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Summar-The effects of the phenyl substituent on the dimerization of copper carboxylate in the 
solvent extraction of copper(I1) with phenylacetic acid using benzene and I-octanol as a solvent were 
investigated, at 25” and at the aqueous ionic strength of O.lM (NaClO,). The dimerization of copper(I1) 
phenylacetate has been found to be written as: 

2&A, X Cu,A, in I-octanol, and 

2CuA,(HA) ?5.L 2 _ Cu,A,(HA), + (HA), in benzene, 

with the dimerization constants, log &,,, _ , = 2.24 and log 4, _ 2 = 4.19, respectively. It was proved that 
the phenyl group inhibits the formation of the dimeric copper(U) phenylacetate, and its effect is partially 
shielded by a methylene substituent. 

Aromatic carboxylic acids are not so useful for 
the extraction of metal ions as aliphatic ones 
owing to their poor extracting capability. In the 
extraction of metal carboxylates the formation 
of the polymeric metal carboxylates and the 
adduct formation of the carboxylic acid mol- 
ecules to the extracted carboxylates are necess- 
ary to enhance the extractability, In a series of 
investigations on the extraction of copper(I1) 
with various carboxylic acids both the dimeriza- 
tion and the adduct formation of the copper(I1) 
carboxylates have been found to be more 
difficult in the extraction with aromatic car- 
boxylic acids than in that with aliphatic 
acids.‘-” This can be anticipated to lead to a 
poor extractability for an aromatic carboxylic 
acid. In the subsequent investigation” on the 
extraction of copper(I1) with 2,4-hexadienoic 
acid, which contains the conjugated double 
bonds, 2,4-hexadienoic acid was proved to be 
similar in the extraction behaviour for cop- 
per(I1) to benzoic acid. According to these 
results, the presence of a conjugated system in 

*Author for correspondence. 

carboxylic acid can be regarded as giving some 
negative influence on the formation of the 
dimeric copper(I1) carboxylate. Phenylacetic 
acid, in which the phenyl group is linked 
through the methylene group to the carboxylic 
group, has some aliphatic character and retains 
an inherent property of the phenyl substituent. 
In a series of investigations on the extraction of 
some metal ions with phenylacetic acid and its 
derivatives using chloroform as a solvent, the 
percent extraction of some metal ions under a 
few particular conditions and the selective ex- 
traction of copper(I1) have been described by 
Adam and co-workers.‘Z-14 However, in their 
works they did not touch upon any extraction 
equilibrium at all. 

In the present paper analysis of the extraction 
equilibrium on the extraction of copper(I1) with 
phenylacetic acid using benzene and I-octanol 
as a solvent was made in detail, and the results 
obtained from the present analysis were com- 
pared with those obtained for the other car- 
boxylic acids as an extractant for copper(I1). 
Phenylacetic acid has consequently been found 
to have the characteristics superior to the other 
carboxylic acids. 
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EXPERIMENTAL 

Reagents 

Commercial phenylacetic acid recrystallized 
from water was dissolved in purified benzene 
and I-octanol, respectively. Benzene and l- 
octanol were purified by the same method as 
employed previously. I1 Sodium perchlorate was 
also purified as described previously.* All other 
reagents were of reagent grade and used without 
further purification. Aqueous solutions were 
prepared with distilled, deionized water. 

Procedures 

Partition was carried out in a thermostatic 
bath kept at 25 + 0.2”. A volume of 15 ml each 
of the aqueous and organic phases were con- 
tacted in a 50-ml centrifuge tube. The extraction 
of copper(I1) was carried out under the follow- 
ing conditions: a total copper(I1) concentration 
of 5 x lo-‘M and the concentrations of phenyl- 
acetic acid are in the region of 0.3-2.OM for 
benzene, and 0.5-2.OM for 1-octanol, respect- 
ively. Shaking for about 1.5 hr was found to be 
sufficient for complete equilibration. The ionic 
strength of the aqueous phase was adjusted to 
O.lM by sodium perchlorate. After the extrac- 
tion equilibration, the concentrations of cop- 
per(I1) and hydrogen ions in the aqueous phase 
were determined by the same method as de- 
scribed previously.’ The dissociation constant of 
phenylacetic acid was potentiometrically deter- 
mined to be K, = [H+][A-]/[HA] = 10e413 in 
the aqueous O.lMperchlorate solution at 25”. In 
the estimation of the partition constant of 
phenylacetic acid between 0.1 M perchloric acid 
and benzene, the concentration of phenylacetic 
acid in the aqueous phase was determined by the 
potentiometric titration. While, in partition be- 
tween O.lM perchloric acid and 1-octanol, it 
was determined by measuring the absorbance 
at 255 nm, the absorption maximum of the 
acid. The formation constants of copper(I1) ion 
with phenylacetate ion were evaluated by 
emf measurements using a cupric ion selective 
electrode. 

Apparatus 

For mechanical shaking in a thermostat, Cool 
Bath Shaker ML-10 (TAITEC Co., Koshigaya) 
was used. A Table Top Centrifuge Model 5100 
(Kubota Seisakusho Ltd., Tokyo) was used for 
centrifugation. A DKK ION Meter, Model 
lOL-50 (DKK Co., Tokyo) was used for the 
determination of hydrogen ion concentration in 

the aqueous phase. For emf measurement re- 
sponse to cupric ion activity, a DKK cupric ion 
selective electrode, Model 7140 and a DKK 
reference electrode, Model 4083, were used 
with a DKK ION Meter, Model lOL-50. Spec- 
trophotometric determination was carried out 
on a UVIDEC430A Double Beam Spectropho- 
tometer (JASCO, Tokyo). 

RESULTS AND DISCUSSION 

Partition of phenylacetic acid 

In general, taking into account the dimeriza- 
tion of a monomeric carboxylic acid in the 
organic phase and the dissociation of the acid in 
the aqueous phase, the distribution ratio of the 
acid can be represented as follows: 

C D_HA.o- KD.HA + 2K2,HA K &"A [HAI 
C 

9 (1) 
HA.w 

1+& 

where K,, KD,HA, K2,HA, and [HA] denote the 
dissociation constant in the aqueous phase, the 
partition constant between the organic and 
aqueous phases, the dimerization constant in 
the organic phase of the carboxylic acid, and the 
concentration of the monomeric acid in the 
aqueous phase, respectively. In the same man- 
ner as described previously,” the partition and 
dimerization constants of phenylacetic acid 
were evaluated. The results are summarized in 
Table 1 together with those for the other car- 
boxylic acids. In 1-octanol it has been found 
that the dimerization of phenylacetic acid does 
not occur to any appreciable extent. 

As shown in Table 1, the partition constant of 
phenylacetic acid between 1-octanol and water 
was found to be moderately smaller than that of 
toluic acids which are isomeric with phenyl- 

Table 1. Dissociation, partition and dimerization constants 
of carboxylic acids 

Acids PK, Solvents log &WA log &,~a 

Phenylacetic 

1 -Decanoic 

I-Octanoic 
I-Hexanoic 

Cyclohexane- 
carboxylic6 

Pivalic” 

4.13 

4.92 

4.89 
4.84 

4.89 

4.83 

Benzoic’ 4.04 
o-Toluic8 3.73 

Benzene 0.19 1.68 
1 -0ctanol 1.42 
BenzeneI 2.80 2.42 
I-Octanol* >3 
Benzene” 1.67 2.51 
Benzene” 0.31 2.45 
1-Octanol” 1.90 
Benzene 0.90 1.54 

Benzene 0.02 2.16 
1-Octanol 1.42 
l&tan01 1.88 
I-Octanol 2.21 

m -Toluic8 
a-Toluic8 

4.09 I-Octanol 2.41 
4.2 1 1-Octanol 2.33 
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acetic acid. In addition, both the partition con- 
stant between benzene and water, and the 
dimerization constant of phenylacetic acid in 
benzene were proved to be smaller than those of 
1-octanoic acid which is an aliphatic carboxylic 
acid with the same number of carbon atoms as 
phenylyacetic acid. 

Complexformation of copper@) ion withphenyl- 
acetate ion in the aqueous phase 

Taking into account the formation of CuA+ 
and CuAz complexes (A: phenylacetate anion), 
the reaction coefficient of copper(I1) ion with 
phenylacetate anion can be expressed as follows: 

%&(A)= 1 +~,[A-l+WW-12, (2) 

where K, and K2 denote the stepwise forma- 
tion constants: K, = [CuA+]/[Cu’+][A-] and 
K2 = [CuA,]/[CuA+][A-1, respectively. From 
equation (2) the following expression can be 
derived: 

1% 
@C"(A) - l> 

W-1 
= log K, + lo&l + K2[A-I). (3) 

If l"g((aCu(A, - l)/[A-1) - log K, = Y and 
K,[A-] = X (that is, log K2 + log[A-] = log X), 
equation (3) is equal to Y = log(1 + X). Then, 
according to equation (3), by fitting the plots of 
log((ac,(A) - l)/[A-1) against log[A-] with the 
normalized curve, log( 1 + X) us. log X, the val- 
ues of K, and K2 can be obtained from the 
respective deviations of the ordinate and ab- 
scissa between the plots and the normalized 
curve. &u(A) was evaluated from the r&tiOn, 

a cU(A) = CcU/[Cu2+ 1, where [Cu2+] was deter- 
mined from emf measurements using a cupric 
ion selective electrode, and [A-] was calculated 
under the respective conditions by the following 
expression: 

P-1 = ‘;A+]> 
. 
I+= 

KC3 
where CnA refers to the total concentration of 
phenylacetic acid, and phenylacetic acid is in 
large excess compared to copper under the 
present experimental conditions. The plots are 
shown in Fig. 1, and the values were obtained 
as follows: log K, = 1.54 and log K2 = 1.10, 
respectively. 

Extraction of copper with phenylacetic acid 

According to the similar plots previously 
described,” the monomeric and dimeric cop- 

1 I I 

-2 -1 
lw[A-1 

Fig. 1. Estimation of the formation constants of copper(H) 
phenylacetates in the aqueous phase. Solid curve denotes the 
normalized curve, log(1 + X) us. log X. The straight lines 
with slopes of 0 and 1 are the asymptotes of the normalized 

curve. 

extracted by phenylacetic acid both in benzene 
and l-octanol. Then, in the same manner as the 
previous work, I5 the following relations can be 
expected to hold for the total concentration of 
copper(I1) in the organic phase: for the extrac- 
tion using benzene, 

log Cc,, - log %,, + log aCu(A) + 2 l”g[H + 1 

=log l+ 
i 

F [(HA)$+b-a)/2 
NW 

X(&U,, u&i&H+]-2) 
1 

+ log Kxm, + v hiWW,I, , (5) 

and for that using I-octanol, 

log Cc,, - log Cc,, + log h(A) + 2 W’H+ 1 

=log l+r 
I 

2K&2b3 [HA]? + b’ -a’) 
ex(la’) 

X (Cc,, a,;f,A,[H+l-2) 

I 

+ log &w) + (2 + a ‘YogWl,, (6) 

reSpeCtiVdy, where (Tcu(A) refers t0 the reaction 
coefficient which can be calculated by equation 
(2), and K, denotes the extraction constants for 
each extracted species: 

K 
[CUjA,(HA) ] [H+]” 

eXo”) = [C$+ ]/[(H&2$j+n’/2 (7) 

for the system using benzene as a solvent, and 

K tCuiA2,(HAL*L tH+ 12i 
ex(rn’) = [&2+]i[HA]fi+n’) (8) 

for that using I-octanol as a solvent, respect- 
ively. I* The symbols n and n ’ represent as a and 
a ’ for the monomeric species and as b and b ’ for 
the dimeric ones. resnectivelv. per(I1) phenylacetates have been suggested to be 7 I . 
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As shown in Fig. 2 on the basis of equations 
(5) and (6), the plots of (log Cc,, - log Cc,, 
+ log &(A) + 2 log [H+ 1) against (log Cc,, 
- log aCutA) - 2 log[H+ ]) at COnStant [(HA),], 

for benzene and [HA], for I-octanol fit well in 
the normalized curve, log(1 + X) vs. log X. 
Therefore, the data is consistent with the 
monomeric and dimeric copper(I1) phenyl- 
acetates being responsible for the extraction of 
copper(I1) with phenylacetic acid using both 
benzene and I-octanol as a solvent. 

As noted in detail previously,2 the following 
relations hold in the region where the 
monomeric copper(I1) species prevails: 

log Cc.0 - log cc~,, + log %(A) + 2 l”g[H+ 1 

= log 1 &(,a) U-W# + a)‘2, (9) 
(I 

for the system using benzene, and 

log Ccli,cl - log &,, + log %(A) + 2 l”g[H + 1 

= logCK,(,,,,[HAla+“‘), (10) 
a’ 

for that using I-octanol as a solvent, respect- 
ively. 

On the other hand, the following relations 
were obtained for the dimeric extracted species: 
in the system using benzene, 

log CC”,, - 2(log CC”,, - log %,A) - 2 WH+ 1) 

=log2C~ex(2b)[(HA)21(d+b)‘2, (11) 
b 

-7u 

3 4 5 6 
‘~%.” - IWQ,,, - Zlog[H'l 

Fig. 2. Confirmation of the degree of polymerization of the 
extrated species. Solid and dotted curves are the normalized 
curves, log( 1 + X) IX log A’, and solid and dotted lines are 
the asymptotes of the respective normalized curves. Open 
and closed symbols refer to I-octanol and benzene, respect- 
ively. C,,; (1) 2.0, (2) 1.5, (3) 1.0, (4) 0.75, (5) 0.5, and (6) 

0.3M. 

and in that using I-octanol as a solvent, 

log CC”,, - 2(log Cc,, - log h(A) - 2 logW+ 1) 

= log 2 1 Kex(26,JHA];4 + b’). (12) 
b’ 

In the system using benzene as a solvent, the 
number of phenylacetic acid molecules involved 
in the monomeric and dimeric copper(I1) species 
can be determined from the slope of the plots of 
the left-hand side of the expressions (9) and (11) 
against log[(HA),], , respectively. While, using 
I-octanol as a solvent, those can be estimated 
from the slope of the plots, the left-hand side of 
the expressions (10) and (12) vs. log[HA], , re- 
spectively. The individual results for the systems 
using benzene and I-octanol are shown in Figs 
3 and 4, respectively. As shown in Fig. 3, in the 
system using benzene as a solvent, the plots for 
the determination of the number of phenylacetic 
acid molecules involved in the monomeric 
copper(I1) species deviate slightly upward 
from the straight line with a slope of 2.0 
with decreasing [(HA),],. This suggests that 
the main monomeric copper(I1) phenyl- 
acetate is CuA,(HA), and another one 
CuA,(HA),(a < 2) is also extracted into ben- 
zene phase. Then, in the region where the 
monomeric species prevails in the system using 
benzene as a solvent, the following relation can 
be obtained: 

log CC”,0 - log Cc,, + log h(A) + 2 logW+ 1 

- 2 WU-WI, = log &x(,2) 

I 

J&la) 
+log l+- ~ ([(HA)2],‘)‘2-4”2’ . (13) 

XV21 1 
As the plots of left-hand side of the above 
equation against -log[(HA),], fall on the nor- 
malized curve, log(1 + X ‘12) vs. log X in Fig. 5, 
(2 - a)/2 = l/2, that is, the other monomer was 
found to be CuA2HA. According to this curve- 
fitting method, the respective extraction con- 
stants, KcX(,2j and KeXc ,) were estimated as 
follows: log &exc2j = - 7.30 and log K& = 
-8.07, respectively. The plots for the dimeric 
copper(I1) species fit well in the straight line 
with a slope of 3.0. Then, the dimeric extracted 
species was found to be Cu,A,(HA), in the 
extraction system using benzene as a solvent. 
And its extraction constant was evaluated to be 

log &x(22) = - 10.41 from the intercept of the 
straight line with a slope of 3.0 in Fig. 3. 

On the other hand, in the system using l-oc- 
tanol as a solvent the plots for the monomeric 
extracted copper(I1) species fall on the straight 
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Fig. 3. Determination of the number of phenylacetic acid 
molecules involved in the monomeric and dimeric copper(U) 
phenylacetates in benzene. Solid and dotted lines are the 
straight ones with slopes of 2.0 and 3.0, respectively. Open 
and closed symbols refer to the monomeric and dimeric 

copper species, respectively. 

line with a slope of 2.0 as shown in Fig. 4. Only 
the Ct.& species was found to be extracted as a 
monomeric extracted species. And its extraction 
constant was evaluated to be log J&,,,) = - 7.46 
from the intercept of the straight line with a 
slope of 2.0. As can be seen from Fig. 4, the 
plots for the determination of the composition 
of the dimeric copper(I1) species are gradually 
deviating upward from the straight line with 

I 
-14 

I I I 

-05 0 05 
loWtAlo 

Fig. 4. Determination of the number of phenylacetic acid 
molecules involved in the monomeric and dimeric copper(U) 
species in I-octanol. Solid and dotted lines are the straight 
ones with slopes of 2.0 and 4.0, respectively. Open and 

closed symbols are the same as in Fig. 3. 

y:“_________y_--uT , 

0 1 

,I 

-I 

- lw[ulA)*lo 

Fig. 5. Estimation of the composition and extraction con- 
stants of the monomeric copper species in benzene. Y = 

log Ccu,, -log Cc,, + log aCMAj + 2 log[H+ ] - 2 log[(HA),], . 
Dotted curve is the normalized curve, log(1 + Xu2) US. 
log X, and solid lines are the asymptotes with slopes of 0 and 

0.5 of the normalized curve. 

a slope of 4.0 with increasing the concentration 
of phenylacetic acid in I-octanol phase. 
This suggests that the Cu,A, and 
CU,A,(HA)~, (b ’ 2 1) exist as a dimric cop- 
per(I1) species. Then, in the region where the 
dimeric copper(I1) species prevails in the system 
using 1-octanol as a solvent, the following re- 
lation for the total concentration of copper(I1) 
in the organic phase can be held: 

log CC”,, - 2(10g Cc,, - log aCu(A) - 2 loi%?@ + 1) 

- 4 log[HA], = log 2 + log &,,) 

9 [HA]:‘). 
x(20) 

(14) 

According to the above equation, by fitting the 
plots of the left-hand side of the equation 
against log[HA], with the normalized curve, 
log(1 + X”) DS. log X with the suitable n value, 
another dimeric copper(I1) species and the re- 
spective extraction constants of Cu,A, and 
CU,A~(HA)~, can be determined. As shown in 
Fig. 6, the plots fall on the normalized curve 
with n = 1. Then, the other dimeric species is 

,,,’ / 
-120 ,5 

,’ ,’ 

Y I __o/ 

D’.- 
P 

_/-CT / 

-1251 , , , 1 

- 0.5 0 05 

lostHAl, 

Fig. 6. Estimation of the dimeric copper(I1) species and 
their extraction constants in I-octanol. Y = log Cc,, - 

2(log CC&W - log %a, - 2 log[H+]) - 4 log[HA],. Dotted 
curve is the normalized curve with n = 1, log(1 + X”) US. 
log X, and solid lines are the asymptotes of the normalized 

curve. 
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Cu,A,HA and the extraction constants of 
Cuz A, and Cu, A,HA were found to be 
log &&,) = - 12.68 and log &,) = - 12.77, 
respectively. 

Consequently, the extraction equilibria for 
the present extraction systems can be written as: 
for the system using benzene as a solvent, 

CU*+ + $-IA~,~ - 3 (CuA,HA), + 2H+ 

Cu*+ + 2(HA)2,0 - Knc’2’- [CuA,(HA),], + 2H+ 

2Cu*+ + 3(HA)2,0 - Kuo [Cu,A,(HA),],+4H+, 

and for the system using 1-octanol as a solvent, 

Cu*+ + 2(HA), - Kcx(‘o)- (CuA,), + 2H+ 

2Cu*+ + 4(HA), - ?EL (Cu2A&, + 4H+ 

2Cu*+ + 5(HA), .- Kuc21, (Cu,A,HA), + 4H+, 

respectively. 
Then, the dimerization of copper(I1) pheny- 

lacetates in the organic phase can be represented 
as follows: 

in I-octanol phase, 

2CuA, - Kdun-l_ Cu,A,, 

and in benzene phase, 

2CuA2(HA) Kdlm 2 - Cu, &U-W2 + VW, 9 

with the individual dimerization constants 
calculated from the respective extraction con- 
stants: log &,,, _ 2 = 4.19 and log &,,,, _ , = 2.24, 
respectively. 

According to the results obtained from the 
present work, the distribution diagrams of cop- 
per(II) phenylacetates in the respective organic 
phases were depicted in Fig. 7. As can be seen 
from Fig. 7, the main extracted species are CuA, 
in the lower concentration of copper(I1) in the 
I-octanol phase, and Cu2 A,(HA), for the ex- 
traction using benzene as a solvent. This implies 
that under the present extraction conditions in 
the system using 1-octanol as a solvent the 
dimerization of copper(I1) phenylacetate and 
the adduct formation by phenylacetic acid mol- 
ecules were strongly inhibited by the solvation 
with some 1-octanol molecules. In the extrac- 
tion using benzene as a solvent in contrast to the 

-3 5 -30 -25 -35 -30 -25 

‘C%“.. ‘W”.O 

Fig. 7. Distribution diagrams of copper(I1) phenylacetates in 
benzene(A), and I-octanol(B), respectively. Solid and dotted 
curves refer to C,, = 2.0 and 0.5M, respectively. Numbers 
denote the following copper phenylacetates: (1) 
Cu, A., (HA), , (2) CuM-W, , (W&HA, (4) Cu, A, HA, 

(5) Cu,A,, and (6) CuA,, respectively. 

case of 1-octanol, some water molecules can be 
expected to attach to the unsaturated sites of the 
coordination in the copper(I1) phenylacetates, 
as the copper(I1) species cannot be solvated 
by any benzene molecule. Then, by replacing 
the coordinated water molecules with some 
phenylacetic acid molecules, Cu, A4 (HA), and 
CuA,(HA), are anticipated to become stable in 
benzene, and to enhance the extractability of 
this extraction system for copper(I1). 

CONCLUSIONS 

For comparison, the extraction and dimeriza- 
tion constants of copper(I1) carboxylates for the 
other carboxylic acids were summarized to- 
gether with the present values in Tables 2 and 3, 
respectively. 

Compared with the extraction system with 
benzoic acid, in which the dimerization of cop- 
per(I1) benzoate did not occur in the 1-octanol 
phase to any appreciable extent, the dimeriza- 
tion of copper(I1) species occurred, though 
slightly, in the 1-octanol phase in the present 
extraction system. As shown in Table 3, the 
dimerization constant of copper(I1) phenylac- 
etate in the 1-octanol phase is smaller than that 
of the other carboxylates other than the benzo- 
ate and p-toluate whose dimerization does not 
occur to any appreciable extent in 1-octanol. In 
benzene the dimerization constant of copper(I1) 
phenylacetate is shown to be appreciably large, 
but to be considerably smaller than that of 
copper(I1) decanoate. This suggests that the 
effect of the phenyl substituent is shielded by a 
methylene group, but the interference of the 
dimerization of copper(I1) carboxylate from the 
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Table 2. Extraction constants of copper(H) carboxylates 

Acids Solvents log Q,, log Kc,, I, log J&12) log &oo, log Ku(21, log &x~22) 

Phenylacetic Benzene -8.07 -7.30 - 10.41 
l-Wan01 - 7.46 - 12.68 - 12.77 

1 Decanoic Benzene’9 -8.91 - 11.45 
I-Octanol* -8.41 -8.65 - 13.36 - 13.77 

I-Hexanoic Benxenem -11.48 
I-Gctanol” -8.19 - 13.65 - 14.19 

Cyclohexane- Benzene -8.34 -7.33 - 12.47 - 11.73 
carboxyli& 

PivaW Benzene -8.39 -7.93 -11.81 
I-G&an01 -8.57 -9.35 -14.13 - 14.65 

Benzoic’ l-&tan01 -7.70 
o -Toluicr l-G&an01 -7.84 - 12.84 
m -Toluics I-Cktanol - 7.84 - 13.15 
p-Toluic8 I-Octanol -7.84 

The extraction constants are defined separately as equations (7) and (8), respectively in the text for the systems using 
benzene and I-octanol as a solvent. 

phenyl group is still not completely eliminated. 
As shown in Table 3, in the extraction of 
copper(I1) with o- and m-toluic acids which are 
isomeric with phenylacetic acid, the dimeriza- 
tion constant of the respective copper(I1) toluate 
is slightly larger than that in the present system 
in 1-octanol. This implies that the introduction 
of the methyl substituent into o- or m-positions 
in benzoic acid is more effective for the dimer- 
ization of copper(I1) carboxylate than that of 
the methylene group between the phenyl and 
carboxylic groups. In addition the partition 
constant of phenylacetic acid between I-octanol 
and 0.M perchloric acid is fairly small com- 
pared to the three toluic acids as can be seen in 
Table 1. 

Contrary to the dimerization constant of cop- 
per(I1) carboxylate and the partition constant of 
carboxylic acid, it is noteworthy that the extrac- 
tion constant of CurA,( in the present 
system using benzene is appreciably larger than 
that in the other extraction systems shown in 
Table 2. Not only K,(u, but also the other five 

Table 3. Dimerixation constants of copper(I1) carboxylates 

Acids Solvents log him-1 log &ml.2 

Phenylacetic Benzene 4.19 
I-Cktanol 2.24 

I-Decanoic Benxe.ne’9 6.37 
1 -Octano12 3.46 

I-Hexanoic” I-Gctanol 2.73 
Cyclohexane- Benzene 4.21 2.93 

carboxyli@ 
Pivalicls I-Gctanol 3.01 
Benzoic’ I-Gctanol ND 
o-Toluic’ I-Cktanol 2.84 
m-Toluic’ 1 Gctanol 2.53 
p-Toluic’ 1 Gctanol ND 

ND: The dimerixation of copper(I1) carboxylates does not 
occur to any appreciable extent. 

K d,m_, and Kd,,,,_* are denoted in the text. 

extraction constants of copper(I1) phenylac- 
etates in Table 2 slightly larger than the con- 
stants in the other systems. These results suggest 
that the phenylacetic acid is superior to the 
other carboxylic acids summarized in Table 2 as 
the extractant for copper(I1). 
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