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On the Complex Formation of Palladium with
Dimethylglyoxime

KALMAN BURGER* and DAVID DYRSSEN

Department of Inorganic Chemistry, Royal Institute of Technology, Stockholm 70, Sweden

The distribution of radioactive palladium between chloroform and
1M (H,Na)((10,,0H,Cl) has been determined at 25°C as a function
of the concentrations of dimethylglyoxime (HA), H+, CI” and OH".
The distribution constant of PdA, was determined to be log
Ay = 1.85 = 0.08. At pH > 7.5 the distribution decreases with increas-
ing [OH"] due to the formation of PdA,OH" in the aqueous phase.
The formation constant of this complex was determined as log
Kog = 5.50. At high chloride concentrations the distribution de-
creases with increasing [H +] and decreasing [HA]. From measurements
of the solubility of 1mAgCl with increasing palladium concentra-
tion K, = [PdCI+] [Pd2+]1 [C]-]! was calculated to be log K, = 3.88+
0.09 and from spectrophotometric measurements at 222 and 279 mu
K, = [PdC12}1[PdCl,-] 1 [Cl"]"! was determined as log K,= 1.34+0.02.
On the basis of these determinations we could estimate », = [PdA,]
[Pd2+]1[A-]"? as log x, = 34.1. This extremely large complexity
constant explains the formation of PdA, in very acid solutions. The
formation of PdA,OH- explains the solubility of the complex in
alkaline solutions.

Dimethylglyoxime has been used for more than 50 years for the detection
and determination of palladium(II)!. Palladium(II) is quantitatively pre-
cipitated by dimethylglyoxime (HA) from solutions of dilute mineral acids
(pH = 2). It dissolves, however, in basic solutions (pH > 9-—-10). The com-
plex has the composition of PdA,, its structure is known from X-ray measure-
ments 2:3. The stability of the complex has not yet been reported.

The nickel complex of dimethylglyoxime has the same composition, is
isomorphous and also nearly isostructural 2,2. It is formed, however, in neutral
or ammoniacal solution, but dissolves in acids. This fact makes possible the
analytical separation of palladium and nickel.

According to X-ray measurements??® the PdA, molecule is less symmetrical
than the NiA,. It has two slightly different Pd—N and two slightly different.

* On leave from the Institute for Inorganic and Analytical Chemistry of the L. Eétvés Uni-
versity, Budapest.
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N—O distances. The hydrogen bonded O—O distance and the Pd—N distance
are greater than the corresponding distances in NiA,; the metal-metal bond
length is also slightly greater ¢ in the palladium complex. Both complexes
are diamagnetic 5.

On the basis of the crystal structures or magnetic properties it does not
seem possible to explain the different behavior of the palladium and nickel
dimethylglyoximes in solution. For the clarification of these differences it
might be of interest to determine the stability constant of the palladium
complex.

The stability constants of some transitional metal dioximes have been
determined potentiometrically 9. From the stability constants it was pos-
sible to show the stabilization effects of the strong ligand field, the hydrogen
bridge and the donor z-bond in these complexes 1°.

The solution chemistry of copper and nickel dimethylglyoximes has been
studied by solvent extraction !*,%. From these measurements it was concluded
that the large difference in the solubility (in water) and in the distribution
(CHCl3/H,0) of these two complexes can only be explained by the fact that
the copper complex is solvated in the aqueous phase 2. This conclusion is
confirmed by the difference in the heat of solution of the two complexes in
water 1315,

The low solubility of the palladium complex made the application of the
potentiometric method for the determination of the stability constant im-
possible. It can be extracted however, with organic solvents such as chloro-
form. One should therefore be able to use solvent extraction for the determina-
tion of the stability constant.

EXPERIMENTAL

Chemicals. Chloroform (Merck p.a.) was washed repeatedly with an equal volume of
distilled water to remove the 1 9, abs. alcohol and to saturate the solvent with water.
Dimethylglyoxime (Merck p.a.) was used without further purification; solutions of 1.0 M
NaClO, + 0.0001 M HClO, were saturated with dimethylglyoxime by filtering the solu-
tions through a column with a bed of reagent 6 —8 cm thick at a flow rate of about 1
cm/min. The solubility of dimethylglyoxime in this solution has been found to
be 5.00 x 1073 M.

NaClO, was prepared from p.a. perchloric acid and p.a. sodium carbonate (both
chloride free). HClO, Merck p.a. was used. It was very important to make sure that the
HCIO, was really chloride free. This was accomplished with a radioactive silver chloride
(1°mAoCl) column, using the solubility decreasing effect of chloride for determining
the chloride content of the solution. A chloride concentration as low as 5 X 10-®* M caused
a measurable solubility decrease, and as our solutions gave no such decrease it maybe
safe to state that they contained less than 10-¢ M chloride.

The palladium-109 isotope (half-life 13.6 h) was prepared by irradiation of p.a. palla-
dium metal in the R1 reactor in Stockholm. The irradiated palladium metal was dissolved
in fuming nitric acid. Most of the nitric acid was removed by evaporation to 0.5—1 ml.
Tt was important not to evaporate to dryness, because the residue (hydrous oxide) is
not soluble in nitric acid. To the nitric acid solution NaOH was added to a hydroxide
concentration of 1 M. The palladium was thereby transformed to the hydroxo complex.
Practically nitrate free hydrous palladium oxide was precipitated from this solution
with 1 M HC1O,. For quantitative precipitation of palladium the solution should be neu-
tralized to a pH of 6 —7. The quantitativeness of the precipitation was checked by measur-
ing the activity of the mother liquid. The palladium oxide precipitate was washed three
times with distilled water and once with 0.1 M HC1O,, then dissolved in a few ml of 70 %,
HCIO,. The solution was diluted until [Pd?+] < 0.002 M and [H+] = 1 M.
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In accordance with the experiments of Berecki-Biedermann !* we found that with
this method it was possible prepare a chloride free palladium(II) solution even from
PdCl,. It is important never to boil palladium(II)-perchlorate solutions, because chloride
ions may be formed by reduction of ClO,".

The chloride content of the palladium solution can be checked by measuring the
light absorption at 420 myu; 5 X 10-° M chloride causes a significant extinction increase
— in the case of 1.3 x 10-* M Pd?+ and 1 cm cells from 0.03 to 0.06. Judged by this test,
our palladium solutions contained less than 10-* M chloride.

Together with 19°Pd, 11Ag (half life 7.5 d) is produced by the irradiation. To remove
this radioactive silver we tried to exchange the radioactive silver in the solution with
inactive silver from a silver chloride precipitate !’. For this purpose we used freshly
prepared silver chloride, throughly washed to eliminate excess chloride and silver and
recrystallized from hot water. The exchange reached equilibrium rather slowly, and a
reaction was observed between the palladium(II) and the silver chloride precipitate.

Under these circumstances, and since under our experimental conditions silver ions
do not react with dimethylglyoxime, it seemed to be preferable to correct for the activities
caused by the silver contamination. Every activity measurement was therefore repeated
after one palladium-109 half time and the activity decrease was used for determining
the palladium content (e.g., the distribution coefficient).

Analytical measurements. The palladium(II) solutions were analyzed by precipitating
the palladium and measuring it in the form of PdA,. For the analysis of dimethylglyoxime
in 1 M NaClO, solution, the dimethylglyoxime was reacted with an excess of nickel
sulfate in ammoniacal solution. The complex was extracted into chloroform and the UV
light absorption was measured at 365 mu.

Distribution experiments. Equal total volumes (15 ml) of the aqueous and organic
phases were equilibrated in 50 ml stoppered centrifuge tubes. The phases were mixed
by repeated slow inversion of the tubes at 25°C in a thermostated room. The two phases
were made up in the following way. The organic phase was chloroform saturated with
water. Dimethylglyoxime was added as a saturated solution in 1 M NaClO,. The hydrogen
ion concentration of the aqueous layer was adjusted with different buffer solutions con-
taining HCIO,, NaOH, NaCH,CO, or Na,B,O,. The acetate or borate concentration
never exceeded 0.01 M. The samples were shaken over night, and centrifuged. Two ml
of both phases were taken for measurement of the y-activity and 10 ml of the aqueous
phase for measurement of its —log [H+]. The measurements of the y-activity of the
solutions were made with a Tracerlab Compu/Matic V scaler connected with a Tracerlab
well scintillation counter. The value of —log [H+] was measured with a Radiometer pH
meter Type PHM 3i using Beckman glass electrode type 40498 or Radiometer glass
electrode Type G 202 B and a Wilhelm’ reference bridge. The glass electrodes were
standardized against a solution of 0.01 M HCIO, + 0.99 M NaClO, (—log [H*] = 2.00)
or 0.01 M NaOH + 0.99 M NaClO, (—log [OH"] = 2.00).

From the measurements of the potential E of these standards, we could determine
the constants Eyx® and Fog° in the following relations:

E = Ex® — 59.154 log [H+] 4+ 51 [H+] mV
E = Eog® + 59.154 log [OH™] — 24 [OH"] mV

The last terms for the liquid junction potential were estimated from measurements ®
in 3 M NaClO,. For acid solutions below —log [H+] = 1, [H+] was calculated from the
amount of HCIO, and HCI added in the aqueous phase.

For pH values below 8, [HA], the free concentration of dimethylglyoxime in the
aqueous phase, was calculated from [HA].,; with the following equation

[HA]tot _9. [Pd2+]tot
Kag+1 g+ 1

K4 = 0.0788 was obtained by dividing the solubility of dimethylglyoxime in CHCl,
saturated with water (3.94 X 10-* M) by that in 1.0 M NaClO, 4- 0.0001 M HCIO,
(5.00 x 10 M).

Solubility experiments. The radioactive crystalline silver chloride used in the solubility
experiments for determining the first stability constant of palladium chloride
(K, = [PACIT][PACIT][C]-]!) was prepared from p.a. AgNO,; and p.a. HCL First an

[HA] =
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Table 1. Distribution of radioactive Pd between chloroform and 1 M (H,Na) (C1,C10,)

containing dimethylglyoxime. The initial Pd conc. in the aqueous phase was between

2.25 x 107® and 9.02 x 107 [HA] is calculated free conc. of dimethylglyoxime in the
aqueous phase at equilibrium.

—log [CIT] —log [H+] —log [HA] log ¢
3.398 2.208 4.255 + 1.863
3.398 2.088 4.255 + 1.920
3.398 1.863 4.255 + 1.819
3.398 1.516 4.255 -+ 1.839
3.398 1.092 4.255 + 1.832
3.398 0.688 4.255 + 1.672
3.398 0.132 4.255 + 1.187
3.825 0.331 3.430 + 1.824
2.780 0.331 3.430 + 1.896
1.137 1.126 4.255 + 1.730
1.137 0.688 4.255 + 1.477
1.137° 0.470 4.255 + 1.327
0.972 2.191 4.255 + 1.938
0.972 2.047 4.255 + 1.921
0.972 1.493 4.255 + 1.858
0.972 1.084 4.255 + 1.654
0.972 0.470 4.255 + 1.197
0.972 0.132 4.255 + 0.731
0.943 2.201 4.255 + 1.973
0.943 1.107 4.255 + 1.675
0.943 0.688 4.255 + 1.435
0.943 0.470 4.255 + 1.184
0.943 0.132 4.255 + 1.004
0.560 0.876 3.306 + 1.521
0.560 0.876 4.757 + 0.619
0.560 0.876 3.896 + 1.143
0.560 0.331 5.402 — 0.189
0.560 0.180 4.425 + 0.523
0.560 0.180 5.130 — 0.087
0.513 2.171 4.255 + 2.036
0.513 2.101 4.255 + 1.924
0.513 1.905 4.255 + 1.654
0.513 1.692 4.255 -+ 1.891
0.513 1.177 4.255 + 1.723
0.513 0.688 4.255 + 0.938
0.513 0.269 4.255 + 0.300
0.460 0.876 4.282 + 1.132
0.460 0.876 4.578 + 0.934
0.460 0.876 4.882 + 0.609
0.460 0.876 5.442 — 0.021
0.460 0.876 5.501 — 0.199
0.460 0.876 5.535 — 0.243
0.137 0.132 4.255 + 1.091
0.076 2.177 4.255 + 2.140
0.076 1.090 4.255 4 1.409
0.076 0.688 4.255 + 0.435
0.076 0.269 4.255 — 0.072
0.076 0.132 4.2565 — 0.174
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inactive silver chloride precipitate was prepared by precipitating from a boiling 1 M
AgNO; solution with small excess of 1 M HCI. The chloride excess was washed out
thoroughly. This precipitate was dissolved in cone. NH;, and mixed with a solution con-
taining °@Ag in the form of AgNOj;. The silver chloride was precipitated from the hot
solution with chloride free cone. nitric acid. After washing with distilled water the silver,
chloride was recrystallized from hot water. For determining the specific activity of the
precipitate a weighed amount of the dried AgCl was dissolved in conc. NH; and its y-
activity measured.

The solubility column and method used have been described previously by Dyrssen
and Tyrrell 2*, The concentration of the palladium(II) perchlorate solutions circulated
in the column varied between 1.21 X 1072.and 4.84 X 10-%. The ionic strength of the
solutions was kept constant at 1 M with HCIO,.

Knowing the specific activity of silver chloride used in the column we could deter-
mine the silver concentration in the samples by measuring the y-activity. The palladium
concentration in this sample was checked spectrophotometrically. The absorption of
the PdCl2- complex was measured in 1 M HCI at 280 myu.

Spectrophotometric measurements were made with Hilger H700 photoelectric spectro-
photometer, with quartz absorption cells of 1 or 4 cm. The light source in the UV was a
hydrogen lamp, in the visible range a tungsten lamp.

All experiments were carried out at 25°C in a constant temperature room. The solu-
bility measurements in a 25.0 + 0.05°C thermostated water bath. The ionic strength of
the aqueous solutions was kept constant at 1 M (except for the data reported in
Fig. 1) using NaClO, and HCIO,.

SYMBOLS AND EQUILIBRIUM CONSTANTS

HA = dimethylglyoxime CH,C(:NOH)C(:NOH)CH,

K, = [HTJ[ATJ[HA}? (I)

Kq = [HA]og[HAT? " (IT)

%y = [PdA,][Pd2*T[A ]2 (ITIT)

Ay = [PdAz]org[PdAz]'1 Iv)

K = [PAA,[HT P[PA* ] [HAT? = x,K.? (V)

K, = [PACL~™[PdCL " [CI T2 (VI)

B = [PACL2~™[Pd2*][CI ™ (VII)
1 :

@ = Xp,[CI' " (VIII)
4

Koo = [Ag™][CI'] (IX)

Ka = [AgCI] (X)

K = [AgCLJ[CI' | (XI)

Koxn = [PdA,OH][PdA, ' [OH ]! (XII)

q = net distribution ratio (org/aq)

[HA]wt = initial total dimethylglyoxime concentration in aqueous phase

[Pd2* ]t = initial total concentration of palladium(II) in the aqueous phase
I = molar ionic strength.

Complex formation of PdA,

We tried to apply the method of Dyrssen et al.11,12, used for the study of
complex formation of nickel and copper with dimethylglyoxime. We found
that the extraction of palladium dimethylglyoxime into chloroform is inde-
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Fig. 1. The distribution ratios of Ni(II), Pd(II), and Cu(II) between chloroform and 0.1 M
(H,Na)ClO, as a function of [HA]H*]. The distribution curves of Ni and Cu were
determined previously.

pendent of the pH, between pH 0 and 7. This shows that the complex is extre-
mely strong and that the distribution ratio is

_ [PdAl
~ “[PdA,]

In Fig. 1 is given the distribution of palladium-, nickel-, and copper dimethyl-
glyoxime between chloroform and 0.1 M NaClO, as a function of log [HA]
—log [H*]. It shows that palladium(IT) can be separated from nickel and copper
in the form of the dimethylglyoxime complex by extraction with chloroform.
This makes possible the selective determination of palladium(IT).

For obtaining the x, value for palladium(II) dimethylglyoxime the distri-
bution of the complex was determined as a function of the chloride concentra-
tion of the solution. According to our investigations the following reaction
takes place;

= ], =10185 008 (1)

PdA, + nCl” 4 2H* & PACLL™" + 2 HA (2)

where n depends on the chloride concentration.
The experiments have given no evidence for the presence of any appreci-
able amounts of mixed complexes (such as PdACl) in either phase or other

species (e.g. PAA* or Pd?*) than PdA, and PdCL.™" in the aqueous phase
(cf. eqn. 1). In 1 M H(C1,C10,) the distribution ratio is then

_ [PdAg )
1= [PdA,] + Z[PACE™]

Acta Chem. Scand. 17 (1963) No. 6
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Fig. 2. The distribution ratio of Pd(II) between chloroform and 1 M (H,Na)(C1,C10,) as a

function of [H+J*[HA]2 ¢, where ¢ = ‘?fﬂn[Cl']”. The symbols represent different chloride

concentration in the aqueous phase: O 0.9 to 0.4 M, [] 0.4 to 0.2 M, A 0.2 to 0.01 M,
X 0.01 to 0.0006 M. Filled symbols are [HA] < 5 x 107° M.

or
A
1=7F K‘l[Hi]Z[HA]“%p (4)

where ¢ is defined above (VIII) and calculated from experiments below.
To find the unknown constant we plotted the experimental data as log ¢
against log [HTP[HA]2 ¢ (Fig. 2) and compared it with the standardized curve

Y= —log (1+v); X=1Ilog v (5)
where
v = [HTP[HAT % (6)

From the positions of the coordinate axes at the best fit we obtained from
(4) and (6)

log ¢—Y = log A, log ((H*][HA]2p)— X = log K = 13.20 (7
From (I), (IITI) and (V) we obtained

#y = KK (8)
or using log K, = —10.46

log %, = log K—2 log K, = 34.12 9)

The rather good fit of the data in Fig. 2 with the normalized curve (eqn. 5)
demonstrates that the assumptions underlying eqn. (4) are permissible.

Acta Chem. Scand. 17 (1963) No. 6
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Table 2. Reported K, values for the complex formation between Pd:+ and CI-.

Fernelius Shukarev Jorgensen 25,2 This work
et al.?® et al.®
log K, 6.2 + 0.1 4.34 3.88 4 0.09
log K, 4.7 + 0.1 3.54 3.03
log K, 2.5 + 0.1 2.68 (2.79) 2.18
log K, 2.6 + 0.1 1.68 (1.83) 0.8 1.34 + 0.02
IM 0.440 0.8 1.0 1.0
H+] M 0.208 0.6 1.0
°C 21 20 25

Formation of PdClt

From VIII it can be seen that for obtaining ¢ in eqn. (4) we had to
know B,. The values have been determined photometrically by Fernelius and
coworkers 20 and by Shukarev and coworkers?!. The constants are given
in Table 2. The contradiction in these results forced us to deal with the deter-
mination of them. We used for the determination of K, the miniature solu-
bility column of Dyrssen and Tyrrell 1° filled with crystalline silver chloride
containing 19mAg. The following reaction between palladium(II) and silver

chloride was studied:
Pd2t + AgCl = PdClt + Ag* (10)

Palladium(II) solutions with different palladium concentration were circulated
in the column and the solubility of the silver chloride in these solutions were
determined by measuring the y-activity.

The equilibrium constant K, (eqn. VI) has been determined as follows:

[Pd2t ot = [Pd2*] + [PACLH] (11)
[AgFlot = [Ag™] + [AgCl] = [Ag"] + Ka (12)
[Cl'le = [AgCl] + [PACI*] + [C1] (13)
[Ag"let = [C] Jeot (14)

The complex AgCl,” can be neglected in eqns. (12) and (13). From eqns.
(12), (13), and (14) we obtained

Table 3. Solubility of 1mAgC] in 1 M HCIO, as a function of the Pd conc.

[Pd2+]ye X 108 [Ag+lot X 10° K, x 10°®
12.1 4.27 7.50
12.1 4.35 7.82
12.1 4.28 7.56
10.1 3.57 5.92

7.26 3.89 10.3

4.84 2.68 6.06
4.84 2.59 5.55
4.84 2.81 7.10
2.42 2.45 9.62
2.42 2.08 5.57
1.21 2.02 10.5

Mean value of K; = (7.59 + 1.55) x 103, or log K, = 3.88 + 0.09.
Acta Chem. Scand. 17 (1963) No. 6
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[PACI*] = [Agt]—[CIT] (15)
From (11) and (VI) :
[Pd2t oy = [PACIH (K, HCI T + 1) (16)
From (15), (16), and (IX)
[P Jior = ([Ag™]—Kao[Ag T K ' [AgF 1K™ + 1) (17)

_ [Ag" K 1—1

T [P }e—[AgT] + Keo[Ag']?
Eqns. (12), (18), K¢ = 1.82 x 107 and K = 4.61 x 1077 (Refs.22,23) were
used for the calculation of K, from [Pd2*)ic and [Ag™ ot

Table 3 shows the experimental data and the calculated values of K.
The mean value is

K, (18)

log K, = 3.88 4 0.09

As may be seen from Table 2, this value is not far from the K, reported by
Shukarev et al.2* In our opinion, however, reliable K, values cannot be
obtained from spectrophotometric measurements around 400 mp.

Formation of PdCl*

Except for some work by Sundaram and Sandell 24 all previous investiga-
tions of the complex formation between Pd?* and C1~ agree that the maximum
coordination number is 4. For the spectrophotometric determination of the
stability constants Fernelius et al.?* and Shukarev et al.2! both used wave-
lengths around 400 my where Pd?* as well as all PdCl, complexes absorb
light with rather small extinction coefficients. Jorgensen 2 has reported
that PdCl,*> has two maxima at 279 (g, = 10 500) and 223 myu (g, = 30 000).
He also reports 26 a value of log K, = 0.8 in 1 M HCIO,.

We measured the extinction at 210, 222, 235, and 279 myu with different
chloride concentrations and a total concentration of palladium of 1.31 x 10~
M (Table 4). From the measurements at both 222 and 279 mu we could easily

Table 4. Spectrophotometric measurements of 1.31 x 10-* Pd(II) at various chloride

concentrations.
[C17] Extinction values at mu wave-lengths
M 210 222 235 279
4 x 107! 1.241 1.434 1.209 1.042
"1071 1.297 1.224 1.273 0.797
4 X 1072 1.314 0.986 1.280 0.563
102 1.368 0.665 1.219 0.265
4 x 10°® 1.362 0.560 1.097 0.161
10-3 1.265 0.478 0.691 0.064
5 x 10 1.190 0.454 0.506 0.049
10-¢ 0.858 0.300 0.183 0.033
5 x 107 0.733 0.222 0.140 0.023
0 0.422 0.124 0.056 0.026
Cell length, cm 1 0.5 1 1

Acta Chem. Scand. 17 (1963) No. 6
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Fig. 3. The distribution ratio of Pd(II) between chloroform and 1 M Na(ClO,,0H) as a
function of —log [OH"]. The symbols represent different initial concentrations of dime-
thylglyoxime in the aqueous phase: @ 3.33 x 10*M, O 1.66 x 10°°M

01840 X 10°M A 4.20 X 10¢M

calculate K, = 22 4- 0.5. While the absorption at 279 mu belongs only to one
complex (most probably PdCl,**), the absorption at 210, 222, and 235 my
seems to belong to several species (not unlikely to all of the chloride com-
plexes as well as Pd?*). In our opinion only a very extensive spectrophoto-
metric work at the lower wave-lengths could enable the calculation of the
seven parameters g,, &, &, &, K, K, and K one additional difficulty is
that the free chloride must be calculated from the amount chloride bound
to Pd2?*. Because such an investigation was beyond the scope of this work
we have preferred to estimate K, and K, from our values of K, and K, using
the two-parameter approximation by Dyrssen and Sillén 27. In this approxima-
tion the ratio of adjacent complexity constants is assumed to be equal, i.e.
no complex predominates. (The assumption is close to the statistical distribu-
tion of the complexes.) From eqns (11) and (12) in Ref.?” we obtain

log K;,=a+ 3 b=3.88 (19)
log K, = a—3 b= 134 (20)
log K, = a + b(6—2n) 121)
log B, = an 4 bn(4—n) (22)

From these eqns we calculated b = 0.423 and @ = 2.61. With these two
parameters and eqns (21) and (22) we calculated the values of K, given
in Table 2 and the values of ¢.

If in the future more reliable values of g, will be found it is possible to
calculate new values of [H*P[HA]2p and thus refine the value of x,.

Formation of the PdA,OH

To study the “hydrolysis” of the dimethylglyoxime complex of palla-
dium(IT), we plotted the distribution coefficients as a function of —log [OH]

Acta Chem. Scand. 17 (1963) No. 6
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Table 5. Distribution of radioactive Pd };etween chloroform and 1 M Na(Cl0,,0H) con-
taining dimethylglyoxime. The initial conc. of Pd in aqueous phase was 9.02 x 10-® M,
[Altot is the initial total conec. of dimethylglyoxime in the aqueous phase.

—log [OH] [Altot X 10* log ¢
8.53 0.42 +1.913
7.87 1.66 + 1.927
7.59 1.66 + 1.806
6.77 1.66 + 1.784
6.72 1.66 + 1.805
6.45 3.33 + 1.744
6.16 3.33 + 1.813
5.94 0.84 + 1.615
5.79 3.33 + 1.549
5.74 1.66 + 1.639
5.58 3.33 + 1.340
4.79 0.84 + 0.997
4.75 1.66 —0.051
4.32 0.84 + 0.656
3.59 3.33 —0.001
3.14 0.84 —0.556
2.93 0.84 —0.629
2.89 0.42 —0.799
2.56 1.66 —1.136
2.52 1.66 —1.470
2.21 3.33 —1.405
2.12 3.33 —1.570
2.05 3.33 —1.653
1.92 1.66 —1.793
1.89 3.33 —1.839
1.85 3.33 —1.866
1.69 1.66 —2.074
1.63 1.66 —2.188

(Fig. 3). According to our experiments above both the organic phase and the
acid aqueous phase contained PdA,. Furthermore, the distribution of the
complex is independent of the concentration of dimethylglyoxime over the
entire pH range. The decrease in log ¢ with slope 1 above pH 9 can then only
be explained by the following reaction:

PdA,(org) + OH (aq) = PdA,0H (aq) (23)

When no CI” is present, the distribution ratio for the entire pH range 0—12.5
is then
[PdAg]org A

J— — 2
1= [PdA,) + [PAAOH ] ~ 1+ Kou[OH |

(24)

To obtain Kox we may compare the log ¢ (—log [OH™]) curve with the same
normalized curve as before (eqn. 5) where v = [OH™]. From the position of
best fit we obtain

log [OH] — X = —log Koux = —5.50 (25)

These experiments exclude the formation of PdD,2~ (H,D = HA) in
alkaline solutions. This complex has been suggested by Feigl and Suter 28.
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CONCLUSIONS

The stability constant of the palladium(II) dimethylglyoxime complex
has been determined. It has been shown that the stability of this complex
is extremely large (log », = 34.1). This is the reason why the complex is
formed even in solutions with fairly high acidity. Its distribution coefficient
is nevertheless smaller than that of the nickel complex, which has a smaller
stability constant (Fig. 1). This can be explained by the greater tendency
of PdA, to coordinate water molecules. The tendency of palladium(IT) to
coordinate with more ligands than two oxime groups is also shown by the
formation of PdA,OH . This "hydrolysis”, which can not be observed in the
case of the nickel complex, is the reason for the solubility of PdA, in basic
solutions. The fact that on increasing the pH the stronger PdA, complex will
release one proton and not the weaker NiA,, indicates that this is not a proton
from one of the two strong hydrogen bridges, but a product of the ’hydrolysis”
of the complex:

PdA, + H,0 & PdA,OH + H* (26)

where the water molecule is most probably coordinatively bound to the
palladium. The same conclusion was made in a previous study 2 of CuA,0H"
and agrees with the well-know lack of reactivity of the hydroxyl groups in
MA, complexes.
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