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ESTIMATES OF EQUILIBRIUM CONSTANTS AT 23°

AND g = 3.35 M AT VarRIOUS WAVELENGTHS
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Figure 2.—Derived spectra of MnF,2* (0) and Mn(OH)F,,* (®).

by chlorine™ and bromine.” The rate-determining
step in this reaction is’ the first-order decomposition of
the monooxalato complex

k1
MnCyOst —> Mntt + C,04™ 8%

The observed rate of reaction at constant acidity varies
with the concentrations of added oxalic acid and chlo-
ride or fluoride ions, and the data of Taube” can now be
rationalized by combining reactions I-ITI with

Mnét 4+ HyCoOy === MnC;04" + 2H* (K,.) V)
MnGOsT + HpCo0y === Mn(C:04),~ + 2HT (Kp) (VI)
Mnd+ + Cl- == MnCI2t (Ku) (VII)

MnCyOi+ + HF === Mn(C:0)F + H¥ (K.) (VIII)

In the absence of added chloride or fluoride ion we have
obtained the values of %;, K., and Ky of 11.9 min~},
1.64 X 10° M, and 45 M, respectively. Comparison of
these estimates with those obtained by Taube™ in the
absence of reaction I shows that the principal effect of
its inclusion in the calculations is to increase the value
of K.. The kinetic data™ in the presence of up to a
10%-fold excess of chloride only require the additional
equilibrium VII, with K¢y = 135 &= 0.5 MLatu =
2 M and 25°. In the presence of added fluoride the
data is accounted for by the additional equilibria IT,
111, and VIII with (2K; + K:Kyx) = 1.1 X 103 M and

(7) (a) H. Taube, J, Am. Chem, Soc., 70, 1216 (1948); (b) H. Taube, 1bid.,
70, 3928 (1948).
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Ko = 118 at p = 2 M and 25°. Individual values of
K; and K; cannot be obtained from the original’ kinetic
data since the acidity was kept constant at 2.0 M.
However, the present results for 4 = 5.35 A suggest
that K; =~ K,, whereupon we calculate K; =~ K, =~ 370
atu = 2 Mand 25°. The stability constants for fluoride
complexation thus appear to increase with decreasing
total ionic strength. The value of the composite sta-
bility constant obtained from spectral measurements by
Fackler and Chawla? is consistent with these estimates,
since it was obtained at varyingionicstrengthandacidity.

The ratio K;/K; = Ky/Kpy, where Kpg = [Mn-
(OH)F*+][H*]/[MnF?*] = 1.1 M at u = 5.35 M and
23°, shows that the presence of F~ results in little
change in the acidity of the remaining water molecules
of the inner sphere. This conclusion is consistent with
the similarity of the spectra of Mn,,**, MnOH, 2,
MnCl,y?F, and MnF,.** in both the visible and the uv
regions.

The splitting of the visible spectrum of Mn(OH)F,,*
is presumably® due to splitting of the °E, (and possibly
%T»,) level by tetragonal distortion. It is not possible
to assess the importance of cis—frams isomerism in this
complex in the absence of data on other mixed-ligand
complexes of this type. However, it should be noted
that the high-spin® complex Mn(CYDTA)OH?~ has a
spectral maximum at 448 nm which moves to 510 nm
on protonation.’® Changes in the spectra of the aquo
species in the presence of very large excesses of chlo-
ride,® ! where higher order chloro complexes are
formed, suggest that cumulative effects of negative
charge can indeed cause measurable spectral changes in
mixed complexes of Mn(III).

(8) T. S. Davis, J. P. Fackler, Jr., and M. J. Weeks, Inorg. Chem., T, 1994
(1968).

(9) Y. Yoshino, A, Ouchi, Y. Tsunoda, and M. Kojima, Cai. J. Chem.,
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(10) R. E. Hamm and M. A, Suwyn, Tnorg. Chen., 6, 139 (1067).
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A High-Pressure Form of Palladium Disulfide
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An orthorhombic palladium disulfide (I) (¢ = 5.46,
b = 5.54, ¢ = 7.53 A) may be prepared by heating pal-
ladium dichloride and excess sulfur at 450° in an evacu-
ated quartz tube for 4 days.? The structure of the pal-
ladium disulfide so prepared?®* [space group Da' (Ph-
ca)] is derived from the pyrite structure, which places
the cation in a nearly perfect octahedral environment,
by elongation of one of the fourfold octahedral axes.®
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TaBLE I

SPACING, INDEXING, AND INTEGRATED INTENSITIES
OF THE REFLECTIONS OF PALLADIUM DiSULFIDE (1)

Sobsg hkl Intensity deale
3.58 002 79 3.580
I %
2.782 020 2.780
2,753 200 }' 65 { 2.755
2.6l 112 8 2.6L2
2.587 021 6 2.591
2.L69 210 [1 2.L468
2,340 121 } 7 { 2.3hi
211 2.33
2.195 022 2,195
2.186 202 } 60 { 2,163
2.0L6 122 2.0L0
2,034 113 Lo gggg
212 *
1.956 220 19 1,957
1.806 023 3 1.811
123 1.720
1.717 { 23 i%g
2 .
131 100 1.706
1.706 104 1.702
1.693 311 1.69%
302 1,634
1.64 { 14 } b { 1.628
223 1.513
o2l 1.505
1.51 231 U 1.503
20y \ ‘ 1.15‘01
321 1.Lk92
2 s
) 2 .
lln ; 322 2l 1.1,09
313 1.L08
1,292 oL2+ i 1.29%
1.238 L20+ 6 1,234
1.167 L22+ 10 1,167

2 Cu Ke, nickel-filtered radiation. d wvalues were obtained
with a Guinier camera and the intensities from a diffractometer
tracing. There is evidence for the presence of some preferred
orientation.

This type of Jahn—Teller distortion, which is frequently
encountered in palladium compounds, removes the de-
generacy of the dy energy levels so that spin pairing in
the lower dvy level results. As expected, PdS; (I) is
spin-paired and a semiconductor.®

We have found that a second orthorhombic palladium
disulfide (II) (@ = 5.51, b = 5.56, ¢ = 7.16 A) may be
prepared from an intimate mixture of the elements or
directly from I by reaction for 5 min at 63 kbars and
1450° followed by quenching. This high-pressure form
of PdS; has apparently been prepared elsewhere.” At
250-300° and 1 atm the conversion of II to I is accom-
panied by decomposition to PdS and sulfur. The pat-
tern of the intensities of the X-ray reflections of II
(Table I) suggests that the structure of I1, like that of I,
is derived from the pyrite structure by elongation of the
z axis; however, the elongation in the case of II is not so
great as in the case of I and is in fact intermediate be-

(6) F. Hulliger, J. Phys. Chem. Solids, 26, 639 (1965).
(7) T. A. Bither, et al., reported by F. Hulliger, ‘“‘Structure and Bonding,”
Vol. 4, Springer-Verlag, New York, N. Y., 1068, p 108, 194,
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tween I and the ideal cubic pyrite configuration. The
pycnometric density of II in acetone is 4.92 % 0.10 g
cm~® which may be compared with the calculated
density, z = 4, of 5.17 gcm™3,

Both IT and I exhibit weak temperature-independent
paramagnetism. II is a better conductor (specific re-
sistivity, prr =2 0.5 ohm cm at 25°) than I (p; =2 100 ohm
cm) and although difficulty was encountered in making
reproducible four probe electrical contacts, p1r appears
to increase by a factor of 2 from liquid nitrogen to room
temperature. Compound II does not suffer a super-
conducting transition above 1.45°K. The apparent
presence of metallic-type conduction in IT suggests that
the delocalization of the electrons in the dvy levels sta-
bilizes the shorter bond lengths along the z axis in the
high-pressure form of palladium disulfide. The forma-
tion of two distinct pyrite phases of iridium disulfide®
is accompanied by a change in stoichiometry from a
sulfur to iridium mole ratio of approximately 3 to a mole
ratio of nearly 2. This is not the case with palladium
disulfide, for both I (37.69% by BaSO, precipitation?)
and IT (38.2 £ 0.5% S by thermogravimetric analysis)
analyze very nearly as PdS; (37.5%, S).

The preparation of II was carried out in the “‘belt”
superpressure apparatus® using a cell constructed of
sodium chloride with a graphite heater. The cell was
calibrated at room temperature with the bismuth 25.5-
and 27-kbar and the barium 58-kbar transformations.
Temperature, uncorrected for pressure, was determined
from a calibration of the high-pressure cell with a Pt—
Pt-109% Rh thermocouple.
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When the compound Hg(CF;); was made from
(CF3)sP and HgO at 100°, the nonvolatile by-product
was empirically formulated asan uncertain mercury—





