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TasLp 11
INTERATOMIC DISTANCES AND ANGLES

Distance Value, A Angle Value, deg
Re-O 1.781 (3)-1.87°  Cl-Re—C2 87.9 (1)
Re-Cl 2.139 (3)-1.91° Cl-Re-O 91.5(1)
Re-C2 2.130 (3)-1.912  C2-Re-0 90.1 (1)
CI-N1 1.156 (5)-1.15¢ Re-Cl-N1 173.4 (3)
C2-N2 1.154 (5) Re-C2-N2 178.1 (5)
K1-N1 2.880 (4) N2-K1-0 82.7(3)
K1-N2 2.837 (4) N1-K1-N2 85.2 (3)
K1-0 2.842 (3) N1-K1-0 76.4 (3)
K2-0 2.843 (3) 0-K2-N1 122.9 (3)
K2-N1 2.803 (4) 0-K2-0 83.1(3)
K2-N1 3.177 (4) 0-K2-N2 126.3 (3)
K2-N2 2.830 (4) 0O-K2-N1 72.4(3)
K2-N2 3.206 (4) 0O-K2-N2 76.4 (3)
K2-0 2.796 (3) N1-K2-N2 101.0 (3)

0-K2-N1 138.5 (3)

N1-K2-N1 83.2 (3)
N1-K2-N2 84.7 (3)
N2-K2-0 82.8(3)
N2-K2-N1  148.7(3)
N2-K2-N2 78.9 (3)

0-K2-N1 74.4 (3)
0-K2-N2 135.9 (3)
N1-K2-N2  132.4(3)

e Values reported in ref 2.

atom was confirmmed by refinement of the isocyanide
configuration. The resulting agreement factors, R =
0.057 and » = 0.069, were significantly poorer than
with the cyanide arrangement and the thermal param-
eters were less reasonable in that the atoms attached to
the rhenium displayed greater thermal motion than the
external atoms.

The thermal ellipsoids are illustrated in Figures 1 and
2. The rhenium atom is nearly isotropic. Its maxi-

Figure 2.—Bond angles and distances in the ion ReO:(CN).#~.

mum vibration nearly bisects the CI-Re-O angle. For
the carbon, nitrogen, and oxygen atoms the maximum
vibration is essentially perpendicular to the bonds with
the minimum directed along the bonds.

Bond Distances and Angles.—The average potas-
sium to oxygen distance (2.83 A) and potassium to
nitrogen distance (2.96 A) are typical® ionic contacts.
The.C-N distances (1.155 (5) A) are also quite typical.
The deviation from 180° for the Re-C-N angles is
due either to packing considerations or to interactions
with the potdssium ions. The 4.7° difference in these
angles may come about through tle nonequivalent
intetaction with potassium ions (Figure 1). Similar
deviations from 180° Re-C-N angles have been ob-

(10) “‘International Tables for X-Ray Crystallography,” Vol. 3, Kynoch
Press, Birmingham, England, 1962, p 258.

Notes

served’! in [Pt(NHj)sJs[Re:03(CN)s]. The Re-O dis-
tance (1.781 (3) A) here reported is probably the best
value known for a rhenium-oxygen “double bond’” and
is significantly longer than the multiple Re-O bond ob-
served™ in [(CoH;)aN ][ReBrsO(OH,) ] of 1.71 (4) A.

Conclusion

The crystal structure of K;ReOy(CN), has been re-
determined and shows significant differences from the
earlier study. The basic structure of the negative ion
was confirmed and the accuracy and precision of the
bond angles and distances were significantly improved.
In a subsequent communication comparison of these
anion parameters with those of ORe(CN):ORe(CN )04~
will be made.!!

(11) R. Shandles, E. O. Schlemper, and R. K. Murmann, Tnorg. Chem.,
in press..
(12) F. A. Cotton and S. J. Lippard, 1bid., 4, 1821 (1965).
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There are a number of routes by which inorganic
fluorosulfates have been prepared.*—*

Peroxydisulfuryl difluoride has been shown to be an
efficient sulfonating and oxidizing agent.® Until re-
cently a very few fluorosulfates of transition metals
were known, particularly in their higher oxidation
states. This paper reports the syntheses of oxyfluoro-
sulfates of several transition metals in their higher oxi-
dation states.

Experimental Section

Materials.—Peroxydisulfuryl difluoride was prepared by the
reaction of fluorine with sulfur trioxide’ and purified by prolonged
pumping of the crude product held at —78°. Ir analysis and
vapor density measurements indicated that the product was sub-
stantially pure.

The carbonates of manganese, cobalt, nickel, silver, and thal-
liim of Baker Analyzed reagent grade were dried in an oven at
110° for 2 hr before use. Silver oxide was obtained by heating
silver carbonate.

Preparation of Oxyfluorosulfates.—In a typical preparation,
a known weight of the carbonate or oxide of the metal was treated
in a closed glass vessel with an excess of peroxydisulfuryl di-
fluoride. The latter was condensed into the reactor at —183°
and the vessel was then allowed to warm to room temperature
and stand for 3-12 hr. After the reaction appeared to be com-
plete, the vessel was held at —40° while the volatile products
were pumped away. These were later separated by fractional co-
distillation.® The nonvolatile products were dried under vacuum
to constant weight. The weights of oxyfluorosulfates obtained
from the respective metal carbonate or oxide are given in Table I.
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TABLE [
WEIGHTS, COLORS, AND ANALYSES OF METAL OXYFLUOROSULFATES
Wt of oxyfluorosulfate, g . ————Oxyfluorosulfate anal., % —
Compd Wt, g Caled Found Oxyfluorosulfate Color Calqd Found
MnCOs 0.4680 0.6918 0.6952 MnOSO;F Brownish black Mn 32.35 32.05
s 18.82 18.68
F 10.83 10.18
CoCO; 0.4480 0.6549 0.6480 CoOSO;F Chocolate Co '33.90 33.10
S 18.39 18.00
) F 10.92 10.62
NiCOs 0.4268 0.6245 0.6292 NiOSOF Grayish black Ni 33.79 33.00
S 18.42 18.10
: F 10.96 10.64
Ag,COy 0.6284 0.9790 0.9892 Ag;0(SOsF ). Black Ag 50.23 49.80
Ag,O 0.5264 0.9756 0.9740 Ag,O(SOsF); Black S 14.88 14 .52
} F 8.86 8.24
T1.CO; 0.5679 0.7740 0.7654 TIOSOsF Brown Tl 63.99 62.54
S 10.00 9.49
F 5.95 5.35

Chemical Analysis.—Metals in the compounds were deter-
mined using standard methods.! Sulfur was determined as
barium sulfate, while fluorine was determined using a fluoride ion
sensitive electrode while titrating with thorium nitrate solution.
Analytical resultsare given in Table I.

Discussion

The volatile products were found to be COs, S;0;F,,
O,, unreacted S;0¢F,, and a trace of SiF,. Probably
the oxygen and pyrosulfuryl fluoride were formed by
decomposition of part of the peroxydisulfuryl difluoride.
The formation of oxyfluorosulfate from the carbonate of
Mn, Co, or Ni can be represented by the general equa-
tion: 2MCO; + S,0¢F: = 2MO(SOsF) + 2CO, M =
Man, Co, or Ni).

The oxyfluorosulfates of manganese, cobalt, nickel,
and silver react with potassium iodide solution (made
acidic with sulfuric acid) liberating both oxygen and
iodine. To determine the number of oxidizing equiv-
alents present per mole of the oxyfluorosulfate, it was
necessary to measure both oxygen and iodine produced.
To do this, a known weight of the salt was allowed
to react with gas-free acidic solution of potassium iodide
in aclosed reactor. The vessel was then chilled to —183°
and oxygen was pumped away. The lossin weight was
that of the oxygen produced by the reaction. The
amount of iodine was then determined by titration with
standard sodiuim thiosulfate solution. Table II gives the

TaABLE II
REACTIONS OF OXYFLUOROSULFATES WITH
Acipic SoLUTION OF PotassiuMm IoDIDE

Total equiv

Since the compounds are good oxidizing agents, some of
them may have reacted with Nujol. The spectra of
CoOSO;F and NiOSO;F appeared to be of good quality.
Peaks remaining after subtracting those for Nujol are
listed in Table III. Spectra for salts of Mn, Ag, and Tl

; TasLE 111
INFRARED SPECTRA OF (OXYFLUOROSULFATES?

CoO- NiO- . Co0-  NiO-

SOsF SOsF Assignment SO3F SOsF Assignthent
1246vs 1246vs S-Oasymstr 607s 615s S-0O asym def
1081vs 1088vs S-O symstr 560s 560s S-O sym def

832 vs 820vs S-Fstr 504s 505s

e Key: vs, very strong; s, strong.

contained bands for S—F and S=0O stretching in regions
characteristic of fluorosulfates. Because of their rather
poor quality in general, these spectra are ot given.

The S—F band in fluorosulfates of copper and iron has
been reported around 840 cni—! and the salts are be-
lieved to be covalent in nature.® The S—F band in
these oxyfluorosulfates is around 840 cm~! which is
more characteristic of covalently bonded flucrosulfates
rather tharn ioni¢ fluorosulfates like potassium fluoro-
sulfate, the S—F frequency for which is 750% or 732
cm~L
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Mol of O Equiv of I of O: + I. )
Mol of salt produced produced per mol of CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY,
Compd X 103 X 104 X 104 the salt THE UNIVERSITY OF NORTH CAROLINA,
MnOSO;F 5.98 14.18 5.75 1.04 CuareL HiLL, NorTH CaroLINA 27514
CoOSOsF 3.76 8.56 5.06 1.04
NiOSOsF 4.39 10.81 5.01 1.09 . )
Ag:0(SO;F ), 0.83 3.75 1.70 2.01 The Low-Temperature Magnetic

results of these determinations and shows ‘that each
metal was reduced in oxidation state by one unit by re-
action with acidic potassium iodide solution. Since the
reduction would give Mn(II), Co(II), Ni(II), and Ag(I),
it follows that oxyfliorosulfates contained Mn(III),
Co(III), Ni(11I), and Ag(1I).

Infrared spectra of the compounds were taken in the
form of Nujol mulls between silver chloride disks. The
instrument was a Beckmann IR 10 spectrometer.
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The existence of multimetallic molecules which ex-
hibit intramolecular magnetic exchange has been well
known for many years, but until recently all docu-



