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6. Base Adducts.—Stannous fluoride was dissolved in
a minimum amount of dimethyl sulfoxide at 80°, and on
cooling, colorless crystals formed; m.p. 85° with decom-
position.

Anal. Caled., for SnFy-OS(CH;).: Sn, 50.6; S, 13.6.
Found: Sn, 50.4; S, 13.7.

Germanium difluoride (5 g.) was dissolved in 15 ml. of
dimethyl sulfoxide. Excess sulfoxide was removed under
high vacuum to give an oil which, when ether washed and
dried, gave a white solid which begins to decompose above
240°,

Anal. Caled. for GeFy: OS(CHj)s:
Found: F, 20.7; S, 17.3.

A referee correctly pointed out that the data initially
presented did not preclude the possibility that oxygen is
abstracted from dimethyl sulfoxide and that the isolated
complexes might be MF,-S(CHj). The infrared data,
which had not been ineluded initially, clearly showed ab-
sorption in the region (~1020 cm.™!) characteristic of
S-0 stretching vibration.

Germanium difluoride (5 g.) was dissolved in 25 ml, of
dioxane and filtered. On cooling, colorless needles formed;

F, 20.3; §, 17.0.
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m.p. 74-78° with decomposition. These needles, after a
brief (0.5 hr.) vacuum drying, consistently analyzed for
GeF;- Xdioxane with X ranging from 0.92 to 0.95. Ex-
tended vacuum drying led to lower values of X, indicating
dissociation of the complex at 25°,

All of the tin and germanium complexes, in solution, ab-
sorbed oxygen as shown by tensimetric measurements.

Analytical.—The compounds to be analyzed for Ge,
Sn, or F were decomposed by peroxide fusion. German-
ium was determined by a tannic acid procedure,!? tin by a
modified hydrolysis and ashing procedure,!3 and fluorine
by distillation (Willard and Winter) and titration with
standard thorium nitrate.

Acknowledgment.—The assistance of Mr. A. F.
Biddle in the X-ray analyses is gratefully ac-
knowledged.
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The hydrolysis of lanthanum and cerium carbides at various temperatures was investigated. The complex
hydrocarbon mixtures resulting from the hydrolysis were analyzed by gas chromatography. The production
of acetylene at room temperature was approximately 65 mole %, but no acetylene was produced at 200°,

Introduction

The hydrolytic reactions of rare earth dicarbides
have been studied by Moissan,? by Damiens,*
by Zambonini,® by Villelume,® and recently by
Greenwood and Osborn.” Damiens and Moissan
found the major product of the reactions to be
acetylene, but differed markedly as to the consti-
tution of the remainder of the gaseous products.

(1) This work was supported by the Office of Ordnance Research,
It is based in part on a dissertation submitted by G. Palenik to the
Graduate School of the University of Southern Califoraia in partial
fulfillment of the requirements for the Degree of Doctor of Philoso-
phy, June, 1960.

(2) H. Moissan and A. Etard, Compt. rend., 122, 576 (1806);
ibid., 128, 148 (1896).

(8) H. Moissan, “The Electric Furnace,” Chemical Publ. Co.,
Easton, Pa., 1920.

(4) A. Damiens, Comp!. rend., 167, 214 (1913); Ann. Chim.,, 10,
137, 330 (1918).

(5) F. Zambonini, Ait accad. naz. Lincei, (v) 88, 16 (1924),

(6) J. Villelume, Doctoral Thesis, University of Paris, 1952;
Compt. vend., 282, 235 (1951); Ann. chim., T, 265 (1952).

(7} N. N. Greenwood and A, J. Osborn, J, Chem., Soc., 1775
(1961).

The more recent work of Villelume conflicts with
the earlier studies. Damiens also hydrolyzed
a carbide, supposedly cerium tricarbide, which he
reported to give 989, acetylene. The existence
of this tricarbide and the products from the hy-
drolysis reaction have never been confirmed.

Greenwood and Osborn studied the reactions of
lanthanum dicarbide and sesquicarbide with
sulfuric, nitric, and chlorosulfonic acids and
molten iodine. The reactions of the carbides with
the above reagents are complicated by various
side reactions which obscure the nature of the
hydrolysis products. The present hydrolysis
study was conducted under conditions which re-
strict the effect of the hydrolysis medium and the
highly exothermic nature of the reaction in in-
fluencing the final products.

This study of the hydrolysis of lanthanum and
cerium carbides was undertaken as part of a
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general investigation of the rare earth—carbon
system. Shortly after the completion of the
experimental work on this system, Atoji, ef al..®
Spedding, et al.,® and Vickery, et al.,*® reported
similar investigations on the rare earth—carbon
systems. The present investigation, while cor-
roborating the composition and structures re-
cently reported, is primarily concerned with the
hydrolysis of these carbides.

Experimental

Preparation of the Carbide Samples.—The carbide
samples were prepared by heating a mixture of the metal
hydride and graphite to 1700° ¢ vacuo as described below,
The metal hydride is brittle and can be powdered easily,
facilitating the preparation of intimate mixtures of the
metal hydride and graphite. The above method is very
well suited to the preparation of small quantities of the
carbides,.

The high purity rare earth metals, supplied by Dr. F.
H. Spedding,'! were cut into small cubes, using a water-
cooled abrasive saw. The metal samples then were filed
under mineral oil to obtain a bright surface, washed with
solvent, and quickly dried and weighed. The graphite,
obtained by powdering spectrographic grade rods, then
was weighed to give the desired stoichiometry. A slight
(5-109,) excess of graphite was used in some preparations
to compensate for loss due to reaction with the crucible.
The metal cube, the graphite, and a glass rod hammer were
placed in a Pyrex reaction tube which could be attached
through two sets of ball joints to a vacuum line.

The hydrogen used to convert the pure metal to the
hydride was supplied by the thermal decomposition of
uranium hydride. Once the rare earth metal had been
converted to the hydride by heating, the reaction tube was
removed and mechanically shaken until an intimate mix-
ture with the graphite was produced.

The reaction tube containing the powdered metal hy-
dride-graphite mixture was transferred to the glove box in
which the induction furnace was mounted. All transfers
to and from the furnace were made in the glove box in an
atmosphere of dry carbon dioxide. The furnace was
loaded, sealed, and evacuated without disturbing the inert
atmosphere in the box. The samples then were heated in
tantalum crucibles, in successive stages to 1700° in wvacuo
and maintained at this temperature for 0.5 hr. to ensure
complete reaction of the metal and graphite. The samples
were allowed to cool in the furnace under vacuum,!?

Characterization of the Carbide Samples.—Both X-
ray powder diffraction patterns and standard combustion
analysis were used to characterize the carbide samples.
The existence of the dicarbides previously reported by

(8) M. Atoji, K. Gscheidner, Jr., A. H. Daane, R. E. Rundle,
and F. H. Spedding, J. 4m. Chem. Soc., 80, 1804 (1958).

(8) F. H. Spedding, X. Gschneidner, Jr., and A. H. Daane, ¢bid.,
80, 4498 (1958); Irans. Met, Soc. ATME, 218, 192 (1959).

(10) R. C. Vickery, R. Sedlacek, and Ardys Ruben, J. Chem. Soc.,
498, 503, 505 (1959).

(11) Institute for Atomic Research, Towa 3tate University, Ames,
Towa.

(12) A more complete description of the furnace and experi-
mental technigues cant be found in the dissertation.
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Moissan? and. by von Stackelberg!® thus was confirmed.

In addition to the dicarbides, which were electrically
conducting and golden in appearance, silvery lower car-
bides also were observed. These compounds could not be
obtained free of the dicarbide or of the metal, but the cell
constants indicated sesquicarbides isostructural with plu-
tonium sesquicarbide, The cell constants determined for
these body-centered tetragonal dicarbides and body-
centered cubic sesquicarbides are summarized in Table I;
they are in agreement with recent values found by
others. 710

TaBLE 1
CeLL CONSTANTS FOR THE DICARBIDE AND SESQUICARBIDE
PHASES
Sesqui-
~——————Dicarbides RCz — carbides RaCs
Metal o (A) o (A) ae (A)
La 3.93+£0.01 6.56£0.01 8.80 £ 0.01
Ce 3.87 6.47 8.58
Pr 3.83 6.42 8.34

Nd 3.81 6.38

In all cases where a dicarbide sample was hiydrolyzed,
care was taken to ensure that only the dicarbide phase was
present. If either the results of the combustion analysis or
the X-ray powder pattern indicated a deviation from ideal
stoichiometry, the sample was not used.

Hydrolysis of the Carbide Samples,—The apparatus
used to study the hydrolysis reaction at various tempera-
tures is illustrated in Fig. 1. The gaseous product was
analyzed by means of a Perkin-Elmer gas chromatograph.
A few preliminary analyses were made mass spectro-
graphically; the results of the two methods agreed satis-
factorily.

In a typical hydrolysis reaction, a sealed sample tube
containing the carbide was broken and the carbide poured
into the holder. The sample holder was lowered into the
reaction tube which then was attached to the manifold and
evacuated. The above operations were carried out quickly

TO VACUUM LINE
/ BREAKERS

TO MANOMETER
~ DEAERATED
—/
DRY\NG U-TRAP

Ml + SPECIMEN

% FURNACE

PRODUCT
COLLECTICON
BULB

Tig. l.—=Apparatus for hydrolysis of carbides,

(18) M. von Stackelberg, Z. physik. Chem.. 9B, 187 (1930);

Z. Elckirockem., 37, 532 (1931).
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TasLe 11
CoMPOSITION OF HYDROCARBONS FROM HYDROLYSIS OF RARE EARTH CARBIDES

Relative LaCs,
response 25°

Substance per mole® mole %,

Ethane 51 24.3
Ethylene 48 8.45
Propane 65 0.21
Propylene 63 .03
n-Butane 85 .51

Acetylene (48) 61.5
1-Butene 81 1.13
Isobutene 82 0.00
Unknown I (80) .00
trans-2-Butene 85 .66
c1s-2-Butene 87 72
n-Pentane 105 .05
Unknown II (80) .03
1,3-Butadiene 80 .05
Unknown IIT (80) .00
1,2-Butadiene (80) .26
Unknown IV (80) 2.14

@ These values were taken from ref. 14, except for those assumed values shown in parentheses.
the combined mole percentages of both ethane and ethylene,

to avoid undue decomposition of the sample by atmospheric
moisture,

If the hydrolysis was to be carried out at an elevated
temperature, the furnace was positioned and allowed to
reach thermal equilibrium. In any case the system was
evacuated for at least an hour. The hydrolysis reaction
was initiated, after the Anhydrone-filled drying column
and sample bulb were isolated from the system, by breaking
the tube of boiled water. Under the above conditions the
reaction proceeded slowly, and formation of local hot spots
on the carbide surface was minimized. There was a large
volume expansion on reaction of the dense carbide sample
with the water vapor. This volume increase caused the
reacted material to overflow the sample holder and fall to
the bottom of the reaction tube. A slight tapping of the
tube facilitated this process, exposing more unreacted
surface.

The reaction was considered to be complete when no
appreciable pressure increase was observed over a 24-hr.
period. The water tube was isolated from the system and
the drying tube and sample bulb opened. The gas, after
being drawn through the drying column, was condensed in
the sample bulb by means of liquid nitrogen.

Results

Runs were made with LaCs,y, CeCyy, and Ce-
Ci0 at room temperature and with CeC,, at
100 and 200°. The gas samples were analyzed
by gas chromatography, the area under the chro-
matographic peaks being measured with a Keuffel-
Esser planimeter. The peaks were measured
several times and the results averaged. The area
under each peak was converted to mole fractions
using the data of Messner, Rosie, and Arga-
bright.'* The mole fractions converted into
percentages are given in Table II. Where a com-

CeCs, CeCs, CeCy, CeCu.1o,
25° 100° 200° 25°
mole % mole %, mole % mole %,
19.7 16.3 11.2 26.8
6.56 4.96 39.6
0.03 1.03 13.5 1.10

.05 0.53 12.4 0.48
.83 2.32 1.96 3.18
67.3 63.9 0.00 58.0
1.39 1.20 1.76 1.89
0.00 0.00 0.58 0.00
.00 0.37 0.89 0.00
.84 1.49 3.64 1.41
.87 1.84 3.74 1.28
.00 0.00 3.17 0.07
.03 0.37 0.00 1.51
.07 2.70 3.56 0.00
.00 0.00 2.38 0.00
.22 0.42 1.48 0.24
2.10 2,51 0.00 3.95

¥ The value represents

ponent is labeled as unknown, the calibration of
the instrument did not cover a peak with that
emergence time. Since the instrument was
used for analytical purposes in an oil refinery
laboratory, the calibration covered the most
common hydrocarbons. Except for the peak at
the end, the unknown peaks represented minor
components.

Since the samples were condensed with liquid
nitrogen, non-condensables such as hydrogen,
methane, and carbon monoxide were not collected
in the sample bulb. An estimate of the amount
of non-condensables was made by observing the
manometer before and after condensation with
liquid nitrogen. In the room temperature runs
this difference amounted to about 59, while
at 200° it was approximately 15%,.

Discussion

Lanthanum and cerium dicarbides yielded
closely similar gaseous products on hydrolysis,
indicating that the final oxidation states in both
cases are the same. If the oxidation states were
different, the proportion of hydrogen or hydro-
genated products would be expected to differ
considerably. The behavior of the residue from
the cerium dicarbide hydrolysis supports the
belief that the final oxidation number of cerium
was three. The residue was a light gray material
which turned greenish-yellow on exposure to the

(14) A. E. Messuer, D. M. Rosie, and P. A. Argabright, Anal.
Chem., 81, 230 (1959).
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atmosphere. The above color change can be
explained on the basis of the oxidation of cerium-
(IIT) to the plus four state. The materials ap-
peared to be amorphous hydroxides, and no X-
ray powder diffraction patterns could be obtained
from either. No carbon was found in the hy-
drolysis residues, in contrast to the results of
Greenwood and Osborn.”

The stoichiometry provides little information
regarding the mechanism of the hydrolysis re-
action; however there are several features which
should be noted. The presence of a large pro-
portion of acetylene and even-numbered hydro-
carbons in the gaseous products is not unexpected.
Atoji® showed that Co™® units with a C-C dis-
tance of 1.28 A. are present in the crystal of lan-
thanum dicarbide. The retention of the C. unit
during the hydrolysis at room temperature is not
unreasonable. However, the fact that no acetyl-
ene was found at elevated temperatures is surpris-
ing, The absence of acetylene at the higher tem-
perature, together with an increase in the odd-
numbered hydrocarbons produced, indicates that
a large proportion of the C~C bonds initially
present must be broken. The intermediate
species in the reaction must have a highly in-
creased reactivity at 200°. ’

One of the most interesting features of the hy-
drolysis reaction is the production of nearly equal
amounts of ¢is- and trans-2-butene. Equilibrium
constants for the isomerization of ¢is to trans,
calculated using the thermodynamic data of
Rossini,** were 3.2 at 208°K. and 1.8 at 500°K.
The formation of equimolar amounts of the two
2-butenes does not represent thermal equilibrium
and therefore must be a consequence of the
mechanism by which the two were formed.

A number of mechanisms in harmony with
these observations can be visualized, probably but
not necessarily invelving formation of adsorbed
C,—~H entities on the surface. Such Co-H radicals
are considered to be the precursors of the various
C;- and Cs4 hydrocarbous. The mobility of the
radicals on the surface increases with tempera-
ture, favoring radical combination over acquisition
of a second hydrogen. The proportion of acetyl-
ene thus would decrease and the proportion of odd-
numbered hydrocarbons resulting from bond split-
ting would increase.

The hydrolysis of the sesquicarbide is more

(15) F. D. Rossini, “Selected Values of Physical and Thermo-
dynamic Properties of Hydrocarbons and Related Compounds,”
comprising the Tables of the American Petroleum Institute Research
Project 44, Carnegie Press, Pittsburgh, Pa., 1953.
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complicated since this substance was not obtained
in a pure state. In the hydrolysis of the R.C;
phase, two metal atoms can be considered as
undergoing a three-electron oxidation, resulting
in more hydrogenated hydrocarbons and less
acetylene. The room temperature hydrolysis
of the sample with the stoichiometry CeCy.y is
in agreement with this hypothesis. The mech-
anism is expected to be similar to that postulated
for the dicarbide phase.

A quantitative comparison of our results with
the results of Greenwood and Osborn’ is not pos-
sible. Both studies indicate that the final
products are a function of the reaction tempera-
ture. Because of the highly exothermic nature
of the reaction, the direct addition of the carbide
sample into the hydrolysis medium should be
avoided. If such an addition is made, it could
result in small areas of high temperature which
would affect the results, an effect not considered
by Greenwood and Osborn.

The use of sulfuric and nitric acids by Green-
wood and Osborn for the hydrolysis medium
might have caused secondary changes in hydro-
carbon composition. It is well known that
sulfuric acid can act as an isomerization catalyst
and therefore might influence the results of the
reaction. The inversion of the ratio of the 2-
butene isomers in the nitric vs. the sulfuric acid
experiments could be explained on the basis of
isomerization by sulfuric acid. It isevident from
their results with calcium carbide that side re-
actions occur when nitric acid is used as the hy-
drolysis medium. Furthermore, it has been re-
ported that nitrates of the rare earths catalyze
the oxidizing power of nitric acid with regard to
organic compounds.*®

Unfortunately, data in the literature on the
hydrolysis of other carbides are sparse and often
contradictory. One of the major difficulties in-
herent in these studies is obtaining samples of a
single phase. The earlier work probably suffers
most in this regard. The results of the hydrolysis
of thorium* 1 and uranium?® 7" !® dicarbides are
typical. Three studies of the hydrolysis of
thorium dicarbide reported to date do not even
agree on the major product of the reaction.
Two of the three studies carried out on the hy-

(16) H. W. Lohse, “Catalytic Chemistry,” Chemical Publishing
Co., New York, N. Y, 1945, p. 188.

{17) P. Lebeau and A, Damiens, Compt. rend., 186, 1987 (1913).

(18) F. J. Modic, private communication to E. B. Hunt and
R. E. Rundle, appearing in J. Am. Chem. Soc., 78, 4777 (19851).

(19) L. M. Litz, Doctoral Dissertation, Ohio State University,
19048.
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drolysis of uranium dicarbide agree as to the
major product, even though the two studies
were carried out at widely different temperatures.

In the case of the thorium and uranium car-
bides, the final oxidation state is plus four. The
two-electron oxidation in the hydrolysis reaction
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is expected to produce more hydrogen and hy-
drogenated hydrocarbons than in the case of the
rare earth dicarbides. The hypothesis given
above can be tested only when additional data
are available on the thorium and uranium carbide
hydrolyses.
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The dimerization of (CH;).NBCIl; and non-dimerization of (CHj).NB(CHj), have been investigated by preparing

(CH;):NBCH;Cl.
very stable to disproportionation.

It is made in high yield by heating (CH;):NBCl; and (CH;):NB(CHj;), together at 170°. Itis
It slowly forms a solid dimer like that of (CH;)eNBCl;.

The dimerization is

shown to be a non-equilibrium process resembling freezing which occurs at a higher temperature than the true

melting point.
vapor pressure curves.
also are described.

This study arose from the observation in the .

literature that two apparently similar boron
amines have dramatically different properties.
Dimethylaminodichloroborane, (CHj);NBCl,, is
a mobile, fuming liquid that deposits a solid on
standing, referred to as a “‘dimer” because of the
molecular weight of its solutions in benzene.?
This substance has remarkable resistance to hy-
drolysis by water.  Dimethylaminodimethyl-
borane, (CHj;):NB(CHj),, on' the other hand, is a
mobile, oxidizable liquid that does not deposit a
solid or undergo any detectable changes in prop-
erties, no matter how long it stands in the absence
of oxygen.

In an attempt to determine the reason for this
behavior, we prepared the compound intermediate
between these two, dimethylaminomethylchloro-
borane, (CHs);NBCH;Cl, observed some of its
physical and chemical properties, and com-
pared the properties of all three compounds.

In this paper the term “‘dimer” will be used for
the solids that deposit from pure, monomeric
liquids, and the term ‘“‘adduct” for solids that de-

(1) Based in part on a thesis submitted by Frank Gunderloy in
partial fulfillment of the requirements for the degree of Doctor of
Philosophy at Rutgers, the State University, September, 1957,
Presented at the 135th National Meeting, American Chemical
Society, Atlantic City, N. J., Sept., 1959.

(2) E. Wiberg and K. Schuster, Z. gnorg. u. allgem. Chem., 218,
89 (1933).

This can be located by observation of the kinetics of freezing and by finding the intersection of
Solid adducts [(CH(})ZNBCIQ} [(CHg)zNB(CHs)z] and [(CH3)2NBC12] [(CHs)zNBCHsCl]

posit from mixtures of monomers. The solids
may be more complex than “dimer” implies.

Experimental

(1) Preparation and General Properties.—All momno-
meric aminoboranes were handled in dry nitrogen atmos-
pheres. Samples for analysis were subjected to basic
peroxidation at 100°. After neutralization, boric acid was
determined by titration in the presence of mannitol, and
chlorine was determined by the Mohr titration. Molec-
ular weights were measured cryoscopically in p-xylene.

(a) (CH;);NBCl; was prepared by using a slight modi-
fication of the method of Goubeau.? The separation of
[(CH;3)N];B and [(CH;):N},BCl was found to be unneces-
sary, sinice both reacted readily with BCl; to give the de-
sired product. FEach sample was purified by fractional
distillation through a 45.8-cm., wire-spiral column at 30—
40 mm.,, collected in a receiver chilled to —25°, and stored
at —25° until used. Vields ranged up to 75%.

(b) (CH;);NB(CH;), was prepared by the action of
methyl Grignard reagent on (CH;):NBCl, as described
elsewhere.4

(c) [(CH;),NBCL][(CH;),NB(CH;);,] was prepared by
mixing approximately equimolar amounts of the mono-
mers at —25° and allowing the mixture to stand for 4-8 hr.
at this temperature. The reaction at room temperature
was too violent. Unreacted starting materials then were
removed iz vacuo, and the crystals were washed with water
and dried in a vacuum desiccator for several hours. Vields

(3) J. Goubeau, M. Rabtz, and H. J. Becher, tbid., 275, 162
(1954).

(4) F. C. Gunderloy, Jr., and C. E. Erickson, J. Org. Chem., 24,
1161 (1959).



