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The preparation of hexaborane(l0) from octaborane(l2) and deuterium oxide does not result in a molecule specifically 
labeled with deuterium. The hexaborane(10)-deuterium oxide exchange reaction results in a hexaborane( 10) molecule 
almost completely substituted with deuterium in the bridge positions while the hexaborane( lO)-deuteriodiborane(6) ex- 
change reaction exclusively exchanges the basal terminal protons. The molecule which is substituted in the basal terminal 
positions was heated a t  50' for 0.5 hr and did not undergo intramolecular exchange; however, it was found that hexaborane- 
(10) does undergo intermolecular exchange at room temperature involving only the basal terminal positions. A temperature 
dependency of the low-field doublet in the llB nmr spectrum of hexaborane(l0) was found. 

Introduction 
Very little has appeared in the literature concerning 

B6HI0 primarily because of the difficulties encountered 
in obtaining reasonable quantities of the compound. 
Most of the publications have reported the prepara- 
tion2-5 or the physical properties and spectra6,' of hexa- 
borane(l0). Recent work in our laboratory has shown 
that octaborane( 12) is nearly quantitatively converted 
to B6HI0 by limited hydrolysis8 and since one can pre- 
pare BsHlz in gram quantities it thus seemed oppor- 
tune to  begin an investigation of the former boron hy- 
dride. In  the course of studying the interconversion 
reactions of boron hydrides in this laboratory, iso- 
topically labeled hydrides have proven invaluable. 
Thus isotopic exchange and labeling studies were under- 
taken. 

Experimental Section 
Spectroscopic Techniques.-The llB nuclear magnetic reso- 

nance spectra were obtained with Varian Associates HA-60-IL 
and HA-100 high-resolution spectrometers operating a t  19.3 and 
32.1 MHz, respectively. Chemical shift values were determined 
by the external standard technique relative to boron trichloride 
and were converted to the boron trifluoride diethyl etherate 
scale by addition of -47.3 ppm. Proton nmr spectra were also re- 
corded on the "4-100 instrument. The low-temperature spec- 
tra were obtained using standard Varian variable-temperature 
probe accessories. Mass spectra were obtained with Consoli- 
dated Electrodynamics Model 21-620 and Associated Electrical 
Industries Model MS-9 ma s spectrometers. Exact mass deter- 
minations on the MS-9 instrument were made using perfluorotri- 
butylamine as the reference compound. Infrared spectra were 
recorded on a Perkin-Elmer 137 spectrometer. 

Deuterium Analyses.-Hydrogen-deuterium analyses of the 
partially deuterated hexaboranes were obtained by pyrolyzing 
the boranes and analyzing the resulting hydrogen-deuterium 
mixture mass spectrometrically as previously described.O 

Preparation of Starting Materials.-Standard high-vacuum 
techniques were used throughout this investigation , l o  All 
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solvents employed were reagent grade and were dried before use. 
The octaborane(l2) used in this work was prepared by decom- 
position of isononaborane(l5) as described elsewhere.11s12 Lith- 
ium aluminum hydride (Metal Hydrides, Inc.) and calcium 
fluoroborate (enriched to 96% LOB by the Oak Ridge National 
Laboratories) were used without further purification. Calcium 
fluoroborate was converted to BF8 by the procedure of Zedler.13 
Diborane enriched in the 1OB isotope was prepared by LiAlH4 
reduction of l0BFa. O(CpHj)?.14 Sodium tetradeuterioborate, 
NaBD4, was obtained from Metal Hydrides, Inc., and was used 
without further purification. Hexadeuteriodiborane(6) was 
prepared by the reaction of NaBD4 with hot polyphosphoric acid. 
Deuterium chloride was prepared by treating PC1, with D?O 
and purified by fractional distillation. 

Nuclear Magnetic Resonance Spectra of B6Hla.-The 100- 
MHz lH nmr spectrum of B6HI0 (Figure 1)  consists of a downfield 
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Figure 1.-The 100-MHz 'H nmr spectrum of B6Hlo. 

quartet and an upfield quartet superimposed over the bridge res- 
onance. The llB and 'H nuclear magnetic resonance spectra of 
BaHlo a t  19.3 and 32.1 MHz q r e e  quite well with the published 
values6J5 (we obtained a J value of 155 cps for the apex boron res- 
onance). 

In  the course of observing the IIE nmr spectra of some of the 
deuterated derivatives of hexaborane(l0) a t  low temperatures 
we observed partial collapse of the low-field doublet. When a 
temperature-dependent study was performed using normal BsHlo, 
i t  was found that indeed the low-field doublet resonance showed a 
temperature dependency while the upfield doublet did not 
(Figure 2 ) .  The low-temperature spectra were run using neat 
BeH10 and also a t  various concentrations of B6H10 in n-pentane. 

Preparation of &HI0 from B6HlZ and D*O.--In a typical reac- 
tion approximately 2 ml of diethyl ether was distilled from 
LiAlH4 into an evacuated 150-ml bulb equipped with a Fisher- 
Porter stopcock. The bulb was removed from the vacuum line 
and weighed. After the bulb was attached to the apparatus 
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Figure 2.-The temperature dependency of the llB nmr spectrum 
of B6H10: (a) 30", (b) -20°, (c) -40°, id) -70". 

used for preparing octaborane(l2), BsHIP was condensed from a 
-15' bath (ice-salt) into the bulb. Reweighing the bulb 
showed that 2.67 mmol of B8H12 had been added. Deuterium 
oxide, 8.01 mmol, was added to a small bulb and was then cou- 
densed into the bulb containing the B ~ H u .  The bulb was re- 
moved from the vacuum apparatus and shaken for approximately 
1 hr at 0". During this time a transient yellow color was noticed. 
The reaction bulb was then reattached to the vacuum system and 
placed in a liquid nitrogen bath, and the noncondensable gas was 
measured. The noncondensable gas, 7 .0 mmol, was analyzed 
mass spectrometrically and contained approximately 43.2 yo 
deuterium. The bulb was shaken for another hour a t  0' and 2.4 
mrriol of additional noncondensable gas having a deuterium con- 
tent of 51.4Yo was evolved. The B6H10-(C~H6)~0 mixture was 
pumped from the bulk a t  0' and separated on a low-temperature 
fractionating column.'6 

The solid product obtained in this reaction was washed from 
the bulb with dry pentane, filtered, and dried, and their  spectrum 
was taken in a KBr pellet. The spectrum was identical with that 
of boric acid, B(0H)s. 

The 1lB and 'H nmr spectra at 0" were essentially those of 
normal hexaborane(l0) with the exception that the bridge reso- 
nance in the proton spectrum appeared to be slightly less intense. 
The ir spectrum showed several changes: (1) there was a new 
absorption band at 1950 cm-l; (2) the absorption a t  1490 
cm-l was broadened with the shoulder a t  approximately 1560 
cm-' missing from the spectrum; ( 3 )  a new intense peak ap- 
peared a t  approximately 1125 cm-I; (4) the very intense absorp- 
tion a t  880 cm-1 was considerably reduced in intensity. The 
mass spectrum had a cutoff value of m / e  82 corresponding t o  
11BsH4D6+. The most intense peak was m/e 73. High-resolu- 
tion mass spectrometry showed that m / e  73 absorption con- 
sisted of three peaks. Exact mass determinations showed that 
the most intense of the three peaks corresponded to 'OB"B:,H~DI+ 

while the second most intense peak corresponded to l1B6H.,Dt and 
the third peak matched well with 'oBs11B4H5D2'. A small por- 
tion of the deuterated hexaborane(l0) vias pyrolyzed and the 
noncondensable gas was measured mass spectrometrically. The 
average composition of the deuterated species was calculated 
to be BsH7.sDz.i. 

B6HI0-D20 Exchange.--A 100-ml reaction bulb equipped with 
a Fisher-Porter stopcock was charged with 0.360 ml (18 mmol) 
of DsO. The bulb was placed in a liquid nitrogen bath and 
evacuated, and 0.69 mmol of B6H10 was condensed i n .  Thus a 
26 : l  mole ratio of DPO mas used. The reaction mixture was 
shaken a t  room temperature for approximately 0.5 hr. 1-igor- 
ous bubbling was observed throughout this period. The bulb 
was then reattached to  the vacuum system, a liquid nitrogen 
bath was placed around it, and noncondensable gas, 1.48 mmol, 
was removed. The noncondensable gas was analyzed mass spec- 
trometrically and contained 71.6% deuterium. The liquid 
nitrogen bath was replaced with a bromobenzene slush ( - 3 0 ' )  
and all materials volatile a t  this temperature were pumped off 
and placed on the low-temperature fractionating column .I0 

A very small amount of material distilled from the column a t  
- 105'. I ts  infrared spectrum was very similar to tetraborane- 
(10) and the mass spectrum had a cutoff peak a t  m/e 56 which 
would correspond to a deuterated B4H10. The hexaborane(l0) 
distilled off the column a t  approximately -80'. The infrared 
spectrum was very similar to the spectrum of the deuterated 
hexaborane(l0) obtairied from the reaction of BSHIP and DIO 
with the exceptions that the band a t  1950 cm-' is markedly 
reduced in intensity although it still has a small shoulder a t  
about 1885 cm-1 and the band a t  1125 cm-I was slightly more 
intense than the broad absorption which is now centered a t  1460 
cm-1. The 1lB nmr spectrum was identical with that of nor- 
mal B6Hl0. The 100-MHz lH nmr spectrum vias normal except 
for a marked decrease in intensity of the bridge proton resonance 
(Figure 3 ) .  The mass spectrum of the compound had a cutoff 

Figure 3 .  --The 100-MHz 'H nmr spectrum of the liexaboraiie( 10) 
obtained from the exchange with DaO. 

at nz/e 82 corresponding to the species "BsDcH4+ and the most 
intense peak was m/e 74, which uuder high resolution was a 
broad multiplet which was not very well resolved. Thus 110 

exact mass determination was made. 
B6Hi0-B2D6 Exchange.-Hexadeuteriodiborane(6) was de- 

composed by pyrolysis and it was determined mass spectro- 
metrically that the deuterium content was 88C4. Hexaborane- 
( lo ) ,  0.5 mmol, and B2D6, 5 mmol, were condensed into a thick- 
walled, 5-mm 0.d. precision-bore nmr tube. The tube was 
placed in the 100-MHz nmr probe which had been cooled to 
-80' and an attempt was made to follow the exchange in the 
rimr. There was al- 
most a perfect overlap of the proton resonance of the 88c4 B2Da 
with the quartet representing the basal terminal protons of the 
BsHlo and thus the exchange could not be meaningfully followed 
by 1H nmr. The experiment was repeated and the 32.1-NHz llB 
nrnr was monitored. Since a t  low temperatures the downfield 
tlouhlet of BRFI~o is collapsed, the nmr spectrum consisted of the 

At -80' B6H10 dissolves in liquid &De. 
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B2D6 singlet (under which lay the downfield doublet of B6Hlo) 
and the upfield doublet of B&o. At -65' there was discernible 
broadening of the upfield side of the &De singlet and a t  -45' the 
upfield portion of the low-field doublet of B6H10 had completely 
separated from the &De singlet. The probe was warmed to 
-26" with no apparent change in the spectrum, but after 20 min 
at -20' i t  was quite evident that exchange was taking place. 
After 1 hr a t  that  temperature almost complete collapse had 
occurred and the spectrum again consisted of the B d h  singlet 
and the upfield doublet of BeHlO. The nmr tube was placed in a 
liquid nitrogen bath, attached to the vacuum system, and opened, 
and the B2D6 removed a t  -131" (%-pentane slush). The tube 
was resealed and the IlB, 2H, and 'H nmr spectra were obtained. 
The IlB nmr spectrum consisted of a low-field singlet arising 
from the basal borons and an upfield doublet resulting from the 
resonance of the apical boron. The 15.3-MHz deuterium nmr 
spectrum resembled a poorly resolved doublet and was approxi- 
mately 71 cps wide. The 100-MHz 'H nmr spectrum (Figure 4) 
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Figure 4.-The 100-MHz nmr spectrum of the hexaborane(l0) 
obtained from the exchange with &De. 

exhibited a marked decrease in intensity in the low-field quartet 
while the bridge hydrogen resonance and the upfield quartet 
appeared to be essentially unchanged. 

The ir spectrum of the deuterated BE"0 did not show an ab- 
sorption a t  1125 cm-' but the band a t  1950 cm-' (with a shoulder 
a t  1890 cm-l) had become as intense as the absorption a t  2600 
cm-I. The mass spectrum had a cutoff a t  m/e 81 corresponding 
to 11B6DsHr+ and the most intense peak was m/e 73 which was a 
very poorly resolved triplet. Exact mass determination could 
not be made very accurately but the largest peak of the triplet 
correspond to either 1oB11BsHD2' or 1oB11B6H~Da+. 

The B2D6 recovered from this exchange reaction was pyrolyzed 
and found to  have a deuterium content of 83.5YG. A small por- 
tion of the recovered &HI0 was also pyrolyzed and the noncon- 
densable gas had a deuterium content of approximately 30YG. 
Thus the average deuterated hexaborane molecule had the for- 
mula BaH7Da. 

The remainder of the BeH.iDa (which had been stored a t  or 
below - 15" during the above work) was allowed to warm to room 
temperature for 0.5 hr a t  which time the 100-MHz nmr spectrum 
showed no change. The sample was then heated to 50' in the 
nmr probe for 1 hr and there was still essentially no change in the 
proton nmr spectrum. 

The B~HIo-BzD~ exchange was repeated and the exchange was 
allowed to proceed a t  -20' for 3 hr. The 100-MHz nmr was 
essentially identical with that described in the preceding experi- 
ment and again showed a small amount of hydrogen attached 
to the basal borons. Three millimoles of fresh 88% BzDe was 
condensed into the nmr tube and the tube and contents were 
allowed to stand a t  room temperature for approximately 12 hr. 
The tube was opened and the BZDB was removed at -158". 
The 100-MHz nmr spectrum showed a slight decrease in intensity 
in the low-field quartet when compared to the deuterated 
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from the first exchange; however, there was no change in the 
upfield quartet or the bridge resonances. The ir spectrum was 
essentially identical with that of the deuterated hexaborane after 
the initial BZD6 exchange. The only notable change was the 
slight decrease in intensity of the absorption a t  2600 cm-I rela- 
tive to the absorption peak and its accompanying shoulder a t  
approximately 1990 cm-l. I n  the preceding spectrum the two 
were equal in intensity but after the second B2D6 exchange the 
2600-cm-' absorption was not as intense. The mass spectrum 
of the compound had a cutoff m/e  of 82  corresponding to 
I1B~HdD8+and the most intense peak is m / e  74. 

Attempted Boron Exchange of with loBeHs.-Hexa- 
borane(lO), 1 mmol, and loB2H6 (9S70 log, 10 mmol) were con- 
densed into a thick-walled glass bomb which was then sealed 
from the vacuum system. Two exchange experiments were per- 
formed: (1) -30' for 15 hr and ( 2 )  room temperature for. 
24 hr. In each case the ir and mass spectra of the reactants and 
products were identical. There was no evidence of reaction 
and very little decomposition had occurred. 

Intermolecular Exchange Study.-Identical amounts of deu- 
terated hexaborane (10) which had undergone two exchanges with 
BzDs (described above) and normal hexaborane(l0) were con- 
densed into a small volume where they would exist in the liquid 
phase. The mass spectrum of the mixture was obtained and 
had a cutoff a t  m/e 82. The mass spectra were obtained a t  
intervals over a 13.5-hr period. After 0.5 hr the m/e 82 peak 
had completely disappeared and in the remaining 13 hr the rela- 
tive intensities showed small changes. The m/e 66, 67, 73, 74, 
and 76-79 peaks increased in relative intensity, while the m/e 
68-72 and the m/e 75,80, and 81 peaks decreased in intensity. 
Thus the cutoff of the mixture after 13.5 hr was m/e 81. The ir 
spectrum of the mixture exhibited no band a t  1125 cm-l after 
13 hr and the 100-MHz nmr spectrum was normal except for de- 
creased intensity of the resonance arising from the basal ter- 
minal hydrogens. The downfield doublet of the IlB nmr spec- 
trum appears to be a doublet with a superimposed singlet. The 
upfield peak is the normal doublet of B6H10. 

Discussion 
A somewhat surprising result of our work with hexa- 

borane(l0) was the temperature dependence of the low- 
field doublet. The crystal s t r ~ c t u r e ~ ' - ' ~  shows a six- 
boron atom icosahedral fragment arrangement with 
six terminal hydrogen atoms and four bridge hydrogen 
atoms. Thus there is a B-B bond in the base of the 
molecule and four different types of boron in the mole- 
cule. The IIB nmr spectrum which consists of two 
doublets with area ratios of 5 : 1 is not consistent with 
the crystal structure unless complete accidental overlap 
occurs. A more popularly invoked explanation for the 
nmr spectrum is a rapid tautomeric shift20-22 which 
cannot mix bridge and terminal hydrogens since the 
proton nmr shows different resonances for the two 
types. The broadening and collapse of the base boron 
nmr signal in hexaborane a t  low temperature, without 
a corresponding collapse of the apex signals, is due in 
large part to the shorter IIB relaxation time of the base 
b ~ r o n s . ~ ~ ~  On the basis of recent relaxation time mea- 
s u r e m e n t ~ , ~ ~ ~  i t  is possible to  predict minimum boron 
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nmr line widths in hexaborane, that  is, the absence of 
such broadening effects as unresolved splittings and 
tautomerism. Typical values are given in Table I. 
Results for pentaborane are included for comparison 
purposes.23 

TABLE I 
CAT.CUI,ATED I,OTVER LIMIT 'E T,ISE JVIDTH ( H Z )  

Temp,  _ ~ . _  H e x a h s a n e  (IO)-- r--Pentnl~orane(0)--, 
oc Base Apex Base Apex 

30 12 - .  51 7 4 . 7  0.53 
- 50 51 14 1' 1 .5  

At room temperature, the experimentally observed 
line widths are much greater than the calculated lower 
limit values given in Table I. This broadening is most 
likely determined by unresolved splittings due to long- 
range coupling. A t  -50" long-range coupling effects 
are still the most predominant factor in causing the 
observed line widths of the pentaborane(9) nmr signals 
to be much broader than the lower limit line widths 
calculated from relaxation time measurements. This is 
equally true for the apex boron nmr signal in hexabo- 
rane(10). However, the lower limit value of the line 
width of the nmr signal of the base boron a t  -50" 
approaches the experimentally observed line width and 
thus relaxation effects must be making a significant 
contribution to the broadening of this particular nnir 
signal. The observed broadening is somewhat greater 
than that expected solely on the basis of relaxation, so 
that tautomerism effects at low temperature cannot be 
totally excluded as a possibility. Further work is in- 
dicated. 

From an examination of the infrared spectra of the 
various deuterated species, it  appears that Gibbins and 
Shapiro were correct in the assignment of the B-Ht and 
B-Hb stretching frequencies.' Unfortunately, the 
band at 1125 cm-I is the only B-D stretch that is not 
obscured by a B-H stretch. The B-Dt and the first 
B-Db absorptions are very nearly superimposed on the 
two B-Hb bands. Thus the band at 1123 em-' cor- 
relates well with the expected frequency ratio BH/BD 
= 1.33. 

The preparation of B~HIo from BgH12 and DaO does 
not result in a specifically labeled molecule. The ir 
spectrum exhibited both B-Dt and B-Db absorption 
peaks. No mechanism for the formation has been 
determined experimentally but the observation of a 
transient yellow color suggests the formation of at least 
one ionic intermediate which may be more susceptible 
to hydrogen scrambling than a neutral boron hydride. 
The change with time in the per cent D evolved also 
leads one to believe that there is more than one step 
in the mechanism. Besides the potential for scram- 
bling in an ionic intermediate, exchange may well have 
taken place between the B6HIO which was formed and 
the DzO still present before the reaction was complete. 
There was no indication of deuterium attached to the 
apex boron. 

Hexaborane( 1 0 )  is relatively stable toward water and 
in the exchange experiment between B6Hln and D20 
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extensive exchange occurred. The rate of exchange is 
much faster in the bridge positions than in the basal 
terminal hydrogens and actually the only indication 
that terminal deuterium is present comes from a small 
shoulder in the infrared spectrum. Judging from the 
IH and IlB nmr the hydrogen on the apical boron does 
not appear t o  exchange at all. No definitive statement 
can be made concerning the mechanism of exchange 
and the competitive hydrolysis reaction would make 
kinetic studies exceedingly difficult. It is interesting 
to speculate that an intermediate in this exchange might 
well be the BGHll+ ionz4 predicted by Lipscomb to be 
stable. Loss of a proton from any of the five equivalent 
bridge positions would then lead to a bridge labeled 
species. However, this would not explain the possible 
presence of deuterium in the terminal positions. The 
tautomeric shift required to interpret the nuclear mag- 
netic resonance spectrum must occur on a lifetime short 
with respect to the nmr experiment and a migration 
even several orders of magnitude slower would suffice 
to explain the possible presence of label in the terminal 
positions. However, this too seems unlikely from re- 
sults obtained in an intramolecular exchange experi- 
ment (vide infm) . 

The hexaborane(lO)-hexadeuteriodiborane(6) ex- 
change provided a molecule specifically labeled in the 
basal terminal hydrogen positions. The exchange was 
fairly rapid as the downfield doublet had completely 
collapsed in slightly more than 1 hr a t  -20". The 
infrared spectrum showed that there was no deuterium 
in the bridge positions and within the limits of the 
method the IIB nmr spectrum indicated that there was 
no deuterium attached to the apical boron. An earlier 
report indicated that the bridge hydrogens also ex- 
changed with B2DsG but we found no evidence of this 
even with vigorous conditions (liquid B2D6, room tem- 
perature, 12 hr) . However, no experimental conditions 
were reported in the earlier publication and a catalyst 
or higher temperatures may have been used. The 
15.3-klHz deuterium nmr spectrum also indicated that 
deuterium was contained in the basal terminal hydro- 
gens. As a general rule deuterium nmr spectra of deu- 
terated boranes are not very well resolved and the 
spectrum which we obtained is approximately the cor- 
rect width for a quartet with J values one-sixth that of 
the B-H coupling constant. 

The activation energy required to interconvert the 
bridge and basal terminal hydrogens must be rather 
large. After 0.3 hr a t  room temperature followed by 
0.5 hr a t  ;30° the infrared and nmr spectra still showed 
no evidence of bridge deuterium. 

Intermolecular exchange occurs a t  room temperature 
in hexaborane(l0). The infrared and nuclear magnetic 
resonance spectra indicate that only the basal terminal 
protons take part in the exchange. This type of ex- 
change whereby only certain terminal hydrogens ex- 
change intermolecularly is unprecedented in boron 
hydrides and not enough is known to make a definitive 
statement about the mechanism involved. 

Chem. P h y s . ,  28, 170 (19.58). 



REACTION OF PENTABORANE(9) WITH DIBORANE(6) 

In this study of isotopic exchanges with B6H10, we 
have succeeded in defining routes whereby we could 
prepare several specifically labeled hexaborane(l0) 
molecules. We can now prepare a molecule labeled 
with deuterium in the basal terminal positions or 
labeled almost completely in the bridge positions. Also 
by two consecutive labeling reactions a hexaborane 
molecule can be prepared with deuterium in every posi- 
tion except the apical boron. Alternatively, by start- 
ing with B10D14 and degrading to BeD10, a hexaborane 
molecule could be prepared which is labeled with deu- 
terium attached specifically to the apical boron. 

Thus far, the apical proton has been inert to isotopic 
exchanges. However, this may only mean that the 
right set of conditions has not been used. Various 
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other substitution reactions may well involve the apical 
position and indeed calculated charge densitiesz6 indi- 
cate that  this particular position should be more sus- 
ceptible to electrophilic substitution reactions. 

Further research should also involve the general in- 
vestigation of the chemistry of BOH10. The deuterium 
labels provide a handle on the molecule which should 
enable one to learn a great deal more about the mech- 
anisms of reaction of BsHlo. Work is under way in this 
laboratory with this aim in mind. 
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The reaction of BjHg with BzH6 has been studied a t  elevated temperatures in a flow-quench system. 
have been isolated: 
and a second new Ba hydride are probably formed but these could not b:. obtained sufficiently pure to characterize. 
dence is presented that in part BiHll plays a role in the synthesis of the new hydrides. 
produce some specific labeling, particularly of n-BgHl:,. 

Three new boranes 
In addition, evidence suggests that a new B6-7 hydride 

Evi-  
Isotopic tracer studies of the reaction 

BaHle, BinHia, and what is probably BinHi6. 

Nmr and mass spectra are reported for the new compounds. 

Introduction 
For many years the thermal decomposition of di- 

borane has been used as a means of preparing tetra- 
borane, pentaborane(g), pentaborane( ll), and deca- 
borane( 14). Recently, much interest has been shown 
in the detailed mechanism by which diborane forms the 
higher hydrides and ultimately goes to  the thermally 
more stable state of elemental boron and hydrogen gas. 
Many investigators have shown that the formations of 
B4H10, B5Hll, and B ~ H Q  are consistent with a mecha- 
nism which involves borane addition followed by hydro- 
gen loss (eq 1-7).2x3 Recently, in this laboratory it has 

B2H6 JT 2BH3 (1) 
BaH6 + BHI B3Hg ( 2  1 
BaH9 _r BaH7 + Hz (3 1 

BaH7 4- BHa __ BL“ (4 ) 

B4Hin B4H8 + Hz ( 5 )  

BaH8 + BHa e BsHii (6 ) 

BsHii e BsHs + Hz ( 7 )  
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been shown that the conversions of BsHlz to  n-BQHl6 
and BI0H14 and of i-BgHlZ to B10H14 are consistent with 
the same type mechanism, that is, borane addition 
followed by hydrogen ~ o s s . ~ ~ ~  

The labeling work by Hillman, Mangold, and Nor- 
man6 has shown that B ~ H Q  reacts with B2H6 to form 
B10H14 and also that five boron atoms come from the 
BjHg and five come from BZHe. In  an attempt to  learn 
more about the mechanism of B10H14 formation from 
BbHg and &He, we have carried out the copyrolysis of 
these two hydrides in a circulating pyrolysis system 
consisting of a hot pyrolysis zone immediately followed 
by a cold quenching trap, thus allowing us effectively to 
trap out unstable higher hydrides. Using this trapping 
technique, a t  least 14 different boron hydrides have 
been isolated of which five or more are new compounds 
not previously reported. 

Experimental Section 
Methods.-Standard high-vacuum techniques were employed 

wherever possible throughout this investigation and have been 
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