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ABSTRACT 

I. Bismuth trifluoride was prepared as a precipitate from the addition of 
potassium trifluoride to a solution of bismuth nitrate dissolved in nitric 
acid. Infrared spectra of Nujol mulls and cesium bromide pellets contain
ing bismuth trifluoride gave only two of the four absorption bands expected. 
One band ~~s at 523 and the other a broad band at 258 wave numbers. Due 
to equipnent lu.i\ations, it was not possible to go further out in t.he i nfra
red range below thirty-eight microns to obtain the other two absorption 
bands. 

II. The production of sufficient quantities of bismuth hydride (bismuthine) 
for infrared study ~~s attempted by two methods. The method used by Paneth 
in 1919 involved preparing a magnesium-bismuth alloy. The alloy was treated 
with acidJ bismuth hydride was reported as one of the gaseous products 
evolved. The second method of production vas proposed ~ Schaeffer in 195L. 
Lithium borohydride in aqueous solution ~s added to a solution of hisnuth 
trichloride dissolved in hydrochloric acid. In both methods, mechanical 
detection or infrared study of the gases evolved failed to indicate the 
presence of any material that could be bismuth hydride. 

III. The lithium borohydride used in the attempted production of bi~uth 
hydride by the Schaeffer ~ethod vas obtained commercially and contained 
chlorine as an inpurity. The gas from the hydrolysis reaction "'ith sulfuric 
acid gave the diborane spectra. The infrared spectrum of the gas evolved 
from the hydrolysis of the comme:rc.ial lithhnn borohydride 'lo•ith hydrochloric 
acid, ~~ter and sodium hydroxide is thought to be that of chlorodiborane. 
This conclusion vas based on the elimination of possible products, mole
cular weight deterMinations of the condensible gas and other physical 
characteristics. No spectra cOMparison with chlorodiborane or a similar 
gas produced by another method ws used. Contrary to previously published 
data, the chlorodiborane did not dissociate to a~ notable degree for time 
periods of 120 hours. 

The writer wishes to express his appreciation for the assistance 
and encouragement given him by Professor J. w. Schultz of the U. S. Naval 
Postgraduate School in these investigations • 
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I 

INFRARED STUDY OF BISMU1H TRIFLOORIDE 

1. Preparation of Bismuth Trifluoride (BiF3) 

Several atteMpts to produce biSMuth trifluoride ~ dissolving the 

bi~uth oxide (Bi2o3
) in excess hydrofluoric acid and evaporating the 

solution to crystallize the acid salt BiF3• JHF follo~ed qy heating 

the latter until hydrogen fluoride was conpletely expelled /1/ pro-

duced unsatisfactory results. 

BisMuth trifluoride "'as produced ~ dissolving bisr1Uth nitrate 

Bi(N03)3 in nitric acid (HN03) and adding potassiUM fluoride in a~~eous 

solution to precipitate the bismuth trifluoride. /2/ In the actual 

reaction 1.1 grams of Bi(n:>
3

)
3 

• SH 2o "'ere dissolved in 50 Ml of 1.28~1 

HN0
3

; at roan teMperature vigorous stirring is required to effect the 

dissolving of Bi(~3 ) 3 in the acid. The stoichiotnetric amount of RF 

required is 0.492 grams; however, one gram of KF dissolved in 50 ml 

of H2o was added to the Bi(ID3) 3 solution. 'Vw'hen the RF solution \ISS 

added, a finely dispersed ,.,hi te prec ipi tate of B iF 
3 

"'as obtained. 

The precipitate vas allowed to settle, and excess liquid decanted 

fron the precipitate. This was followed by three washings in "'ater 

until the precipitate vas neutral to lit~us paper. The BiF
3 

~~s then 

dried in an oven at l00°C. for twenty four hours. The powder "~s hand 

gro'Jnd in an agate pestle and mortar. A sanple of the po1o!Cier t..ras 

treated "'ith wter; no fluorine gas "'aS detected. Ho,.,ever ,.,hen BiF
3 

t.tas treated with 3M H2soh, the liberated fluorine gas etched the 'l.•atch 

glass upon ,~ ich the react ion "'as carried out. 



Spectra were obtained on a Perkin-Elmer M::>del 221 spectrophoto

meter equipped with CsBr and NaCl prism-grating interchange. Tvo 

sarnpl ing techniques "'ere used. Nujo 1 mulls were prepared and pressed 

between CsBr plates. The effect of va(ying the rnull filM thickness 

and the amount of BiF
3 

in the mull had little effect on the observed 

spectrum within the limits of this sanpling technique. The spectro

photOMeter \.18S used \.dth a slit prograM of 970 X 2, attenuator speed 

of 7:00, drum speed of 32, gain at 6.0 and scale of 0.5 Micron per 

centimeter for the CsBr reg ion. No absorption bands "'ere observed in 

the NaCl region. 

The second sanpling technique used involved naking infrared trans

parent pellets or disks of CsBr and BiF
3

• Amounts of 0.001 to 0.003 

gram of BiF
3 

were mixed with O.J gram of finely po\.~ered CsBr. The 

mixtures which gave the best pellets were obtained qy subjecting the 

sample-filled mold to five minutes of vacuuM treatment and then conp

ressJ.ng the material at 20,000 psig for five minutes "'hi le sti 11 under 

the vacuum. Clearer pellets were obtained When the BiF3 mass vas held 

at approximately 0.001 gral'l. The spectrophotcmeter settings "'ere the 

same as those used for the mulls. No bands l.rere observed in the NaCl 

range. Both sampling techniques gave the same infrared spectrum for 

the BiFJ in the CsBr range (Figure 1). 

2. Conclusion. 

Herzberg /J/ in his discussion of the trihalides of bismuth states 

that all these compounds studied have four fairly strong Raman lines. 

On this evidence it is assumed that these molecules have a structure in 

the fom of syrnnetrical pyramids (point group c3v)· u.'hile Bir
3 

\.laS not 

discussed per se, it is reasonable to assume that it also has the sa~e 

structure. 

2 . 



-·· From the spectrum obtained there are tworosorption bands at ~23 and 

at 258 ~~venumbers. The band at 258 wavenumbers is a broad band. The 

other two bands were below the range of the equipnent. As a comparison, 

BiC13 has observed frequencies at 288, 130, 242, and 96 wavenumbers as 

determined by the Raman Spectrum. 

The infrared study gave only two of the four principal bands of Bi F
3

• 

Further study of this compound will require absorption spectra in the 

infrared range beyond 38 nicrons. This is not possible on the present 

equipnent. 
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II 

ATTEMPTED PREPARATION OF BISlffint HYDRIDE (BISMUntiNE) 

1. Introduction. 

The existence of bismuth hydride (BiH
3

) ~~s proved qy Paneth and 

Winternitz /4/ qy the use of radioactive isotopes of bismuth. An 

alloy of Mg-Bi "'as prepared by heating equal '!.•eights of the po,•dered 

metals to a dark dull red glm,· (approxinate ly 1200°F) for 45 minutes 

in an atmosphere of dry hydrogen gas. The partly fused, partly 

sintered alloy was powered and then treated lorith 4N acid. The gases 

evolved were carried qy dry hydrogen through a filter of "~dding to a 

Marsh tube where the presence of the unstable hydride vas detected qy 

formation of a radioactive bismuth mirror upon heating the tube. The 

presence of BiH
3 
~s also detected qy bubbling the evolved gas through 

silver nitrate. The bismuth reacts with the silver and precipitates 

as Ag 3Bi vhich is black in color. /5/ 

Pearson, Robinson and Stoddart /6/ attempted to produce BiH
3 

in 

1933 by the reaction of atomic hydrogen and molecular hydrogen "d th 

bismuth and were unsuccessful. G. 1-:. Schaeffer and Sister M. Emilius, 

OSF /7/ in 1954 proposed a method of naking the hydride using bismuth 

trichloride and lithium borohydride (Lim4) based on their "''ork to 

produce the tin hydride. Their proposed basic method "~s used qy Von 

Egon Wiberg and Kurt Modritzer /8/ in 1957. An ethereal solution of 

BiC1
3 

"~s mixed with LiEH4 at -80°C, and the moderately turbulent re

action resulted in separation of elementa~ Bi and the violent evolu-

tion of hydrogen and diborane. The gases were trapped in liquid air 

antl distilled off leaving only a trace of metallic Bi which the 

authors concluded was from the decomposition of the hydride BiH
3

• 



All authors ~hen discussing the reaction of LiBH4 and BiC13 conclude 

that the reaction is: 

BiCl3 + JLiEH4 • BiH3 + JBH3 + 3LiCl 

2. Experiment. 

In genera 1 the object of the experiMent 'I.T9S to produce enough BiH3 

to obtain an infrared spectrum and to complete and correlate all the 

hydrides of the Group V elements. 

(a) Paneth method. 

The production of an Mg-Bi allqy required a flux to prevent the 

oxidation of Mg during the formation of the alloy. The flux used 

consisted of 34% KCl, 42% MgC12, 14% CaF2, and 10% MgO (all 1.reight 

percent) salts ground and miJ:Ce~ 1 Six attempts '"'ere made to obtain 

the Mg-Bi alloy using 20 grams each of Mg and Bi in each experiment. 

The Bi~uth 1 s greater density caused it to settle to the bottom on 

mixing ~ith the lighter Mg, thereby giving h'o separate metal layers 

for tw runs. The mechanical mixing of the tt.'o metals 1.rhen melted 

resulted in such a fine dispersion of metal and flux that h'o addi

tional runs t.~ere of no use. T,,o attempts gave reasonable appearing 

results. One '1.?8S obtained by keeping the Mg (M.P. 1203. 8°F) slug 

under a ve~ thin flux for 40 minutes at 1200°F and then placing 

unmelted Bi (M.P. 519.8°F) Meta~ powder over the flux and heating 

for an additional 45 minutes at 1200°F. The high density Bi passed 

through the flux giving a reasonable mixture of the Mg and Bi. The 

second successful alloy ~s obtained by placing the Bi metal po1.~er 

over the Mg slug and covering the tvo metals t.~ith a deep flux and 

heating to 1200°F and holding for three hours. The Mg Metal slug 

used in all attempts ~s one inch round stock slugs taken frOM 99% 

6 



pure Mg bars. All surfaces were shined \.lith er.tery cloth to re

move oxidized surfaces prior to use. 

Five grams of hand-ground Mg-Bl alloy were placed in a three

necked reaction vessel. By using a dropping funnel, tiN H2so4 acid 

was added to the alloy sample. The reaction vessel ~~s swept vith 

d~ hydrogen floving at about 500 ml per second. The gas evolved 

1.ras Sl.rept through a pyrex tube one em in diaMeter vh ich ,.'Cls pre

heated and heated by a bunsen burner fitted ,.,ith a "''ing tip. No 

bismuth mirror vas deposited in five runs. No Mirror ~~s obtain

ed using HCl or HN03 acid in lieu of the HzSOu acid and at the 

same nomality. 

The alloy in the amount of 10 grams vas added to the reaction 

vessel and hN HCl acid added with the resulting gases trapped in 

liquid air. The condensate was kept in liquid air and the trap 

placed on a vacuum rack. The condensate was varmed up in the 

vacuum, distilled once to remove the water and examined in the 

infrared using a Perkin-Elmer Model 221 spectrophotometer with 

NaCl prism-grating interchange. The sa~ple and reference cells 

were furnished with RBr vindO\·'S and had a 10 ern path length. The 

spectrophotometer ~~s used with a slit program of 890, attenuator 

speed of 11:00, drum speed at 16, gain at 4.7, and scale of 50 

wave numbers per centimeter. 

The infrared spectrum of the gaseous products revealed only 

the spectrum of a trace of water and a strong band of co2 at 

2350 "'~ve nuMbers. 

To test the detection method of ~eeks and Druce, gases evol

ved qy the reaction of 8.6 grams of the alloy and 200 nl of 6N HCl 

acid vere bubbled through 200_ml of 1M AgN0 3 solution. No pre

cipitate was observed. 

7 



(b) Schaeffer method. 

To avoid the laborious process of producing LithiuM Borohydri de 

(LiEHh) /9/ and to save time, LiHH4 vas purchased froM the Meta l 

Hydrides Company of Beverly, Mass. The material is listed as 90% 

-~· 
pure. The purity is deternined qy a hydrogen evolution assay, 

and there is no analytical analysis run qy the manufacturers. 

Their estimate of the iMpurities is lithium chloride and lithium 

borate. 

LiEH4 is an extremely hygroscopic material and ~ill ignite 

when moistened. Precautionary Tlleasures "''ere taken 'torhen hand ling 

the material to avoid burns to the user and spontaneous combustion 

when in contact with cellulose material. The material "'ill dis-

solve in water if necessa~ precautions are taken to avoid can-

bust ion. 

In order to carry out the proposed reaction 

BiC13 + 3LiBHh • BiH 3 + 3913 + 3LiCl 

3.632 grams of 90% pure LHJih (0.150 mole) "''ere dissolved in 200 

ml of water, and 15.7685 grams of BiCl3 (0.050 mole) t.rere dissolved 

in 150 ml of ~.2M HCl acid. 

The BiC13 solution was placed in a hOO ml, three-necked reac

tion vessel equipped with a magnetic stirrer. The LiBH4 solution 

was placed in a dropping funnel which was attached to one neck of 

the reaction vessel. Dried hydrogen gas t.~s passed into the re-

action vessel through a sintered glass filter below the surface 

of the BiC13 solution. The center connection of the reaction 

vessel served as the exit for the gases evolved in the reaction 

as well as the hydrogen gas used to sweep the reaction vessel. 

8 



The gases were passed through glass piping to a trap packed 't-•ith 

pyrex glass \.rool and inmersed in liquid air. The gases leaving 

the trap "W'ere passed through a mercury bubbler under a hood. 

After the BiC13 solution ~~s in the reaction vessel, the 

~stem ~~s assembled and the reaction vessel submerged in an ice 

bath. The hydrogen gas was turned on and allo,.~d to s~ep the 

S,YStem for~ive ninutes at an approximate rate of 500 ml per minute. 

v:ith the hydrogen gas still S\.reeping the system the LiBHh solution 

\~S added initially one drop at a time. The reaction \.~S violent 

,,i th great quantities of gas evolved and the prec ip ita tion of re

duced Bi metal. The magnetic stirrer and bubbling hydrogen gas 

kept the liquid in the reaction vessel in motion and prevented a 

concentration of precipitated Bi metal from settling. V:hen the 

reaction had ceased, vacuum stopcocks sealed the trap ~mich ~~s 

then removed from the ~stem and evacuated on a vacuum rack. The 

condensed·gas was kept solid qy keeping the trap submerged in 

liquid air during transport and evacuation. The gas ~s distil

led once to remove water and then allowed to fill a standard 10 em 

gas cell with KBr windows to pressures of 35 mm, 2h mm, and 18 nn 

on three successive runs. The Perkin-Elmer Model 221 spectropho

tometer ... ms used with a slit program of 927, attenuator speed of 

11:00, drum speed of 16, gain at 5.6, and scale of 50 ~·avenurnbers 

per centimeter. 

The spectrum obtained was not readily identified as any of the 

expected products. 

The unknown gas \oraS also examined ,.,i th the spectrophotometer 

equipped 'Iori th the CsBr prism, but no absorption bands \.rere seen in 

the range from 15 to 25 microns. 

9 



3. Conclusions. 

(a) Paneth Method. 

The Paneth method as outlined in the introduction gave no i n

frared spectrum. It is possible that the hydride of bismuth ~~s 

produced in such small anounts as to be undetectable in the infra

red, or that the BiH3 produced decomposed prior to reaching the 

heated portion of the glass\~re. The AgN03 detection method used 

would also give negative results if the above assumptions ~~ere 

correct. The existence of BiH3 has not been disproved by the experi

ments conducted; the methods used m~ not have permitted detection 

of ve~ small amounts. 

( b) Schaeffer Method. 

The spectrum obtained was not that of BiH3 as seen from nole

cular ~eight and the other expe~iments that are described in the 

follo~ing section. The failure to obtain B!H 3 could be due to the 

impurities in the commercial Li8H4 used, or, as outlined for the 

Paneth method, due to experimental errors. 

10 



III 

REACTIONS OF COMMERCIAL Lintitm OORCHYDRIDE v:I'rn VARIOUS SOLVENTS 

1. §x'Per iMenta 1. 

In the reaction with BiC13 dissolved in HCl acid, the LiBH4 tha t 

was added had been dissolved in wter in the atmosphere. t.hile corn-

bust ion of the liEH4 when Mixed tori th wter "'as avoided by careful 

handling, a reaction of an exothermic nature had taken place. In or-

der to determine what if aey gaseous products t.rere evolved, one gram 

of LiBH4 was placed in a d~ three-necked reaction vessel equipped 

with a magnetic stirrer. The s,ystem was flushed by d~ hydrogen gas 

and with the cold trap in the line between reaction vessel and mercu~ 

bubbler, 125 ml of distilled vater vere added dropYise. The spectrophoto-

meter settings were the same as for the HCl, BiC13, LiEH4 runs. The 

spectrum (Figure 2) "~s the same, but absorption bands were TllUch t.real-ter, 

using 29 mm of sample in the standard 10 em gas cells. 

As an aid to identifying the unknown gas, Raoult molecular t.reight 

determinations t.rere made using the ideal gas la,., and the increase in 

mass of a glass bulb of known volume. Tt.ro deteminations "'ere made: 

Run 

1 

2 

Vol. of bulb 
( cm3) 

223.0 

252.1 

Pressure of gas 
( I'11T1) 

8 

17 

No. of gmoles Nolecular vlt. 
( g/gmole) 

9.56 X 10-5 56.49 

2.335 x lo-4 6o.o6 

The temperature for both runs was asstuned to be room temperature of 220C. 

The second run from experimental considerations would appear to be more 

accuracte as the mass of the unknown gas ,.ms greater. 

To delve further into the properties of LiBH4, one gram of the 

material 1o1a.s placed in the reaction vessel, and the EqUipment ,.ras 



arranged as bef ore. The dropping funnel was f illed with 200 ml of 
• 

4N Hz9D4 acid ~mich was added slowly. The spectrophotomet er had the 

same settings as for the previous runs. The infrared spectrum of the 

condensed gaseous products was that given for diborane /10/ (8~6) ,.d th 

no trace of the unknown (Figure 2). 

To continue the investigation, one grarrt of LiBH11 'I.TClS again used 

in the same manner. The dropping funnel ,.~s filled ~ith 200 ml of 

4N HCl acid ~mich ,.~s added to the dry LiEH4. The infrared spectrum 

was a mixture of the unknown and diborane (Figure 3). 

Next the effect of the chloride ion on the production of the un-

known was investigated. The equipnent and procedures "'ere nodified. 

r!ater in the amount of 150 nl was added slowly to one gram of Liffi h, 

and the gas evolved vas swept qy dry hydrogen gas into another reaction 

vessel where it ws bubbled through 300 ml of 0.025M KCl. The gaseous 

products vere trapped and examined in the infrared. The spectrum was 

that of the unknown with ve~ strong absorption bands using a pressure 

of 17 nn of the unknown gas (Figure JJ. 

Using the modified equipment, 150 ml of water were added to one 

gram LiEH4. The gaseous products vere discarded and the liquid, ~en 

the reaction was completed, ,.ms added to 0.031M BiC1
3 

dissolved in 

4N HCl acid. The gaseous products of this reaction t.1ere trapped and 

their spectrum obtained from the spectrophotometer. The spectrum ~~s 

that of the unknown but vith very \.Teak absorption bands. 

The approach was modified so that the gaseous products from 150 rnl 

of H2o on one gram of LiEH4 were passed through 300 nl of 0.5M KBr 

solution. The infrared examination sho~d no change in the spectr~ . 

The intensity of the absorption bands was the same as obtained qy 
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adding water to the LiEH4• There vas no shift of the bands in the 

spectrum for two runs of this experiment. 

In an attenpt to effect the shift in the absorption bands qy a 
-t 

substitution reaction, 150 nl of water were added to one gram of LiBH4 
and the gaseous products were passed through 300 ml of 0.2~1 Kf solu-

tion. The infrared examination of the gaseous products shm .. •s a strong 

spectrum of the unknown gas plus a weak but definite spectruM of di-

borane using a pressure of 14 mm of gas (Figure 4). 

In every case where acid or t.l8. ter \oJaS added to L iBH L, the first 

drops of liquid added caused a violent reaction with the evolution of 

large quantities of gas. The LiEH4 was a powder initially, but upon 

the addition of a small amount of liquid the powder turned into a 

brittle porous mass. vJith the addition of More water and using a mag-

netic stirrer, the brittle mass was broken up and the LiEH4 dissolved 

in water. After enough water (approximately 5 Al) had been added to 

cause the physical change from powder to brittle mass, the reaction 

vas essentially over. The gas of interest had been evolved, and the 

remaining water ~~s added to place the remaining material into solu-

tion. 

The hydrolysis of LiEH4 is catalyzed qy acid /11/, and the reac

tion can be retarded qy a basic solution.fi2/ In an attempt to deter-

nine the amount of chlorine that is present initially as an impurity, 

100 ml of 3M NaOH were added to 1 gran of LiEH4 .. The first f~ drops 

of basic solution produced a violent reaction with the hydride, and 

the gas evolved gave the same infrared spectrum as the unknoYn (Figure 

4). The powdered LiEH4 remained powder, not a brittle porous mass as 

with water and acid additions, after the first few drops of NaOH 
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solution were added. Again the addition of approximate~ 5 Ml of 

solution completed the reaction, but the still po~~ered material went 

into solution ~ri th much less physical stirring. \.'hen the remaining 

material had been placed in solution, 200 ml of 0.111 AgNJ3 "'ere added 

to the solution in the hope of precipitating AgCl and then deterMin-

ing the amount of chloride present initially in the commercially pre-

pared LiEH4. The experiment ~~s unsuccessful. The gas evolved could 

have carried away the chlorine present as the spectrum sho~red strong 

absorption bands of the unknown. v.'hen AgiD3 ~'9s added to the solu

tion of LiBH4 in NaCH, the silver was reduced to a black precipitate 

believed to be silver oxide (AgiJ). Due to the explosive nature of 

d~ Ag
2
o no attempt was made to d~ the precipitate to determine the 

presence of AgCL. 

2. Cone lus ions. 

The unkno~'n is a high molecular wei!Jht condensable gas. Based on 

the experiments conducted, the gas is believed to be chlorodiborane 

(BZHsCl). This conclusion ~'9s arrived at by the elimination of pos

sible products. For all the basic reactions carried out, the number 

of elements present were limited to hydrogen, oxygen, lithium, boron 

and chlorine. To identify the unknown all likely published spectra 

'Were investigated. This led to the elimination of diborane /9/ 

(B2H6), boron trichloride /13/ (EC13), diboron tetrachloride /14/ 

(E2ClL), and the high boranes as tetraborane /15/ (B4H10), pentaborane 

/15/ (BsH9) ,dihydropentaborane /15/ (B_? 11)·. All these ,spectra have 

characteristic absorption bands at 4.05, 4.65, 5.54 and 6.15 microns 

with the band at 4.05 microns being the most consistently strong. The 

fact that the unknown compound is a gas at room temperature and has a 
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molecular weight of 60 ~ 6 graMs per gram mole allows the elimination 

of all lik~ly compounds except chlorodiborane (B2B~l), vhich has a 

molecular weight of 62.14 and is a gas at roon temperature. 
-- t 

The k~s to the conclusion are: 1) the manufacturer's statement 

that the LiEH4 used to produce the gas contains LiCl as an inpurity; 

2) the hydrolysis of LiBH4 is extremely rapid, and acid has a cataly

tic effect on the reaction. 

An attempt to determine the chloride content of the comnercial 

LiEH4 in a reaction involving NaOH and Ag1~3 was unsuccessful. 

The spectrut'l obtained from the reaction of Liru4 and 4N Hil04 acid 

~~s that of diborane (Figure 2). In this reaction the effect of the 

acid was to speed an already rapid hydrolysis reaction. The reaction 

was so fast as to exclude the unknown reaction mechanism by \mich the 

chloride impuri~ joined the diborane or intermediate product. 

The configuration of diborane, Bi16 , is sho'torn belo-..• /16/ and has 

been verified by spectroscopic and other physical evidence, /17/ 

The molecular dimensions "'ere obtained by a careful e lee tron defraction 

study /18/. 

H 

H 

The hydrogen atoms having a Hgan~ of 1, have a H-B distance of 

1.187 ~ 0.030 ft. The bridging hydrogen atoms having ligancy of 2, 

have a B~ distance of 1.334 ! 0.027 ~. The B-B bond distance is 

1. 770 '! 0.013 ~. 
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The structure of chlorodiborane has not been reported in the li t era

ture, but it is reasonable to assume that it ,.,ould have a structure 

similar to bronodiborane (B2H5Br). Pauling /19/ reports the struc

ture of bromodiborane as essentially identical t.'ith that of diborane, 

except that a bronine atom replaces one of the non-bridging hydrogen 

atoms. Therefore in chlorodiborane the chlorine atom would take the 

same position. 

There are no published spectra of the chloro- or bromodiboranes. 

Both these compounds are discussed qy Stock /20/, who gives the physi

cal characteristics of chloro- and brornodiboranes as "'ell as success

ful~ used "ethods to produce the broModiborane. The most convenient 

meth~to prepare the bromodiborane is to allow diborane to react 

with less than stoichiometric aMounts of elemental bromine or hydro

gen bromide in a closed vessel at a high temperature for a long 

period of time. The reaction as reported is that of substitution. 

The B2H5Br must be separated from a product mixture of diborane and 

boron tribronide. The bromodiborane is reported to be the more 

stable and not spontaneous~ infl~able in the atmosphere. A simi

lar reaction involving diborane and chlorine gas is reported to re

sult in an explosion. The violence of the reaction t.~s moderated qy 

lot.rering the temperature. Even with only one-third the stoichio

metric amount of chlorine required, BC13 vas the predominant prod~ct 

of the chlorination with the majority of BZH6 recovered unchanged. 

The conclusion t.ss that BZHSCl could have been an intermediate pro

duct which dissociated so rapidly as to be undetected. D. T. Hurd 

/21/ proposes that B2HsCl might occur as an intermediate in the 
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reduction of boron trichloride (OC13) t.rith hydrogen gas in an electric 

discharge. Both authors agree that BiH~l is ver,y unstable, decompos

ing to BZH6 and BC13, and that B2H,Cl is a spontaneously inflammable 

gas. As no author!~ reports the isolation and testing of pure B2HsCl, 

the repor t s of excess instability and spontaneous inflammability are 

open to question. 

In the reaction of LiEH4 and HzSOh acid, diborane was the product 

as detemined by the spectruin. The chloride content t.ras only \.!})at 

existed as an imp..tri ty in the Lim4 and hence can be a3Sumed relatively 

SMall. The acid catalyzed an already rapid reaction. Under these con

ditions of rapid reaction and low chloride content, the mechanism of 

reaction did not allow for the iuhstitution of chloride ion in an amount 

to produce detectable quantities of B2HSCl qy infrared studies of the 

gases. 

~nen HCl acid \.~S used in lieu of the H2S04 acid under the same 

conditions, the spectruM ~ras that of diborane and chlorodiborane 

(Figure 3), both in moderate Intensity. This again is an acid cata

lyzed reaction and hence ver,y rapid, but the chloride ion loras in abun

dance from the impurity and acid. Here the preponderance of chloride 

ion, despite the short reaction time, allowed the substitution of chlo

ride ion in an amount to produce detectable quan.tities of B2HsCl, but 

not complete substitution, as diborane vas also detected. 

v1hen water was added to LiEH4 the spectrum was that of B2HsCl; 

but it had ver,y weak absorption bands (Figure 2). In this case there 

"~s no acid to catalyze the reaction, but the observed reaction ~s 

still rapid. At the slolorer reaction rate the small chloride iMpurity 

had more time to car~ out a substitution reaction. The resul t is a 

sp~ctrum of B2H5Cl and no infrared detectable diborane. 
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The assumption that B2H~l is produced by the substitution of a 

chlorine atom for a non-bridging hydrogen atom of diborane seens reason

able. The fact that diborane reacts almost instantaneously vith Yater to 

produce boric acid /20/ can account for the absence of diborane spectrun 

from the '"'ater and Li'F.H4 reaction. In this reaction ,.,hen "'ater ,.,as added 

diborane was produced. The chloride impurity of the LiBH4 by substitu

tion in diborane gave the observed spectrum. This reaction '"~s not acid 

catalyzed, and the amount of diborane produceq is less per unit of time 

than from the acid catalyzed reactions. The diborane is not evolved in a 

burst, but rather over a longer time. Water vapor produced qy the exo

thermic reaction was trapped along with the diborane and B2H)Cl. In the 

subsequent heating and cooling processes of the vacuum distillation proce

dure, the water reacted with the diborane to produce boric acid and hydro

gen. 

Btl6 + 6H20 c 2H3B03 + 6H2 

At the beginning of the experiMents, the unpacked glass traps of the 

vacuum system '"'ere clean, but at the end of the experimentation the trap 

\o'2lls \olere spotted "'ith a flln of mite polo'Cier, "rith a deposit of po'l.rder 

in the trap well. The pO'-'der "t.ras similar in appearance to finely po'!.ICiered 

boric acid. The SMall quantity of po\der "'as not removed from the vacuum 

system for analysis. In the H2S04 acid and HCl acid reactions, the quan

tity of d!borane was produced in a shorter tiMe. The small amount of 

wa. ter vapor trapped could not react '"'i th all the d iborane and therefore 

allo'"'ed suffic lent quantities to pass unreacted. The unreacted d iborane 

was subsequently detected. In the light of the anomalies in the experi

Mental procedures, the relative amounts of gases evolved fron all the 

reactions can offer no quantitative basis of cOMparison. The three 
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experiments described above, ho~ever, do sho~ general trends. The produc-

tion of chlorodiborane seens to be favored qy higher chloride ion concen-

trations and qy neutral rather than acidic solutions. 

vihen the gas evolved in the LiBH!l and wter reaction '\o'8S allo'\ored to 

· escape froM the reaction vessel, and the resulting solution added to a 

solution of bismuth trichloride and hydrochloric acid, a 1o•eak spectruM of 

the B2H~l ~as observed. The gaseous diborane evolved is assumed to have 

been converted to boric acid in the acid solution or passed from the re-

action vessel as gaseous diborane. The entire quantity of LiBH4 '\o'8S not 

reacted completely, and some 1orent into solution. ~.nen this aqueous solu-

tion of LiBH4 was added to the strong~ acidic BiC13 solution, the reac

tion ~~ich followed released more diborane. The chloride ion completed 

the substitution reaction and gave the observed spectrum of B2HsCl· 

The diborane gas evolved along ~ith the chlorodiborane in the water 

and LiEH4 reactions to be described below can be regarded as an inter

mediate product. For purposes of clarity in spectrJm identification, this 

diborane gas Yill be noted as X (gas). 

~nen the chlorodiborane and diborane gas, X (gas), evolved from the 
- t 

vater and LHH4 reaction ,.,as bubbled through a solution of potass !urn 

chloride, the spectrum '\oras that of B~,.Cl. The intensity of the absorp-

tion bands ho1o.rever "'as increased approximately four-fold (Figure 3). The 

chloride ion reacted ~ith the intermediate diborane gas qy a substitution 

reaction to produce more BZH~l and give stronger absorption band inten

sities. A~ unreacted diborane must have reacted "rith the aqueous RCl 

solution or trapped water vapor to produce undetected boric acid. 

wnen the gas evolved from the LiEH4 and water reaction '\o'8S passed 

through a solution or RBr, there was no noticeable change in the spectrun. 
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From the intensIty of the absorption bands, 'Which ,.,ere the same as the 

hands observed from Liffilt and water reaction, the bromide ion effected no 

change on the B2H~l gas or on the intermediate diborane. From electro

negativity considerations it is clear that the bromide ion yould stand 

little chance of substituting for the chlorine atom in B~sCl• It is 

possible that the bromide ion did not have sufficient time to substitute 

for a hydrogen atom of diborane. As stated previously, diborane and bro

Mine gas must stand together for long periods of time at a high tempera

ture to allow the bromine atoms to effect a substitution. The unreacted 

d i borane under'l.rent the react ion with ,.rater previously described to produce 

undetected-boric acid and hydrogen gas. 

~~en the gas evolved from the LiBH4 and water reaction ,.~s passed 

through KF solution, a change in the spectruM ~s observed (Figure 4). 

The absorption bands were stronger than observed in the initial ,.~ter and 

LiBH4 reaction. There was no appreciable shift in any of the previously 

observed absorption bands to indicate formation of any COMpound such as 

fluorodiborane. Another change in the spectrum was the presence of di

borane indicated by a ,.,eak absorption spectrut'l'l. In this reaction It can 

be assumed that the normal quantity of B2H)Cl ,.~s produced and carried un

changed through the reaction. There ,.~s no chloride ion present to account 

for the increased absorption hands of B2H)Cl. The formation of a compound 

as B2H5F seeMs most unlikely, and there ,.~s no observed shift in the spec

trum to indicate its fomation. This "'as the first time that diborane \oras 

observed in a spectrum resulting from this general type of reaction. ~.'hile 

the other experiments ,.,ere conducted at least t\dce, this experiment \•as 

run only once due to a limited supply of LIEH4. The inconsistency of this 

run can be attributed to the an~alies inherent in the procedure. The 



hydrogen gas s~eep rate might have been too high. The initial distribu

tion of LiBHh in the reaction vessel and the speed in vhich the "rater '\o'ClS 

added could have been inconsistent "'i th the previous runs. Even the effect 

of va~ing the speed of the magnetic stirrers could have affected the re

sults. It can be concluded that the results of this experiMent are subject 

to question and may not be reliable. 

As the hydrolysis of LiBH4 is an acid catalyzed reaction, it has been 

proved that the use of a basic solution ~ill retard the reaction./12/ In 

this line of investigation 3M NaOH solution '\o'ClS added to Liffil!' and the gas 

evolved was observed in the infrared (Figure 4). The spectrum '\o'ClS that of 

the B2H~l with Moderately strong absorption bands. In this case the basic 

solution did not apparently retard the reaction sufficiently to prevent the 

evolution of B~SCl· The basic solution could have slowed the reaction 

sufficiently to allo1or more of the chloride impurity to be used in the re

action and hence yield more Bz.R)Cl accounting for the increased absorption 

bands. 

In the references B2H)Cl is reported to be very unstable and spontaneous

ly inflammable. No attempt ~~s made to expose large quantities of the gas 

to the atmosphere. However, in "'orking "'ith the vacuufl'l systeM sMall quan

hities of the gas, as detected qy the disagreeable hydrogen sulfide-like 

odor, were exposed to the atmosphere during breakin~ connections, and no 

combustion reactions were observed. Several methods ~ere employed to test 

the stability of ~HSCl· A gas sample vas added to a 10 em pathlength cell 

resulting in a gas pressure of 28 mm. The sample was viewed periodically 

over a time span of 120 hours. There was no apparent change in the spectrum 

with the cell at room temperature. A glass bulb of 252 em voluMe "~s fil

led vith a gas sample of 8 mm pressure. The bulb 1o~s subMerged in a 1orater 
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bath at 60°C for 20 hours, and again there ~~s no apparent change in the 

spectrum. The 10 em pathlength gas cell ~~s used \•ith 15 nm pressure of 

sample. The total pressure in the bulb ~as increased to 68 mm by adding 

dry hydrogen gas. At the end of 48 hours the sample had the same spectru~ 

as before, indicating no change. The three procedures used to decompose 

B2H~l were unsuccessful, despite the attempts to increase the decomposi

tion kinetics by adding heat or increasing the collision rate by added 

molecules. 

24 



(\.) ,_,., 

0 5" 
:J ....... c.-. 

0 
()(b 
::::r c. 
QU> 
o-o 
C. CD -· () c- ...... 
Q a 
0 0 
:J ....... 
(I) 

.,g 

.... c
o 0 
3 a ~ 
r~~ 
iii.,~ 
I o N 
~ 3 

I 
:r:r 
Nii:j 
O:r: 
::::0~ 
ro I 
0 :r: 
~N 
6" (f) 
:J 0 
~ 

::::0 
(I) 
0 

~ 
6" 
:J 

2.5 
10 

-p8 
z 
~ 
c.: 
w 
~6 
w 
u z 
<( 

:::4 
~ 
(/) 

z 
<( 

e:2 

0 

0 

0 

0 

0 

0 

4000 

2.5 
100 

--
-p 80 
z -I-
w 
u 
c.: 
w 
~60 
w 
u z 
<( 

~ 40 
~ 
(/) 

z 
<( 

e: 20 

" -
4000 

I 
3 

1 

f\-1-r-,. 
r-' 

10 

"' 

I 

0 

0 

3500 3000 

3 
1 

--- 1-- -
l/' 1/ 

./ ' . 1-- --- ·--
80 

-1--1-·1-1-- - - - f---- - - -- -- -

1-- - - . -

"' 

0 

3500 3000 

WAVELENGTH (MICRONS) 
4 5 6 7 8 9 10 12 - 15 

1 1 1 
1- ~ 1.... .J. 

1\ I ru.~ if I \ rr- f'--. v 
\ I IJ _I 11/ II 

II "' I AI\ 
II II I I 

\' I 

"' . 
I 
I 
I 

•o l 

LiBH4 +H2S04 ~ B2Hs :!o 

17 MM Sample 

I I I I I I A I I I 1 I I I I ( 

Tl1EI'UION- I.N.fi;COfl,, NOIW.t.U( 

2500 2000 1500 1000 
FREQUENCY (CM1

) 

WAVELENGTH (MICRONS) 
4 5 6 7 8 9 10 12 15 

1 1 1( 

.I J 
I I~ " """' I I l 
I 00 I • 

-r-. " . 
LiBH4+H20~B2H5CL 

29 MM Sample "' 

T1*PU:KIN-

2500 2000 1500 1000 
FREQUENCY (CM1

) 



1\) 
~ 

~::o-
(f) CD :::1 
(f) 0 ::-
CD 0 0 a. ........... 

-- CD 
--l g a. 
::::r • 
0 0 (/) 
c :::1 "0 

<0 a_ CD 
::::r 0 

:All~ 
() 0 0 

r 3 o -(/)r 
0 -_{D 
S,I 
6-~ 
:::J I 

I 
1\) 

0 

911 
0 .o· 
..... c 
0 ..... 
9: CD 

g()J 
..... 
0 

::0 :::1 
CD CD 

g II 
~. 0 
g 3 
.o r 
0 --
(f) {D 

I 
~ 

I 
I 
() 
r 

2.5 3 
100 1 

;::=- 80 
z 
w 
u 
0:: 
w 
~60 
w 
u z 
<( 

~ 40 
.., 

~ 
V) I z 
<( 

:= 20 20 

I 
~ 0 
v 

4000 3500 

2.5 3 I 
100 1 

;::=- 80 80 

z w 
u 
0:: 
w 
~60 
w 
u z 
<( 

~ 40 
.., 

~ 
V) 

z 
<( 

:= 20 

,.. 
v 

4000 3500 

WAVELENGTH (MICRONS) 
4 5 15 6 7 8 9 10 12 I -

':-' 
1 1 ,, 

=-r--
(\~~ ;t'i-~ \ v-~ !r I l""'..r r-v 

;{ 1\ 1/ 'I 
~ ----r- r'i' ,/ l hi ~---~ -

I 80 

' ~ -1- :- i- v Ur; \ -II t-- - ~- -,-- 1--1- 1- - - -~- --·t-- - t-1---- - 1-I-

-I- - - t- - I 1--t-- r-- I 
1-1-- 1- -

"" . 
r-- + I 

r-~t- -I-
I 

" -4 I - ~-\I .., .b . I I I 

I 

LiBH4 +HCL~B2HsCL+B2Hs - i ±-
2 

21 MM SAMPLE f- I -t-- --1-

I 

I I I I I I I 6 IT I I I I I I 6 
-

THE PERKIN ElMER COl,., NOIIWAU 

3000 2500 2000 1500 1000 
FREQUENCY (CM') 

WAVELENGTH (MICRONS) 
4 5 6 7 8 9 10 12 

-~ 15 
1 1 " - - - ,.,. :-vf-l 

\ r '-. I \r '\ ..r .,. 
( \..fl 

80 I o 
' ( lv I v 

I 
r 

,r I 

"" . 
I 
I 
.b 

v I 
I 

L i BH 4 +H 20 ~X(GAS) + KCL ~B2HsCL 20 ' I 

17 MM SAMPLE 
I 
I 
6 ' fHE PERKIN· ElMfl: COli,.. NORWAU: 

3000 2500 2000 1500 1000 
FREQUENCY (CM·') 



~ 

--i::O
~ (1)::!. a o a 
c ~ ~ 
~ -· (1) 
~ 0 0.. 

::J 

="o..g> 
11 ::J (1) 

O..o 
(/)11~ 
0 ~ 0 
- 0 
§.. 3 S!. 
g r o 

ro::!:l1 
I o -· 
~ a~ 

I o.. ~ 
-· (!) 

ICT' 
No~ oa 

::J ::om 
~ 11 
0 ~ 

- 0 a· 3 
::J 

~ c: 
o CD 
Cll I 
"'0~ 
0 I (/) z 
~ 0 
o..o 

I 

2.5 3 
100 I 

z 80 
UJ 
u 
Q! 
UJ 

S-60 
UJ 
u z 
<( 

~ 40 
~ 
V) 

z 
<( 

e: 20 

--o 
4000 3500 

2.5 3 
100 I 

r-1"'" 
...., _ 1--

'P 80 80 

z 
UJ 
u 
Q! 
UJ 

S-60 
UJ 
u z 
<( 

~ 40 "' 
~ 
V) 

z 
<( 

e: 20 

" v 

4000 3500 

WAVELENGTH (MICRONS) 
4 5 6 7 8 9 10 12 

j 
15 

I II 

t't [,- u'IIV" 1'-' 11 I"" If'- If'.. t- 1 r-rr I \V \ J ~ If V 
..,.. 

IJ r\ ' r-t-I 80 II . 
I 1--f-- -- l1 I 

-I- -I I I I IV \ 
1/ I ' J, 60 . 

- - --·-

I 
I "' "' ~ j I 

I I l 
I 

L i8H4 +H20 --.X(GAs)+KF -+82 H5 CL + 82 Hs 
- - 1- -- i 1 

I -
19 MM Sample I 

I I I I I I I I I I I I I I I I I I 
I 

THE Pfii(IN. fL.MfR COtP, NQIWALJ 

3000 2500 2000 1500 1000 
FREQUENCY (CM1

) 

WAVELENGTH (MICRONS) 
4 5 6 7 8 9 10 - 12 15 

I II 

I ./ ~ r "'- )/ 

/ 1'\l lf\1) f", 1/ ~ 1-" 
IJ H 

f eo I • 1\ IV ' 
fl I ~ I 

1/ u I 
'J 1 

J 

I "' 
I 

' I l 
I 

Li8H4 +NaOH~82HsCL :lo ' 
14 MM Sample 

I 
I 

l 
A A i 

Tl1E 'ElKIN. El.MU CCIA' NQitWAlk 

3000 2500 2000 1500 1000 
FREQUENCY (CM1

) 



• 

h. Suggestions for further study. 

Due to time limitations, the experimental work done involving the 

conmercial LiBHL was not completed. In dealing ~ith the product gas 

B2H~l the-ro\lowing procedures could be used to aid in positive identi

fication% 

(1) Produce B2HSCl from dlborane and chloride gases. This is reported 

as an explosive reaction, but might be feasible at lo~' tenperatures 

using snall quantities of gaseous reactants. A positive identi-

fication could be possible from this procedure. 

(2) Produce B2H5Br for a comparison spectru~. The reaction of dibo

rane and brOMine gases for long periods of time in a sealed con-

taininer at a high temperature might yield enough B2H5Br to be 

used in a comparison. These gases reportedly mix ~lithout violent 

reaction, and large quantities could be used. 

(3) Deternine the chloride impurity in the commercial LiEHL to allow 

quantitative study of the chloride content of reactants and pro-

ducts. 

(h) If quantitative data could be obtained on the chlorine c0ntent, 

the reactions involving the commercial LiEHh and ~ater, acids and 

base could be studied on a quantitative basis with regard to the 

chloride participation. 

(5) The reactions ~rere carried out in a hydrogen atMosphere. Change 

the sweeping gas to helium, perhaps, and see if the hydrogen gas 

affected the reaction. 

(6) All studies vould be made easier if the LiBHh hydrolysis reaction 

could be slowed down, as qy the use of lo~' temperatures. 
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(7) In place of aqueous solutions, carry out the reaction in ethereal 

solutions or other solvents. 

(8) Attempt to analyze the residual power left in the vacuun systef'l 

in an effort to determine the nature of the intermediate product. 

-- t 
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