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decomposes rapidly to 02 and FZ klose to its norihal 
boiling point of - 57'. Littie is published concern- 
ing the chemistry of this compound and we wisb 
to report here its reaction with tetrafluoroethytene. 

Dioxygen difluoride was prepared in an electri- 
cal discharge by a method described by Kinhen- 
baum and GrosSe.2 The method +&Is 02372 when 
the proportions of oxygen and fluoiine are 1 : 1. 
The discharge tube, which also was used as the 
reactdr, was maintained a t  -196' during the 
preparation and was warmed and cooled slightly 
several times with pumping to remove aky dis- 
solved oxygen. 

The reactions were conducted by allowing tetra- 
fluordethylene to condense hito the reattor 
containing the solid 02F2 a t  - 196', maintained 
with a liquid nitrogen-filled dewar. Upon con- 
tact, flashes here observed eveh at this tempera- 
ture and these continued with gradual lowering of 
the liquid nitrogen level. The products from the 
reaction were COR and CF4 with lesser amounk of 
c2F6, SiF4, and C?F300CF~. All products were 
isolated by conventional vacuum line fractional 
condensation and chromatographic techniques 
and were identified by their reported infrared and 
mass spectra. In an additional experiment, 
several liquid cc. of diluent argon (vapor pressure 
a t  -196' = 200 mm.) were condensed into the 
reactor containing the 02F2. The C2F4 was 
allowed to diffuse to the cold zone. A single small 
flash was observed. In addition to the above 
products, CF30F, OF2, and C4F10 also were pro- 
duced. Finally, the C2F4 was highly diiuted with 
helium before being passed through the reactor at  
-196' and 2-4 mm. No flashes were noticed 
during addition, but on warming a few were again 
observed. Most of the condensable material was 
volatile a t  -160' and the products included the 
above (with the exception of OF2) along with do,, 
C2F60CFd, and Fq' ' y 2 .  No CtF4 or 02F2 was 

recovered from any of these experiments. These 
resuits were generally reproducible if similar con- 
ditions were employed. 

Most of the steps necessary td give the products 
isokiked (undevlined) can be explained by 'known 
feaetions Ceq. & 4, and 5 ) .  3Zquations 1 and B day 
offer zin explanation for the prikary reactim. 
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The great reactivity of CF&F at ignition t h -  
peratwe BO doubt explains its idat ion in low 
yieid. It is suggested that this reaction under 
the proper conditions probably would give a 
higher yield of CF80F. 

Grateful acknowledgment is made to Mr. L. 
Adlum for interpretation of the infrared data. 

(3) (s) m e n  tlie authors in ref. 3b attem~ted tKs reattion, addi- 
tian dPd hot dccnr; in*ead Teflon-like polymers or CF4 and Cd 
were produced. However, the authors in ref. 4 did effect addition 
6f CF&P to ethyrene to give C~OCIHC~T and the conditions ased 
ih the curretit Work may erbkain the results. (b) R. S. Porter and 
G. H. Cady, J. Am. Chcm. SOC., 79, 5625, 5628 (1957). 

(4) J. A. C. Allisqn and G. H. Cady, ibid., 81, 1089 (1959). 
(5) Offiee bf th'e Screkary of DQedSe, Advahced Research pro$ 

ects Agency, Washington 25, D. C. 
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Commenk Concerning the Effect on the 
DiliormePen taborane Exchan&e Reaction 
of the Reported Deuterium Isotope ERect 
in 'the Decomposition of Diboranel 

Sir: 
In a recent paper2 calculation of the ratio of 

equilibrium constants for dissociation of B2Da 
and B2H6 was reported to lead to the conclusion 
that under identical conditions the BD, concen- 
tration will be about twice as large as the RHs 
concentration. This is significant in view of the 
h &  Wt d+bire-pentaW&fie isotopic ekcliange 
reactions which Professor Koski and the author 

(1) l%B wdkk w6s shppor'ftd ?n pdrt by the Office of Wakal 

($ R. E. Ef~lpont Qnd R. Scbaeffer, J .  Inarg. Nucl .  Chhn., 18, 
Research 

103 (1961). 



974 CORRESPONDENCE Inorganic Chemistry 

ran some years ago showed the rate of exchange of 
B2D6-BsHs to be faster than that of the reverse 
exchange BzH~-BsD~.~  This can be seen from 
Fig. 3 of reference 3, the distribution of partially 
deuterated pentaboranes from (a) B2De-BbHg 
and (b) BzH6--B6H9 exchange reactions run under 
identical conditions, where the species due to 
exchange are greater in (a). A larger concentra- 
tion of BDa than of BH3 in a comparable reaction 
would lead to this result. 

Also, the decomposition rate of BzH6 appeared 
to be j ive times faster than that of B2Ds2 if one 
follows the rate of hydrogen evolution assuming 
the rate-determining step to be 

BaHo + BsK7 + Hz 
This result also is pertinent to the diborane- 
pentaborane exchange because a complication in 
this exchange is the synthesis of some partially 
deuterated (or partially hydrogenated) penta- 
borane from the diborane during the course of 
the exchange reaction a t  80'. A larger amount of 
pentaborane was synthesized from the diborane in 
the B2Hs-BsDs exchange than was synthesized 
in the reverse exchange B2De-B6Hs; this is en- 
tirely in accord with the observed deuterium 
isotope effect reported in the decomposition of 
diborane. 

There is further experimental evidence from the 
exchange studies which relates to this observed 
isotope effect in diborane decomposition. For 
calibration of both infrared and mass spectro- 
metric experiments, samples of partially deuterated 
penta- and decaboranes with random distribution 
of deuterium were prepared by pyrolysis of 
partially deuterated diborane samples under ap- 
propriate  condition^.^ The original partially 
deuterated diboranes were made by mixing B2Hs 
and BZD6 in the proper proportions, equilibrating 
the mixture by self-exchange to random a-D 
distribution, and checking for deuterium content 
by thermal conductivity6; then the diboranes 
were pyrolyzed. The deuterium contents of the 
final penta- or decaboranes prepared this way 
were always several per cent higher than those of 
the starting diboranes themselves.6 Since B3Xs 
(X = H or D) probably also is the intermediate 

(3) W. S. Koski, J. J. Kaufman, L. Friedman, and A. P. I r a ,  

(4) (a) J. J. Kaufman and W. S. Koski, J .  Chcm. Phys., 24 ,  403 

(5) W. S. KO&, P. C. Maybury, and J. J. Kaufman, And. Chcm., 

(6) J. J. Kaufman and W. S. Koski, unpublished experimental 

J .  Chem. Phys., 14,221 (1956). 

(1956); (b) J .  Am. Chcm. SOC., 78, 5774 (1956). 

16, 1992 (1954). 

results. 

in the rate-controlling step of the pyrolysis to form 
the higher boron hydrides, the observed five- 
times faster rate of €& evolution than of D2 
evolution would indeed favor a product with a 
higher deuterium content than the starting 
material. 

There is another experimental datum which 
might conceivably be related to the greater con- 
centration of BD3 relative to BH3. In a mass 
spectrometric appearance potential study of 
isotopically labeled diboranes,' the apparently 
anomalous experimental observation was made 
that the appearance potential of BM3+ from B2H6 
was about 0.4 e.v. higher than that of BD3+ from 
)B2D6. The relationship that, from a molecule 
R1- R2 

A(R1') = I(&) + D(Ri-Rz) 

[where A(R1+) is the appearance potential of 
a,+, H(RJ is the ionization potential of Rr, 
and ll(R1-R~) is the bond dissociation energy], 
would lead one to the conclusion that either I -  
(BDJ or D(BD3-BD3) must be unusually Bow 
compared to the hydrogenated compound. A 
recent measurement of the heat of formation of 
deuterated diborane shows the heat of dissociation 
of B!$6 to be what one normally would expect 
from the differences in zero point energies.* 
There appears little reason to believe that 
I(BDa) is 0.4 e.v. lower than I(BH3). However, 
there now seems to be an alternative explanation 
for this observed discrepancy in the appearance 
potentials. Appearance potentials are pressure 
dependent. A combination of the higher con- 
centration of BD3 originally present together with 
the BDI formed from B2D6 upon electron impact 
would raise the effective pressure of BDI relative 
to BH3 (from B2Hs). This quite possibly would 
lead to a lower observed appearance potential 
for BD3+ than for BHa+. 

One last comment might be added here. The 
calculations2 were performed assuming molecular 
parameters for B ~ H B  and &De to be the same. 
However, the author has had some question as to  
the validity of this assumption for the past 
several years and has proposed instead the follow- 
ing structure: Terminal B-D bonds in &.De 
are presumed to be shorter than terminal B-H 
bonds by approximately the same amount as 

(7) W. S. Xoski. J. J. Kaufman, C. F. Pachucki, and F. J. Shipko, 

(8) S. R. Gunn and L. G. Greene, J .  Chcm. Phys., 36, 1118 
J .  Am. Chcm. Soc., 80,3202 (1958). 

(1962). 
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normal C-D bonds are shorter than normal C-H 
bonds; on the other hand, bridge B-D bonds are 
postulated to be longer than bridge B-H bonds, 
While there is no direct experimental evidence to 
confirm this hypothesis, a recent preliminary 
electron diffraction study of deuterated diborane 
reports that the average of B-H terminal and 
bridge distances in BgHe and the average of B-D 
terminal and bridge distances in B2Ds are almost 
the sameag Since it seems very likely that the 
terminal B-D distance in BlD6 is shorter than the 
terminal B-€3 distance in BaH6, it is quite prob- 
able that the bridge B-D distance is longer than 
the bridge B-H distance. However, this point 
awaits experimental confirmation, possibly by 
differential neutron diffraction of BZ1’Ha and 
Bs‘lDa. 

(9) L. S. Bartell, paper presented before the Division of Chemical 
Physics, American Physical Society Meeting, March, 1982. 
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Observations on the Hydrolysis Product 
Distributions for Some Inner Transition 
Metal Carbides 
Sir: 

In a recent article, Palenik and Warf’ 
reported on the hydrolysis of lanthanum and 
cerium carbides. The purpose of this communica- 
tion is to point out some similarities in the hy- 
drolysis product distributions of the rare earth 
carbides Lac2 and CeCz and the actinide carbides 
ThC2 and UC2, and to show that the prediction 
of Palenik and Warf’ concerning the nature of 
the ThC2 and UC2 hydrolysis products is indeed 
correct. 

In recent investigations in this Laboratory, 
Kempter and Krikorian2 and Kempter3 studied 
the hydrolysis of ThC and ThCz and UC and 
UCZ, respectively. Although the hydrolysis prod- 
uct distributions from the homotypic carbides 
ThCz and UCa appeared to be dissimilar, it was 
found3 that both consisted of about two-thirds 

( 1 )  G. J. Palenik and J. C. Warf, Inorg. Chcm., 1, 345 (1962). 
(2) C. P. Kempter and N. H. Krikorian, J .  Leas-Common Melds ,  4, 

(3) C. P.  Kempter, ibid.. in press. 
244 (1982). 

even-numbered carbon atom hydrocarbons, about 
three-tenths hydrogen plus methane, and a small 
fraction of catenated odd-numbered carbon atom 
hydrocarbons. In examining the composition of 
hydrocarbons, excluding methane, from the 25 O 

hydrolysis‘ of the isomorphous carbides Lac2 
and CeC2, one sees a semiquantitative agreement 
between individual species and between total 
alkanes, total alkenes, and total alkynes. How- 
ever, if one sums the even-numbered carbon 
atom hydrocarbons, the catenated odd-numbered 
hydrocarbons, and the unidentified components, 
the agreement is much better. The various 
summations of hydrolysis products for LaCz, 
CeC2, ThC2, and UC2 are shown for comparison 
in Table I. Hydrogen and methane are not 
included in any of the totals because Palenik and 
Wart‘ used liquid nitrogen to condense their 
samples; in the room temperature runs they 
obtained about 5 mole % non-condensables. 
The mole percentages of hydrogen and methane 
not included in the ThC2 and UC2 hydrolysis 
product totals are 27.2% Hz, 2.35% CH4 and 
14.1% H2, 17.3% CH4, respectively. Methane 
is of course the only non-catenated odd-numbered 
carbon atom hydrocarbon. 

TABLE I 
DISTRIBUTION OF HYDROCARBON HYDROLYSIS PRODUCTS 

OF SOME INNER TRANSITION METAL DICARBIDES 
Specieso Lacs CeCs ThCt UCS 

Alkanes 25.07 20.56 49.8 68.9 
Alkenes 11.30 10.00 19.5 28.3 
Alkynes 61.5 67.3 27.8 2.8 
Unidentified 2.2 2 . 1  2 .tib . .  
Even-no. C 97.6 97.8 92.9 93.6 
Odd-no. C 0 . 3  0.1 4.3 6.4 

All totals expressed in mole % of total catenated hy- 
drocarbons produced in room temperature hydrolysis. ’ Hydrocarbons above CIH,. 

It also is apparent that the prediction of Pale- 
nik and Wad1 that in the case of thorium and 
uranium carbides “the two-electron oxidation 
in the hydrolysis reaction is expected to produce 
more hydrogen and hydrogenated hydrocarbons 
than in the case of the rare earth dicarbides” 
is consistent with the hydrolysis product data 
for ThCz and UC2. 

Los ALAMOS SCIENTIFIC LABORATORY 
UNIVERSITY OF CALIFORNIA 
Los ALAMOS, NEW MEXICO 

C. P. KEMPTER 

RECEIVED JULY 9, 1962 


