacetone has been

investigated spectrophotometrically and potentiometrically in order to deter-

mine the stability constants of palladium acetylacetonat (57 D). By extra-
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8.38±0.02

8.31±0.02 8.14±0.10

8.05±0.08

8.22±0.02 7.96±0.07

7.88±0.06

7.76±0.02 7.80±0.05

—19.7

(_33±51)b

.-30c

-18. 9±0. 5d

—20. 1e

92

15.44±0.05

15.16±0.07

14.95

14.36

—47.3

(_58±47)b

-44. 4± 1d

—42.

130

(91±159)b

79c

122±4d

142e

14. 94±0.10

14. 75±0. 10

14.57±0.08

14.42±0.07

14.26±0.05

polation to zero chloride concentration the following stability constants

have been determined: log l = 16.7±0.2, 16.2 and 15.4 at 20°, 30° and 40°C,

respectively (AH = -75±17 kJ mol1, AS = 59±54 J mol1K1); log2 27.1

±0.4 and 25.9±0.4 at 30° and 40°C, respectively (AH = _150±34 kJ mol1).

Copper acetylacetonate

Stability constants of copper acetylacetonate determined by the poten-

tiometric method (55 I, 55 Ib) and from liquid-liquid distribution data

(69 La) at various temperatures are summarized in Table 27. A survey of sta-

bility, distribution and extraction constants of copper acetylacetonate is

given in Table 28.

For the calculation of l and 2 at I = 0.1 mol dm3, a PKa value of

8.62 (71 5) has been used instead of 8.83 which leads to the lower value of

the stability constants (by recalculation we obtained log l = 7.95 and

Table 27 Stability and distribution constants of copper acetylacetone
at different temperatures

Temp. /°C
1=0

log l
I=lmoldm3 1=0

log l
I=lmoldm3

log K
D(CuA2)

. (55 I, 55 Ib) (69 La) (55 I, 55 Ib) (69 La)

10

20

25

30

35

40

AH°
n/

kJ mol1

LS0

_28.9±2.5

56.7±0.03

_60±6 23±2

82 98.9±0.2

J mol 1K1 (46±172)b

59c

88±2d

88e

a Benzene was used as the organic solvent.

b Data recalculated by the present authors using least—squares method.
C = 0.02 mol dm3 (61 R).

d = 0.05 mol dm3 (78 )e = 0.1 mol dm3 (68 G)
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log 2 = 14.7). No explanation has been found for the high values of the

stability constants obtained by the liquid-liquid distribution method (59 K,

69 I); these data were not considered for the recommendation of the most

reliable values (Table 29).

The log KD(C A values determined at 25°C and 1 M (Na+, H+)C104 are:
u 2'

—0.04 for cyclohexane, 1.04 for benzene, 0.85 for toluene, 0.80 for xylene,

2.54 for trichloromethane and 0.85 for tetrachloromethane (75 A). The value

log KD A
= 1.80±0.10 (77 B) determined under the same conditions for

(Cu

trichloromethane as organic solvent seems to be too low in view of the high

solubility of copper chelate in this solvent. The distribution constants can

be compared with the solubility data of copper acetylacetonate determined at

20°C (76 K, 77 K): 7.08 x l0 mol dm3 in cyclohexane, 3.48 x l0 mol dm3

Table 28 Survey of equilibrium constants of copper acetylacetonate

T/°C 1/

mol dm3
log l log 2 log KD(CuA

2
log Kex Ref.

25 0 826a 1505a 55 I, 55 I

25 low 8.96(?) 15.8 (?) 55 K

25 0.02 8.29 14.99 71 R

25 0.05 792b 1418b (?) 78 p

25 0.1 794a 1457a 55 I, 55 I

25 0.1 8.16 14.76 68 G

20 0.1 63 S

25 0.1 69 H

20 0.1 8.41 14.82 0•85c 360c 71 K, 77

25 0.1 7.74 14.28 (?) 070d 347d 71 S

25 0.1 7.98±0.11 14.80±0.08 79 5

20 0.18 8.70 15.24 (?) 080c 33c 65 I

25 1.0 8.05±0.08 14.75±0.10 110c 35c 69 La

20 1.0 8.28 14.56 71 K

25 1.0 7.81 14.22 (?) 0•83d 373d 71 5

25 1.0 8.42±0.10 15.47 (?) 77 B

25 3.0 8.41 15.42 71 S

a Data recalculated using eqs. (7) and (11).

b Data recalculated using eq. (11).
c Benzene was used as the organic solvent.
d Tetrachloromethane was used as the organic solvent.
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Table 29 Recommended values of equilibrium constants of copper
acetylacetonate, 25°C

1/mol dm3 0 0. 1 1. 0

log l 8.25±0.05 8.0±0.1 8.1±0.2

log 2 15.05±0.10 14.8±0.1 l4.7

log KD(CuA)
0.850. 05a 1.07±0. 03a

log Kex

a Benzene was used as the organic solvent

in benzene, 1.65 x l0 mol dm3 in toluene, 2.27 x 101 mol dm3 in tn-

—3 —3 —4
chloromethane, 1.99 x 10 mol dm in tetrachloromethane, and 3.80 x 10

mol dm3 in neutral aqueous solutions.

The extraction constants for benzene as the organic solvent are in

general agreement (Table 28); the value of log Kex = -4.32 and -4.56 (67 N)

for 2 M (Li+, H+)Cl were determined only from two experimental points (at

pH = 2.2 and 2.7) and were thus not taken into consideration for the

recommendation of the most reliable constants.

The extraction constant for tetrachloromethane log Kex = -3.41 at 20°C

and I = 0.1 mol dm3 (73 K) and -3.47 at 25°C and I = 0.1 mol dm3 (71 S);

the agreement between the values is very good. For trichloromethane log Kex=

-2.98 at 20°C and I = 0.1 mol dm3 and for toluene log Kex = -3.73 under the

same conditions (73 K).

Zinc acetylacetonate

The stability constants of zinc acetylacetonate, determined by the

potentiometric method (54 I, 55 Ib) and by the liquid-liquid distribution

method (69 La) at various temperatures, are summarized in Table 30. A survey

of stability, distribution and extraction constants of zinc acetylacetonate

at 25°C is given in Table 31, and the most reliable equilibrium constants

in Table 32.

It has been found that at higher acetylacetonate ion concentrations

anionic complexes of the type ZnA3 are formed (71 S, 74 S, 76 S) with log

K3 = 1.50 at 20°C and I = 0.1 M (Nat, H)ClO4 (76 S).

The log K , A values at 25°C and I = 1 M(Na+, H+)ClO are (75 A):DZn 2
-1.57 for n-hexane, -1.16 for cyclohexane, -0.27 for benzene, -0.37 for

toluene, -0.47 for xylene, 0.83 for trichloromethane and -0.39 for tetra-

chloromethane.



2584 COMMISSION ON EQUILIBRIUM DATA

Table 30 Stability and distribution constants of zinc acetylacetonate

at different temperatures and ionic strengths I (mol dm3)

Temp./°C

(54

log l
1÷0 1=1
I, 55 Ib) (69 La) (54

log

1÷0
I, 55 Ib)

l
1=1

(69 La)

log KD(ZflA)a

1=1
(69 La)

10 5.14 4.63±0.06b 9.16 8,75±0.05b 057±0,02b

20 5.07 9.02

25 4.63±0.05 8.60±0.04

30 4.98 4•64±0,05c 8.81 8.50±0,03c 0.00±0.01

40 5.00 4.65±0.04 8.88 8.42±0.04 0.21±0.01

AH0/ —8.0 1.3±1.7 — 47±3

kJ mol (..9±1]jd

-6.3

(_18±29)d

i4.2f

71 92.8±0.2 — 98.0±0.5 153.8±0.1

J mol1K1

(67±39)

64.9±13e

67f

(111±97)d

86±4e

iooE

a Benzene was used as the organic solvent. b
At 12°C c At 32°C

Recalculated data by the present authors using least-squares method.
e At I = 0.05 mol dm3 (78 P). At I = 0.1 mol dm3 (68 G).
Table 31 Stability, distribution and extraction constants of zinc acetyl-

acetonate at 25°C and different ionic strengths I (mol dm3)

log l log 2 log log KD(ZnA2) log K I Ref.ex

5.03±0•05a 8.9

5.06 8.72

4•68b 807b

471a 83a

4.68 7.92 (?)

4.85 8.22

4.60±0.05 8.34±0.05

4.63±0.05 8.60±0.04 _0.19±0.01d

4.58 7.76 9.16 038c
a

Recalculated data using eqs. (7) and (11). b
c Tetrachloromethane as organic solvent. d

0 54 I, 55 lb

low 59 K

0.05 78 p

0.1 54 I, 55 lb

0.1 68 G

_1069c 0.1 71 S

0.1 79 S

1 69 La

1 71 S, 74 S

Calculated from eqs.(10) and (11).
Benzene as organic solvent.
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Table 32 Recommended values of equilibrium constants of zincacetylacetonate,25°C

1/mol dm3 0 0.1 1.0

log l 5.03±0.05 4.70±0.08 4.60±0.04

log 2 8.8 ±0.1 8.3 ±0.1

log Kex

a Benzene was used as the organic solvent.

Cadmium acetylacetonate

Stability constants of cadmium complexes with acetylacetone at various

temperatures and I ± 0 (55 I, 55 Ib) are given in Table 33

Table 33 Stability constants of cadmium acetylacetonate at I -* 0

T/°C log l log 2

10 3.88 6.78

20 3.84 6.72

30 3.83 6.59

40 3.77 6.24

LH0n/
kJ mol1

—5.4

(_5,7±5.0)a

—

(_29±37)a

LS
n/

J molK1

54

(54±17)a (27±124)a

d Recalculated by the present authors using least-squares method.

Stability constants determined by the potentiometric method at 25°C and

I = 0.1 mol dm3 (79 5): log l = 3.48±0.02 and log 2 = 6.26±0.08 are in

good agreement with the values, log l = 3.51 and log 2 = 6.2, obtained by

recalculation of Izatt's data (55 I, 55 Ib) using eqs. (7) and (11). The

polarographic method gives for log 2 the value 6.12 at 30°C and 0.7M (K+,H+)

NO3 (62 5). Data obtained at 25°C and I = 1M (Nat, H)ClO4 by the liquid-

liquid distribution method are (77 Sa): log l = 3.94 and log 2 = 6.68.

The distribution constant of the chelate is very low: log K =

D(CdA2)
-2.4 at 25°C and I = 1 M (Na+, H+)Cl04 using tetrachloromethane as organic

solvent (77 Sa): log Kex = -14.3 under these conditions (77 Sa).

Table 34 Recommended values of stability constants of cadmium acetylacetonate,25°C

PAAC 54:12 -

1/mol dm3 0 0.1

log l 3.83±0.05 3.48±0.03

log 2 6.6 ±0.1 6.26±0.08
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Mercury acetylacetonate

The stability constants of mercury(II) acetylacetonate determined at

30°C and I = 0.5 mol dm3: log 2 = 21.56 (at I = 1 mol dm3 log 2 = 21.37)

(55 I) are in a good agreement with the value of log l = 12.9 and log 2 =

20.1 at 25°C and I = 0.1 mol dm3 (75 V) taking into account the different

experimental conditions. In both publications the influence of the formation

of mercury(II) complexes with chloride ions has been considered.

Aluminium acetylacetonate

Stability constants of aluminium acetylacetonate were determined poten-

tiometrically at 30°C and I ÷ 0 (55 Ia): log l = 8.6±0.2, log 2 = 16.5±0.3

and log = 22.3±0.4. By recalculation using eq. (7) we obtain for I = 0.1

mol dm3: log = 8.1±0.2, log 2 = 15.7±0.3 and log = 21.4±0.4; these

data are in a good agreement with log l = 8.25, log 2 = 15.6 and log =

21.5 determined by the distribution method at 25°C and low I (59 K).

The heterogeneous stability constant log = 22.32 at 20°C and I = 0.1

(Na+, H+)C104 using benzene as the organic solvent (63 S); log KD(A1A = 1.0
' 3'

under these conditions (63 S) and log = 21.3 from eq. (14).

The extraction constant log K'ex = 6.48 at 20°C and I = 0.1 mol dm3

using benzene as organic solvent (63 S).

Table 35 Tentative equilibrium constants of aluminium acetylacetonateat 20-30°C

1/mol dm3 0 0.1

log 131 8.6±0.2 8.2±0.2

log 2 16.5—0.3 15.7—0.2

+ +log
133

22.3—0.4 21.4—0.2

log Kex

a Benzene was used as the organic solvent.

Gallium acetylacetonate

The potentiometric method gives for the stability constants of gallium

acetylacetonate at 30°C and I ± 0 the following values: log l = 9.4±0.2,

log 2 = 17.75±0.30 and log 133 = 23.65±0.40 (55 Ia). The distribution

method gives at 25°C and low I much lower values of stability constants

(59 K): log l = 7.79, log 2 = 15.27 and log 133 = 21.56, whereas at I = lM

(Na, H)Cl04 the following values have been obtained: log l = 9.29±0.07,

log 2 = 17.27±0.12 and log 133 = 23.65±0.08 (72 L). Because of the great

differences in the data published, the values of stability constants at I ± 0

(55 Ia) and I = 1 mol dm3 (72 L) should be considered only as tentative.
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The value of log KD(GaA) reported for benzene at 25°C and I = 1 mol dm3

is 2.43±0.03 (72 L), whereas it is only 1.4 for pure acetylacetone at low I

(59 K)

The extraction constant is log K'ex = -5.51 at 20°C and I = 0.1 mol dm3

in benzene as the organic solvent (63 S). From the experimental data of

(59 K) we obtain log Kex = -6.0 at 25°C and low I using pure acetylacetone

as organic solvent.

Indium acetylacetonate

Stability constants of indium acetylacetonate have been determined by

the potentiometric (55 Ia, 77 Sc), liquid-liquid distribution (58 R) and

polarographic methods (66 C) (Table 36). The value of 133 cannot be determined

by the potentiometric method because of the low solubility of the indium

chelate of the type InA3 in aqueous solutions. The stability constants

determined by the polarographic method are considerably larger than those

determined by other methods and were thus not taken into consideration for

the evaluation of the tentative constant for indium complexes. (Table 37).

Table 36 Stability constants of indium acetylacetonate at different

temperatures and ionic strengths I (mol dm3)

T I log l log 2 log 133 Ref.

30 0 8.0±0.2 15.1±0.3 55 Ia

30 0.1 (7.5±0.2)a (14.3±0,3)a 55 Ia

20 0.1 8.08±0.05 14.3±0.1 18.6±0.1 58 R

25 0.2 7.71 14.52 77 Sc

35 0.2 7.61 14.30 77 Sc

45 0.2 7.51 14.08 77 Sc

25 0.5 8.80±0.05 16.2±0.1 22.2±0.1 66 C

a
Data recalculated according to eq. (7).

The heterogeneous stability constant was found to be log = 21.6 at

20°C and I = 0.1 (Na+, H+)ClO using benzene as organic solvent (63 5) and

the distribution constant log KD(InA = 3.23 under these conditions (58 R);
3,

from eq. (14), log 133 = 18.4.

The distribution constant log K = 3.23 at 20°C and I = 0.1 mol
D(InA3)

dm using benzene or trichloromethane as the organic solvents; for tetra-

chloromethane log KD(InA = 2.63 under these conditions.
3,

The extraction constant is log K' = -7.2 at 20°C and I = 0.1 mol dmex

in benzene and tetrachloromethane; for trichloromethane, log K'ex =

(58 R, 63 5).
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Table 37 Tentative stability constants of indium acetylacetonate

at 20—30°C

1/mol dm3 0 0.1

log 8.0±0.2 7.8±0.3

log 2 15.1±0.3 14.4±0.2

log 18.5±0.2

Thallium acetylacetonate

The stability constants of thallium(III) complexes with acetylacetone

have been determined only by a single group of authors (69 B) using the liquid

liquid distribution method (69 B). At 20±2°C and I = 0.1 M (Nat, H)C1O4

the following constants have been determined: log l = 8.78, log 2 = 16.78

and log = 24.60. In this paper the hydrolysis of thallium(III) ions has

been neglected. The relatively low value of the distribution constant

log KD(InA = 1.07 in benzene as the organic solvent suggests the formation
3

of hydroxocomplexes in the aqueous phase. These values thus should be con-

sidered as the lowest values of stability constants of indium acetylacetonate

(from the experimental results given in (63 S) it follows that the hetero-

geneous stability constant log is about 28 and according to eq. (14),

log 27).

Lead acetylacetonate

The following stability constants were determined by the liquid-liquid

distribution method at 25°C and low I (59 K): log l = 4.51 and log 2 7.00.

The data agree with the stability constants determined by the potentiometric

method at 25°C and I 0.1 mol dm3 (79 S): log l = 4.57±0.04 and log 2 =

7.28±0. 09 which allows to recommend the tentative data for lead complexes

(Table 38). The polarographic method gives for 30°C and I = 0.7 mol dm3 a

much lower value for log 2 = 6.3 (62 S).

The extraction constant log K' = -10.15 at 20°C and I = 0.1 mol dm3

(63 S)

Table 38 Tentative stability constants of lead acetylacetonate at 25°C

and ionic strength I = 0.1 mol dm3

log l = 4.5±0.1

log 2 = 7.2±0.2
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