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COMMUNICATION 1° PREPARATION OF PURE DIBORANE 

T R I F L U O R I D E  

V. I .  M i k h e e v a  and  E. M. F e d n e v a  

The simplest boron hydr ide-  d iborane-  is one of the most stable compounds of this class and is one 
of the least active in its attack on the grease in joints and taps. Until recently, most of the methods for its 
synthesis gave complex mixtures of volatile substances containing relatively little diborane, and its isolation 
from these mixtures was a very difficult task. 

Stock, the pioneer in the systematic investigation of the boron hydrides, obtained diborane by prolonged 
fraetionation of the hydrolysis products of so-called magnesium boride [1-4]. Later, Schlesinger and Burg [5] 
and Stock [6] obtained diborane by passing a mixture of boron halides and hydrogen through an electric dis° 
charge, but the yield did not exceed 6 %. Hurd [7] prepared diborane by the reduction of boron halides with 
hydrogen in presence of metals and metal  hydrides at high temperatures, and the product was again a difficultly 
separable mixture having a relative!y low diborane content. In 1947 Schlesinger and coworkers [8] made use 
of the reaction of lithium aluminum hydride with boron triehloride for the preparation of diborane. 

With the object of preparing diborane, at the end of 1949 we carried out a systematic study of the re- 
duction of simple inorganic boron compotmds with lithium hydride. For this purpose we used boron halides 
and sulfides, a lkal i -metal  fluoborates, and other compounds. We found that, apart from boron trifluoride in 
ether soIutions, all these substances react with lithium hydride with deflagration and the separation of elemen- 
tary boron. After a considerable induction period lithium hydride reacted with a dilute ethereal solution of 
boron trifluoride at room temperature with separation of diborane; when the ether complex of boron trifluoride 
("boron trifluoride etherate ~, a liquid, b.p. 126 ~) was used, reaction, set i n  very ~quickty. The.gas evotved ~¢as 
almost pure diborane, free from impurities apart from ether vapor. However, the reaction was found to be 
very capricious, giving yields that varied over the range 20-60%, and systematic work was necessary in order 
to ensure a reproducible yield. 

Since we began this work some patents and papers have been published on ~he preparation of diborane 
by reaction between boron trifluoride and lithium hydride Ln an ether medium.. Two patents were published 
in 195! on the preparation of diborane by heating a mixture of lithium hydride and boron trifluoride in ether 
with simultane0us removal ofdiborane by distillation [9,10]. In a paper by Schap/xo and coworkers in 1952 [11] 
a method is described for the preparation of diborane by reaction between boron trifluoride etherate and lithium 
aluminum hydrMe, aM in a paper by Elliott, Boldebue&, and Roedel [12] its preparation by reaction of lithium 
hydride and boron trifluoride etherate is described. In this last investigation numerous experhnents were carried 
out under various conditions, and the results were examined from the point of view of the possibility of the 
occurrence of two reactions: 

6LiH + 2BYs activator) B~He + 6LiF 

6LiH + 8BFs-->B2H ~ + 6 LiBF 4. 

In presence of sufficient activator, the reaction proceeds in stages: 
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activator  
6LiH + 1.SBF~ . . . .  --~ 1.SLiBH 4 + 4.fiLiF 

1.6 LiBH 4 + 0.5 BF 3 --~ BzH 6 + 1.5 LiFo 

The authors point out the great  complex i ty  of the react ion and state that the presence of  an e ther-soluble  
act ivator  (LiBH 4 or LiBH(OCHs) a) results in preferent ia l  conversion to LiBH4, whereas in absence of an act ivator  
the react ion proceeds in the  direct ion of the formation of B2H 6 and LiBF 4. High pressures and the use of a te t ra-  
hydrofuran medium,  in which diborane is highly soluble [ l a ] ,  favor the formation of l i thium borohydride. The 
inconsistency of  the yields is par t icular ly  emphasized in this paper.  In a paper by Schlesinger and coworkers 

[14] it  is stated that  boron tr if luoride e therate  reacts with l i thium hydride according to Equation 1 at a rate  
that depends on the degree of grinding of the l i thium hydride,  and the maximum yields that they give are 
not greater than 40-60% with respect to boron. The following in te rmedia te  stages are indicated in this paper: 

a LiH + 3 BF3"OfC2Hs) z - - )  3 LiBHF~ + 3 (C2Hs)20; 
1 

3 LIBHF s + BF3 ~ (CzHs)~O - ~  -~ B2H 5 + 3 LiBF 4 + (C2Hs)20. 

It is pointed out that successive additio~.~ qf  the,ethetate~ react  p rogressiwely~ tess. ivigorously~, in: sp i te  offside 

presences- o f  excess of l i thium hydrXde i,a the react ion mixture.  The authors regard this react ion as difficult  

and non-quant i ta t ive ,  and they prefer the react ion of  boron tr if luoride with NaBH(OCH3)s, which gives more 
consistent yields of diboraneo In a l l  the published investigations,  therefore,  references are made to the com-  

p lex i ty  of the react ion and the inconsistency of the yields of diborane. For this reason we considered i t  desirable 
to publish our results on the react ion of  boron tr if luoride with l i th ium hydride,  which were verified in numerous 
experiments  under laboratory conditions.  

E X P E R I M E N T A L  

Orig ina l  Substances. L i t  h i u m h y d r i d e LiH was the commerc i a l  quali ty,  a fused crysta l l ine  mass 
containing 90-98% of  LiH. It was ground as f inely as possible in a mortar ,  s ieved,  and used i m m e d i a t e l y  in 
the react ion.  The use of hydride powder that has been kept for a long t ime  results in a long period of in- 
duction with subsequent violent  react ion,  

B o r o n t r i f 1 u o r i d e BF s was prepared by react ion of  boric anhydride with potassium fluoborate and 
concentrated sulfuric acid [15]. In order to remove  hydrogen fluoride and water vapor impuri t ies ,  the gas 
was passed through a trap containing concentrated sulfuric acid saturated with boric anhydride in the cold. 

B o r o n t r i f 1 u o r i d e e t h e r a t e BF s ' (Cg.Hs)zO was prepared by saturating absolute ether with boron 
tr if luoride and then dist i l l ing at atmospheric pressure; b.p. 126°o When kept ,  the e thera te  darkens in color; 
freshly dist i l led ma te r i a l  must be used in the reaction.  

D i e t h y 1 e t  h e r  was first dried with ca lc ined ca lc ium chlor ide  and then dist i l led and kept over sodium 
for a long t ime.  

Invest igat ion of Solid Reaction Products. After the react ion,  during which gaseous diborane was removed,  

and remova l  of ether,  a white solid remained in the react ion vessel. In order to determine  the exact  yield of 
the react ion with respect to the reactants  consumed, i t  was necessary to de termine  the composit ion of this 
solid. 

A t e s t  f o r  LiBH 4 was carr ied out by adding 3-4  drops of water or di lute  acid to a smal l  amount of 
an ether extract  of the solid. The presence of LiBH 4 was indicated by vigorous evolution of hydrogen. Lithium 

borohydride was isolated quant i ta t ive ly  from the solid by repeated washing with ether on a glass funnel with 

a porous bot tom, f i l t rat ion under a pressure of dry ni trogen,  removal  of ether from the f i l t ra te  under atmos- 
pheric pressure, and drying of the product in a vacuum at 90-100 °. The ac t ive-hydrogen content of the l i thium 
borohydride was determined by decomposing a sample  with a weakly acid solution of a n ickel  salt  [16]. 

In order to test for the presence of LiBF4, an aqueous solutiol~ of a l i t t le  of the solid was neutral ized to 
methy l  orange with hydrochloric acid and mixed with concentrated ca lc ium chloride solution. In presence 
of  LiBF 4 the react ion 

LiBF 4 + 2CaC12 s 3H~O--~-H~O 3 + LiC1 + 3HCL+ 2CaF2° 

occurred l there w a} an indicator change to pink, which became  bright red with simultaneous prec ip i ta t ion  of 

CaF2, when the solution was heated° 
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For the quant i ta t ive determinat ion  of  LiBF4, a sampte  of  the solid weighing 0.2~0.3 g was dissolved in 
the  least  possible amount of water,  the solution was neutral ized to me thy l  orange,  a strong neutral  solution 
of  ca lc ium chloride was added,  and the solution was brought almost  to the boi l ,  at which it was mainta ined  
for 10-15 minutes.  The hot solution was t i t rated with 0.1 N NaOH until  almost neutral ,  and i t  was then again 

heated almost to the boil  and again t i t rated.  Heating and t i t ra t ion were continued unti l  1-2 ml  of a lka l i  was 
required for neutral izat ion.  The solution was then boiled again for 30 minutes,  cooled to room temperature ,  

and t i t rated for the last t ime.  At this point the hydrolysis of the BF 4- ion would be p rac t i ca l ly  comple te  [17]. 
T h e  calcu!at ion of  the l i thium fluoborate concentrat ion was carried out on the basis of  the above equation. 

D e t e r m i n a t i o n  o f  u n c h a n g e d  l i t h i u m  h y d r i d e  i n  t h e  s o l i d  was carried out after reo 
m o r a l  of l i th ium borohydride by ether extract ion and remova l  of  ether under vacuum. A sample  weighing 

o.02-o.08 g was decomposed with water,  and the hydrogen evolved was col lec ted  in a gas buret.  The volume 
was adjusted to normal  conditions,  and the LiH content of the solid was ca lcu la ted .  

D e t e r m i n a t i o n  o f  b o r o n  was carried out on the sotution after de termining the BF 4" ion and fi l-  
tering off the prec ip i ta te  of potassium fluoride° The solution was made up to 250 ml  in a measuring flask. 
An aliquot of this was neutral ized to me thy l  red, manni to l  was added,  and the solution was t i t rated to phenol-  

phthalein with 0ol N NaOH. 

For the d e t e r m i n a t i o n  o f  t o t a l  f l u o r i n e ,  the p rec ip i t a te  o f C a F  z remain ing  after the deter-  

minat ion of ftuorine bound in the fornq of LiBF 4 was f i l tered off, careful ly  washed with water,  and placed to-  
gether with the f i l ter  paper in a p la t inum crucible .  After being dried and then ignited at 500-600 °, the pre-- 
c i p i t a t e  was weighed. A simpIe ca lcu la t ion  gave the fluorine content° 

Li  t h i u  m was determined g rav imet r i ca l ly  in the form of LizSO4, boron being first removed in the form 
of t r imethyl  borate and fluorine by repeated evaporat ion to dryness with sulfuric acid and methanol ,  the lat ter  
being added per iodica l ly .  

Experiments with Stoichiometr ic  Proportions and with Excess of One or Other Reactant.  In the first series 
of  experiments on the preparat ion of  diborane (Table  1), the react ion vessel was a th ree-necked  flask fitted 
with mercury-sea led  mechan ica l  stirrer,  dropping funnel,  an arrangement  for scat ter ing the l i thium hydride,  
and a very eff ic ient  reflux condenser,  the free end of which was connected to traps cooled with solid carbon 

dioxide for trapping ether vapor. The yield of  diborane in these exper iments  was determined by absorbing the 
gas evolved in 20~30% caustic potash solution, ac idi fying the solution, and de te rmining  the boric acid content  
[18,19], from which the yield of diborane was ca lcu la ted .  In the exper iments  in which diborane was ac tua l ly  
isolated,  for the comple te  r emova l  of ether vapor i t  was first passed through traps containing concentrated 
sulfuric acid and then through traps cooled with a mixture of solid carbon dioxide and acetone;  i t  was col lec ted  

in receivers  cooled with liquid nitrogen° In these experiments  air was first displaced from the apparatus with 
dry hydrogen. 

In some experiments  l i th ium hydride powder -was added to boron t r i f luoride e thera te  (Experiments 1 and 
3). In most of the exper iments ,  after d i sp lacement  of air -with dry hydrogen or ni t rogen,  the whole of the  

amount  of f inely ground l i th ium hydride required for the react ion was p l aced in  the reactor  and made  into a 
suspension with the min imum amount of ether,  and 25- 30% of  the amount of e thera te  necessary for reac t ion  

in accordance  with Equation 1 was added rapidly .  The tempera ture  of the  mixture  then rose to 40"~ the mix-  
ture boi led ,  and evolution of  diborane set in imme d ia t e ly .  The remainder  of  the e thera te  was then added 
gradual ly .  The diborane formed was carr ied away by a current of dry hydrogen or nitrogen. 

An examinat ion  of  Table  1, which gives the conditions and results of experiments  with s to ichiometr ic  

proportions of reactants  (Equation 1), with excess of  l i th ium hydride,  and with excess of boron t r i f luoride,  
reveals  cer ta in  regulari t ies .  Cons iderab le  di lut ion o f  the boron tr i f luoride e thera te  with ether (Experiment 1) 
delays the start of the reac t ion ,  whereas the addi t ion of smut1 amounts of  ether to the l i th ium hydride at  the 

beginning and in the course of the react ion fac i l i ta tes  mixing  and the evolution of  diborane.  The best yields 
of diborane with respect  to boron are at ta ined with an excess of l i th ium hydride of 25% and more.  The use 

of a considerable  excess of the e thera te  lowers She yield of  diborane with respect  to boron to 20% (Experiment 

13); moreover ,  in spite of the excess of e thera te ,  much of the l i th ium hydride (as much as 50% or higher) does 
not  reac t .  The probable  cause of this is the  envelopment  of hydride par t ic les  by solid reac t ion  products - f i r s t  

l i th ium fluoride,  and then l i th ium f l u o b o r a t e -  which make  the par t ic les  incapab le  of further reac t ion  with 
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the etherate.  For the best u t i l iza t ion of the boron, therefore,  it is necessary to take excess of l i thium hydride 
over the amount required according to Equation 1. 

Experiments on the preparation of diborane from react ion mixtures containing smal l  additions of l i thium 
borohydride, l i thium aluminum hydride,  sodium hydride,  or t r imethyl  borate showed that l i thium borohydride 
and t r imetbyl  borate are highly ac t ive ,  par t icular ly  the former. The addit ion of l i thium borohydride, even in 
sm~l! amounts, causes the ini t ia t ion of the react ion and p rac t i ca l ly  e l iminates  the induction period. 

The effect of temperature  can be derived from comparisons between various experiments.  For example ,  in 

react ion was between 12.7 g (0.09 mole) of BF 3 ' (C2H~)20 and 4.55 g (0.57 mole) of LiH (BF 3 : bi l l  = 1 : 6) at 
18", and 2.6 g of l i thium borohydride e theratc  was isolated.  When react ion between the same amounts of reactants  
was carried out at the boiling point of ether, LiBH 4 was comple te ly  absent from the ether layer. At 0 ° (Exp. 15) 

formation of diborane was at a min imum and react ion proceeded preferent ia l ly  in the direct ion of LiBH 4 formation. 

Comparison between Experiments 4 and 5 shows the effect of the order of addit ion of reactants:  al ternation 
of  the addition of etherate and hydride improves the yield of diborane,  but gradual  addit ion of e therate  to the 

whole amount of the hydride as a suspension in ether (Experiment 16) gives the best yields of diborane. 

® 
c o n e  2S0~ 195 

Fig. 1. Laboratory apparatus for the preparat ion of di-  
borane. 

Experiments with Excess of Boron Trifluoride 

Etherate.* The next series of experiments ,  for 
which react ion balance sheets were ca lcu la ted ,  

was based on an analysis of the results of the first 
series (Table  1) with the object  of improving the 
yield of diborane,  both with respect to boron and 

with respect to l i th ium hydride.  The yield ca l -  

culated on the amount of l i thium hydride taken 
is very important ,  for excess of hydride in the 
solid react ion product is diff icult  to u t i l i ze  or re- 
cover,  whereas unchanged boron tr if luoride can be 

recovered by dis t i l la t ion during the course of the 
ca lc ina t ion  of the prec ip i ta te .  In this series of 

experiments the apparatus used consisted of a re -  
actor A containing a magnet ic  stirrer (Fig. 1) and 
fi t ted with a dropping funnel B, a tube with a tap 
for introduction of nitrogen,  and a reflux condenser 
C at tached to traps. A suspension of the whole of 
the l i th ium hydride in a l i t t l e  ether was prepared 
in the reactor ,  and 18-28% of the to ta l  amount of 

e therate  was added rapidlyo A uniform stream of l iberated diborane was then mainta ined by the addit ion of  fresh 
portions of etherate.  In these experiments the diborane was absorbed in dry pyridine,  with which it formed the 
complex CsHsN" BH s [2~]. The ac t ive  hydrogen in the pyridine solution was subsequently determined.  

Table  2 gives the amounts of  the reactants and products for some experiments of this series. For Experiments 
3 and 4 curves showing the t ime-dependence  o f  the l iberat ion of  diborane are given (Fig. 2). In order to ind ica te  

the procedure,  we describe one of these experiments below. N most of the experiments ,  not only the gaseous, but 
also the so l i d r eac t i on  products were invest igated,  so that the ac tua l  equation of the react ion could be given (last 
column of Table  2). 

These equations were obtained by mul t ip lying the numbers of moles of l i th ium hydride and boron tr if luoride 

e therate  brought into react ion by a factor that brings the number of moles of l i th ium hydride to six, so that a 
comparison can be made with Equation 1. As l i th ium borohydride was not found in any of  the experiments and 

the l i thium hydride was ut i l ized almost quant i ta t ively ,  we regarded the yield of diborane as a lmost  quant i ta t ive.  
This is in satisfactory agreem east with results on the determinat ion of the yield of diborane when correct ion is made  
for unavoidable  leakage;  Experiment 1 is except ional ,  since a considerable loss of the diborane occurred. 

D e s c r i p t i o n  o f  E x p e r i m e n t  4 ( T a b l e  2 ) .  B o r o n t r i f l u o r i d e e t h e r a t e ( 2 1 . S g )  was added rapidly 

to an e l ec t romagne t i ca l ly  stirred suspension of  6.4 g (0.8 mole) of l i thium hydride in 15 ml of absolute ether. 
The remainder of the e thera te  was added gradually in such a way that uniform l iberat ion of diborane was mainta ined .  

* Excess of e therate  is to be understood as referring to the s toichiometry of Equation 1. 
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In a l l ,  42.3 g (0.30 mole) of e therate  was added. Further addition of e thera te  did not result in l iberat ion of 
more diborane. As necessary, more ether was added to the react ion mixture (three 15-mi portions). The diborane 
evolved was absorbed with dry pyridine.  The pyridine traps were changed per iodica l ly  so that t h e  course of the 
l iberat ion of diborane could be followed (Fig. 2). The yield of diborane with respect to boron tr if luorlde e therate  
(according to Equation 1) was 83.4%, and with respect to l i thium hydride it was 94,6°]0. Other experiments of this 
series were carried out in a similar way. By this procedure,  therefore, a l l  the l i thium hydride can be caused to 
react  without an apprec iable  reduction in the yield of diborane ca lcula ted  on a boron basis. 

Yield of 
8z"6, g 

~7 g 

B ' u 

20 

2 ! 

. . . .  J . . . .  ,~ . . . . . . . . .  z )  . . . .  ~:~ . . . .  ' . . . .  O d 30 (Hours 

Fig. 2. T ime-dependence  of l iberat ion of diborane: 1) Experiment 3; 
2) Experiment 4. 

JLIr fl I, 
b ~r  n q 

L ~ j  , 

Fig. 8. Diagram of vacuum apparatus for the refining of diborane and the deter-  
minat ion of  its constants. 

Determinat ion of the Purity of the Diborane. The diborane obtained by the react ion investigated contains 
only ether vapor as impuri ty .  The solutions obtained by absorption of the diborane in traps containing water gave 
no react ion for fluorine with saturated ca lc ium chloride solution. Passage of the diborane through traps containing 
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concentrated sulfuric acid and traps cooled with a mixture of solid carbon dioxide and acetone (-78 °) freed it from 
ether vapor. In order to estalbish the purity of the diborane, it was fraetionated by the fractional-condensation 
method and the physical constants of the fractions were determined, this being carried out in a special vacuum 
apparatus (Fig. 3) constructed in accordance with Stock's recommendations [4], in which the diborane came  into 
contact only with glass and mercury. The fracttonation showed that the gas consisted of one fraction only, this 
being collected at -170 ° in the form of a white crystalline m:~ss. 

~C 

- I 0 0  

• t50 

- l g 8  

/ 
/ 

Tim e 

Fig. 4 Heating curve of diborane. 

The substance was characterized by vapor-pressure 
and melt ing-point  determinations. The vapor pressure, 
which was determined by Stock's method [4] using a 
gas thermometer (filled with ethylene), was found to 
be 166.5 mm at -119 ° (m.p. of diethyl ether), whereas 
Stock obtained a value of 16%5-168 mm for the same 
temperature. Heating curves for samples of diborane 
in the range from -195" to -100 ° (Fig. 4) have only 
one halt, corresponding to the  endothermic process of 
fusion; the start of  this was at -165 °, both for "crude ' ,  
and also for carefully fractionated diborane (Stock 
obtained -165.5°). The diborane obtained by the 
method described was therefore almost completely 
pure. 

D I S C U S S I O N  OF R E S U L T S  

An unsatisfactory feature of the preparation of di- 
borane by reaction between boron trifluoride etherate 

and lithium hydride is tile great variation in yield, which varies from 20°70 to 90°70 with respect to boron under what 
appear to be extremely similar conditions. Sometimes the reaction has a long period of induction and then pro- 
ceeds at an uncontrollable rate. Among the causes of this great variation in yield there is, in the first place,  the 
effect of the presence of moisture in the ether, which results in the formation of  films of oxide on the lithium 
hydride particles. Hence, the quality of  the ether and lithium hydride is subjectto very exacting requirements. 
After carrying out several series of experiments with complete analysis of the gaseous, liquid, and solid phases, 
we were able to discover also other factors that affect the yield of diborane. Our investigation showed that the 
reaction of lithium hydride with boron trifluoride etherate cannot be described by any one equation, but consists 
in a series of parallel reactions having successive stages. 

Apart from the reactions described by Equations 1 and 2, if the intermediate stages are not counted, the 
following reactions are also possible: 

4 LiH + BFs.(C~H~)20 -~ LJBtI~ + 3 LiI:. (3) 

BFa + [ . iF=  LiBF4. (4) 

BF8 -+- 3 LiBH4 = Bett8 -1- 3 LiF. (5) 

The transformation of boron trifluoride goes in three directions: formation of  diborane, of lithium boro- 
hydride, and of lithium fluoborate. Taking into account the solubilities of the compounds obtained in ether [12] 
(t}zH i , it;1 g/100 g; LiBF4 - 1.9 g/100 g; LiBH4 - 3.0 g/100 g; IAF - 0.05 g/100 g) and our experiments showing 
that only diborane is present in the gas phase, we may suppose that the solid phase remaining after distillation of 
ether may contain, apart from unchanged lithiuna hydride, lithium fluoride and the boron-containing compounds 
lithium fluoborate and lithium borohydride. Depending on temperature, dilution with ether, proportions of  
reactants, and the order of their addition, the reaction may proceed in the direction of a higher or lower relative 
yield of diborane. 

When reaction is brought about at room temperature with an excess of lithium hydride, the temperature of  
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of the mixture rises to 25-35* and there is preferential 
formation of diborane; under these conditions lithium 
borohydride does not accumulate in the ether solution. 
However, much of the boron remains in the precipitate 
in the form of LiBF4 and tile lithium hydride is not util- 
lized fully. When there is a considerable excess of 
lithium trifluoride, not only is the yield with respect to 
boron lowered, but the yield with respect to lithium 
hydride is lowered also. An incomparably better pro- 
cedure is that carried out in the second series of exper- 
iments (Table 2) with a ratio of boron trifluoride to 
lithium hydride greater than that corresponding to Equa-- 
tion 1 and with gradual addition of the boron trifluoride 
etherate to the whole of the lithium hydride under vfg- 
orous.stirring. No lithium borohydride is then formed 
in th.e overall reaction, and the yield of diborane is 
raised both with respect to the utilization of boron, and 
also with respect to lithium hydride. Under these con- 
ditions, the reaction proceeds neither by Equation 1 nor 
by Equation 2, but by an equation in which the number 
of moles of boron trifluoride etherate varies over the 
range 2.25- 2.8. 

The curve for the time-dependence of the libera- 
tion of diborane has a well defined point of haflection A 
(Fig. 2). This shows that, with gradual addition of ether- 
ate, the reaction proceeds in two stages. In the first 
stage, in which there is a large excess of lithium hydride, 
the comparatively slow liberation of diborane is associated 
with the accumulation of active intermediate reaction 
products- possibly also lithium borohydride- without 
appreciable formation of lithium fluoborate. The 
second stage consists in the reaction of fresh portions of 
etherate with the remaining lithium hydride and with 
the accumulated active intermediaries, including lithium 
borohydride. Most of the diborane is obtained at this 
stage, and there is a corresponding sharp rise in the curve 
for the liberation of diborane (Fig. 2). 

At both stages the reaction probably has a multi- 
stage mechanism with formation of the intermediaries 
LiHBFs, LiBH~F2, and LiBH~F. The last two compounds 
may give diborane, since their molecules contain a 
"ready-made" borine group BH3: 

2 LiBH3F--~ B2H 6 + 2 LiF 
o r  

2LiBHsF + 2BF3" (C2Hs)zO --~'BzH 6 + 2LiBF 4, 

,B LiBH 4 + BF s- (C2Hs)zO --)- 2 B~H 6 + 3 LiF. 

Simultaneously, particularly in the  first stage, 
a reaction occurs between diborane and exce~ss of lithium 
hydride: 

2 LiH+ B~H a -~- 2 LiBH 4 

and there is also the reaction (4) in the case of excess 



of boron trtfluorlde. Moreoevef, in  the initial stage of the reaction, while the temperature of the reaction mixture 
is rising to 40 °, dtsproportionation reactions are possible for the intermediate reduction products: 

2 LiHBF 3 --~- LiBH2F z + LiBF4; 

3 LiBH2F ~ ~ BzH 6 +LiBF4 + 2 LtF: 

4 LiBHF 3 -.-~ I,iBhl 4 + 3 LiBF 4 etc. 

The reactions that we have cited here give some idea of the ComPlexity of the process studied. 

From these considerations we may conclude that, for maximum yields of diborane, the initial stag e of  the 
reaction must be carried out in presence of excess of lithium hydride, and that, for the best utilization of  the 
hydride, the amount of boron trifluoride etherate taken must be greater than that corresponding to the stoichiometry 
of Equation 1. These conditions are attained by the procedure used in Experiment 4 (Table 2). Carrying out the 
reaction in accordance with our description of  this experiment ensures the preparation of highly pure diborane in 
consistent and almost quantitative yield with respect to lithium hydride and to the boron trifluoride etherate that 
reacts. 

S U M M A R Y  

1. The reaction of tithium hydride with boron trifluoride etherate has a complex mechanism, which pro- 
bably includes various parallel and successive reactions leading to the formation, as the ult imate boron-containing 
products, of diborane, lithium borohydride, and lithium f luobo ta te . .  The yield of diborane is dependent on re- 
action temperature, relative amounts of reactants, degree of agitation of the reaction mixture, and order of addition 

of  reactants. 

2. An almost quantitative yield with respect to both reactants is attained by carrying out the reaction at 
somewhat raised temperature (25-30") in the initial stage, at a BF s : LiH ratio of  1 : 2.4-2.8, and with gradual 
addition under constant stirring of  lithium trifluoride etherate to lithium hydride. 

3. The reaction studied is the simplest and most economical  method for the preparation of highly pure di- 
borane under laboratory conditions, and it opens up wide possibilities for the further study of the chemistry of 

boron hydrides and their derivatives. 
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