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Potentiometric measurements at ionic strength
1 M (NaClO,) and at 25.0 °C have been made
to determine the stability constants for the
Fe?t+ malonate complexes, the Fe3t oxalate,
and Fe®+ malonate complexes. The enthalpies
of formation of the ferric oxalate and malonate
complexes have been determined calorimetri-
cally.

The Fe?t malonate system was investigated
by means of a glass electrode, and equilibrium
constants were obtained for the following re-
actions:

Fe?+ 4 mal~ Fe mal

= Ig B101=2.17
Fe?t 4 2mal*~ < Fe mal,*~

Ig B10a=3.21

From redox-potential and calorimetric meas-
urements, the following overall equilibrium
constants and enthalpy values were calculated:

Fe*t+ + ox* = Fe ox+
1g B101="17.58; 4H®,¢,="5.6 kJ mol™?

Fedt + 20x2~ = Fe ox,~

Ig B102=13.81; 4H° 1oa=3.0 kJ mol—
Fett 4 3ox?~ = Fe oxg~
Ig B10a=18.60; 4H® 4y =
Fe®+ 4+ mal*~ = Fe mal+
1g B101=7.50; 4H°,4,=10.5 kJ mol™?

Fe*+ 4 2mal*~ = Fe mal,~
1g B102=13.04; 4AH® 1‘,2=14= 2 kJ mol?

Fe?*+ + 3mal?~ = Fe malg?~
Ig B103=16.6; AH® 43 = 7 kJ mol™?

0.4 kJ mol™?

The complex formation reactions in aqueous
solution between iron(II or IIT) ion and organic
ligands derived from saturated mono- or di-
carboxylic acids have not been characterized
in a satisfactory way. The entries in a compre-
hensive compilation such as Stability Con-
stants ! show that several investigations have
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resulted in discordant interpretations as to
which species that are formed and their stability
constants. The main reason for the inconsistent
results obtained is probably the complications
introduced by the hydrolysis of Fe*t+ (aq) ion,
which makes the interpretation of experimental
data difficult.

The ferric ion oxalate system has been the
subject of several investigations.®-® Deneux
et al.? have determined stability constants for
the complexes Fe(C,0,),* ", where n=1, 2, and
3. The existence of a hydrogen oxalate complex,
FeHC,0.2+, has been reported once,® but its
formation is questioned by other investi-
gators.®%5 Several determinations of B, the
stability constant for the monooxalato com-
plex, are in fair agreement with each other.?%-¢
However, values for g, and g, that differ with
about a factor of ten, are reported.?® In order
to resolve these discrepancies, the Fe?+ oxalate
system was reinvestigated.

The investigations of Deneux et al.? and
Gordienko et al.® disagree upon the malonate
system. Deneux et al. report a stability con-
stant for the formation of the first malonate
complex that is only about 10 9%, smaller than
the corresponding constant for the oxalate
system. The tervalent rare earth ion complexes
with oxalate ion are more stable than the
malonate complexes with a factor of about
20.%* The values reported by Gordienko et al.
for the corresponding Fe*t ion complexes
follow this pattern, but these investigators
also found that the protonated complex
FeHCH,(COO),2+ is formed in substantial
amounts; it would be the dominating ferric
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ion complex in the concentration range in-
vestigated by Deneux et al. Thus, another
study of this system is desirable.

In order to calculate stability constants for
ferric ion complexes from emf measurements
on the Fe't+/Fe?+ redox couple, the stability
constants for the corresponding ferrous ion
complexes must be known. The Fe!+ oxalate
system has been studied by Bottari and Cia-
vatta,® but no accurate data on Fe?+ malonate
complexes were available. This system has been
investigated here.

There is a nearly complete lack of calori-
metric data for complex formation reactions
between ferric ion and carboxylate ligands of
the type discussed here. Uri® has reported
K=3x10° M~ and 4H°= —0.3 keal mol™! for
the formation of the monooxalato iron(III)
complex, but it is not stated under which con-
ditions these values are supposed to be valid.
The enthalpies of formation of the complexes
formed in the Fe*t oxalate and malonate sys-
tems therefore have been determined.

NOTATIONS

Cyp, Og, and C, denote the total concentra-
tions of metal ion, free and dissociable hydrogen
ions, and ligand ion (oxalate or malonate) re-
spectively. The concentration of free metal ion,
hydrogen ion, and ligand ion are denoted m,
h, and a, respectively. Ionic charges are usually
omitted.

Bper=the overall stability constant for the
complex M,H,A,, defined as

Bpor=[MHL,A, I Ph9a™"
2
fi=(Cy— jgo[HjA] )/Cu

4H°,,, =the standard enthalpy change for the
reaction

PM+gH +rA->M,H A,
|
0.02500 M
NaCl
Ag,AgCl (s) 0.975 M 1.00 M
NaClO, NaClO,

Scheme 1.

V =the total volume of the system, V=V ,+v
Vo =the initial volume of the titrand solution, S.
v =the added volume of the titrator solution, T.
@ =the enthalpy change at the addition of T
solution. '

EXPERIMENTAL

Chemicals used. Fo(Cl0,),.6H,0 (Schuchardt,
p.a.) and Fe(ClO,),.6H,0 (Carl Roth, recrystal-
lized from dilute HCIO,), were used for the
preparation of the metal ion solutions. The
ferrous perchlorate sample contained about
1 % iron as Fe(III). Stock solutions of Fe(Cl0,),
were reduced with H,S prior to use, after which
treatment [Fe(III)]<2x 10-% M, as estimated
from the reaction with KSCN solution. The
iron content was determined by titration with
KMnO, and the hydrogen ion content by a
cation exchange procedure. All other chem-
icals used were of reagent grade and purified
prior to use, when necessary. The measure-
ments were made under nitrogen, which had
passed through wash bottles with a Cr(II)
solution and 1 M NaClO,.

Potentiometric measurements. The emf E of
galvanic cells of the types given in Scheme 1
were measured. (A denotes either oxalate or
malonate ion). In addition, sodium perchlorate
was added to the solutions to make the total
concentration of ionic equivalents, I’'=}
(Zcilz]), equal to 1.00 M. (As the concentra-
tion of polyvalent ions was rather low, also
the formal ionic strength, I=4 (3c;z;?), is close
to 1.00 M). The pH measurements on the Fe?+
malonate system were made with a Jena glass
electrode of the “Thalamid” type, while a
bright platinum foil (area ~11 ecm?) was used
in the redox measurements. The Ag,AgCl
electrodes were prepared according to Brown.!!
The emf values were measured to 0.1 mV with
a digital Orion 801 voltmeter. The reproduci-
bility of the emf values was usually within
0.2 mV. However, the last points of series 3,
Table 1, were only reproducible to within
0.5 mV. The equilibration time for these points
was also considerably longer (5— 20 min) than
for the other points, which equilibrated prac-
tically instantaneously. This might be caused
by hydrolysis, due to a local excess of the
titrator and subsequent slow equilibration of
the hydrolyzed species. The final solutions are
stable and remain clear for at least several

Cper Fe(ClO,),
Cpe Fe(ClO,), Glass

HiA H,A electrode
ONa,n A N a,A or

oo  HCIO, Pt (s)
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Table 1. Some experimental data for the Fed+
malonate system. The results are given as
v/ml, E/mV. The S and T solutions contain
sodium perchlorate to make the total con-
centration of ionic equivalents equal to 1.00 M.

Series 1. 8: Cy=148.5 mM, Cg, (1rry= 5.88 mM,
CFe (II)=5'26 mM, 0A=0; T: H™ 338.0 mM,
CFe(III)=5‘88 mM, OFC II)=5'26 IIIM, CA=
99.62 mM; V=21 ml, £,=402.7 mV.

0.25, 404.5; 1, 402.5; 2, 400.1; 3.5, 397.1;
5, 394.7; 7, 392.1; 9, 390.0; 11.5, 387.8; 15,
385.6; 17, 384.5; 22, 382.4.

Series 2.8: CH= 148.5 mM, OFe (LI1) =12.35 mM,
Cren=11.21 mM, Cy=0; T: Cy=419.3 mM,
CFC(III)=12'35 mM, OFC(II)=11'21 mM, CA=
149.6 mM; V=25 ml, £,=401.3 mV.

0.5, 402.2; 1, 400.6; 1.5, 399.2; 2, 397.8;
3.25, 394.9; 5, 391.6; 7, 388.5; 9.5, 385.5; 11,
384.0; 14, 381.4; 18, 378.8; 24, 375.8.

Series 3. 8: Oy =33.30 mM, Cpe (111 = 3.430 mM,
CFe(II)=3'lI5 mM, CA=0; T: 0H= 99.2 IDM,
Fe (III)=CFC{}I)=0’ CA= 99.6 mM; V0=24 ml,

0=410.4 mV.

0.2, 407.4; 0.6, 398.8; 1, 390.2; 1.5, 380.1; 2,
370.7; 2.6, 360.3; 3.4, 347.5; 4.2, 335.4; 5,
323.6; 5.8, 311.8; 6.6, 300.1; 7.5, 286.6; 8.5,
271.2; 9.5, 255.2; 10.75, 235.3; 12.25, 212.1;
13.5, 194.1; 15, 17.41; 16.5, 156.1; 18, 139.2.

months. The degree of stability and reproduc-
ibility obtained iIn these experiments is about
the same as reported in many earlier investiga-
tions of this type, but is far better than found
by Deneux et al.

The measurements on the Fe?+ malonate
system have been made with great variations
of the ratio Cyx/C, and of Oy in the solutions,
so that the formation of protonated or poly-
nuclear species could be detected. Some of the
measurements were made in poorly buffered
solutions at such high pH values that possibly
present Fe®+ should be strongly hydrolyzed or
bound to malonate ion, thus causing a con-
siderable error in the determination of the con-
centration of free ligand ion from the emf read-
ings. To prevent that any oxidation from the
ferrous to the ferric state occurred during the
measurements, all solutions were swept free
from dissolved oxygen prior to use. The meas-
ured emf values have been corrected for liquid
junction potentials as described earlier.”

The measurements on the Fe*t+ malonate
system has been made in the following way.
The titrand contains Fe3t and perchloric acid
and the titrator was a malonate buffer. In a
series of titrations, the concentration free hy-
drogen ion, A, has been kept approximately
constant, h=50 mM, while Oy has been varied.
The measurements have then been performed
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at another constant h-value, h=150 mM. One
geries (number 3 in Table 1) has been per-
formed at lower h-values. Table 1 contains
some of the experimental data, the complete
data can be obtained from the author.

For the Fe’t+ oxalate system, the preliminary
results showed a fair agreement with the results
of Deneux et al. and a detailed investigation
was considered unnecessary. Two titrations
were made and gave 36 experimental points.
To retard the photochemical decomposition of
Fe(III) in oxalate solutions, the solutions were
kept in dark during the measurements.

The calorimetric measurements were per-
formed as titrations. Two types of titrations
were made: either a ferric ion solution was
titrated with an oxalate (malonate) buffer, or
the buffer solution was titrated with the metal
ion solution. In this way solutions with 7
values up to 2.8 (for the oxalate system) or
up to 2.2 (for the malonate system) have been
investigated. Other details of the procedure
have been described earlier.1?:!3

CALCULATIONS AND RESULTS
Potentiometric measurements

4. The Fe*t+ malonate system. The stability
constants for this system have been calculated
from the experimentally determined values of
v/ml and E/mV by the least squares procedure
“Letagrop Vrid”,”* and also by standard
graphical procedures. The data were described
by assuming the existence of two Fe?+ malonate
complexes, FeA and FeA,?~, with the following
stability constants:

Bro1=(1.49+0.05) x 102 M
Bioa=(1.62+0.20) x 108 M

(The errors here and in the following are equal
to 30, where ¢ denotes the standard deviation).
111 experimental points were included in the
calculation, and the standard deviation in the
error carrying variable Cy/C, was equal to
3.8x 1078, which indicates that the experi-
mental values are quite satisfactorily de-
scribed by the calculated constants. Some ex-
perimental and calculated 7 wvs. —Ilg(a/M)
values are shown in Fig. 1.

The assumption that an acid complex with
the composition FeHA* is formed does not
improve the fit between experimental and
calculated values, and the corresponding sta-
bility constant B,,, is not significantly positive.
It is possible to give an estimate of the max-
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Fig. 1. Experimental @ vs. —lg(a/M) data for the Fe?t malonate system. The curve has been
calculated with the stability constants given in the text.

Symbol Solution S Solution T
Cyx/mM Cy/mM Cy/mM Cyx/mM Cy/mM Cp/mM
(0] 16.2 14.2 0 114 0 255
+ 32.4 28.4 0 114 0 255
[l 16.2 14.2 0 147 0 198

imum value of B,,,, and both the least squares
calculations and graphical evaluations indicate
that B,,, is less than 2 x 10°> M—2. There is no
indication of the formation of polynuclear
species.

4. The Fe3+ oxalate system. As the available
‘‘Letagrop” program is not adopted for this
type of four component systems, a computer
program that calculated E/mV values from
values of total concentrations and stability
constants was written. The stability constants
were varied until the best fit between calculated
and observed E/mV values was obtained, that
is, the error square sum 3 (F..—Eqps)? was
minimized, where the summation is over all
experimental values.

Although the measurements have been de-
signed so that the hydrolysis of ferric ion should
be small in the solutions studied, the formation
of FeOH?+ and Fe,(OH),*+ has been accounted
for by using the hydrolysis constants

Brro=1.5x103 M
Bozo=1.9x 10~ M2

The value for B,_,, is an average of several
values quoted in Stability Constants,! and
Pa—so is from Milburn, as cited by Sillén.! The
stability constants for the Fe?+ oxalate system
must be known; the values of Bottari and Cia-
vatta have been used.?

The following stability constants for the
proton oxalate complexes in 1 M NaClO, were
taken from Moorhead and Sutin:*

Bo11=3.58x 108 M

01 =4.27 x 108 M2
The calculations on 36 experimental points
from two titration series gave the following

stability constants for the formation of the
Fe3t+ oxalate complexes:
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B101=1(3.831+0.15) x 10" M1;
1g(810,/M™1) =17.58
100=(6.4+0.3) x 1013 M%;
1g(B10e/M™2) =13.81
Bros=(4.6+0.6) x 10" M-3;
1g(B10s/M™%)=18.66

The standard deviation in the emf £ was 0.2 mV.

4t4. The Fed*+ malonate system. Table 1 gives
some of the experimental data for this system.
The calculations on this system were performed
in the same way as for the oxalates. (The
stability constants for the proton malonate
complexes were taken from Ref. 7). It is also
possible to use a graphical method, due to
Fronzus,® on each set of titrations at a (nearly)
constant value of the concentration free hy-
drogen ion, k, but at various Cy values. The
value of f,,, obtained in this way was in precise
agreement with the value obtained from the
numerical procedure. The value of f,,, was
calculated from each titration series. Each
set of measurements at constant h but at vari-
ous Oy values could be described with one
value of B,,,, which indicates that the forma-
tion of polynuclear species is negligible in the
concentration range studied. If an acid com-
plex is formed, e.g. FeHA?2+, one expects the
calculated stability constant, g*,,,, to vary
linearly with h:

B*101=Broa+hpin | (1)

The value obtained, p*,q,=(3.14+0.04)x
107 M1, describes the measurements, in which
h varied from about 40 mM to 150 mM, and no
systematic variation of g*,,, with h was ob-
served. If eqn. (1) is applied, an ‘‘extreme’
interpretation of the findings is that f,0,=
3.08 x 10? M~ and B,,,="T x 10° M2, This value
of B,;, thus represents the upper limit of §;,,
that is reconcilable with the experimental data,
but the data are best described by the follow-
ing three stability constants:

Bror=(3.14 +0.04) x 10" M~
g (B101/M™)="17.50

Broa=(1.09 £+ 0.06) x 1013 M~2;
1g (B10s/M™2)=13.04
108= (41 2) x 10'¢ M~%;
Ig (B10s/M™*)=16.6

The values are based on in all 16 series with
356 experimental points. The standard
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deviation in the emf E was 0.15 mV.
The error in f,,; is considerable, due to the
lower reproducibility of the measured emf
values in solutions with high 7 values, and also
because the highest 7% value obtained is only 2.1.
Schaap et al. have polarographically obtained

“a value for the ratio of the dissociation con-

stants of the tris(malonato)ferrate(III) ion and
the bis(malonato)ferrate(II) ion.'* Combining
this number with the stability constant for
the bis(malonato)ferrate(II) ion obtained in
this work leads to B,,3=(5.1+1.3) x 10'® M~
for the formation of Fe[CH,(COO),]s* .

Calorimetric measurements

All enthalpy values have been calculated
with the least squares program ¢‘Letagrop
Kalle” from the experimental (v/ml, @/J)
values. The overall enthalpies of protonation
of malonate ion at 25 °C in 1 M NaClO, are
known,® while the corresponding values for
the oxalate system were determined. From 11
experimental points, the following values were
calculated:

A4H% 4, =(4.04+0.2) kJ mol*
4H® 45, =(5.2+0.9) kJ mol™?

The enthalpy of hydrolysis of Fe’t+ in 1
M NaClO, has not been determined, but Arnek
has calculated 4H°, ,,=(46.0+7.5) kJ mol?
and A4H®, ,,=41.8 kJ mol? from Schlyter’s
measurements in 3 M NaClO,.}” Some 4H°,_;,
values within the limits given by Arnek were
tried and the best fit was obtained with 4H°_,,
=38 kJ mol™. The formation of Fe,(OH),*+
is small in the solutions used and no variation
of 4H°, ,, was tried. The calculated overall
enthalpy values are listed in Table 2, together
with 4H® and 48° values.

The obtained values for the standard devia-
tion in @ are of the same magnitude as ob-
tained earlier with this type of equipment.!?
The error in the enthalpy of formation .of
Fe(mal);™® is especially great, mainly due to
the fact that the maximum # value in the solu-
tions used is as low as 2.2. ‘

DISCUSSION

A direct comparison of the stability con-
stants obtained here for the .Fe’+ malonate
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Table 2. The overall enthalpy, Gibbs energy, and entropy changes for the formation of Fe®+ ox-
alate and malonate complexes. The number of experimental points and the standard deviation
in the @ values in the calorimetric measurements are given. The uncertainties are equal to three
times the standard deviations.

Number of Standard
Reaction experimental deviation AH° — 4G° 48°

points in Q/J kJd mol”*  kJ mol™? J K~* mol™
Fe*t+ 4 ox*—»Fe oxt+ 6.3+0.9 43.28+0.10 166+3
Fe?t + 20x%—>Fo ox,~ 17 0.09 3.7+1.8 178.80+0.12 277+6
Fe*+ + 3ox*~—Fe ox, 0.4+1.3 106.5+0.3 359+ 4
Fe®t+ + mal*——»Fe mal+ 11.3+0.2 42.79+0.03 181.4+0.7
Fe?t + 2mal*~—Fe mal;~ 20 0.05 14.44+0.7 74.41+0.14 298+2
Fe?+ + 3mal*~—Fe mal - 9.8+7.3 948 +1.7 351+25

complexes with the data of Nancollas et al.1®?
is not possible, as their data refer to a very
low ionic strength. However, the first Fe?+
oxlatate complex is 5.0 kJ/mol more stable
than the malonate complex, which value is
intermediate between the corresponding values
for the Mn?*+ and Co*t+ complexes. The result
also conforms to the general observation that
oxalate complexes are more stable than the
corresponding malonates.

Hydrogen malonate ion complexing has been
observed with the tervalent lanthanoid ions,”

but not with the divalent transition metal
ions. The lanthanoid-hydrogen malonate com-
plexes are somewhat less stable than the cor-
responding acetate complexes. The upper limit
for B,,, found here corresponds to an equi-
librium constant for the equilibrium between
Fe*t+ ion and hydrogen malonate ion of less
than 1.8 M1, The g, value for the Fe?+ acetate
complex is 2.1 M~ (at 20 °C).*

The stability constants of the ferric ion
oxalate and malonate complexes are collected
in Table 3, together with some literature values.

Table 3. Some values of stability constants of iron(III) with oxalate, malonate and succinate ion

at 25 °C.

1g (B10:/M7) 1g (B10s/M™?) Ig (B10s/M™®) Ionic Ref.
strength

Oxalate

7.58 13.81 18.66 1 M NaClO, This work

7.54 14.59 20.0 0.5 M NaNO,* 6

7.59 - - 1 M NaClO, 4

7.53 13.64 18.49 0.5 M LiClO, 2

7.56 - - 1 M NaClO, 5

- - 18.54 % ~1 M NaClO, 16

Malonate

7.50 13.04 16.6 1M NaClO, This work

7.46 - - 0.5 M LiClO, 2

- - 16.7°¢ ~1 M NaClO, 16

6.54, 1g(Bf11,/M2)="1.59 1 M NaClO, 5

Succinate

6.52 - - 1 M NaClO, 22

6.88 - - 0.5 M LiClO, 2

4 Temperature not given. b Caloulated with auxiliary data from Ref. 9. ¢ Calculated with auxiliary

data from this paper.
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The agreement is good, with one exception:
the results of Gordienko ef al. on the Fe*+
malonate system. It should be noted that Gor-
dienko’s acidity constants for malonic acid
differ considerably from the results of two
other investigations.’®* It also seems unlikely
that protonated complexes, as FeHA?*+, should
be formed in the malonate system but not in
the succinate system.?® It thus seems probable
that Gordienko’s measurements on the malonate
system are beset with some systematic error.

The lanthanoid acetate complexes are about
1—2 kJ mol! more stable than the corre-
sponding hydrogen malonate complexes. This
difference is much greater, at least 7 kJ mol™,
for the corresponding ferric ion complexes.

It has also been shown that the strength
of the acid MHA?+ steadily increases as the
radius of the lanthanoid ion M3+ decreases.
This behaviour has been described in simple
electrostatic terms.” The upper limit of f,,,
for FeHA2+ determined here shows that
FeHA?+ is a much stronger acid than the
lanthanoid hydrogen malonates, in keeping
with the smaller size of the iron(III) ion. It is
suggested that this finding indicates that the
malonate ion has a very strong tendency to
form a chelate complex with ferric ion. It is
noteworthy that the ferric monooxalate com-
plex is only 0.5 kJ mol~ more stable than the
malonate complex. The tervalent rare earth
oxalate complexes are about 7 kJ/mol more
stable than the malonates.

The ratios of the stepwise stability constants
are different for the oxalates and malonates:
K,/K, and K,/K, are equal to 23 for the oxalates
and 92 for the malonates. This increased dif-
ficulty for the formation of the higher malonate
complexes as compared to the oxalates might
be caused by different geometrical require-
ments of the bulkier malonate ion. Structural
data would be of interest for a more detailed
discussion, but only the structure of K, [Fe
0X,].3H,0 is known at present.?

It can be seen from Table 2 that the step-
wise enthalpy changes become less positive
for the higher complexes. The ferric ion mal-
onate complexes are similar to the rare earth
malonates in this respect. The complexes are
stabilized by the large positive entropy changes,
due to the liberation of water molecules from
the metal ion. The stepwise entropy changes
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become less positive for the higher complexes,
which can be described as caused by the co-
ordinated water molecules being less firmly
bound in a higher complex than in a lower.

REFERENCES

1. Sillén, L. G. and Martell, A. E., Eds,
Stability Constants of Metal-ion Complexes,
Chem. Soc. Spec. Publ. Nos. 17 (1964) and
25 (1971).

. Deneux, M., Meilleur, R. and Benoit, R. L.
Can. J. Chem. 46 (1968) 1383.

. Bauer, R. F. and Smith, W. M. Can. J.
Chem. 43 (1965) 2755.

. Moorhead, E. G. and Sutin, N. Inorg.
Chem. 5 (1966) 1866.

. Gordienko, V. I., Mikhailyuk, Yu. I. and
Sidorenko, V. I. Russ. J. Gen. Chem. 41
(1971) 501.

. Paramonova, V. 1., Kereichuk, A. S. and
Chizhov, A. V. Radiokhimiya 5 (1963) 63.

. Dellien, I. and Grenthe, I.. Acta Chem.
Scand. 25 (1971) 1387.

. Grenthe, I., Gardhammar, G. and Rund-
crantz, B. Acta Chem. Scand. 23 (1969) 93.
9. Bottari, E. and Ciavatta, L. Gazz. Chim.

Ital. 95 (1965) 908.

10. Uri, N. Chem. Rev. 50 (1952) 375.

11. Brown, A. S. J. Am. Chem. Soc. 56 (1934)
646.

12. Grenthe, I., Ots, H. and Ginstrup, O. Acta
Chem. Scand. 24 (1970) 1067.

13. Dellien, I. Acta Chem. Scand. 27 (1973)
733.

14. Arnek, R., Sillén, L. G. and Wahlberg, O.
Ark. Kems 31 (1968) 353.

15. Fronzus, S. Komplexsystem hos koppar,
Diss., C. W. K. Gleerups Férlag, Lund
1948.

16. Schaap, W. B., Laitinen, H. A. and Bailar,
J. C. J. Am. Chem. Soc. 76 (1954) 5868.

17. Arnek, R. Ark. Kemi 32 (1970) 55.

18. McAuley, A., Nancollas, G. H. and Tor-
rance, K. J. Inorg. Nucl. Chem. 28 (1966)
917.

19. McAuley, A., Nancollas, G. H. and Tor-
rance, K. Inorg. Chem. 6 (1967) 136.

20. Perrin, D. D. J. Chem. Soc. (1959) 1710.

21. Szilard, I. Protonierte Metallkomplexe mehr-
ziihniger Liganden, Diss., ETH, Juris-
Verlag, Zurich 1961.

22. Kereichuk, A. S. and Pobegai, R. 8. Vesin.
Leningr. Univ., Ser. Fiz. Khim. (1975) 122;
Chem. Abstr. 83 (1975) 33716e.

23, Herpin, P. Bull. Soc. Fr. Mineral. Cristal-
logr. 81 (1958) 245.

ot B W N

®w I &

Received February 23, 1977.



