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under conditions of dynamic vacuum. The CsF-
catalyzed fiuorination of (CF3)2C(NF2)CFO and (CF3)2-
C = C = O occurs readily below —20° to give nearly 
quantitative conversion to the respective fluoroxy com
pounds. With (CFs)2C(NF2)C(O)OSO2F, fiuorination 
occurs more slowly and is encouraged by slightly higher 
temperatures (20°). In this case, (CFs)2C(NF2)CF2OF 
and decomposition products are obtained. Under no 
conditions tried was it possible to retain the fiuorosulfate 
moiety in the molecule.24 

These fluoroxy compounds are not sensitive to glass 
or moisture but do attack mercury with vigor. Ad
vantage of their action on acidic iodide solution was 
taken to determine the number of oxidizing equivalents. 
The experimental value of about 1.9 agrees fairly well 
with a theoretical two-electron change. 

(24) M. Lustig and J. K. Ruff, Inorg. Chem., 3, 287 (1964). 

Attempts to prepare oxidecarbides of the heavier 
L analogs of Nd2O2C2

1 by reduction of the sesqui-
oxide either by graphite or by a lanthanide metal-
graphite mixture produced a cubic phase which is shown 
in this study to be an oxidecarbide. This phase con
tains significantly less carbon than the formerly reported 
Ln2O2C2 phase and has been prepared in pure form by 
many different techniques. Five lanthanide elements 
(La, Nd, Gd, Ho, Er) have been shown to exhibit this 
phase, and it probably exists throughout the entire 
series. 

Two other oxidecarbides exhibiting similar cubic-
type structures have been reported: a zirconium oxide-
carbide phase2 produced by plasma furnace reduction 
of zirconium dioxide with graphite, and the previously 
reported uranium monoxide now said to be an oxide-
carbide.3 The uranium phase is reported to exhibit a 
wide range of oxygen/carbon ratios, and the zirconium 
(ZrQ-eOj) phase is a simple solid solution derived 
from the cubic ZrC. The value of the lattice parameter 

(1) A. D. Butherus, R. B. Leonard, G. L. Buchel, and H. A. Eick, 
Inorg. Chem., S, 1567 (1966). 

(2) F. Leprince-Ringuet, A. Lejus, and R. Collongues, Compt. Rend., 
258, 221 (1964). 

(3) P. Chiotti, W. C. Robinson, and M. Kanno, / . Less Common 
Metals, 10, 273 (1966). 

As is often typical of fiuorosulfate-containing com
pounds of this type, small amounts of moisture tend to 
produce a cloudy solution and KeI-F stopcock grease 
is readily dissolved. It is advantageous to work in 
glass systems with Teflon stopcocks and without stan
dard taper joints. 

The mass spectral data are consistent with the pro
posed structures, although a molecule ion was ob
tained only in the case of (CFs)2C(OSO2F)C(O)OSO2F. 
For every molecule CF3

+ was the predominant species. 
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of the zirconium species lies between those of the ZrC 
and ZrO, and a thermodynamic treatment of uranium 
oxidecarbide was based on a binary mixture of UO 
and UC. In fact, both compounds have been inter
preted by use of a model of a carbon atom-substituted 
fee NaCl-type monoxide lattice. 

Several monoxides of lanthanide elements prepared 
by a variety of methods have been reported. Most 
methods effect reduction of the sesquioxide by carbon 
or by the corresponding metal. Achard, et ah, re
ported the europium, samarium, and ytterbium monox
ides prepared by reducing the sesquioxides with car
bon.4-7 Other reports have appeared describing lower 
oxides, LaO, CeO, NdO, SmO, Sm2O, YbO, and YO.8'9 

In many instances, the particular phase is described 
by only one report. When two or more reports have 
appeared on any phase, the published lattice parameters 
are often found to vary considerably, and only 

(4) J. C. Achard, Compt. Rend., 245, 1064 (1957). 
(5) J. C. Achard and G. Tsoucaris, ibid., 246, 285 (1958). 
(6) J. C. Achard and M. O. Chaudron, ibid., 250, 3025 (1960). 
(7) J. C. Achard, Rev. Hautes Temp. Refractaires, 3, 281 (1966). 
(8) H. A. Eick, N. C. Baenziger, and L. Eyring, / . Am. Chem. Soc, 

78, 5147(1956). 
(9) K. A. Gschneidner, "Rare Earth Alloys," D. Van Nostrand Co., 

Inc., New York, N. Y., 1961 p 240. 
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Abstract: A series of lanthanide oxidecarbides (Ln = La, Nd, Gd, Ho, Er) of fee symmetry has been prepared by 
reducing the sesquioxide with appropriate mixtures of graphite and the corresponding lanthanide metal. The neo-
dymium analog, which was studied extensively, was found to have the approximate stoichiometry Nd4O3C. The 
X-ray powder diffraction pattern of this phase is indexable on cubic symmetry and has a lattice parameter, o0 = 
5.1407 ± 0.0001 A. The X-ray intensities are consistent with a NaCl-type lattice. Vapor-phase chromato
graphic analysis of the hydrolysis products suggests the presence of C 4 - ions in the structure. Data presented indi
cate that this is a carbon-stabilized monoxide phase which is common to the lanthanide series. 
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Eu08,io,ii a n c i Eu 3 O 4
1 2 , 1 3 can really be said to be well 

characterized. Most of the other reported phases 
have been found to contain other components, usually 
nitrogen or carbon, which have often been described 
as contaminants having little to do with the character 
of the major phase. For example, the sample of YbO 
prepared by carbon reduction was reported to contain 
approximately 1 % of that species.6 

Experimental Section 

Preparation. Samples were prepared by arc melting pressed 
pellets of lanthanide metal, its sesquioxide, and graphite (Ln:0:C 
in various desired ratios) in an atmosphere of purified helium. 

A series of samples of varying initial Ln: O: C ratios was examined 
micrographically subsequent to arc melting in an effort to determine 
the ratio which gave specimens of greatest phase purity. Frac
tured pieces of the best preparation (determined as described above) 
were annealed by heating to 1650° for not more than 30 min in a 
previously outgassed ZrB2, TaC, or graphite crucible in a helium 
atmosphere of approximately 10 2 torr. Such annealing allowed 
any eutectic material which might be found as an impurity to melt 
out. Several of the samples treated in this manner were cooled 
very slowly to determine if the cubic phase was truly stable at room 
temperature, or if it was simply a quenched high-temperature 
modification. 

Samples of excellent purity were prepared subsequently by zone-
melting a mixture with the appropriate ratio in a sealed molyb
denum tube, using an MRC electron-beam zone melter (Model 
EZB-94). 

Analysis. AU manipulations were conducted in a dry, helium-
filled glove box. Samples for analysis were weighed from finely 
ground and thoroughly mixed specimens. The metal analysis 
was accomplished gravimetrically by precipitation as the oxalate 
and subsequent ignition to the oxide. Total carbon was determined 
by combustion of the sample at 1100° in a stream of dry, purified 
oxygen, oxidizing the carbon monoxide so formed catalytically to 
CO2, and drying and absorbing it in a tared ascarite absorber. Un
bound carbon, found when the dissolved samples were filtered for 
the oxalate analysis, was collected, dried, and weighed, and its 
mass was subtracted from the total carbon content, determined 
by combustion, to give the mass of the bound carbon. 

Oxygen was determined by the vacuum fusion method14 in which 
the samples were dropped into a molten platinum bath which was 
confined in a graphite crucible. Carbon dissolved in the molten 
platinum reacted with the sample to liberate any oxygen present as 
carbon monoxide which was measured volumetrically. 

X-Ray Analysis. The initial investigation utilized the Debye-
Scherrer technique, employing cameras of 114.6-mm diameter and 
copper (Xan 1.5418 A) radiation. Capillaries were filled and 
sealed in the helium-filled glove box to prevent hydrolysis of the 
sample. Later, both Siemens and Norelco diffractometers were 
employed both for intensity measurements and for investigations 
into possible superstructure lines. The powdered diffractometric 
specimens were mounted on glass slides with Canada balsam. 
When the powder-balsam surface was dry, another very thin layer 
of the balsam, diluted with xylene, was flowed over the sample to 
prevent subsequent hydrolysis. 

Areas subtended by the (111) and (002) planes were measured 
with a polar planimeter. 

Hydrolysis. An open, wide-mouthed vial containing a neody-
mium oxidecarbide specimen was placed carefully into a 500-ml 
flask so that the vial would remain upright. The flask was then 
sealed and evacuated, and subsequently 10 ml of water was admitted 
slowly througn a stopcock. Care was taken both to preclude 
admission of air and to ensure that water droplets did not contact 
the sample. After 2 days, helium was admitted to the sealed flask 
to bring it to atmospheric pressure; gas samples of the contents 
were withdrawn with a syringe and subjected to gas chromato
graphic analysis in an F & M Model 810 gas chromatograph. Six-
foot columns filled with 100-120 mesh Porapak Q (Waters Associ-

(10) V. H. Barnighausen, / . Prakt. Chem., 34, 1 (1966). 
(11) M. W. Shafer,./. Appl.Phys., 36, 1145 (1965). 
(12) R. C. Rau, "Rare Earth Research II," Proceedings of the 3rd 

Rare Earth Conference, Clearwater, FIa., April 1963, K. S. Vorres, 
Ed., Gordon & Breach, New York, N. Y., p 130. 

(13) H. Barnighausen and G. Brauer, Acta Cryst., 15, 1059 (1962). 
(14) J. N. Gregory and D. Mapper, Analyst, 80, 225 (1955). 

ates, Inc., Framingham, Mass.) and flame ionization detectors were 
used in the chromatograph. Retention times for methane and 
acetylene were determined using CP methane and acetylene. 

Results 

Preparatory. Very little information about stoichi-
ometry can be deduced from reactant molar ratios used 
in the arc melter since considerable carbon was ex
pelled from the hearth and a thin layer of sesquioxide 
was frequently deposited on the walls of the melter. 
However, if a partial pressure of carbon monoxide was 
introduced into the helium atmosphere of the arc 
melter, significant amounts of sesquioxide were found 
by X-ray powder diffraction techniques in the product 
with the heavier lanthanides (Gd, Ho , and Er). When 
similar preparatory mixtures of the lighter lanthanides 
(La, Nd) were arc melted under a carbon monoxide 
atmosphere, the Ln2O2C2

1 ,4 phase was the only product. 

Micrographic examination of the arc-melted samples 
invariably indicated the presence of a small amount of 
gold-colored impurity distributed through the silver-
gray major phase. The "herr ingbone" patterns of the 
minor phase suggested that it melted at a lower tem
perature than the major phase. That this was true 
was shown conclusively when most of this minor gold-
colored phase melted from a sample in an annealing 
experiment leaving in the unfused major phase voids 
of size and shape similar to the areas originally occupied 
by the minor gold-colored phase. The gold-colored 
material recovered from the crucible (ZrB2) exhibited 
the diffraction pattern characteristic of the dicarbide, 
thereby indicating that it was probably a graphite-
dicarbide eutectic. 

Zone-melting techniques also produced samples of 
excellent phase purity. These high-purity samples 
were used for the oxygen analysis, much of the carbon 
analysis, and all of the diffractometric investigations. 

Analytical. Analytical results, including the stan
dard deviation of the measurements, are as follows: 
Nd, 90.50 ± 0 .23%; O, 7.90 ± 0.02%, and C, 1.82 
± 0.7%. The standard deviation of the oxygen de
termination, ± 0 . 0 2 % , probably does not represent the 
true accuracy of the measurement, particularly when 
the hydrolytic nature of the phase is considered. A 
more reasonable limit of error is ± 0.25 %. These data 
indicate a stoichiometry of Nd 4 Ou 6 ±o.ioCio±o.3 or 
approximately Nd 4 O 3 C. 

X-Ray Analysis. No peaks other than those assign
able to face-centered cubic symmetry were found in 
the diffractometer tracings. This observation indi
cates (a) either a lack of or a statistical distribution of 
lattice vacancies, and (b) a probable lack of ordering 
of the carbon sites. 

The measured intensities of the (111) and (002) 
peaks were compared to those values calculated for 
both an NaCl and ZnS lattice type by assuming that 
an N d 3 + ion and an oxygen atom located at the respec
tive sites approximate the electron density of the 
Nd 4 O 3 C species. The scattering factors reported by 
Cromer and Waber1 5 were used for these calculations. 
The temperature factor of oxygen was assumed to be 
1.5 and that of neodymium 0.6, and the absorption 
error was considered to be negligible. The calculated 
and experimental data are presented in Table I. 

(15) D. T. Cromer and J. T. Waber, Acta Cryst., 18, 104 (1965). 
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Table I. Calculated and Observed Intensities for the 
(111) and (002) Planes of Nd1O3C 

. Plane 
Structure type (111) (002) 

ZnS(calcd) 100.0 33.2 
NdO0.79C0.24 (obsd) 100.0 66.4 ± 1.2« 
NaCl(calcd) 100.0 68.6 

" Standard deviation of measurement. 

The intensities of other planes were calculated, but 
the differences between them were not significant enough 
to demonstrate a preference of one structure over the 
other. However, these observed intensities were in 
general agreement with those calculated for both struc
tures. On the basis of the data presented in Table I, 
we conclude that the oxidecarbide possesses a NaCl-
type fee structure ^having a lattice parameter, a0 = 
5.1407 ± 0.0001 A, where the error reported is the 
standard deviation of a least-squares fit of the powder 
data. 

Samples prepared with excess metal, carbon, and 
oxygen showed an invariant lattice parameter. How
ever, since the X-ray powder diffraction technique 
would be insensitive to slight deviations in the O/C 
ratio, an invariant lattice parameter can be interpreted 
only as an indication of a narrow homogeneity range. 
The phases which coexisted with Nd4O3C seemed to 
vary as the carbon monoxide pressure was altered. At 
temperatures of about 1500° and a partial pressure of 
CO of about 25 torr, Nd2O2C2 and graphite were pres
ent, while at the same temperature and at partial pres
sures of less than 10 -4 torr, NdC2 and graphite were 
observed. 

Electrical Conductivity. Semiquantitative measure
ments on a pressed pellet of Nd4O3C indicated a con
ductivity of the same order of magnitude as that of a 
piece of neodymium metal of similar dimensions. 

Hydrolysis. The graphic display of the chromato
graphic output presented a very intense peak attribut
able to methane and a weaker peak assignable to 
acetylene. The acetylene peak tailed off with two 
shoulders, presumably due to minor hydrolysis prod
ucts similar to acetylene. 

Planimeter measurements of the areas under the 
peaks, corrected for differences in detector response to 
methane and acetylene, indicated that the hydrolysis 
mixture consisted of 96 ± 3 % methane and 4 ± 2 % 
acetylene, along with some other minor mixed hydro
carbons. 

The oxidecarbide surface hydrolyzed very rapidly in 
atmospheric moisture, but the resulting sesquioxide 
layer appeared to protect the interior core. When 1 
JV HCl was used in the analytical procedure to dissolve 
the sample, the hydrolysis was often pyrophoric. Ap
parently this vigorous oxidation produced free carbon 
since the free carbon content of such samples was greater 
than that found in samples hydrolyzed more slowly 
with first a small amount of distilled water, then acid. 

Discussion 

This ternary phase appears to be a carbon-stabilized 
lanthanide monoxide. The apparently fixed C/O 
ratio is markedly different from the variable C/O ratio 
evidenced by the ZrO1 _eCe and UO1-JC5 phases 
reported previously; however, fixed C/O ratios have 

been observed in other lanthanide oxidecarbides.1'4 

There are several possibilities for placement of carbon 
atoms in the crystal lattice. They may be situated 
either (a) as C 4 - methanide ions occupying one-fourth 
of the octahedral anion sides, (b) as randomly oriented 
C2

2- acetylide units occupying one-eighth of the octa
hedral anion sites (leaving anion vacancies), or (c) 
as a combination of the two. 

Since the hydrolysis products consist principally of 
methane with but a trace of acetylene and its analogs, 
the carbon appears to be present as a methanide ion. 
Even though the hydrolysis was effected principally by 
water vapor, some minor reaction of two methanide 
ions to form acetylene and subsequent reduction to 
more hydrogenated analogs cannot be precluded. 
Additionally, the total absence of traces of a dicarbide 
cannot be proved, but most of the carbon present 
must be assumed to be in the form of methanide ions. 
Thus, the second case and, for the most part, the third 
case described in the preceding paragraph may be 
eliminated. The hypothesis of methanide ions is con
sistent with the X-ray powder diffraction results. That 
the cubic phase appears to be crystallographically 
stable at both room and elevated temperatures and 
not just a quenched high-temperature modification 
substantiates further this hypothesis since acetylide-
containing carbides usually exhibit symmetry different 
from cubic at room temperature due to the presence 
of the anisotropic acetylide species.16 

Furthermore, if the carbon were to exist in this phase 
in the form of acetylide ions, the formal oxidation 
state of the metal would be 1.75, compared to the value 
of 2.50 based on the methanide assumption. Since, 
even when a lanthanide ion is combined with a strongly 
reducing anion, its observed formal oxidation number 
is generally not less than two, the higher value seems 
the more likely. In addition, the lattice parameter 
observed for this phase (5.1407 A) is almost identical 
with the value reported for NdN (5.151 A)17 in which 
the metal exhibits the trivalent state.18 If the effective 
anionic radius of the oxidecarbide is computed as the 
average of the radii of the respective ions weighted 
according to their atomic percentages, a value identical 
with that of the nitride ion is obtained.19 

On the basis of the work described in this paper, it 
appears that the incompletely characterized monoxide 
phases discussed in the introductory section are really 
ternaries, consisting of metal, oxygen, and carbon or 
nitrogen. The SmO phase, for example, has been 
reported to be an oxidenitride, and attempts to prepare 
it in the absence of nitrogen or carbon have, to date, 
been unsuccessful.20 In all probability, any reported 
lanthanide or actinide monoxide, except possibly 
EuO, prepared by carbon reduction of the sesquioxide 
is, in reality, an oxidecarbide. 

The high conductivity of the Nd4O3C species is 
similar to that observed in lanthanide carbide phases 

(16) A. L. Bowman, N. H. Krikorian, G. P. Arnold, T. C. Wallace, 
and N. G. Nereson, Proceedings of the 6th Rare Earth Research Con
ference, Gatlinburg, Tenn., May 1967, p 311. 

(17) A. Taylor and J. Kagle, "Crystallographic Data on Metal and 
Alloy Structures," Dover Publications, New York, N. Y., 1963. 

(18) R. Didchenko and F. P. Gortsema, J. Phys. Chem. Solids, 24, 
863 (1963). 

(19) L. Pauling, "The Nature of the Chemical Bond," 3rd ed, Cornell 
University Press, Ithaca, N. Y., 1960, p 538. 

(20) L. Eyring, private communication. 
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and suggests bonding of an analogous nature.21,22 

Assuming this to be true, the metal ion should be in a 
tripositive oxidation state and should supply electrons 
into conduction bands. In this phase, each neody-
mium ion could presumably donate one-half electron 
to the conduction band, assuming all carbon units 
exist as C 4 - ions and the stoichiometry is Nd4O3C. 
The silver-gray color of the phase is also indicative of 

(21) N. N. Greenwood and A. J. Osborn, / . Chem. Soc, 1775 (1961). 
(22) R. C. Vickery, R. Sedlacek, and A. Ruben, ibid., 498 (1959). 

Methoxytetraphenylantimony and dimethoxytri-
phenylantimony have been obtained by Briles 

and McEwen2 by reaction of tetraphenylstibonium 
bromide with sodium methoxide in methanol solution. 
The preparation of the latter compound by this method 
is of particular interest in that it represents a clear 
case of a nucleophilic substitution reaction at antimony 

(C6H5)4Sb+,Br- + NaOCH3 — > NaBr + 
CHiOH 

(C6Hs)4SbOCH3 > (C6H6)3Sb(OCH3)2 + C6H6 

Although the subject of pentacoordinate species has, 
in recent years, received considerable attention,3 rela
tively few structures4-10 of organic antimony(V) com-

(1) (a) University of Massachusetts; (b) Brookhaven National 
Laboratory. 

(2) (a) G. H. Briles and W. E. McEwen, Tetrahedron Letters, 5191 
(1966); (b) G. H. Briles, Ph.D. Thesis, University of Massachusetts, 
1965. 

(3) E. L. Muetterties and K. A. Schum, Quart. Rev. (London), 20, 
245 (1966). 

(4) A. F. Wells, Z. Krist., 99, 367 (1938). 

conduction band occupation, but further conductivity 
and magnetic studies are needed before definite state
ments can be made about the bonding. 
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pounds containing alkyl or aryl groups have been 
clearly established. All but one of the known penta-
coordinated group V elements adopt a trigonal bi-
pyramidal geometry. The exception is pentaphenyl-
antimony, Sb(C6Hs)5, which, unlike the phosphorus 
and arsenic homologs,11 was found by Wheatley12 

to have an approximately square-pyramidal structure. 
The difference in energy between the trigonal bipyramid 
and the square pyramid for most compounds is probably 
small, and as such there may be specific ligand stabil-

(5) T. N. Polynova and M. A. Porai-Koshits, Zh. Strukt. Khim., 7, 
742 (1966); J. Struct. Chem. (USSR), 2, 445 (1961). 

(6) K. A. Jensen, Z. Anorg. Allgem. Chem., 250, 257 (1943). 
(7) L. Kolditz, M. Gitter, and E. Rosel, ibid., 316, 270 (1962). 
(8) Yu. T. Struchov andT. L. Khotsyanova, DoM. Akad. Nauk SSSR, 

91, 565 (1963). 
(9) (a) G. G. Long, G. O. Doak, and L. D. Freedmann, J. Am. Chem. 

Soc, 86, 209 (1964); (b) G. O. Doak, G. G. Long, and L. D. Freed
mann, J. Organometal. Chem. (Amsterdam), 4, 82 (1965). 

(10) (a) M. Shindo and R. Okawara, ibid., 5, 537(1966); (b) H. C. 
Clark and R. G. Goel, Inorg. Chem., 5, 998 (1966); (c) A. J. Downs 
and I. A. Steev, J. Organometal. Chem. (Amsterdam), 8, 21 (1967). 

(11) P. J. Wheatley, J. Chem. Soc., 2206 (1964). 
(12) P. J. Wheatley, ibid., 3718 (1964). 
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Abstract: The structures of methoxytetraphenylantimony, (C6Hs)4SbOCH3, and dimethoxytriphenylantimony, 
(C6Hs)3Sb(OCHs)2, have been determined from three-dimensional single crystal X-ray diffraction counter data. 
Both compounds are monomeric and contain pentacoordinated antimony atoms. Methoxytetraphenylanti
mony crystallizes with eight molecules in space group Pbca of the orthorhombic system with cell dimensions of 
a = 14.81 (2), b = 16.95 (3), c = 16.74 (2) A; V= 4202 As. The conformation of the organic ligands around 
the antimony atom is that of a trigonal bipyramid with the methoxyl group occupying one of the apical posi
tions. The Sb-O bond distance is 2.061 (7) A. The apical Sb-C bond distance of 2.199 (14) A is significantly 
longer than the equatorial Sb-C distances of 2.131 (11), 2.128 (13), and 2.097 (15) A. The Sb atom is displaced 
0.10 A out of the equatorial plane toward the apical phenyl group. Dimethoxytriphenylantimony crystallizes 
with four molecules in space group P2i/c of the monoclinic system with cell dimensions of a = 11.51 (2), b — 
9.40 (2), c = 17.30 (3) A; /3 = 101.75 (I)0; V = 1832 A3. The trigonal bipyramidal conformation around the 
antimony atom has a carbon atom from each of the three benzene rings in the equatorial plane with Sb-C 
distances of 2.119 (10), 2.121 (11), and 2.119 (12) A. The methoxyl groups occupy both apical positions with 
Sb-O bond distances of 2.039 (8) and 2.027 (8) A. The conventional crystallographic R factors are respectively 
2.8 and 3.4%. The nmr spectrum of methoxytetra-p-tolylantimony has been taken and a single sharp peak 
was observed for the p-methyl protons. This result suggests that this compound exists in solution either as a 
rapidly established equilibrium mixture of trigonal-bipyramidal and square-pyramidal configurations or as the 
latter configuration only. 
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