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INTRODUCTION 

A. large number of addition com.plexes formed 'between acceptor 

molecules containing Group IlIA. eleDl8nts and nitrogen donors are reported 

in the chemical literature (1-9), and with few exceptions (e.g., ethylene­

diamine (10», the doDOr JIIOlecules have contained only one nitrogen atom.. 

It was therefore of particular interest to investigate the reactions of 

some "electron-deficientlt molecules of Group IlIA. ele_nt. with hydrazine, 

the simplest substance haYing two nitrogen atoms which are potential 

electron dODOrs. 

The mlecular structure of hydrazine is accepted (11,12) as 

that shown in the diagram: 

or 

Since each nitrogen atom. will have its bending electrons distributed in 

tetrahedral s'; h1brid orbitals, one of w.hich contains a lone pair of 

electrons, the above configurations should easil1' permit the formation 

of one or tlilG coordinate linkages with suitable acceptor DDlecules. It 

is accordinglY' rather surprising that only' one acceptor molecule of a 

Group IIll elChDlitnt, diborane, B H6, has been used to studT the electron2

cioDOr properties ot hydrazine. 

In t., independent studies (13,14)" it was found that diborme 

reacted with h7drazine to form. the addition COJIlp:nmd diborane-l!lyd.rasine 
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2.B~ .H2H
4
, or ~B.HH2NH2.B~, indicatmg that both nitrogen ato.. in 

hydrazine are capable of coordinating with borane (BB.,) groups. This 

colll};X)und was thermall.y lIBstable (14); on heating at 130·0.,* one JllDl.e of 

tqd.rogen per gram-atOlll of nitrogen was liberated. 

In view of the scareit7 of data, it appeared that there was 

ample scope for the study" of the reactions of hydrazine with acceptor 

mlecules other tb&u diborane. It was thought advisable to .make a 

detailed namination of new coDlp)unds as the7 wre prepared. This was 

done in several. W&7S: by measuring their physical properties, b7 sub­

jecting them to appropriate chemical reactions, and b7 utilizing the 

techniques of x-ray diffraction, infrared absorptl.A.ln, and ther.mal 

decomposition. 

Since boron trifluoride is one of the mst active electron 

acceptors (1,2), its reaction with hydrazine was investigated first. 

Tr1methylborane.. B(CH»), was selected. for coordination studies to provide 

a com.parison of its complexes with hydrazine with thIDae of boron trifluor­

ide and diborane (13,14). 'Nb.en it was discovered that boron tricblDr1de 

undergoea a eondensation reaction with hydrazine eljminating h7drogen 

chlDride.l this particular study" was extended to boron tribromide and to 

aluminum. chloride.. bromide, &l'ld iodide. So_ experi.lDtnts with trimethyl­

aluminum... an extre_l7 reactive materiaJ., rounded out the research pro­

gr&lllle. 

In view of the n'U.llerous comprehensive reviews which are avail ­

*ru temperatures in this the sis are re};X)rted in ·0. 

http:absorptl.A.ln
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able (1-9), onl.y & brief outline of the pertinent literature will be given 

here to provide a basis for the discussion ot the new work reported in 

this thesis. 

Ilomenolature 

The names of addition compounds (15) are formed by joining the 

names ot the acceptor and the donor by a hyphen, and showing the respective 

nUliber ot Jll)lecules with Arabic figures. For e.xampl.e, the compound AlCl:3. 

3~ is ll&II.8d. aluminum chloride-3-alllllJ:>nia. Bowver, when one ot the 

components is organic, use is made of the Dlllltiplicative terms bis, tris, 

etc., instead of Arabic numerals. Thus BF3.2ClI:30H is called boron tri ­

tluoride-bismst.hal:lol. 

Compounds ot the type BR:3 have in recent years been nAll8d as 

substituted boranea (BH.3) unless all three substituent groups are halogen 

atoms (16). For instance" B(ClI:3)3 is called trim.eth;ylborane. 

The term. "Lewis acid" used in the title ot this thesis refers 

1:;0 those substances which are capable ot accepting a pair ot electrons to 

form a coordinate bond. (17). 

Following the practice ot Chemical Abstracts, the radicals NH2NH­

and NHii= are called hydrazino and. h;ydrazono, respective17. 

So_ Aspects ot the Chemistry ot the Boron Halides 

Boron has a strong tendency to expand its covalence from three 

http:ll&II.8d


to tour. According to .modern valence theory, the bonding electrons ot 

boron in a :B.I:) B)lecule, where X might be an al..kyl group or a halogen 

atom, are arranged in three coplanar sp2 hybrid. orbitals at angles ot 120· 

and the?.". orbital perpendicular to this plane is left a.l.JJDst vacant. 

Since atoms normally achieve their most stable configurations by- accommdat­

ing eight electrons in their outerlllOst valence shell (octet rule), the 

electronic environment of boron in Blj Jll)lecules is incomplete. The boron 

atom can therefore accept an electron pair from a suitable donor slecule. 

An e:x:ample of this kind of coordination compound is boron 

tritluoride-aDlllOnia (18)., BF ·NH
3

, in which the lone electron pair on the
3

nitrogen atom, located in an s'; hybrid orbital, enables the boron atom 

to attain a stable octet configuration. In this compound, the boron 

tritluoride component shifts from a pl a.nar to a tetrahedral configuration 

(19,20) (the FBF angle becomes lll· and the FBN angle is 107°), and 

therefore presumably changes its bonding structure from sp2 to sp3 hybrid 

orbitals. 

More than three hundred coorctina.tion compounds of boron tri­

fluoride are mentioned in the literature, and comprehensive surveys of this 

particular field have appeared in recent ;years (1,2,3). Although boron 

tritluoride is a gas with a very low (-101°) boi.J.ing point (I), its 

addition complexes with nitrogen donors are alDDst invariably solids at 

room temperature. A representative selection of such compounds is given 

in Table I. 
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TABLE I 


Addition Complexes of Boron Trifluoride 'With Nitrogen Ligands 


Compound Melting Point Reference 

BF.3.W.3 16.3 :!: 1· 22 

BF.3· (CH.3).3N 146 - 146.S ° 2.3 

BF.3·CH.3CN 13S.S :!: O.S 0 21 

BF.3"C6HSCN lOS - 12rdee" 2 

BF.3"C5H5N 48 - 49 0 2 

BF.3 "CH.3CONHC6HS 13.3 ° 2 

In spite of the ease 'With which boron trifluoride forms 

addition compounds, JlI)st of the latter either decompose or thermal.l:y 

dissociate in the vapour phase. 0nl.7 one compound, boron trifluoride­

triDethyla.mine, BF.3. (CH.3 ).31, is known to be IlDnomeric and lm.diaisocl.ated. 

at the boiling point (24). 

Boron trichloride and boron tribromide form far fe-wer addition 

compounds than does boron trifluoride. A few representative compounds 

are listed in Table ll. 

TABIB n 

Addition Complexes of Boron Trichloride and Boron Tribromide 
with Nitrogen Ligands 

Co;!pound Melting Point Reference 

24,3. 25 

BCl.3.C6H51(CH.3)2 146· 4 

BBr.3.C5H5N 128 - 9° 26 

BBr.3• (CH.3 ).31 238 - 40° 27 

BC~.(CH.3).3N * 

*N-diDethylaniline. 

http:BC~.(CH.3).3N
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The small number of !mown addition compounds is probab~ due to the fact 

that the energies of the B-Cl bond (108.5 kca.l./mle) and of the B-Br 

bond (90.2 kca.l./mle) in their respective halides are much less than the 

energy of the B-F bond (154.8 kca.l./mle) in boron trifluoride (28). 

Because of these differences in 'bond energies, donor mlecules containing 

h1drogen bound to nitrogen us~ react different~ with BCl:3 or BBr3 

than with BF , in that hydrogen halide is eliminated by the two reactants,
3

e.g., (29,30,31) 

• 

The large polarity associated. with .ma.ny molecular addition complexes (e.g., 

BF3·(CH3)3H has a dipole mm.ent of 5.76 debyes (Z)) also facilitates 

reactions of this type. Someti.Rles a complex does form. between BC~ and a. 

compound containing H-H bonds, but such materials usU&~ lose hydrogen 

chloride eas~. Thus the complex boron triehloride-p-toluidine (32), 

BC1;,.p-CH,3C6H :tiH2" melts at 160· with evolution o:f hydrogen chloride.
4

The strength of the coordinate bond in addition compounds is 

affected by the electronegativity of the groups attached to the donor and 

acceptor atoms. For instance, the ability of a ligand to donate an 

electron pair may be mark~ reduced by the presence of electron-with­

dralfing substituents. Thus the compound boron trifluoride-phosphine, 

BF3 • P~, has been prepared (33), whereas the related complexes boron tri­

fluoride-phosphorus trifluoride, BF3 • PF3' and. boron trifluoride-phosphorus 
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trichloride, BF3.PC~, are not known (6). 

However, considerations of electronegativity alone can lead 

to erroneous conclusions. Until recently, it was thought, on the basis 

of electronegativity values, that the relative acceptor powers of certain 

boron compounds were in the order BF3 > BC~ > BBr3 > ~2H6 > B(CH )3.3
A series of calorimetric experiments by H.C. Brown and his coliOrkers, 

which are s1llllllarized in Table III, has shown that the actual sequence of 

acceptor power should be BBr3 - BC~ > BF3 > ~2H6 ...., B(C~)3. This 

apparently anomalous result for the boron halides was attributed to 'IT 

bonding between B and .I in the BlJ :mlecule, which increases along the 

series BBr3' BC~, BF3. 

TABLE ill 


Reactions between BXJ Molecules and Pyridine 


Chemical Reaction Heat of Reaction Reference 
~all cOJlll)Ol1ents in solutionl - AHa kcal.L:mle 

BBr3 + C5H5N - BBr3·C~5N 32.0 26 

BC~ + C5
H5N - BCl:3.CSHSN 30.9 26 

BF3 + CS
H5N ---. BF3·C5H5N 25.0 26 

~2H6 + C5
H5N ---. BH3·C~5N 14.6 34 

B(CH3 )3 + C5
HSN ---B(CH3)3·C~5N 15.3 35 

Using pyridine as a reference base, the data in Table III indicate that, 

&:mng the boron halides, boron trifluoride has the lowest heat of reaction 

with the donor :mlecule and is therefore the weakest electron acceptor of 

the three halides studied. 
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This conclusion is substantiated by recent theoretical calculat­

ions by Cotton and Leto (36). They have calculated the energy necessar,r 

to reorganize the planar BlJ molecule to the configuration necessar,r for 

coordinate bond formation. This process involves two main factors, namely, 

the breaking of the 'If bonds and the changing of the hybridization of the 

boron atom. It was found that the reorganization energy (in kcal./nole) 

is highest for boron trifluoride (48.3) and considerably less for boron 

trichloride (30.3) and boron tribromide (26.2). 

The acceptor order deduced from the data in Table III, i.e., 

BBr3-BCl:3 > BF3 > ¥2H6-B(CH3)3' is strictly valid. only' for pyridine as 

reference base, and exceptions to the rule are known (37). For example, 

borane-methylthiomethane, BH3.(CH3)2S, is m:>re stable than boron trifluoride­

D8thylthiomethane, BF3.(C~)2S, which is contrar,r to the prediction of the 

series. Further, the colDp)und borane-carbon .mnaxide, B~.CO (also called 

borine carbonyl), has been charaeterized, while the compound boron trifluor­

ide-carbon monoxide, BF3•CO, is not known. The borane group is able to 

release electron density to carbon monoxide and to mthylthiomethane which 

have suitable vacant orbitals, whereas with boron trifluoride complexes, 

supplementary 'If bonding is presumed not to occur. 

The Coordination CO!p!?Ul'lds of 'l'rimethylborane 

A large nUDber of a.ddition complexes of trimethylborane have been 

prepared by H.C. Brown and his c01llOrkers in their study of the influence of 

steric requirements on the stability of coordination compounds. Brown has 

reported (38), for instance, that the relative order of ba.se strength 1li3 < 
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(C2H5)3 N < C2H5NH2 < (CZH5)2NH observed with hydrogen chloride as refer­

ence acid is altered to (C2H5)3N < NH3 < (C2H5)2NH < Ct5NH2 with triEthyl­

borane as reference acid. This was ascribed to the steric interference 

of the bulky ethy'l groups with trimethylborane. The planar configuration 

(39) of the latter must be converted to a tetrahedral one during the 

formation of the addition compounds_ 

The importance of steric hindrance is further illustrated by 

the contrasting stabilities of the analogous compounds triEthylborane­

trmthy'l.a.mine" B(CH3 )3- (eli,,)3m" and trimethy'laluminUlllt-trimBthy'lamine" 

Al(CH3)3-(CH3)3N. The foner compound. (40) is 91.{/, dissociated :into its 

components at 104.7 0 
" while the latter substance is a stable solid. (41) 

melting at 105·. Apparently the size (42) of the aluminum atom (radius 
• 0 

1.25 .&.), in contrast with that of the boron atom (radius 0.80 A).. is 

sufficient to preclude steric interactions :in the aluminum compound. 

Perhaps the most striking demonstration of the :influence of 

steric requirements on coordinate bond strength is the difference :in 

stability between the trimethylborane compounds of triethy'l.aDd.ne and 

quinuclidine (4,3). The triethyla.m:ine complex is so unstable that it is 

completely dissociated at 100·, due to the steric interaction between the 

trir.tethylborane molecule and the bulky ethyl groups_ In the quinuclidine 

m:>lecule.. the carbon atoms adjacent to the nitrogen are held back and 

cannot interfere with the trimethylborane: 

http:triethy'l.aDd.ne
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This compound is one of the B)st stable of all those formed bY' tri..l'l2th;rl­

bora.ne and. a.m:i.Des. 

Some Reactions of Aluminum Chloride, Bnunid.e I and. Iodide 

Although the reactions of boron trichloride aM boron tribromide 

with aDIDOnl.a resut in the formation initiaJ.l.1' of hydrogen halide and 

subsequently of ammonium halide, analogous reactions apparently do not 

occur with the aluminum halides. 

More than fifty years ago, Baud (44) reported that aluminum 

chloride formed stable addition complexes with 11/6 , 3, 5, 6, and. 9 

Jll)lecues of amaonia, respectively. FrankHn (45) extended this 'WOrk to 

aluminum iodide and claimd the existence of stable molecules contajning 

6, 14, and 20 mlecw.es of a.uaonia per molecue of aluminum iodide, AlI •3
He also postulated such unusual reactions as 

2 ~ + 3 KNH2 --_... Al(NH2)3 a All3 + .3 KI

Icryatallisat.1on 

Al(NH2)3·~·6 ~ 

At least twenty different addition compounds r~ in composition 

from AllJ a NH3 to All3 a 20NH
3 were listed bY' KlelDll and. his coworkers (46,47). 

The most stable compounds produced were the BlCno- and triaDllODia. complexes. 

The tormer compounds are covalent; they boil without decomposition above 

400·.. and the vapour density near the boiling point corresponds to tba 

undissociated complex, AllJ·NH3 * The covalence ot these compounds is 

suggested by the similarity ot their melting points as compared with those 

http:mlecw.es
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ot the simple halides: 


Helting Po:ints ot ~ and. ~ .NH;J Co!fOlUlds 


X=Cl X-Br X"'I 

m.p. A1I:3 192· 98° 19r 

m.p. AlI:3.~ 125° 124° 126° 

Hore recent11'" the Raman spectrum ot llCl:3.~ has been .lDlasured (48) 

and the data clear11' indicate a Jll)nomeric Jll)lecule with symmetry properties 

like those ot BFJ-NHJ ­

The above evidence supports the realitY' ot the compounds .Al.13.nNHJ' 

where n is a small number" but the va.lidity ot such compounds as ~·20~ 

should be viewed with caution :in the absence ot unequivocal data. It is 

untortunate tha.t so_ ot the compounds were :interred 0n11' tl'Om. ph;ysico­

chemical msasurements. 

Addition Co!POunds ot Trimtb.Tlaluminum 

In contrast with Jll)nomeric trimeth;ylborane, triIreth;ylaluminum 

has a dimeric br~ structure analogous to that ot diborane (49,50). This 

tendency to dimerization is a consequence or the strong electron acceptor 

properties ot the alWllinum. atom. 

Trimethylaluminum appears to behave as a stronger electron acceptor 

than tr1mathylborane, which is doubtless due :in part to steric hindrance in 

the addition compounds ot the latter_ Some com.parisons are given in Table 

IV. 
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TABLE IV 

Addition Compounds of Trimetb.7laluminum. and of Trimethy'lborane 

Compound Boiling Reference Compound. Comment Reference 
Point* 

Al(CEj)3-(CH3 )20 159· B(CH.3)3 ­ (CH3 )20 does not 
form 

51 

Al(CH3 )3-(CH3 )3N 177° 41 B(CH3 )3- (CH3 ).3N Note 1 40.521 5.3 

Al(CH3)3-(CH3 )2HH 186 0 41 B(CH3 )3-(CH3 )2HH Note 2 401 52 

Al(CH3 )3-(CH3 )3P 18<]° 41 B(C~)3 - (CB3 )3P Note 1 52 

*By extrapolation of the vapour pressure equation_ 


Note 1_ Extensively dissociated at 100°. 


Note 2_ Moderately dissociated at 100·. 


Some A.spects of the Chemist" of Hydrazine 


The chemical literature on hydrazine and. its derivatives is 

vast (54). In the following. some coordination and condensation reactions 

of hydrazine are considered briefly. 

Coordination reactions. The ability of hydrazine to serve as an 

electron pair donor is 11811 recognized. Ma.ny acids form. salts with hydrazine, 

such as N H ·HC1, N H -2HC1, N H ·H S0 , N H -HBF , etc. Although salts in
2 4 2 4 2 4 2 4 2 4 4

which hydrogen ions are attached to both nitrogen atoms exist only in the 

solid state, it is interesting that hydrazine. when coordinated with metal­

lic ions, appears to form a bidentate linkage. The number of attached 

hydrazine JD)lecules is usually one-half the normal coordination nUDi:>er of 

that ion. Examples (54) of these complexes are dihydrazinezinc chloridel 



(Zn{NZH4)z1c~.. and dihydra.zinecadmium. sulphate.. (Cd(NZH4)z1s04. A three­

memered metallic ion-hytlrazine ring H~=~ is indicated by these compounds, 

but detailed studies have not been made to verify this point. 

Condensation reactions. This term comprises those reactions of 

hydrazine in which one or 1JI)r8 N-H bonds are broken, resulting :in the 

eUnDnation of a small B>lecul.e such as hydrogen chloride. Few reactions 

of this type with inorganic compounds are known.. although they are very 

cOJl1l¥)n in organic chemistry. 

The reaction :in vacuo of anhydrous hytlraz:ine with phosgene, COC~I 

was reported recently to yield D18:jnJy h;ytirazine dihytirochloride and carbo­

hydrazide (55): 

Carbon tetrachloride was stated to undergo solvolysis by h;ytira­

zine wilen retluxed in an atmosphere of a.maonia to form trjaminoguanidine 

but, mre recently (57).. attempts to duplicate these results ended in 

failure. It was tound. that hydrazine hydrochloride and hydraz:ine hydro-

bromide were the only" solid products in the reactions of carbon tetrachlor­

ide and carbon tetrabromide with hydraz:ine: 

In these reactions, hydraz:ine appears to function solely as a reducing 



agent. Similarly', the react.ion of carbon tet.raiodide with hydra.z1ne in 

liquid a..tIIOOma (58) yielded iodoform, CHI]" as one of t.he products. 
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Introduction 

Since mst of the materials used in this work react instantly 

with misture or ox::rgen, it is imperative to ha.nd.le them in a vacuum 

s;ystem. To this end a standard high vacuum apparatus was constructed. 

The pioneers of this experimental technique were Stock and his coworkers 

(59); extended developments of their .methods are suma.rized in excellent 

reviews (60,61,62). 

It was found that certain substances, hydrazine in particular, 

attacked stopcock greases rapidly. Consequently, experiments were usually 

carried out in sealed, ail-glass reaction vessels equipped with magnetic­

ally operated "break-seals" for reattachment to the main system. Materials 

stored in the vacuum apparatus were kept condensed as non-volatile solids 

by a suitable refrigerant. 

Apparatus 

The apparatus was constructed of P,yrex glass and is shown 

schematicalll" in Figure 1. It consisted of three main sections: (1) a 

pumping s;ystem for the production and maintenance of a high vacuum, (2) a 

central section for the llSasureJl2nt of pressure, mlecular weight, aDi 

other properties, and for the transfer of substances to and. from the 

vacuum apparatus, and. (3) a distillation line for the separation and. 

purification of volatile compounds. 

http:ha.nd.le
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FIGURE 1 


Schematic Diagram or Apparatus 
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Each component and its function are described below under 

separate headings. The stopcocks of the apparatus were lubricated with 

Kel-F fluorocarbon grease and regreased periodica~. After every lub­

rication, the grease was thoroughly degassed by repeated turning under 

continuous pumping. 

Pumping slstam.. A continuous high vacuum was maintained by a 

single-stage mercur,y diffusion pump DP backed by a welch Duo-5eal rotary 

oil pump MP. This combination produced a vacuum of approximately 10-4 DUD.. 

of mercur,y as measured with a tilting McLeod gauge MG. Volatile material 

was prevented from. entering the pumps by condensing it in a large removable 

trap PI'. The pumping system was equipped with three-wa,. st.pcocks arranged 

so that air could be pumped from the apparatus without passing through the 

diffusion pump; this device prevented the contamination of the latter with 

msrcuric oxide. A five liter ballast flask BB, connected to the diffusion 

pump outlet, minjmj zed the backing pressure. A mercur,y escape valve MBl 

allowed excess noncomensable gases to escape from the system without 

admitting air. 

Central section. The central section consisted of a mirror­

backed mercur,. manometer M for the msasurement of pressure; a sensitive 

spoon gauge SG served as a null-point indicator. A condensation tube CT 

was attached to the apparatus at the ground glass joint Jl. Another 

stand.ard. joint J2 held a Dl)lecular weight bulb MW of accurately known 

volUllle (342.75 .! 0.02 ml., calibrated with distilled water). The spoon 

gauge was fitted with a stopcock 51 leading to a vacuum line eel. With 

this arrangement, it was possible to pump out of the spoon gauge jacket 5J 
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the air which had been admitted tor pressure masuremnt, while maintaining 

at the sam tim a high vacuum. in the remainder of the system. 

Distillation line. The high vacuum. line A,AIA,II had several 

attachmnts. T1I1O standard joints, E1 and. E2, provided a convenient Beans 

whereby materials could be introduced into or removed from the system.. Seven 

distillation traps, Tl-T7, each of 20-25 ml. capacity, were included in the 

apparatus, and their interconnections are indicated in the diagram. Two 

modified LeRo7 low temperature fractionation columns (63), LRl and LR2, 

were incorporated as shown. A four llter bulb SB, isolated from the system 

by a mrcurT cutoff MO, was used occasionaJ..ly for the tempora.ry storage ot 

volatile materials. 

Techniques 

1. The masure.Rent of pressure. It is difficult to predict that 

occasion when it will be necessa.ry to .Reasure the pressure of a gas which 

attacks Bercury. Accordingly, all pressure masuremnts were made in the 

absence of ll8rcury'With the aid of delicate glass spoon gauges (60). These 

were made of soft glass.; attaehmnt to the apparatus was effected b7 a 

graded seal F. A, very thin rigid glass rod R with a fine black pointer 

surmounted the spoon. The null position of the pointer was recorded by 

two thin lines on the front and back of the spoon gauge jacket SJ. As 

the pressure of a:n:r gas varied 'Within the spoon gauge, air was admitted 

into or 'Withdrawn from the outer jacket SJ in order to restore the pointer 

to its rest position. The pressure was then read directlY' from the mano­

_ter 'With an accuracy of :!: 0.4 mm. 

http:necessa.ry
http:tempora.ry
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For the _asurement of vapour pressure at elevated temperatures, 

a sample of pure material was sealed up in vacuo in a detachable all-glass 

spoon gauge apparatus which fitted on the main system at ground glass joints 

Jl and J2. This instrument was surrounded bY' a thermostat the temperature 

of which could be regulated between room temperature and 250·. The thermo­

static fluid was di-n-butY'l phthalate. Temperatures were _asured with a 

mercurT-in-glass thermometer and pressures were determined as previouslY' 

described. 

2. The production ani measurement of low teJ!?eratures. Liquid air 

was used for the transfer of wlatile compounds. Constant temperature baths 

in the r~ -160· to -23· 1IJ6re prepared bY' cooling a suitable fluid with 

liquid air in a Dewar vessel. These are the so-ca.lled "slushlt baths; 

appropriate tables are given in the literature (61,62). Constant toper­

aj;ures bet1lJ6en -23 0 and room tem.perature 1IJ6re obtained bY' the proper m:ixture 

of ice, salt, and water. 

The low temperature fractionation columns LRl and LR2 were 

successfullY' employed for the separation or reaction mixtures. With this 

simple apparatus, a.n:r temperature in the range from room temperature to 

-196· (liquid nitrogen) could be produced and maintained. Frequent adjust­

. ment of the heating element ensured a constant temperature within + 10. 

Copper-constantan thermocouples, with an ice-water mixture as a 

reference junction, provided accurate measurement of the temperature of the 

column. A Rubicon Model 2733 potentiometer was used to measure preciselY' 

the e.m.f. generated across the junctions of the t1l1O metals at different 
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temperatures. Comparison with a high quality mercury-in-glass thermometer, 

as -well as with standard low temperature baths (62), indicated that temper­

atures could be measured within! 0.10 
• A separate thermocouple was 

incorporated in this .measuring system so that the temperature of a bath 

used at any point in the apparatus could be determined • 

.3. Weighing procedure. Liquids with boiling points above room 

temperature were pipetted in an atmosphere of dry nitrogen into a vessel 

of s.mall (10-12 ml.) capacity equipped with a stopcock and another stand­

ard joint for attachment to the vacuum system; the -weight was obtained by 

difference. The liquid and its vapour were condensed to a non-volatile 

solid in the vessel by liquid air, the nitrogen in the vessel was evacuated, 

and the substance was then distilled in vacuo to the desired part of the 

apparatus. 

The weights of gaseous materials were determined by the differ­

ence in -weight of a bulb MW of accurately' known volume when filled with the 

gas and when evacuated. The attack on stopcock grease was insignificant 

during these operations. 

4. Purification of volatile substances. The separation and 

purification of the components of volatile mixtures were effected b7 

repeated fractional volatilization and condensation in the LeRoy columns 

and their adjacent traps, all of which were maintained at desired temper­

atures by suitable coolants. Excellent results were achieved except when 

the boiling points of the components differed by less than about .30·, and 

then only partial separations could be obtained. 
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5. Determination of purity and lIDlecular weight measurements. The 

purity of volatUe materials was ascertained by the measurement of the vapour 

pressure of successive fractions. If these values were al..most identical, 

the compound was considered to be tensiometricaliy pure. The constancy of 

the vapour pressures of successive fractions ot any material is one ot the 

most sensitive tests ot its purity. 

Vapour purity was also determined from the value of the mlecular 

weight, which was measured by the direct weighing of a sample in a bulb 

M.W of known voluma at a known pressure and temperature and by subsequent 

application of the Ideal Gas Equation. A.ccuracy was generally better than 

1%. 

Vapour pressure .measurements together with lIDlecul.a.r weight 

determinations assisted greatly in the identification of materials which 

were thought to be known, well-characterized compounds. 

6. !na1lsis. Chlorine, bromine, iodine, boron, and. aluminum 

were determined by standard gravimetric and volumetric Bethods (64). 

In the presence of aqueous hydrogen chloride, hydrazine may be 

titrated with standard iodate solution (54). A few milliliters of chloro­

form and of concentrated hydrochloric acid were added to a solution of a 

weighed sample of the unknown, and titration with standard iodate solution 

was continued untU the iodine colour was discharged from the organic layer. 

The initial reaction involves reduction of iodate to iodine; the latter is 

subsequently oxidized to iodine lWnochloride, resulting in the disappearance 

of the iodine colour: 
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7. Infrared spectra. Infrared spectra were recorded on a Perkin­

Elmer Model 21 double beam spectrophotometer fitted with sodium. chloride 

optics. Gaseous samples were contained at known pressures in a cylindrical 

cell (5 em. x 10 cm..), at either end of which sodium. chloride windows were 

affixed with Kel-F grease and Apiezon Q black wax. The spectra of solids 

were taken using potassium. bromi.d.e pellets or a lllIlll of "Nujol" or ItFluoro­

lube" • The sodium chloride plates were repolished occasionally with the 

aid of an alcoholic suspension of aluminum oxide and. a revolving polishing 

disc. 

s. Debye-Scherrer x-ray diagrams. X-raY'd.i.:ffraction patterns 

of solid. compounds were obtained from samples sealed in glass tubes of 

0.01 mm.. wa.ll thickness. The pictures were taken on a Seifert machine 

by Dr. R. St. J. ManleY' of the Pulp and Paper Research Institute of Canada • 

•
CuR: radiation filtered bY' nickel <wave length 1.54 A) was used. a. 

9. Melting points. Finely ground samples of' solid materials 

were placed in capillary- tubes under an atmosphere of dry nitrogen. The 

tubes were sealed :in a flame and. deposited in an a.luminum block melting 

point a.pparatus for measurement. 

Preparation of Materials 

,Anhydrous hygrazine. Hydrazine (95+ %) was refluxed over sodium. 

hydroxide flakes and a few "boileezers" in a three-necked flask which was 
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heated by a Glas-Col mantle. The apparatus was continuously f'lushed by 

a slow stream of' dried nitrogen which was allowed to escape through a 

mercury bubbler. The f'low of' water through the ref'lux condenser was 

stopped after three hours and distillation commenced: the fraction boiling 

at 111-ll3° was collected. T'WO a.na.lyses by the iodate method (54) 

indicated that the distillate was pure hydrazine (99.8% and 100.2%" 

respectively) • 

Trimet!lYlborane. The method of Brown (65) for the preparation 

of tr:i.methylborane was modified in that boron trichloride and methyl iodide 

were used in place of boron trifluoride and methyl bromide. The reaction 

apparatus consisted of' a three-necked 500 ml. flask which was f'itted with 

a dropping funnel" a reflux condenser, and an inlet tube through which 

dry nitrogen gas was passed continuously. The condenser" kept at -80°, 

was connected via tvo large traps to the vacuum system. The stream of' 

dry nitrogen escaped through a mercury bubbler which prevented the 

admission of' air or moisture. 

Methyl iodide (4.3 gm..) in dry n-buty~ ether (50 ml.) was added 

dropwise to a magnetically stirred mixture of magnesium turnings (7.5 gm.) 

and n-butyl ether (25 ml.). After allowing several hours for the Grignard 

reagent to form, boron trichloride (10.5 gm.) in n-butyl ether (40 ml.) 

was added dropwise to the mixture. The reaction vessel was heated brief'ly 

with a Glas-Col mantle to ensure completeness of' reaction. The crude 

material, collected in the t'WO traps at liquid air temperatures" was 

purified initially by distillation through a bath at -SO° • The yield of 

trimethylborane was 7%. 
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The material was further purified by adding it to an excess of 

triethylamine (to remove Bel.3) and then disti 1] i ng it into a IaRoy colUDll 

at -150°. Pure trimethylborane was then obtained by raising the column 

temperature to -120·. (Found: H, 55.6; v.p• .30.7 m. at -78•.3·. Required 

for B(eH )3: H, 55.9; v.p• .31.3 DID.. at -78.3°).
3

Diborane. This comp:>und was prepared by the method of Schlesinger 

et ale (66). The reaction was done in vacuo at room temperature. Lithium 

aluminum hydride (0.55 &m.) was dissolved in anhydrous ethyl ether (10 ml.) 

in a 50 ml. flask equipped with a magnetic stirrer, and. boron trichloride 

(2.62 gm.), purified by distillation at -90·, was added. Volatile products 

were passed through a bath at _112°; the distillate was separately redistil­

led at -112 0 • The yield. of diborane was 62% based on the reaction 

(Found: X, 27.7. Required for B2H6: H, 27.7). 

Et!gl ether, n-butyl etherI and. tetrahYtirOturan. Reagent grade 

materials were kept over a large quantity of sodium ribbon for several dqs. 

Distillation was then carried out under anhydrous conditions. 

Miscellaneous materials. Commercial samples of boron trifluoride, 

boron trichloride, boron tribrondde, trimethylaluminum" hydrogen chloride, 

aIlllJl)nia." mthylamine" trimethylamine, and triethylamine were purified by 

tractional. condensation and volatilization in the vacuum system. Their 

purity was ascertained by the masuremnt ot vapour pressure, molecular 

weight, and infrared spectrum. 

Reagent grade samples ot the tollowing substances were available 



25 

commercially and they were used without further purification: aluminum 

chloride, aluminum bromide, aluminum iodide, lithium aluminum hydride, 

ethanol, carbon tetrachloride, acetone, dimethyl sulphoxide, and methyl 

iodide. 



26 

RESULTS 

The Interaction of Boron Trifluoride and Hydrazine 

The boron trifluoride used in these experinBnts was purified 

by a triple distillation through a LeRoy column at -150° (Found: H" 

67.8; v.p. 96.7 DW4 at -l24.3°. Required for BF3: H" 67.8; v.p. 96.6 

DIm. at -l24.3 ° (1).). The infrared spectrum of the vapour was identical 

to that reported in the literature (67,,68). 

Boron trifluoride (7.92 millim:>les) and hydrazine (2.87 lII1IOles) 

were combined and maintained overnight in vacuo at -80°. An al.m:>st 

quantitative recovery of boron trifluoride (7.69 mmoles) by distillation 

at -SOo indicated that no appreciable reaction had taken place at this 

temperature. 

A different result was obtained by raising the temperature. 

In a typical experiment" boron trifluoride (1l.63 umoles) and anhydrous 

hydrazine (5.89 umoles) were brought together and. kept at room temper­

ature for thirty minutes before freezing the mixture with liquid air. 

A vigorous exothermic reaction yielded a white solid which was involatile 

at room temperature and which contained boron trifluoride and hydrazine 

in a ratio of 1:1" corresponding to a new compound" boron trifluoride­

hydrazine" BF3"N2H4 (Found: N2H4" 32.3%. Required for BF3N2H4: N2H4, 

32.1%.). The amount of unchanged boron trifluoride (5.81 mmoles; M, 

67.8. Required for BF3= H, 67.8.), recovered by distillation at -800, 

also indicated that boron trifluoride (5.82 mmoles) had reacted with 

hydrazine (5.89 mmoles) in a ratio of 1:1. 
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Using identical procedures and longer reaction times, the 

following complex mixtures with higher B~2H4 ratios were obtained: 

Composition Ratio Reaction Time Analysis: %N2H4 

BFj/N2H4 (hours) Found Calc. 

1.09 2 30.4 30.2 

1.16 3 28.3 28.8 

The 1:1 compound could not readily be obtained if the reaction 

was done with an excess of hydrazine rather than of boron trifluoride. 

Hydrazine (9.68 mm:>les) and boron trifluoride (3.26 IIlIlDles) were left 

in contact for thirty minutes; during this time, a colourless, very 

viscous syrup was formed. No material distilled out of the reaction 

vessel at -00°. A volatile substance (shown by analysis to be hydrazine) 

distilled at a very slow rate from the reaction mixture at room temper­

ature. After seventy-two hours, 5.48 IIlIlDles of hydrazine had been 

recovered (distillation still incomplete), leaving a clear jelly 

containing 4.20 mmoles hydrazine and 3.26 mmoles boron trifluoride. 

The data cited thus far suggested that hydrazine and excess 

boron trifluoride reacted to form initially a 1:1 compound which gradually 

absorbed additional boron trifluoride. One would accordingly expect that 

the proper experimental conditions should yield a compound of the for.mu1a 

2BF3·NiI4I since hydrazine is thought to have two centres of donor 

activity. The following series of experiments was undertaken with this 

goal in mind. 
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The reaction of boron trifluoride with hydrazine above room 

temg;rature. Boron trifluoride (11,77 mmoles) and hydrazine (3.87 mmoles) 

were sealed in an all-glass reaction vessel and allowed to react for four 

hours at 140°, A white nonvolatile solid was produced in the reaction. 

The amount of boron trifluoride (4.67 mmolesj M, 67.5. Required for BF3: 

M, 67.8.) recovered by distillation at room temperature showed that the 

solid reaction product contained boron trifluoride and hydrazine in a 

ratio of 1.84: 1 (Found: Nzt4' 20.9%. Required for (BF ) 1.84 N2H : N2H4,3 4
19.8%.). There were no other reaction products. 

In another experiment, boron trifluoride (6.85 mmoles) and 

hydrazine (2.30 nmoles) were heated to 200° for four hours and' then left 

overnight at no·. The only products of the reaction were a white non­

volatile solid and boron trifluoride (3.10 mmolesj M, 69.7). The residue 

therefore contained boron trifluoride and hydrazine in a ratio of 1.63:1. 

When boron trifluoride (n.24 mmoles) and hydrazine (3.60 mmoles) 

were heated for one hour at 300 0
, a large amount of noncondensable gases 

among the reaction products suggested that extensive decomposition had 

occurred. This aspect was investigated in considerable detail and is 

discussed under the heading ItPyrolysis of boron trifluoride-hydrazine lt , 

The reaction of boron trifluoride-hydrazine with li~d boron 

trifluoride. Boron trifluoride (3.91 mmoles) was condensed onto a sample 

of boron trifluoride-hydrazine, BF3 • N2H
4

, (0.433 mmole) I and the tw:> 

materials were left for one hour at -130 0 The quantity of boron trifluor­• 

ide (3.86 mmoles; M, 67.8. Required for BF3! M, 67.8.) recovered by distil ­
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lation between _130· and -SO· proved that no appreciable reaction had 

occurred. 

The reaction of boron trifluoride with hJtb::azine in diethll ether. 

Complex mixtures ranging in composition from (BFJ )1.40N2H4 to (BFJ )1.SSN2H4 
were obtained through the reaction in vacuo of boron trifluoride with 

hydrazine in anhydrous diethyl ether. Factors such as efficiency of mixing.. 

reaction time.. and temperature appeared to influence the composition of 

the product isolated. 

In one experiment, boron trifluoride (12.52 mooles) .. hydrazine 

(J.9l mmoles) .. and diethyl ether (10 ml.) were sealed in vacuo in an all-

glass apparatus and permitted to react for ten days. The solvent and the 

unreacted boron trifluoride were. reJlX)ved by distillation at room temper­

ature, leaving a white solid residue of empirical composition (BFJ)1.asN2H4 

(Found: N H
4

, 20.1%.).2

The other experiments of this type involved much shorter reaction 

times.. and substances were obtained with boron trifluoride to hyclrazine 

ratios in the range 1.40 to 1.84.. but unfortunately the ratio was never 2. 

Some representative mixtures are given in the table. 

Composition Ratio 
BF

J
/N2H4 

Analysis: 
%N2H4 

1.40 25.2 
1.70 21.8 
1.84­ 20.4 
1.88 20.1 
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Lastly'" 0.237 gm. of the solid mixture (BF3\.16N2H4" described 

on p. 27" was treated with additional boron trifluoride (15.3 DlIOOles) in 

diethy'l ether (15 ml..) in vacuo for eleven hours. A substance of 

empirical composition (BF3)1.72N2H4 (Found: N2H " 21.6%) was recovered4 
after distillation of the diethyl ether and excess boron trifluoride at 

room temperature. 

The reaction of boron trifluoride with hydrazine in tetr!hzdro­

furan. An all-glass reaction apparatus was charged with anhydrous tetra­

hydrofuran (25 gm.), and to this solvent, boron trifluoride (34.52 1lIIIDles) 

and hydrazine (10.07 Jl'iDl:)les) were added by distillation in vacuo. The 

reactants were sealed off and stirred (magneticallJ') overni&ht at room 

temperature; a clear solution resulted_ The solvent and the excess boron 

trifluoride were distilled away under low pressure at room temperature, 

leaving a white crystalline deposit of a new compound, 2-boron trifluoride­

hydrazine, 2BF3 -N2H (Found: N2H " 19.25" 19.43%. Required for B2F6N2H4:4 4 

N2H
4

, 19.12%.)* 

These experiments showed that at least two compounds were forusd 

between boron trifluoride and hydrazine" namely'" boron trifluoride-hydrazine, 

BF ·N2H " and 2-boron trifluoride-hydrazine" 2BF *NtI4. However, it was3 4 3
not possible to rule out the existence of compounds of intermediate 

stoichiometry such as 3-boron trifluoride-2-hydrazine, 3BIJ.2N2H4. In 

order to decide this point" a portion of the phase diagram of the system 

boron trifluoride - hydrazine was determined. A series of mixtures of 

boron trifluoride and hydrazine was prepared and their melting points in 
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sealed capillary tubes (nitrogen atmosphere) were determined. The data. 

are summarized in Table V and a plot of composition vs. melting point is 

sho'Wll in Figure 2. The mixtures were nonvolatile at room temperature. 

The positions of ma.xima. in solid-liquid equilibrium. diagrams 

occur at the compositions of solid compounds (69). The portion of the 

phase diagram shown in Figure 2 clea.r~ indicates o~ one mxjmllm, at 

50 mle %boron trifluoride. It my therefore be concluded that boron 

trifluoride-hydrazine, BF ·N H , is the o~ compound formed by the two
3 2 4

components in the region of composition 45-65 mle %boron trifluoride. 

There remains the possibility of an incongruent~ melting compound, but 

no indication of a peritectic point was apparent from the curve in Figure 

2. 

At the extreme right of the complete phase diagram, the curve 

must eventua.lly drop to the melting point of pure boron trifluoride, 

which is -1270 (1). Hence the steep~ rising portion of Figure 2 must 

pass through a max:irnum, probab~ at 66 2/3 mole %boron trifluoride, 

corresponding to the composition of 2-boron trifluoride-hydrazine. In 

fact, the melting point of this compound, the preparation of which is 

described on p. 30, was found to be 260°. 

The compound boron trifluoride-~razine was insoluble in benzene, 

slight~ soluble in diethyl ether, and moderately soluble in acetone. The 

compound 2-boron trifluoride-hydrazine was soluble in tetrahydrofuran. 

Both new compounds were hygroscopic and dissolved rea~ in water to 

yield acidic solutions. Both retained the reducing characteristics of 
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TABLE V 

Melt;ipg Points of Boron Trifluoride-H.z:irazine Mixtures 

Mole %BF3 Method of 	 Meltmg 

in m:i.xture Preparation 	 Point 

46.5 Footnote A 	 72· 

n47.6 	 81 

50.0 	 BF ·N2H (p.26) g"{
3 4 

52.2 	 Footnote B 74 

tt 70,....,55.4 

56.9 	 t1 112 

58.4 	 It 146 

n59.2 	 190 

59.8 	 II 206 

60.2 	 u 209 

60.8 	 It 225 

61.8 	 It 232 

62.0 Footnote C 	 235 

62.4 Footnote B 	 245 

63.2 	 II 249 

63.5 	 II 248 

66.6 	 2BF3.N2H (p. 30) 2604 
Footnote A. stoichiometric aJWunts of the two components were allowed to 
react at room temperature for one hour. There were no volatile products. 

Footnote B. Stoichiometric aJWunts of the tllO components were sealed in 
an all-glass reaction apparatus and left overnight at 110·. There were 
no volatile products. 

Footnote C. The preparation of this mixture l (BF3)1.63N2H41 is described 
on p. 28. 

http:BF�N2H(p.26
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FIGURE 2 


A Portion ot the Phase Diagram ot the 


System Boron Trifluoride - Hydrazine 
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hydrazine in that their aqueous solutions decolourized instantly an 

aqueous solution of potassium permanganate. 

Characterization of Boron Trifluoride-Hydrazine 

Infrared spectra. The infrared spectra of boron trifluoride­

hydrazine and of 2-boron trifluoride-hydrazine are shown in Figure 3, and 

their characteristic vibration frequencies are listed in Tables VI and 

VII, respectively. Both spectra were obtained using the potassium bromide 

pellet technique. 

Cgstal structure of boron trifluoride-hydrazine. The x-ray 

powder diffraction pattern of boron trifluoride-hydrazine was obtained and 

twenty-eight lines were indexed according to Bragg1s equation (69): 

~""'2dsine 

From these measurements, the dimensions of the crystallographic unit cell 

can be calculated (70). The data for boron trifluoride-hydrasine, pre­

sented in Table VIII, were consistent with a regular unit cell of 

dimensions 
o 

a = 6.93 A 
o 

b = 5.50 A. 

• 
c ... 6.78 A. 

which indicates triclinic symmetry. 

The pyrolysis of boron trifluoride-hydrazine. Considerable interest 

is associated with the pyrolysis of boron trifluoride-hydrasine since numerous 

examples are known in which interesting boron-nitrogen polymers have been 

prepared by the pyrolysis of addition compounds containing boron-nitrogen 



35 

TABLE VI 


Infrared Vibration Frequencies of Boron Tritluoride-gzgrazine 


Frequency Intensity Assignment 
-1em 

3500-3650 mb H2O? 

3400 s N-H stretching (asym.) 

3305 s N-H stretching (sym.) 

3050 sb N-H intermolecular? 

2710 wah 

1620 s NH2 deformation (asym.) 

1495 vw 

1440 s NH2 deformation (sym.) 

1355 s NH2 rocking (asym.) 

1260 a NH2 rocking (sym.)7 

1100 

1035 

vavb }u
ssh 

B-F stretching (asym.) and 

B-N stretching 

965 vs N-N stretching 

725 w NH2 wagging (sym.)7 

s "" strong m- medium w "" weak v - very b - broad sh == shoulder 

u"" unresolved asym- asymmetric sym "" symmetric 
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TABLE VII 

Infrared Vibration Frequencies of 2-Boron Trifluoride-Hyg,razine 

-1
Fre9.!encYa em Intensitl Ass1gnnent 

3390 vwsh N-H stretching (asYD4) 

3240 w N-H stretching (s~) 

2900 w combination or overtone 

2710 w It 

2635 w It 

2550 m It 

n2350 w 


2030 w 
 " 
1900 w " 
1600 m 

} ~ de£o"""tion (asym.) 
1535 wah 

1475 sb NH2 deformation (sym.) 

1302 m ~ rocking (asym.) 

--1100 B-F stretching (asym.)
sbah }u and 

1040 vs B-N stretching 

970 m N-N stretching 

883 w 

795 lib 
111H2 wagging (sym.)1

771 m 


645 w 


s = strong m= medium w· weak v = very b - broad sh - shoulder 

u c unresolved asym= asymmetric symc symmetric 
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FIGURE 3 


Infrared Spectra of Boron Trifluoride-H,urazine and 


2-Boron Trifluoride-H,urazine (Potassium Bromide 


Pellet Technique) 
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TABLE YIn 

X-r![ Powder Diffraction Data tor Boron Trit1uoride-H:d!azine* 
0 •

Line Intensity d b (A) dcalc,(A) hklo a. 

1 vvw 5.50 5.52 100 
2 vvw 4.87 4.frl 010 

3 va 4.27 4.23 001 

4 va 3.47 3.47 101 

5 vw 3.25 3.25 101 
6 vw 3.ll 3.10 2Io 

7 vvw 2.96 2.99 llO 

8 s 2.78 2.76 200 

9 a 2.43 2.43 Oll,020 
10 m 2.31 2.31 321 
II vw 2.22 2.24 l22 

12 w 2.ll 2.ll 002 

13 w 2.03 2.03 2l0,1ll 

14 w 1.93 1.93 102 

15 vvw 1.80 1.80 JJo 
16 vvw 1.76 1.76 121 
17 vvw 1.65 1.65 021 
18 w 1.57 1.56 012 
19 vvw 1.48 1.49 04I 
20 vvw 1.44 1.44 302 
21 vvw 1.39 1.39 130 
22 vvw 1.34 1.34 103,302 
23 vvw 1.26 1.26 212 

24 vvw 1.23 1.24 014 
25 vvw 1.19 1.19 410 
26 vvw 1.16 1.16 3'03 
27 vvw 1.13 1.13 213 
28 vvw 1.ll 1.10 500 

*A 57.30 mm. CaJlV3ra was used. 
s - strong m = medium w - weak v = very 
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coordinate bonds (6). 

Vapour pressure measurements in the range 140° to 2.30° had 

shown that boron trifluoride-hydrazine underwent irreversible thermal 

decomposition at sufficiently high temperatures. There was no detectable 

decomposition of the compound after it had been heated for twelve hours 

at 105°. When four millimoles of BF.3.N2H4 were heated for ten days at 

185-190°, somewhat less than one millimole of noncondensable gases was 

produced. 

Boron trifluoride-hydrazine (5.65 mmoles) was pyrolyzed in an 

all-glass reaction vessel for 4 1/2 hours at 275-.300°. The volatile 

products -were nitrogen (1.72 IllDOles; H, 27.8. Required for H2 : H, 28.0.), 

ammonia (0.486 mmole; M, 17.4; v.p. 40.9 mm. at -79.0°. Required for NIl.3: 

H, 17.0; v.p. 40.0 mm. at -79.2° (76). Positive identification also 

obtained from the infrared spectrum (71,72).), and a small trace of a 

third unidentified material. Analysis of the solid residue for hydrazine 

indicated that 0.52 mmole boron trif1uoride-hydrazine remained unchanged. 

The pyrolysis was therefore .tmre than 9($ complete. 

An x.-ray powder diffraction :pattern sho-wed that ammonium f1uo­

borate, NH!F4' and boron nitride, BN, were the major components of the 

solid residue with the former present in much larger a.mounts (its lines 

were much mre intense). At least one other solid compound (unidentified) 

was in the residue in smaller a..rwunts. The data supporting these conclusions 

are given in Table IX. 

The first three columns contain the data for the pyrolysis residue. 
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TABLE IX 

X-raz Da.ta for Pyrolysis Residue * 
Line 	 Intensity d CA) d CA) Intensity d CA)

(residue) (residue) (BN)~ 	 (NH4~1 (NH4~.L 

1 mw 5.75 5.7 15 

2 mw 5.00 

3 m.s 4.50 4.50 100 


4 vvw 3.93 3.84 20 

5 '\If 3.75 3.65 63 

6 ms 3.54 3.55 75 


3.35 3 
7 s 3.21 3.18 75 3.33 
8 s 2.89 2.89 50 

2.84 38 

9 m 2.53 2.53 75 


2.40 15 

10 m 2.32 2.33 25 


2.28 25 
11 '\If 2.24 2.22 15 
12 s 2.16 2.16 75 2.17 
13 vvw 2.09 2.09 15 2.06 
14 vvw 1.99 
15 w 1.S! 1.81 1.3 1.82 
16 vvw 1.72 1.72 5 
17 w 1.65 1.65 38 1.67 
18 vvw 1.57 1.55 
19 vvw 1.43 1.45 15 
20 vvw 1.37 1.32 
21 vvw 1.29 1.25 

*A 57.30 .nun. camera. was used. 

s = strong m== medium '\If == weak v == very 
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Listed in the next two columns are the data for a.mnJ)nium. fluoborate, 

copied from the A..merican Sooiety for Testing Materials (ASTM) Diffraction 

Data Cards. ASTM methods assign the number 100 for the intensity of the 

darkest line and the intensities of the other lines are graded relative 

to this arbitrary standard. Thus a line with an intensity of 15 is very 

faint. The last column contains the "dtl values for boron nitride" which 

were not available in the literature. They were computed from equation 

(1); the reflection indices hkl of the strongest lines and the unit oell 

dimensions "all and lIC" (hexagonal system) have been published (73,,74): 

1 = 
~l 

Although reproducible analytical results were obtained for BF4" 
they were judged unreliable in view of the faot that the hydrolysis of 

the unchanged boron trifluoride-hydrazine would result in equilibria 

involving BF4 (See next section, ItHydrolysis of boron trifluoride-hydrazinen ). 

Accurate analysis for BN is almost impossible because of the inertness of 

this material. 

The hydroly]!is of boron trifluoride-!wl!azine. The following 

observations were made of the action of water on boron trifluoride­

hydrazine. Two aqueous freezing point depression measurements indicated 

apparent l.OOlecular weights in solution of 49.5 and 54.5, or approximately 

one-half the formula weight of BF3·Nil4 which is 99.9. Potassium. chloride 

(I), cesium. sulphate (I), and nitron acetate (75) solutions all gave pre­

cipitates with an aqueous solution of the addition complex, thus confirming 



42 


the presence of fluoborate ionl BF4. It was further noted that the 

initial acidity (pH == 4.35) of a dilute aqueous solution decreased 

slightly (P1 = 4.65) on standing for thirty-five minutes. 

A number of other studies were undertaken for the further 

characterization of boron trifluoride-hydrazine. The object of these 

investigations was to determine the effect of strong Lewis acids and 

bases such as hydrogen chloride and ammonia on the addition comple~ 

The reaction of boron trifluoride-hydrazine with liquid hyS=ogen 

chloride. Boron trifluoride-hydrazine (0.667 mmole) and anhydrous hydrogen 

chloride (6.73 .IIlI'Wles; MI 36.7. Required for HCl: MI 36.5) remained in 

contact for one hour at -96 ° • The aJlX)UIlt of hydrogen chloride (6.72 

mmoles; MI 36.7) recovered by distillation at -96° indicated that no 

appreciable reaction had occurred. 

The reaction of boron trifluoride-hydrazine with gaseous hzdtogen 

chloride. Anhydrous hydrogen chloride (9.70 mmoles; M, ,36.5. Required 

for HCI: M, 36.5) was added to boron trifluoride-hydrazine (3.86 mmoles) 

and kept for one hour at room temperature. Unchanged hydrogen chloride 

(9.58 mmoles; MI 36.5) was recovered alJoost completely, proving that no 

significant reaction had taken place. 

In a second experiment l boron trifluoride-hydrazine (3.73 mmoles) 

and anhydrous hydrogen chloride (8.05 mmoles; MI 37.0) were sealed in an 

all-glass apparatus and left overnight at 110°. The products of the 
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reaction were a nonvolatile solid and a gas recovered by distillation at 

-SO· (4.97 mmoles; M" 40.3. Required for HC1: M" 36.5. Required for 

BF3: M" 67. S) • The infrared spectrum of the gas showed clearly that it 

was a mixture of boron trifluoride and hydrogen chloride (67,,68,,72). 

From the molecular weight value (40.3)" it was calculated that the 

volatile product consisted of 4.36 mmoles hydrogen chloride and 0.61 

.nmole boron trifluoride. Thu.s 3.69 JlIlJ)les hydrogen chloride reacted 

with 3.73 mmoles boron trifluoride-hydrazine to yield a solid residue 

and 0.61 mm:>le boron trifluoride. 

In an attempt to prepare the addition comp:>und BF .N H .HC1,
3 2 4

boron trifluoride-hydrazine and hydrogen chloride were combined in 

exactly equimolar quantities. Boron trifluoride-hydrazine (2.71 mnoles) 

and anhydrous hydrogen chloride (2.73 mm:>les; M" 36.7) were maintained 

overnight at 110· in an all-glass reaction vessel. Again the reaction 

products were a nonvolatile solid and a gaseous substance (0.835 mmole; 

M, 45.2. Required for HC1: M" 36.5. Required for BF3: M, 67.8.). This 

gas was also shown by its infrared spectrum to be a mixture of boron 

trifluoride and hydrogen chloride. The composition of this volatile 

material was calculated to be 0.604 mmole hydrogen chloride and 0.232 

mmole boron trifluoride. Therefore 2.13 mmoles hydrogen ohloride reaoted 

with 2.71 mmoles boron trifluoride-hydrazine to yield. a solid produot and 

0.232 mmole boron trifluoride. Thus it appeared that both displaoelOOnt 

of BF3 by HCl and absorption of Hel by the addition produot BF .NZH4 ocourred
3

simultaneously. 
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The reaction of boron trifluoride-hygrazine with liquid ammonia. 

In a typica1 experi.tIent.. boron trifluoride-hydrazine (1.86 mmcles) and 

anhydrous ammonia (10.38 mmles; M.. 17.2. Required for NH3: H.. 17.0.) 

were left in contact for one hour at -SO·. The amount of ammnia. (6.66 

mmcles; H, 17.0) recovered by distillation at -80· indicated that a new 

comp:>und, boron trifluoride-hydrazine-2-a.mJ1'.Onia, BF .N2H .2NH , had been
3 4 3

fomed at that temperature. Above -80·, this crystalline comp:>und dis­

socia.ted irreversibly, evolving &mIlI)nia.. Measure_nts of the dissociation 

pressure were not reproducible and the conventional plot of log p vs. lIT 

was always concave to the reference axes. 

A sample of boron trifluoride-hydrazine-2-aDIID)nia. (1.86 mmcles) 

was warmed very gradua.lly to room temperature and the following fractions 

of ammnia were collected: 

Distilling Anaonia. Recovered Molecular 
Temperature (mDDles) Weight 

-64· 0.637 17.1 

-46 0.814 17.9 

-26 trace 

o 1.496 17.4 

+28 distillation 
very slow 

The data indicate that ammnia. was evolved in two distinct stages, but.. 

since no. stoichiometric amount could be recovered, it was not possible 

to isolate the mnoammonia. compound. 
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The reaction ot boron tritluoride-hydrazine with liquid metpyl­

amine. Anhydrous methylamine (8.05 JlUD)lesj M" 31.0. Required tor CH NH2:
3

M, 31.06.) was condensed onto boron tritluoride-hydrazine (1.296 JlIIIK)les) 

and these materials were lett tor seventy minutes at -SOo. Methylamine 

(5.56 nmDles; M" 30.8) was remved by distillation (which was !!!Z !.12!) 

at -45°" leaving a residue consisting of 2.49 nmDles C~NH2 and 1.296 

.DDD)les BF .N H • Measurements ot the dissooiation pressure of this
3 2 4

material were not reproducible. Further prolonged distillation at room 

temperature yielded additional methyJam:ine (1.24 1lI101es; M, 31.8), thereby 

altering the composition ot the residue (a syrupy substance) to 1.25 

JIIIlJ)les CH NH2 and 1.296 JIIIlJ)les BF ·N2H •
3 3 4

These data suggest that boron trifluoride-hydrazine absorbed 

methylami:ne to torm addition compounds ot indetinite comp:>sition which, 

on warming, evolved methylamine very slowly. 

The reaction ot boron tritluoride-ilydrazine with liquid tri ­

metpylamine. .Ai'ter boron tritluoride-hydrazine (0.667 mmole) and 

trimethylamine (3.71 JlUD)les; M" 58.5; v.p. 217.9 mm. at -25.0·. Required 

tor (CH3)3N: M, 59.1; v.p. 219.0 mm. at -25.0· (76).) had reacted tor 

one hour at -S00" !lOst ot the trimethylamine (3.29 JIIIlJ)les; M, 58.4) was 

recovered atter tour hours l distillation at that temperature. Redistilled 

trimethylamine (2.78 mmoles; M, 58.9) was then added to the reaction vessel 

and the reactants were kept at -SO· tor an additional sixteen hours. Atter 

overnight distillation at -SO·" the amount of trimethylamine recovered 

(2.68 mmles; M, 58.9) showed that during the t'WO reactions described" only 

0.52 mmole trimethylamine had been absorbed by the 0.667 JlUD)le boron tri ­
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fluoride-hydrazine. Thus boron trifluoride-hydrazine appeared to absorb 

an indefinite amount of trimathylam:ine at -SO·, and, on warming, the 

latter was released very slowly. 

The reaction of boron trifluoride-hydrazine with gaseous tri ­

IOOthylamine. When trimethylamine (12.85 .I1IJlI)les; M, 59.9) and boron 

trifluoride-hydrazine (1..53 lJI'Il¥)les) were left together in vacuo at room 

temperature for twelve hours, 97.)% of the trimethylamine (12.50 mmoles; 

M, 59.8) was recovered unchanged. A minute am:.>unt of an unidentified 

liquid (hydrazine?) was produced. 

Miscellaneous. For assistance in the correlation of infrared 

data, the comp:>unds boron trifluoride-trimethylamine (23,24,77), BF). (CH;»)N, 

and boron trichloride-trinethylamine (25), BCl;. (CH) 3N, were prepared 

and their infrared spectra were measured using the potassium bromide pellet 

technique..*' The two spectra are shown in Figure 4 and the characteristic 

vibration frequencies are summarized in Tables X and XI, respectively. 

The Interaction of Trimethylborane and Hydrazine 

Trimethylborane, B(CH)), is a much weaker electron acceptor than 

boron trifluoride. It was chosen for coordination studies to provide a 

comparison of its hydrazine complexes with those of boron trifluoride 

(rep:>rted in this thesis) and of diborane (13,14). 

*' ~ateful acknowledgement is made to Mr. Dutton of this laboratory for the 

preparation and infrared measurenents of these comp:>unds. 
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TABLE X 

Infrared Vibration Frequencies of Boron Trif1uoride-Trimethzlamine 

Frequency 
-1 cm 

3600-2800 


1486 


1470 


1455 

1270 

1256 

1210 

1177 

1135 

1100 

990 

961 

922 

839 

693 

Intensity 

several very weak peaks 

s 

wah 

w 

w 

m 

wah 

s 

vs 

vs 

m 

mw 

vs 

vs 

en 

s = strong m= medium w = weak 

sh = shoulder asym= asymmetric 

Assignment 

Cl1 deformation (asym.) 

CH deformation (sym.) 

1 
3 

10 a -F stretch:!ng (asym.) 

B11_F stretching (asym.) 

B-N stretching 

1G-N stretch:ing (asym.) 

CH rocking or wagging
3 


C~ rocking 


Cl1 wagging? 


v = very n = narrow 


sym = symmetric 




TABLE XI 


Infrared Vibration Freguen~ies of Boron Trichloride-Trimethzlamine 

Frequency 
-1 cm 

3650-3250 

3020 

2965 

1487 

1471 

1453 

1409 

1265 

1235 

ll92 

ll59 

1140 

1116 

1085 

1042 

lOll 

965 

927 

833 

780 

745 

Intensity 

vwvb 

vw 

w 

s 

s 

vwsh 

mn 

wah 

m 

w 

m 

ms 

m 

w 

m 

s 


w 


s 


msh 


vsb 


Assignment 

C-H stretching (asym.) 

C-H stretching (synl.) 

C~ defornation (asym..) 

unassigned 

CH deformation (sym.) 
3 

B-N stretching 

G~ wagging? 

C-N stretching (asym.) 

CH rocking or wagging3 

CH rocking
3 

} B-Cl stretching (&51D4)? 

s == strong m" mdium. w -= weak v'" very b'" broad sh'" shoulder 
asym. ... asymmetric sym.... symmetric 
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FIGURE 4 


Infrared Spectra of Boron Trifluoride-Trimethylamine 


and Boron Trichloride-Trimethylamine (Potassium 


Bromide Pellet Technique) 
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In a typical experiment, trimthylborane (9.69 l11IJI:)les) and 

anhydrous hydrazine (3.26 nm:>les) were combined and kept at room temper­

ature overnight. The reaction was initially rapid, but a long time was 

required for its completion as indicated by a slow decrease in the total 

pressure. A. white crystalline material was formed graduaUy on the 

walls of the reaction vessel. The amount of unreacted trimethylborane 

(3.26 mmolesj H, 55.2. Required for B(CH )3: H, 55.9.), recovered by
3 

distillation at _soo, showed that trimethylborane (6.43 lDlWles) had 

reacted with hydrazine (3.26 mmoles) in a ratio of 2:1, thus forming the 

new compound 2-trimthylborane-hydrazine, 2B(CH3)3.N~4. When this 

addition complex was warmed, it evolved trimthylborane slowly at -65· to 

-70·, but at 0·, trimthylborane (3.24 JDIOO1esj H, 56.0) was remved 

rapidly, leaving a residue containing trimethylborane (3.19 mmoles) 

and hydrazine (3.26 DIDOles) in a ratio of 1:1, corresponding to the new 

compound trimethylborane-hydrazine, B(CH3)3·N2H4. The compound 2-tri­

methylborane-hydrazine did not dissociate reversibly. 

When trimethylborane (7.46 mmlesj H, 55.9) was added to a 

sample of trimethylborane-hydrazine (4.04 mmoles), and the reactants 

maintained overnight at room temperature, the recovery of trimethylborane 

(3.40 lDlW1es; H.. 55.8) by distillation at -SOo indicated that the compound. 

2-trimethylborane-hydrazine had been regenerated, since 4.04 mmo1es of 

The 1:1 addition complex did not have a measurable vapour pressure 

at room temperature. When heated.. it m1ted at 42-43·, and decomposed 

slowly above 60·. Its aqueous solution.. which was alkaline, had strong 
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reduc:ing properties in that it decolourized instantly a solution of 

potassium permanganate. If the aqueous solution of the compound was 

strongl;y acidified with hydrochloric acid, there was an explosion 

accompanied by a brilliant green flash. 

The infrared spectrum of trim.ethylborane-hydrazine was obtained. 

by the potassium bromide pellet technique and is shown in Figure 5. The 

principal vibrations and their assignments are summarized in Table XII. 

For purposes of comparison, the infrared spectrum of trimethylborane­

amIIOnia (40,78,79), B(CH,3),3.NH,3' was 1D3asured by the Nujol mull technique. 

This compound is so volatile (40,78) that its infrared spectrum cannot 

be obtained by the mre convenient pellet 1D3thod. The spectrum is shown 

in Figure 5, and the characteristic vibrations are listed in Table XIII. 

The comp>und was prepared as follows: trimethylborane (1.97 JT1IIl)les) and 

&mIlI)nia (2.79 JT1IIl)les) were allowed to warm slowly from -S00 to room 

temperature over a period of nine hours. Ammonia (0.91 JllDX)le) was 

recovered by distillation at -S00, indicating that trim!thylborane (1.97 

mmoles) had reacted with a.nm:>nia (1.88 .lDD'Dles) in a ratio of 1:1. 

Trimethylborane-hydrazine was further characterized by its 

reactions with a.:nm:>nia and with diborane, and by its pyrolysis. 

The reaction of tri.methzlborane-hydrazine with allm:mia. Tri­

1D3thylborane-hydrazine (1.80 mmles) and a:nhydrous aIIIDOnia (3.78 JT1IIl)leSj 

M, 17.1. Required for ~: M, 17.0.) were combined and left at room 

temperature for two hours. Almmnia (,3.62 mrmlesj M, 17.1) was recovered 

by distillation at -SOo, and a small &m:>unt of unidentified liquid by 
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TABLE XII 

Infrared Vibration Frequenoies of Trimethy1borane-!fYdrazine 

Frequenoy Intensity Assignment 
-1 om 

3342 m N-H stretching (asym.) 


3277 m N-H stretohing (s;ym.) 


3110 mb N-H intermo1eoular? 


2908 m C-H stretohing (as;ym.) 


2$12 msh C-H stretohing (sym.) 


2510 w 


2350 wb 


2090 w 


1640 m 

} NH2 defo~tion (asym.) 

1602 s 1C:!J deformation (as;ym.)1440 wvb 
NH2 deformation (5)) 

1343 sb NH2 rooking (asym. 

12$2 vs C~ deformation (sym.) 

1192 msh NH2 rooking (sym.) 

U35 vs B-C stretohing (as;ym.) 

1103 m N~ wagging (asym.) 

1075 vsb B-N stretohing 

997 svb CH rooking
3 

956 s N-N stretohing 

870 vw 

851 w CH I'OOking
3
 

782 w 
 } NH2 wagging (sym.) 
768 wsh 

679 s B-C stretching (sym.) 

s = strong m = medium w "" weak v'" very b = broad sh "" shoulder 

asym "" asymmetrio sym "" symmetrio 
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TABLE nn 


Infrared Vibration Frequencies of Trimethylborane-A.mrronia * 


Frequency Intensity 
-1 

em 

3370 s 


32S0 m 


3190 m 


2080 w 


1845 w 


1787 w 


1736 w 


163S m 


1595 s 


12S3 vs 


1135 s 


1103 va 


985 sb 

SS2 m 

700 w 

730 msh 

716 s 

682 m 

Assignment 

N-H stretching (asym.) 

N-H stretching (sym.) 

N-H intermolecular? 

} Nl3 deformation (as7Jl1o) 

CR; deformation (sym.) 

B-C stretching (asym..) 

B-N stretching 

OR; rocking 

CR; rocking 

} NIl] wagging? 

B-C stretching (asym.) 

*The regions 3100-2800 cm-1 and 1500-1325 em-1 are omitted due to inter­
'ference from the Nujol peaks. 

s ... strong m = mdium W'" weak v'" very b ... broad sh = shoulder 

asym = asymmetric sym'" symJ!Btric 
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FIGURE 5 


Infrared Spectra of Trimethylborane-Hydrazine 


(Potassium. Bromide Pellet Technique) 


and 


Trimethylborane-Ar.mDnia (Nujol Mull Technique) 
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distillation at room temperature. Therefore the extent of the displace-

JlSnt reaction 

was not appreciable under these conditions. 

The reactions of 2-trimethylborane-hzgrazine and tr1methyl­

borane-hmazine with diborane. 2-Trimethylborane-hyd.razine, 2B(~)3·NtI4' 

(3.26 lllI1Dles), and diborane (1..01 mmoles; H, 27.7. Required for B2H6: 

H, 27.7.) were maintained overnight at -80°. The quantitative recovery 

of diborane by distillation at -SO· (3.99 mmoles; H, 27.9) proved that 

no reaction had taken place. 

In another experiment, trinsthylborane-h~razine, B(eR )3eNtI4'
3 

(3.26 nmoles), and diborane (4.49 ImlOleSj H, 27.6) were combined and left 

overnight at room temperature. The reaction produced a solid residue 

and several volatile products: diborane, tr1metbylborane" unsym,..dimetbyl­

diborane, and ~gen. 

The react.ion lfiaS stopped by surrounding a portion of the apparatus 

nt.h a liquid air bath. After soma time" all the volatile material had 

condensed, leaving hydrogen (0.75 lllI1Dle; H, 1.2. Required for ~: H, 2.0.). 

The condensable substances were fractionated carefully at -143 0 
" yielding 

diborane (0.59 lllI1Dlej M, 26.6), and repeatedly at -11,·, yielding trimethyl­

borane (0.50 nmole; M, 59.4; v.p. 26 mm. at -SO·. Required for B(Cli:3)3: 

M" 55.9; v.p. 27.3 mm. at -SO· (65).) and unsym-dimethyldiborane (2.46 

lllI1Dle; M, 58.9; v.p. 11 mm. at -79.5·. Required for unsym-(CH3)2B2,H4: H" 

55.7; v.p. 13 mm. at -78.5° (62). Positive identification was obtained 
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from its infrared spectrum (80).). The separation of trimethylborane 

from unsym-di.methyldiborane was difficult owing to the proximity of their 

vapour pressures. 

The solid residue was heated grad~, resulting in the evolut­

ion of the following am:.>unts of noncondensable gas: 

Temperature Am:nmt of Molecular 
of Residue Gas (DllIDleS) Weight 

3.94 17.6 

0.75 7.21 

4.13 Z.46 

These data suggest that methane" hydrogen" and possibly nitrogen were 

evolved on heating the residue. The quantity of condensable gas released 

during these operations was s.ma.ll. The methane was presWDed to originate 

from unreacted trimethylborane-hydrazine, while the evolution of hydrogen 

is characteristic of diborane-hydrazine, 2BH ·H H (13,,14).
3 Z 4 

Only a p:>rtion (1500-Z850 em-1) of the infrared spectrum. of 

unsym-dimethyldiborane has been published in the chemical literature (SO). 

A mre complete spectrum (650-4000 em-1) is presented in Figure 6" and the 

vibration frequencies are outlined in Table XIV. 

The pyrolzsis of trimethy1borane-hydrazine. Trimethy1borane (8.58 

lDlW1es) and hydrazine (8.58 DIIOO1es) were combined in an all-glass apparatus 

and heated to 150-160· for 16 1/z hours. The princip:l.1 products were (at') 

noncondensab1e gases (HZ" CH ; 0.67 Jm.Jn1e») (b) a.nm:>nia (0.42 IIID01e; M.. 18.0j
4

v.p. 35.6 mm. at -79.5·. Required for NH3: M, 17.0; v.p. 40.0 mm.-at.-79.Zo 

http:mm.-at.-79.Zo
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TABLE nv 
Infrared Vibration Frequencies of unsl'lD:-Dimethyldiborane 

Frequency Intensity Assi.gnment 
-1 

om. 

)680 vw 

2970 m C-H stretching (asy.m.) 

2840 wah C-H stretching (sym.) 

2570 ssp B-H
termina1 

stretching (asym.) 

2495 ssp B-Htermina.l stretching (sym..) 

2140 wah 

2100 w (2 x 1055?) 

'" 1990 vwvb (1055+920?) 

1755 wb 

1686 m. unidentified 

1545 vsb ~ridge stretching 

1440 m ~ deformation (asym.) 

l3l7 s CH) deformation (sym.) 

1152 B~ tl scissors"}.,u 
 and. 
1115 B-C stretching (asym..) 

1055 s B~ rocking? 

920 w BH2 wagging 

849 w C~ rocking 

s "" strong m "" medium. w "" weak v "" very b = broad sp"" sharp 

sh = shoulder u"" unresolved asym= asymmetric sym- symmetric 
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FIGURE 6 


Infrared Spectrum of unsym-Dimethy1diborane 


(10 em. gas cell at pressure of 10.6 JIID..) 
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(76).), (c) a mixture of butane and the isoneric butenes (2.44 nmolesj 

M, 56.3. Required for C H8: M, 56.1. Required for C H10: M, 58.1.
4 4

Identification was made from the infrared spectrum (72 .. 81) and the mass 

spectrll.l#; the latter indicated that the ratio C4H10:C4H8 ~ 1:3).. and 

(d) an unidentified complex residue. 

Both tri..uethylborane and hydrazine were individually heated 

under identical reaction conditions, as follows. Tr1nethylborane (7.75 

mmoles) was heated in a sealed all-glass reaction vessel for 16 1/2 hours 

at 150-160·. Quantitative recovery of the gas (7.75 mmolesj M.. 56.7. 

Required for B(CBJ)3: M .. 55.9.) indicated that no decomposition had taken 

place. 

Hydrazine(9.33 mmoles) was heated in an all-glass apparatus to 

150-160· for 16 1/2 hours. The reaction products were nitrogen (0.14 

mmole; M, 32.8. Required for N2: M, 28.0.) .. amm:mia (0.52 mmolej M, 17.5. 

Required for ~: M.. 17.0.).. and unchanged hydrazine (8.86 JDJDJlesj analysis 

by the iodate method (54» in accordance with the decomposition scheme (82, 

The extent of decomposition of hydrazine was only 5%. 

Thus hydrazine and trinethylborane are changed very little when 

they are individually heated to 150-160° for a prolonged period.. whereas 

trinethylborane-hydrazine appears to undergo a complex decomposition reaction. 

The appearance of butane and butenes among the decomposition products is 

remarkable. 

*This neasurement was very kindly made by Dr. L. Elias of the Physical Chem­
istry Laboratory, McGill University. 

http:Hydrazine(9.33
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The Reaction of Trimethylaluminum. with HYtiEazine 

A middle cut of comnercial tri.methylaluminum. was fractionated 

care.fully at 0° and collected in a trap at -SO· (v.P. 1.3.2 mm. at 24.7°. 

Required for (Al(CH )3)2: v.p. 12.8 mm. at 24.7 0 (85,86).). The infrared
3

spectrum. was identical to that reported in the literature (49,87). 

The reaction in vacuo. Anhydrous hydrazine (4.72 mnDles) and 

trimethylaluminum. (20.0 .IIBllOles) were kept at room temperature overnight. 

The products of the reaction were an inert pale brown solid, which did 

not change visibly' on heating to 300·, a mixture of noncondensable gases 

(20.0 mnDles (18.58 mmoles CH and 1.42 mmoles H2); M, 15.00; 15.08.
4 

Required for CH : M, 16.0; for H2: M, 2.0. Successive vapour pressure
4

measurements on a fraction graduall;y approached that of CH ), and unreacted
4

tri.methylaluminum (12.03 .IIBllOles; v.p. 15.9 mm. at 26.7°. Required tor 

(Al(C~)3)2: v.p. 1.3.7 mm. at 26.7 0 Identification also made by infrared• 

spectrum) • The infrared spectrum of the residue had some bands which were 

similar to those found for aluminum nitride (88). The data suggested that 

the reaction in vacuo was complex. 

The reaction in diethyl ether. In a typical experiment, anhydrous 

diethyl ether (20 ml.) was thoroughly' degassed in vacuo and to it were 

added hydrazine (10.09 .IIBllOles) and trimethylaluminum (27.9 mnD1es). The 

apparatus was sealed and the reactants were stirred overnight at room 

temperature. A white suspension formed in the ether. 

Methane (20.1 mmoles; H, 16.3; v.p. 21.5 mm. at -191°. Required 
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for CH4: M, 16.0; v.p. 20.0 mm. at -191.80 (76).) was the only noncon­

densable gas produced. The solvent and unreacted tr:imethylaluminum were 

distilled at room temperature, leaving a white crystalline deposit. 

Analyses of the latter .for aluminum were not reproducible, but the weight 

of the crude reaction product (1.57 gm..) corresponded appro.:x::i.ma.tely to 

that required (1.46 gm..) for the formation of the substance sym-disbimathyl­

aluminobydrazine, (CH3)zAINHNHAl(CH3)2. The ewlution of exactly t~ 

mles of methane per mle of hydrazine consumed was supporting evidence. 

The substance was extremely unstable: it reacted violently with water or 

ethanol and it decomposed violently when subjected to mechanical shock. 

Consequently no further effort was made to purify and characterize the 

compound. 

The Reactions of Boron Tric~oride and Boron Tribrom.1de with ~azine 

Although boron trifluoride reacts with bydrazine to form t'WO 

stable addition complexes, BF -N H and 2BF .N H
4

, the reaction of boron
3 2 4 3 2

trichloride or boron tribromide with hydrazine results in the elimination 

of hydrogen halide by the two reactants, yielding hydrazine hydrohalide, 

N H ·HX, and a new substance with boron-nitrogen linkages.2 4

The purification of boron trichloride was effected by passing 

it into a LeRoy distillation column at _120 0 and remving it from the column 

at -90· (Found: M" 11'1.6; v.p. 478.5 mm. at 0·. Required for BC~: M, 117.2; 

v.p. 477 mm. at O· (.89,90).). Boron tribromide was distilled from lmrcury 

through a bath at -2.3. and trapped at -80· (Found: v.p. 58.9 mm. at 21.4·. 

Required for BBr : v.p. 58 mm. at 21.4· (62,76).).
3 
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The reaction of boron trichloride with hmazine. Boron tri­

chloride (11.90 JllIOOles) and a.nhydrous hydrazine (94 JIIOOles) were distilled 

into the side arm of a one liter flask. After sealing the apparatus, the 

reactants were stirred overnight at room temperature. An extrelOOly vigorous 

reaction produced a white solid which almost redissolved in the excess 

hydrazine. The direct reaction of the two materials should be done with 

small quantities, otherwise there is a considerable risk of explosion. 

Unreacted hydrazine (analyzed by the iodate lOOthod (54» and a trace of 

anm:>nia (0.32 JJIlJ)le; M, 16.8. Required for NH3: M, 17.0.) were recovered 

by distillation at room temperature. The white solid appeared to contain 

boron trichloride and hydrazine in a ratio of 1:4 (FolUld: N2H , 51.4, 52.5%.
4

Required for BC~N8~6:N2H4' 52.3%.). 

The reaction of boron trichloride with hydrazine in tetrahydro­

furan led to a different reaction product. Boron trichloride (46.8 

JllIOOles) was dissolved in anhydrous tetrahydrofuran (50 ml..) at -64 0 The• 

solution was diluted to 200 ml.. with tetrahydrofuran, and hydrazine (310 

l1lII01es) was added dropwise with stirring in an atmosphere of dry nitrogen. 

A precipitate formed immediately. After decantation of the solvent, 

volatile impurities were rel'Wved by vacuum distillation at room temperature, 

leaving a tacky, pale yellow material. The latter was washed several times 

with anhydrous diethyl ether, and the resulting white crystalline material 

seemed to contain boron trichloride and hydrazine in a ratio of 1: 6 (Found: 

Cl, 38.7, 38.6%. Required for BC13N12~: 01, 38.9%.). This substance was 

soluble in water, giving a neutral solution, but was insoluble in boiling 

pyridine. A comparison of the infrared spectra of the complex material 
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XV. The data in Table XV suggest that h,urazine hydroohloride was one of 

the principal constituents of the reaction mixture. 

An unsuccessful attempt was made to separate the substance 

BCl::3NsH16 into its components by fractional sublimation. A sample of the 

material, heated at 160-165° in vacuo, yielded hydrazine (a:na.lyzed by 

the iodate method), hydrazine hydrochloride (white needles containing 

hydrazine and chlorine but no boronS m.p. 91°; N H , 50.1%. Required2 4

for N H C1: white needles; m.p. S9° (92); N H
4

, 47.1%.), and a nonvolatile
2 5 2

residue containing hydrazine (50.6, 50.7%), chlorine (1.3.2, l3.6%), ani 

boron. 

The reaction product BC~N12H24 was extracted twenty-one times 

with anhydrous hydrazine in a nitrogen-filled "dry box't. The extracts 

were separated from the solid eaoh time by centrifugation. The residual 

material, a white solid, was sma.ll in aJlDunt due to its appreciable 

solubility in hydrazine. After being dried in vacuo at room temperature, 

it was found to contain 15.61% boron and no chlorine. These analytical 

data suggested that the substance contained four gram-atoms of nitrogen 

per gram-a.tom of boron, i.e., 80.8% nitrogen. The remaining few per cent 

were preswned to be hydrogen. On the basis of the reaction scheme to be 

proposed in the Discussion, the most reasonable empirical formula appeared 

to be BN4H5 (Required: B, 15.05%). This substance did not melt when heated 

to 3000 It was soluble in water, giving an alkaline solution. Its• 

infrared spect~ obtained by the potassium bromide pellet method, is 

shown in Figure 7, and the vibration frequencies are su.mma.rized in Table 

XVI. 
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TABLE XV 

Infra.red Vibration Frequencies of BCl:3!1.2!!;U~ and N2!:!J1· HCl 

N2H4·HCl BCl3NJ2i24 

Frequency 
cm-1 

Intensity Frequency 
cm-l 

Intensity 

3261 sn 3260 - ssh 

3150 an 

3034 an 

2950 s1 2950? 

2903 s1 bu 

2716 ab 27001 

2602 sn 2580? 

2350 w 23401 

1970 mb 

1745 wb 

1638 

1584 

mb 

mb 

1630 }1570 
sbu 

1500 sn 1497 sn 

1417 mn 1410 s 

l350 sTb 

1246 an 1238 m 

1124 sb 

1101 sb -1100 vsbu 

973 an 982 sn 

s = strong m = medium. w = weak v = very b = broad n = narrow 

sh = shoulder u = unresolved 
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TABLE XVI 


Frequency 
cm-1 

Intensity Assignment 

3350 svb N-H stretching and EN vibrations 

1620 sb N-H deformation (asym.) 

~ 1330 svb B-N stretching 

,...., 1050 svb N-H wagging? 

rv 700 mvb unassigned 

s = strong m - medium v = very b = broad asym = asymmetric 
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FIGURE 7 

Infrared Spectrum of (BN H5)X (Potassium
4

Bromide Pellet Technique)­
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The reaction of boron tribromide with hz9.razine. Boron tri ­

bromide (104 lllDXlles) was cautiously dissolved in tetrahydrofuran (250 ml.) 

at -SO· in an at1l'Dsphere of dry nitrogen. The dropwise addition of 

anhydrous hydrazine (1250 .mm:>les) to the solution at room temperature 

immediately produced a white precipitate which almost redissolved in 

the excess hydrazine. After the re1l'Dval of the tetrahydrofuran, the 

hydrazine layer was evaporated to dryness in the vacuum system. The 

residue, a sticky pale brown solid, was washed several times with absolute 

ethanol in the "dry box", yielding a white solid that seemed to contain 

boron tribromide and hydrazine in a ratio of 1: 6 (Found: Br, 53.9%. 

Required for BBr.3N12H24: Br, 54.2%.). A comparison of the infrared 

spectrum of the complex substance BBr.3N12H24 with that of hydrazine 

hydrobromide (91), NZI4·HBr, is given in Table XVII. It is evident from 

the data in Table XVII that one of the components of the reaction mixture 

was hydrazine hydrobromide. 

The matertaI BBr3N12H24 was extracted twelve times with hydrazine 

under anhydrous conditions; the extracts were separated from the residue 

each time by centrifugation. The residual white solid, dried at room 

temperature in the vacuum system, contained 15 • .31% boron and a small 

trace of bromine. By analogy with the reaction of boron trichloride with 

hydrazine, the empirical formula of the residue was again thought to be 

BN4H5 (Required: B, 15.05%). This substance was soluble in water, did 

not mIt when heated to .300·, and its infrared spectrwn was the sane as 

that shown in Figure 7 and sUJIIIlarized in Table XVI. 
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TABLE XVII 


Infrared Vibration Frequencies of BBr:3!!u!!24 and N~/HBr 


N2H4·HBr BBr.3NJ2H24 


Frequency Intensity Frequency Intensity

-1 -1em em 

325 
O 

} 
su 

.3245 

.3140 

sn 

ssh 

2690 2940 s 

2575 an 2560 sn 

2.3.30 w 2.320 msh 

19.30 mb --.; 1950 wb 

1725 wb 1720 wb 

1615 mb 1620 mn 

159.3 w 

1568 mb 1565 mn 

1491 sn 1488 sn 

1410 sn 1402 mn 

l24.3 sn 1221 sn 

1100 ab 1090 va 

1095 sb 1072 va 

965 sn 955 sn 

495 sb 

s = strong m= medium w = weak v = very n = narrow b = broad ah = shoulder 
u = unresolved 
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The Reactions of the Aluminum Halides with Hydrazine 

Although the reactions of the boron halides (except BF ) with
3

amm::mia (29,,30,31,93) result in the elimina.tion of hydrogen halide by 

the two reactants and the formation of boron amide or boron imide, 

analogous reactions with the alwninum halides do not occur. Rather, 

addition compounds such as AlC1 ·NH3 are fOrml':ld (46,47,48). It is of
3

interest, therefore, to investigate the reactions of the aluminum halides 

with hydrazine and to contrast its behaviour with that of am:rmnia in this 

respect. 

The reaction of alwninum chloride with hydrazine. Under 

anhydrous conditions, a 50 ml. flask with a ground glass neck was charged 

with aluminum chloride (16.5 ImlJ)les) and attached to the side-arm of a 

one liter flask. Anhydrous hydrazine (150 DllWles) was oondensed onto the 

aluminum chloride by distillation in vaouo. On warming to room temperature, 

a rapid reaction occurred, leaving a white solid in the reaction bulb. 

After 1 3/4 hours, unreacted hydrazine (analyzed by the iodate .ttathod) was 

recovered by distillation at room temperature. The solid residue appeared 

to contain aluminum chloride and hydraz:ine in a ratio of 1:4 (Found: N H ,2 4
51.S%; 01" 39.2%. Required for Al0l;NSI1.6: NZH4, 49.1%. 01" 40.7%.). 
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When the aluminum chloride was diluted by suspending it in 

carbon tetrachloride, its reaction with hydrazine yielded the same product. 

In a typical experiment, aluminum chloride (25.4 mooles) and carbon 

tetrachloride (250 ml.) were placed in a three-necked flask. Anhydrous 

hydrazine was added dropwise with stirring in an atmsphere of dry 

nitrogen; a white precipitate formed ~diately. After filtration" the 

precipitate was dried at room temperature in the vacuum system. A portion 

of the carbon tetrachloride filtrate" evaporated to dryness on a steam 

bath, left no residue. The empirical formula. of the solid material again 

seemed to be AlC13NgH16 (Found: Al, 10.09, 10.14%; Cl, 39.8, 39.2%. 

Required for AlC~NS~6 : Al, 10.33%; C1, 40.7%.). 

However, wilen anhydrous diethyl ether was used as a solvent, 

the reaction between aluminum chloride (16.5 lDlID1es) and hydrazine (141 

.mm:>les) yielded a white solid that was considered to contain aluminum 

chloride and hydrazine in a ratio of 1:5.25 (Fbund: Al, 8.96%; C1, 34.8%; 

N2H4, 55.9%. Required for AlC~NIO.~21.0: Al) 8.95%; C1, 35.3%; N2H4, 

55.8%.). 

Lastly, using absolute ethanol as a solvent, the reaction between 

hydrazine (219 mmoles) and aluminum chloride (24.8 nmD1es) gave a precipitate 

of pure hydrazine hydrochloride, N H ' HC1 (Found: C1, 50.9%; map. 90-100·2 4 

(gradual). Required for N2H~1: C~, 51.7%; m.p. 89° (92). Positive 

identification was mde from the infrared spectrum (91).). All the 

aluminum remained in solution. 

The complex reaction product AlCl NgHl6 was partially soluble3
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in water producing an alkaline solution which (a) possessed strong reducing 

properties in that it instantly decolourized a solution of potassium 

permanganate" and (b) gave a positive test for chloride ion. The product 

dissolved readily in aqueous solutions of HCl" HN0 " and NaOH" but it was
3 

not soluble in aqueous ammonia or in pyridine. A comparison of the 

infrared spectra of AlC1:3NsH16 and AlC13NlO.5H2l.0 (both obtained by the 

potassium bromide technique) with that of hydrazine hydrochloride" NtI4.HCl 

(91)" is given in Table XVIII. It is apparent from this table that the 

spectra of all three substances were simi] ar. 

The data cited suggested that the reaction of aluminum chloride 

with hydrazine was characterized by the elimination of hydrogen chloride" 

which appeared 8JD)ng the products as hydrazine hydrochloride. The 4:1 

stoichiometry of the reaction both in vacuo and in carbon tetrachloride 

might be represented by 

Stoichiometric ratios higher than 4:1 could arise if all three atoms of 

chlorine in aluminum chloride reacted with hydrazine: 

/NHNH2 
AlC~ + 6 N2H4 --....... NH2NH-Al + J N2H •HCl 

'NHNH2 

4

The separation of hydrazine hydrochloride from the remainder of 

the reaction product was attempted (unsuccessfully) by the technique of 

fractional sublimation. AlC1 NgH16 (1.002 gIn.) was heated in vacuo at
3

160-170· until the evolution of volatile material had ceased. Hydrazine 
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TABLE XVIII 

Infrared Vibration Frequencies of AlG!:.3!!s!!J.6L 

AlG13~Oa5~1aO' and N2H/,aHC1 

!i!Jla~G1 AlG13~6 AlC?:3!!lO. 5!:!21.0 

Frequency Intensity Frequency Intensity Frequency Intensity
-1 -1 -1 cm em em 

3261 sn 3290 a 3290 s 

3150 an * ? *­
3034 an 3050 m 3050 a 

2950 a? 2940? 

2903 s? 

2716 ab ? 

2602 sn ? 

2350 w 

1970 mb 

1745 wb 

1638 rob 1650-1550 sb 1615 avb 

1584 rob 

1500 sn 1495 an 1500 w 

1417 ron 1412 mw 1400 w 

]246 sn 1238 !llW' ""J 1210 wvb 

1124 sb llOO vsvb 1115 s 

ll01 sb 1091 s 

973 sn 962 sn 958 s 

1*poor resolution in the region 3200-2500 em.­ • 

a ... strong m == medium w == weak v'" very n ... narrow b = broad 

http:AlG!:.3!!s!!J.6L
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hydroohloride (0.109 gm.; white orystals containing hydrazine and ohlorine 

but no aluminum; m.p. 910. Required for NzHSC1: m.p. 89° (92).) and 

hydrazine (0.220 gm.; analyzed by the iodate method) were recovered, 

leaving a residue (0.613 gm.) containing aluminum and ohlorine in an 

approximate ratio of 2:5 (Fbund: Al, 15.4%; Cl, 50.2%). Infrared speotral 

analysis indioated the presenoe of NH bonds in the residue. 

By an independent test, hydrazine hydroohloride was found to 

be soluble in anhydrous hydrazine. A "Soxhletn extraotion apparatus was 

oonstruoted with a thimble of porous glass "paper" in the extractor. The 

substance AlC1:3NS~6 (3.048 gm..) was placed in the thimble, the boiling 

flask loaded with anhydrous hydrazine (70 ml.), and the solid material 

extracted with hot hydrazine approximately thirty times under anhydrous 

conditions. The extraction liquid oontained all the chlorine from the 

original sample (Found: Cl, 1.220 gro. Weight of Cl in original sample: 

1.230 gm.), leaving in the thimble a small amount (the residue was 


slightly soluble in hydrazine) of a white solid that contained 41.8% 


aluminum and no ohlorine. In a duplicate experiment, the residue in the 


thimble contained 41.4% aluminum. An attempted analysis for nitrogen by 


the Kjeldahl method was unsuccessful. The analytical data suggested that 


the residue contained tw and one-half gram-atoms of nitrogen per gram­


atom of alumiJlum, i.e., 54.0% nitrogen. The remainder (.....4-5%) was presUJJ:Jed 


to be hydrogen. From the reaction scheme to be outliJIed in the Discussion, 


the mst reasonable empirioal formula was considered to be Al2N5H5 (Required: 


Al, 41.8%). 


This substance did not melt when heated to 475 0 
• It was hydro­

lyzed slightly by water, dissolved partially iJI moderately acid solution, 
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and dissolved completely in hot, strongly acid solution. The infrared 

spectrum (JOtassium bromide pellet technique) of the material is shown in 

Figure 8, and the vibration frequencies are summarized in Table XIX. 

The attempted separation of AlCl:3NaHl6 into its components by 

the use of absolute ethanol as the Soxhlet extraction liquid resulted in 

the accUllllllation in the boiling flask of long needle-shaped crystals 

containing hydrazine and chlorine but no aluminum, i.e., hydrazine 

hydrochloride. However, the separation process was impracticably lengthy 

and, since nx>re than two-thirds of the chlorine was reIIDved by the ethanol, 

there was indication that ethanolysis of the aluminum compound had 

occurred. 

other extraction experiments with acetone, dietnyl ether, 

dimethylsulphoxide, (CH3)2SO, and pyridine also failed to give a separation 

of the reaction products. 

Finally, the substance AlCl:3Nj16 was extracted repeatedly at 

!.22!!! temperature with a.:nhydrous hydrazine in a nitrogen-filled "dry box". 

'The extract was separated each time from the solid material by centrifug­

ation. After eleven operations, the residue was dried in vacuo at room 

temperature, leaving a white solid containing aluminum (30.4, 30.7%) and 

no chlorine. The substance was accordingly thought to contain four gram­

atoms of nitrogen per gram-atom of aluminum, i.e., 63.5% nitrogen. On the 

basis of these analyses and the reaction scheme considered in the Discussion, 

the empirical formula was thought to be AlN4H5 (Required: Al, 30.7%). 

This substance did not melt when heated to 350· in a sealed tube. 
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TABlE XIX 

Infrared Vibration Freguenoies of (~~~X 

Frequenoy Intensity Assignment 
-1 em. 

"" 3500 vsvb N-H stretching and Al-N vibrations 

1640 sb NH deformtion (asym.) 

1470 mwb Nfl deformation (sym.) 

1385 m NH rocking (asym.) 

1195 m Nfl wagging? 

-1ll5 wah? 

1050-650 meb Al-N stretohing? 

s = strong m = Imdium 

w = weak v'" very 

b broad sh ... shoulder:r: 

e ... extrelmly asym ... asymmetric 

sym = sYJIllII'tric 
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FIGURE 8 

Infra.red Spectrum of (~N5H5)X (Pota.ssium 

Bromide Pellet Technique) 
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It dissolved readily in nitric acid and in hydrochloric acid, and. was 

slightly soluble in anhydrous hydrazine (which caused considerable 

difficulty in its separation from N H,Cl). water part~ hydrolyzed
2

the substance" yielding an alkaline solution. The infrared spectrum 

of the material, obtained by the potassium bromide pellet method" is 

shown in Figure 9" and the vibration frequencies are summarized in Table 

xx. 

The reaction of aluminum bromide with hydrazine. Anhydrous 

hydrazine (2,0 llDIDles) was added dropwise in an atmosphere o:f dry nitrogen 

to a suspension of aluminum bromide (44 nm:>les) in carbon tetrachloride 

(300 ml.). An immediate reaction yielded a white precipitate which, upon 
, ,

decantation of the carbon tetrachloride, was dried at room temperature 

in the vacuum system. The crude reaction product" containing aluminum., 

bromine, and. hydrazine" was extracted ten times with anhydrous hydrazine 

in a nitrogen-filled "dry boXIl; the extracts were separated :from the 

solid material each time by centrifugation. 

The residual material" on evaporation to dryness in vacuo at 

room temperature, was found to contain aluminum (31.5%) but no bromine. 

This substance was thought to be identical to that isolated by the same 

method from the aluminum chloride reaction" i.e." AlN H, (Required: Al"
4 

30.7%). This substance was partially hydrolyzed by water, dissolved 

readily in aqueous acids" and did not melt when heated to 3000 Its• 

infrared spectrum was identical to that shown in Figure 9 and summarized 

in Table XX. 
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TABLE XX 

Infrared Vibration Frequencies of (AIN4H )X
5

Frequency Intensity Assignment 
cm-1 

3450 vsvb N-H stretching and Al-N vibrations 

1630 sb NH deformation (asym.) 

I'"'>J 1400 mwb NH deformation (s;vm.) 

13S5 m NH rocking (asym.) 

1200 msh NH wagging? 

10751 vwsh? 

1050-650 meb Al-N stretching? 

6 ... strong m:: mediwn W'" weak v'" very b'" broad sh'" shoulder 

e'" extremely asym'" asymmetric sym= symmetric 
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FIGURE 9 

Infrared Spectrum of (AlN H )X (Potassium
4 5

Bromide Pellet Technique) 
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The reaction of aluminum. iodide with h;vd.razine. To a suspension 

of aluminum iodide (21 mmles) in anhJ7drous diethyl ether (250 ml.), 

anhydrous hydrazine (220 mmles) was added dropwise in an atmosphere of dry 

nitrogen. A white precipitate formed iDmediately, which, after decantation 

of the ether, was dried in vacuo at room temperature. This ma.terial was 

extracted with hydrazine in the udry box" as previously described, and the 

residue, a..fter being dried in vacuo at room temperature, was thought to 

be the substance AlN4H5 (Found: I, nil; Al, 31.4%. Required for A1N4H5: 

Al, 30.7%) by analogy with the aluminum. chloride and aluminum bromide 

reactions. 

This ma.terial was partially h1drolyzed by water, dissolved in 

aqueous acids,. and did not melt at 300·. The infrared spectrum was the 

same as that in Figure 9,. which is summarized in Table XX. 
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DISCUSSION 

The Interaction of Boron Trifluoride and Hydrazine 

The vigorous exothermic reaction in vacuo between boron tri ­

fluoride and hydrazine illustrated the strong tendency of BF) to accept 

an electron pair. The formation of the coordinate bond between boron 

trifluoride and one nitrogen atom in hydrazine evidently caused a drastic 

reduction in the reactivity of the lone electron pair on the other nitrogen 

ato~ since the initial product, BF3·N2H
4

, absorbed additional boron tri ­

fluoride very slowly. The substances (BF3 )1.09N2H4 and (BF3)1.16N2H4 were 

formed after two and three hours, respectively. The decreased reactivity 

of the second lone electron pair in hydrazine seems to be a general rule. 

It is exemplified by the attraction of protons by hydrazine in aqueous 

solutions in that the first and second ionization constants at 25· are 

8.5 x 10-7 and 8.9 x 10-16, respectively (54). Diacid salts of hydrazine 

do not exist in solution, such solutions being equivalent (54) to one 

containing free acid and monoacid salt in e~imolar quantities: 

Further, diacid salts on heating usually yield the monoacid salts as 

intermediate decomposition products (54). However, the ability of hydrazine 

to serve as an electron pair donor with two acceptor molecules in the 

solid state is well recognized in compounds such as 2HC1.N H (54) and 2 4 

2BH).NZf4 (14). 

The proper experimental conditions for the preparation of 2-boron 



trifluoride-hydrazine, 2BF3eN2H4' were difficult to find. The reaction 

between BF3 and N2H4 above room temperature (140·, 200°, and 300·) 

resulted in compounds of intermediate stoichiometry, (BF3~ N2H4 (1 < x 

< 2). The method was limited by the decomp:>sition of hydrazine which is 

appreciable above 250· (82,8.3,,84), and its principal disadvantage appeared 

to be the low efficienC?yof m:i..xing of the two comp:ments, resulting in 

the embedding of uncoordinated NH2 units in the solid masse By way of 

comparison, the formation of 2BF3eP2H4 (94) at -llS·, at which temperature 

both boron trifluoride and diphosphine are liquids, was complete in less 

than one hour# 

Seemingly anomalous results were obtained by the reaction of 

BF3 with N2H,+ in diethyl ether and in tetrahydrofuran as solvents. In 

several experiments using diethyl ether" products ranging in comp:>sition 

from (BF3)1.40N2H4 to (BF3 )1.SSN2H4 were obtained, but the ratio of 

BF3 :N H was never 2. However, the reaction in tetrahydrofuran as2 4 

solvent yielded 2-boron trifluoride-hydrazine, 2BF ·N H , without
3 2 4

difficulty. 

On the basis of inductive effects, diethyl ether should be 

about as good an electron pair donor as tetrahydrofuran, but the 

structures of these two ethers are such that steric effects play an 

important role in the coordination compounds of (C2H5)20. Diagramnatic­

ally, the two ethers are represented by the follOwing (95,96,97,98): 



o 

'1.54 A 

diethyl ether tetrahydrofuran* 

*Puckered ring with conforma.tion like cyclopentane. 

It is immediately obvious that the alkyl groups in the ~ position are 

held back ill tetrahydrofuran. Pressure measurements have sho'WIl. (99) that 

at 99·, the extents of dissociation of the complexes BF3·(C2H5)20 and 

BF3 ·CCH2\ °are 92.6% and 58.3%, respectively. 

Since BF3 is more firmly bound to tetrahydrofuran than to 

diethyl ether, the expectation is that addition reactions between BF3 and 

donor nnlecules should proceed roore readily in diethyl ether as a solvent. 

Precisely the opposite result was observed in the present w>rk. Similarly 

(10), using (G2H5)20 as a solvent, boron trifluoride reacted with ethyl­

enediamine to give initially a compound of approximately 1:1 composition 

which reacted very slowly with additional BF3 to yield products of 

indefinite stoichiometry. However, with tetrahydrofuran as a solvent, 

excellent yields of 2-boron trifluoride-ethylenediamine were obtained. 

The reduction of steric effects in the boron trifluoride-tetra­

hydrofuran complex, which renders this compound oore stable than its 

diethyl ether analogue, also permits freer access of the attacking donor 



molecule to the boron-oxygen bond. The latter effect appears to promote 

increased reactivity in tetrahydrofuran. An important contributing factor 

in the present work was the insolubility of the reaction product in 

diethyl ether as compared with its complete solubility in tetrahydrofuran. 

The phase diagram (Figure 2) of the system boron trifluoride­

hydrazine provided convincing evidence of the existence of the two 

compounds BF.3.N2H4 and 2BF.3-N2H4- The positions of maxima in solid­

liquid equilibrium diagrams (69) are always located at the compositions of 

solid compounds, whether they be congruently or incongruently melting. In 

the BF.3-N2H4 diagram, one ma.ximum was observed at 50 mle %boron tri­

fluoride, corresponding to BF.3 .N H , and since the curve must eventually2 4

fall to -127 0 at the extreme right hand side of the diagram (m.p. of 

pure BF.3 (1» .. the presence of a second maximum between 50 and 100 mole % 

BF.3 was inferred. This was assumed to be at 66 2/.3 role %BF.3' correspond­

ing to 2BF,3 .N2H •
4

Physical Properties of boron trifluoride - hzg.razine compounds 

Structural considerations. The lone electron pairs on the nitrogen 

atoms of hydrazine are located in tetrahedral sp.3 orbitals (11) and are 

therefore already in the configuration they exhibit in coordinate linkages. 

On the other hand, the boron trifluoride rolecule has a planar structure 

(.39) and its bonding electrons are distributed in planar sp2 orbitals which 

are considerably strengthened by 'IT bonding between boron and fluorine (,3 6) • 

Two factors are likely to be of importance in the reorganization of the BF.3 

mlecule to the configuration necessary for coordinate bond formation. These 
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are (a) the breaking of the 'IT bonds and (b) the reorganization of the BF 

bonds from sp2 to sP' hybridization (36). 

According to Pauling (100), the relative strengths of sp2 and 

sp3 bonds (involving the same atoms) are 1.99 and 2.00, i.e., a.lm::>st the 

same. Consequently" it may be expected that the BF bond energy in boron 

trifluoride will differ from that in a coordination compound such as 

BF ·N H by an aJlDunt equal to the 'IT bond energy. This conclusion is
3 2 4 

justified by recent theoretical calculations (36) which indicate that the 

'IT bond energy in BF3 is 47.8 kcal./lIDle, and that the total reorganization 

energy to the configuration for coordinate bond formation is 48.3 kcal./ 

mole. The mean energy difference in each BF bond will be -16 kcal./mole, 

and since the BF bond dissociation energy in BF3 is 154.8 kcal./lIDle (28), 

it should be approxi.mately 138 kcal./mole in BF ·N H • It is interesting
3 2 4

that the BF bond is not greatly weakened by the formation of a coordinate 

BN bond. 

These considerations are of course based on the assumption that 

BF] and N H are linked by pure s~ orbitals which necessitates a tetra­z 4 

hedral configuration about the BN bond_ This information is not available 

for BF -N2H " but extensive structure determinations have been made for
3 4 

analogous compounds. Some of these investigations are summarized in Table 

XXI, and the data clearly indicate a tetrahedral configuration for the 

boron atom. It seems reasonable to assume that this is also the case for 

boron trifluoride-hydrazine. 
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TABLE XXI 


Representative Structural Data for BF3 Coordination Compounds 


Compound: BF
3 

·NH
3 

BF
3

·CH
3

NH
2 BF3·(C~)3N 

Reference: 19,,20 101,20 102,,20 

° 
B-N 1.60 A 1.57 1.59 

B-F 1.38 1.38 1.39 

LFBF 111° llO.5° 107· 

LFBN 107· 108.5· 112° 

Melting Points. The melting points of both BF .N H (87°) and
3 2 4 

2BF -N H (260·) were above room temperature, a property comnon to almost
3 2 4 

all boron trifluoride complexes with nitrogen donors (2). The volatilities 

of the two compounds were low, suggesting considerable dipo1e-dipo1e inter­

action. 

X-ray pattem. The x-ray diffraction data for BF ·N H (Table
3 2 4 

VIII) indicated a crystallographic cell of triclinic symmetry. From the 

comparative x-ray data listed in Table XXII" it may be concluded that (a) 

molecular asymmetry is generally accompanied by crystallographic asymmetry" 

and (b) the unit cell of BF3eN2H4 is comparable in size to those of the 

other compounds tabulated_ 

Infrared spectra. The symbolism used for the infrared vibra.tions 

is the following: 11 - valence stretching" b == deformation" r == rocking, w-

wagging, as == asymmetric, s ~ symmetric. Characteristic vibrational frequenc­

ies of certain previously studied boron and nitrogen compounds are compiled 
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TABLE XXII 

X-ray Diffraction Data for BF3 Addition Compounds 

Com,ps>und C;zstallosraphic Cell Dimensions Reference 

a b c Interaxial Crystal 

(Angstrom units) angles Symmetry 

3.56 5.78 4.53 13 ... 109.5· m::moclinic 103Ni14 

BF ·N2H 6.93 5.50 6.78 a. ... 111.5- triclinic
3 4 

a ... 64.0­

~ ... 88.3­

BF3 ·NH3 8.22 8.11 9.31 all 90- orthorhombic 19,,20 

BF3 ·CH3NH2 5.06 7.28 5.81 13 ... 101.5- llDnoclinic 101,,20 

BF3 ·(CH3 )2NH 7.50 6.06 12.25 13 ... 102· monoclinic 2 

BF3· (CH3 )3N 9.34 6.10 hexagonal 102,,20 

in Appendix I. 

In the spectra of BF -r'i}l4 and 2BF3 eNzH4 (Tables VI and VII)"3
the bands in the region 3400-3240 cm-1 have been assigned to V(NH2 ) 

llDdes and those between 1620 cm-1 and 1440 cm-1 to b(NH2) llDdes" by 

analogy with the infrared spectrum of hydrazine (12). When boron tri­

fluoride is coordinated with electron donors such as oxygen and nitrogen, 

the V (B-F) vibration is shifted to lower frequencies, as indicated in 
as 

the accompanying table. 

http:BF�N2H6.93
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Bll_F asymmetric stretching vibration 

-1
Compound Frequency" cm Intensity Reference 

BF3 1446 vs 68 

BF ·NH 1144 s 104
3 3 

BF3 • (CH3 )2CO 1175 vs 105 

BF3 - (C3H7)2CO 1165 vs 105 

Accordingly this frequency was expected in the range 1100-1175 em-1 for 

the compounds BF3eN2H4 and 2BF3eN2H4. Unf'ortunateJ.:", this region (Figure 

3) contained strong unresolved peaks which were thought to be due both to 

11 (B-F) and V (B-N) absorptions, as the latter are also known to occur 
as 

in this range. In the case of BF3eNH3 (104)" for example" the latter 

vibration is found at 985-1030 cm-l , while in .many other boron-nitrogen 

coordination compounds" the 'V (B-N) vibration is in the range 1000-1140 

cm-l (see Appendix I). The region 1020-1120 cm-l was therefore assigned 

to overlapping 'Vas (B-F) and 11 (B-N) vibrations. 

In hydrazine itself" the V(N-N) absorption is rather weak as 

it involves an essentially nonpolar bond (12)e However, in BF -N H and to
3 2 4 

a lesser extent in 2BF3eNZH4' this bond is no longer nonpolar and the 

absorption should be considerable for these compounds_ In N H eHCl and2 4
lN H .HBr" this vibration appears strongly at 973 cm- and 965 em-I, 

Z 4

respectively (91) e Similarly, a strong band at 958 em-1 appears in the 

infrared spectrum of N2H .HI (106). The strong band at 965 cm-l for BF3eN2H4
4



and the band of medium. intensity at 970 em-1 for 2BF.3aNtI4 were assigned 

to this node. The remaining absorption peaks below 1650 cm-1 were assigned 

rather arbitrarily to different NH nodes (rocking" wagging) by comparison 

with the spectrum of N2H4 (12). 

The infrared spectra of BF.3. (CH.3 ).3N and B01.3 - (OH.3 ).3N were llBasured 

to provide additional comparative data (Tables X and n). The bands in 

the vicinity of 1100 em-1 were assigned to the v (B-N) vibration, and those 

l 

1042 cm-\ is shifted to 980 cm- in the addition compound (CH3).3N-H1 (lOS). 

at 1177 and 11.35 cm­ (for BF.3-(CH.3)3N) to the Vas(B10-F) and Vas (Bll_F) 

vibrations. The v (C-N) frequency in tr:i..methylamine (107),as centred at 

l 

l 	 lThe bands at 990 cm- (BF.3.0H.3).3N ) and 1011 em- (BCl:3-(CH.3)3N) were 

allocated to this rode. The peaks near 835 em-1 were assigned to r(CH )
3 

(109) • 	 The remaining absorption bands were considered to be due to C~ 

lvibrations, with the possible exception of the strong bands at 745-780 cm-

in the spectrum of BC13.(CH3)3N; these may be due to the Vas(B-Cl) node, 

lwhich occurs at 956-995 cm- in pure BCl:3 (110). The shift of this 

absorption (,.." 200 cm-l ) apparently is not as large as that of V (B-F)
as 

Thernochemical studies (lll) indicate that the coordinate bond 

in nolecular addition compounds is weaker than the analogous covalent bond. 

This deduction is illustrated by the 11 (B-N) frequency, which is found at 

l985-1120 cm- in addition compounds (see Appendix), but which occurs at 

lhigher frequencies (13.30-1.380 em- ) in compounds such as [(C2H5)2N].3B 

(112) and (CH,,)2BNHC6H5 (m) which contain covalent BN bonds. 

http:C2H5)2N].3B
http:cm-(BF.3.0H.3).3N
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Characterization of Boron Trif1uoride-Hydrazine 

Pyrolysis of boron trifluoride-hydrazine. Boron trifluoride­

hydrazine was stable indefinitely in vacuo at room temperature. Decom­

position occurred slowly at 1900 but at 300 0 
, it was llOre than 9(Jj, complete 

after five hours, yielding nitrogen, ammonia, ammonium fluoborate, and 

boron nitride. From the data in Table XXIII, it was evident that the BN 

bond was the weakest one in BF3 .N H4' and therefore the IIDst likely to2

be broken first in the p,yrolysis. The first step in the decomposition was 

TABLE XXIII 

Bond Dissociation Energies 

Bond Bond Dissociation Compound Reference 
Energy~ kcal!LIIDle 

NN 60 N2H4 114 

NN 60! 4 N2H4 115 

NH 104 :!: 2 NH3 116 

NH 76 N2H4 114 

BF 154.8 BF3 28 

BN 41_3 BF
3

-NH
3 

22 

BN 27.5 BF3 -NH3 
117 

therefore assumed to be the dissociation reaction 
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Boron trif'luoride is thermaJ.ly stable (1) while hydrazine decomposes into 

amnonia and nitrogen (82,83,84) at 300· according to equation (2) 

(2) 

Subsequent interaction of a..mm:>nia with boron trifluoride to form a loose 

complex 

could be followed by thermal decomposition into aJ1llIX)nium fluoborate and 

boron nitride (22): 

The overall reaction, taken as the sum of the above reactions, 

accounted quantitatively for the nitrogen production (5.13 mmoles BF ·N H
3 2 4 

yielded 1.72 l'llIIPles N ) but only qualitatively for the other observed2

products. 

HY'dfomis of boron trifluoride-hydrazine. The apparent m:>leeular 

weight (49.5, 54.5) of BF ·N H in aqueous solution was approximately one­
3 2 4 

half the formula weight (99.9), suggesting that the initial action of water 

gave two ions, probably by the following reaction: 

Since positive tests for fluoborate ion, BF4, were obtained, it appeared 

that the hydro.xylfluoborate ion might have been involved in a disproportion­

http:thermaJ.ly
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ation reaction: 

Further disproportionation of BF (OH)i (ll8) was presumed to occur in view2

of the fact that the basicity of the aqueous solution increased slightly 

on standing: 

Although the various ionic species were not identified (except BF4), the 

results were consistent with the observation that the hydrolysis of boron 

trifluoride itself (1) yields a mixture of hydro.xy:fluoboric acids. 

The reaction of boron trifluoride-h;yd.razine with hydroS!A chloride. 

No significant reaction occurred between anhydrous hydrogen chloride and 

boron trifluoride-hydrazine either at _96 0 or at room temperature, but at 

llO°, the following results were obtained: 

Experiment nllJl'ber 1 2 

Initial Hel, IllID)les 8.05 2.73 

Initial BF
3

·N2H
4

, lIIJI)les 3.73 2.71 

Reaction time overnight 

Recovered Hel, lDI'JDles 4.36 0.604 

Cons\ll'Bi!td Hel, mrmles 3.69 2.13 

Liberated BF3' lIIll'Dles 0.61 0.232 

%displace~nt of BF3 16.4 8.56 
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Three points seem noteworthy: (a) evidently Hel is a stronger 

Lewis acid than BF3 since the latter was displaced from the addition 

compound BF -N H " (b) the aIWunt of hydrogen chloride absorbed by the
3 2 4 

complex was nru.ch greater than the a.m:>unt of boron trifluoride liberated" 

and (c) the extent of displacement of BF3 decreased when the initial 

concentration of Hel was lower. 

The thermochemical data in the table below indicate that, with 

ammonia as reference base" the relative order of electron acceptor power 

is Hel ~ BF3. The limited extent of the displacement reaction between 

ThernDchemical Data 

Reaction -AH Reference 
kcal./mle 

... BF -NH 41_3 22BF3 + NH3 3 3 


.. BF -NH
BF3 + NH3 27.5 117
3 3 


Hel + NH3 .. HeleNH3 42.3 119 


Hel· NH3 ,. Hel + NH3 -39.6 120 

(sublimation) 


Hel + N2H4 .. HeleN2H4 36.9 119 

Hel and BF ·N H4 may be ascribed to the small difference between the
3 2

acceptor powers of BF3 and Hel_ That some sort of equilibrium was established 

is substantiated by the observation that the extent of displacement decreased 

with a lower initial concentration of Hel. Finally" since the anount of 

Hel absorbed by the complex far exceeded that of the liberated BF , it
3

seems reasonable to assume that the 1:1:1 addition compound BF3·N~4·Hel 
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was formed in substantial quantities during the reaction~ but this addition 

product could not be isolated. 

The reaction of boron trifluoride-hydrazine with amnonia. At 

-BO·, boron trifluoride-hydrazine readilY absorbed amnonia to form the 

new comp:>und boron trifluoride-hydrazine-2-anmonia~ BFjN H ·2NH • On2 4 3 

warming to room temperature, aJIlIIDnia appeared to be evolved in two 

distinct stages, but since no stoichiometric al!Dunt could be recovered~ 

it was not possible to isolate the nonoamm:mia comp:>tmd, BF3 • N2H4•NIl •
3 

The anm::mia molecules were prestllD9d to be bound to the complex by dip:>le­

dip:>le forces. 

The ability of certain compounds to add on aJIlIIDnia is especially 

characteristic of elements with small atomic volumes (121) such as boron~ 

aluminum, nickel, silver, etc. (122). Thus the comp:>unds A1C~.6NIl3 (46, 

47), NiC126NH (121), and AgCl·3NH3 (69) are well known.
3 

Similarly~ BF .N H absorbed indefinite amounts of C~NH2 and
3 2 4 

(CH3)3N at low temperatures which were released very slowly on warming to 

room temperature. There was some indication that trimethylamine, a stronger 

base than hydrazine (122,92), displaced N2H4 from BF3'0NZH at room temper­
4 

ature to a very limited extent (""3%). 

The Relative Electron Acceptor Properties of Boron Trifluoride and Boron 

Trichloride 

Until recently (6,26,36,123), it was thought, on the basis of 



95 


electronegativity values" that the relative electron acceptor powers of 

the boron halides were in the order BF3 > BC~ > BBr3 (9). By comparing 

the heats of reaction of these halides with pyridine and with nitrobenzene, 

it was shown in a series of calorimetric experiments (26) that the order 

should be BF3 < BCl < BBr3. The variation of dipole moment (123) due
3 

to complex formation of B~ eX = F, 01, Br) with (CIJ)3N and with C5
H5N 

also suggested that the order of acceptor power was actually BF3 < BC13 < 

BBr3• 

This apparently anomalous result was ascribed to 'IT bonding 

between B and X in the BXJ molecules, which increases along the series 

BBry BC1 , BF
3

, thereby reducing the acceptor power of boron by successive
3

but not necessarily equal anounts. The experimental observations were 

supported by recent theoretical calculations (36). 

Since no direct chemical evidence appeared to be a.vailable to 

substantiate these findings, it was proposed by the author that a set of 

experiments be undertaken to attempt the displacement of BF3 from one of 

its addition compounds by BC~. The reference base chosen was trimethyl­

amine; its addition compounds with boron trifluoride (23,24,,77) and boron 

trichloride (25) have been well characterized. 

A preliminary investigation (124) has shown that at 205°, the 

displacement reaction (all reactants in the vapour phase) 

occurs quantitatively, and that the reverse reaction does not occur to a 

detectable extent. 
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The results indicated that, with trimethylamine as reference 

base, boron trichloride is a stronger electron acceptor than boron tri ­

fluoride, in agreement with previous investigators (26,36,123). The 

fact that BF3 • (CH )3N is lm.own to be undissociated in the vapour phase 
3 

at 205 0 (24) s~sted that a true displacement reaction had occurred_ 

It is interesting that the heat of the reaction 

300 0 X 
BF3 (g) + (CH)3N (g) ~ BF3-(CH3)3N (s) 

has been. measured as 26.6 kcal./m:>le (125), and calculated as 28 kcal./ 

IIDle (lll)" while that of the reaction. 

has been estimated as 30.5 kcal./lIDle (125)_ 

The Interaction of Trimet!!llborane and !gdrazine 

Due to the electron releasing tendency of methyl groups (126), 

the ability of trimethylborane to accept an electron pair is considerabl;y 

less than that of the boron halides. This was evident in the reaction 

between tr1methylborane and hydrazine, which was initial.J.y very rapid, 

but which required a long time for completion. The new compound 2-tri ­

methylborane-hydrazine, 2B(CI1)3.Nii4' was the ult1Date product, but it 

was stable only in an atJOOsphere of t:ri.Dethylborane or at low temperatures 

(-eo 0 
); otherwise trimthylborane was evolved irreversibly, and at O· it 

was reJOOved rapidly, leaving the new comp:>und tri.mBthylborane-hydrazine, 
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The latter material could be converted to 2B(CH )J.NZH4 by
J 

allowing it to react at room temperature with an excess of B(CH)). 

These results are interpreted on t~e basis that the attraction exerted 

by B(CH)) on the lone electron pair of one nitrogen atom in hydrazine 

induced a significant reduction in the coordinating ability of the lone 

electron pair on the other nitrogen atom.. Since B(CH)) is a relatively 

weak electron acceptor compared with BF), BC~, HC1, etc., the bonding 

of the second molecule of B(CH)) to NZH should be weak. 
4 

Trmthylborane-hytirazine consisted of white hygroscopic C17stals 

which were readi1.y soluble in water or alkaline solution. However, strong 

acidification of the aqueous solution resulted in the displacement of 

B(CH)), and, owing to its sensitivity to oxygen (127), it ignited spontan­

eously and violently. 

Characterization of Trimetgzlborane-hydrazine 

Physical properties of B(C~:3.L~A.~' .. The melting point of the 

new compound can be compared with those'of analogous compounds: 

Melttns points of B(CHJ.LJ addition COmpounds 

Compound m.p. .Reference 

B(CHJ )J·NZH4 
B(CH) »)•(CH) )3N 

42-4)· 
120· 

this work 

128 

Z B(CH3)3·(CHZNHZ)Z 1390 5 
B(CH)3 e(CHz)2NH * 
B(CH))e(CH2)4NH ** 

10-120 

.43-440 

129 

129 

*ethyleneimine 

**pyrrolidine 

http:B(CHJ.LJ
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The infrared spectrum of B(CH,,)3.NZI4 is compared 'With that of 

triDethylborane-aneonia, B(CH3)3.W3' in Figu,re 5. The assignment of 

absorption peaks for B(CH3)3~NH3 was the folloY.i.ng (the regions 3100-2800 

-1 15' '2 5 -1. 	 .cm. and. 00-......,2 em. were omtted due to interference from. the Nujol 

peaks. ). The 11 (:B-C) vibration occurs at ll50 em.-1 for trimethylboraneas 

(130,139).. while the v(E-N) frequ.ency is at ll05 em.-1 in the Raman spectrum 

1
(79) 	of B(Ca,,)3·NH3. The infrared peaks of B(Ca,,)3.NH3 at llJ5 cm.- and 

lll03 em.- were assigned to these JlI)des. Since r (CH.3) vibrations occur in 

1 lthe regions 985-970 em.- and 860 em.- for B(CH )3 (130,139), the peaks at3
-1 -1985 em. and 882 	em. were assigned to these vibrationse The peaks in the 

lrange 7.30-716 cm.- were allocated to NH JlI)des (79), while the one at 682 

em.-1 was designated as 11s (B-C) by analogy (79) with the corresponding 

vibration in the Raman spectrum. (675 cm-l ). 

Most of 	the infrared absorptions of B(Cn.,)3·~ also appeared in 

the spectrum of B(CH3).3-N2H4- The strong band at 1075 cm-1 was chosen as 

l lV(B-N), and those at llJ5 cm- and 679 em.- as 11 (B-C) and 11 (B-C),as s 

respectivelye By analogy with the spectrum. of B(CH )3 (130,139), the
3

. -~ -~ 	 ( )absorptJ.Ons at 997 cm. and 851 em were selected as r en" JlI)dese The 

strong absorption at 956 em.-1 was assigned to the 11 (N-N) vibration since 

this band appears in the infrared spectra of HCleN2H4 (91), HBr.N2H (91),
4 

HleN2H4 (106), BF3-N H
4

, and 2BF ·N H e The peaks at 1343 em.-l , ll92 em.-~,2 3 2	 4
land ll03 cm- were allocated to ther (NH ), r (NH ), and 11 (NH )

as 2 s 2 as 2

vibrations, respectively, by analogy 'With the corresponding absorptions for 

-1 -1 -1N \ (12): 1320 cm , ll24 em. , and 1075 cm _2

It was noted that the shill in the Vas(B-C) vibration from B(CH,,)3 

http:folloY.i.ng
http:B(CH3)3.W3
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to either B(CB,3),3 -NH,3 or B(CB,3),3-N2B4 was small (-20 cm-l )" 'Whereas 

the analogous shif't tor vas(B-F) was large ( ...... ,300 cm,-l) _ This might be 

due to the large polarity of the B-F bond in BF,3" for the shift in 

vibration of less polar bonds appears to be small: for example" the 
. 1 

shift for Vas(C-N) from (CB,3),3N (1042 cm- ) (107) to BH,3 -(CH,3),3N (1005 

cm-l ) (109) is not large_ 

The reaction of B(CB:31Y!!2~ with diborane. There was no 

reaction between 2-trimethy1borane-hydrazine and diborane at -SO·. Bow-

ever" at room temperature, diborane reacted with trimethylborane-hydra.zine 

to produce trimethylborane, unsym-dimethyldiborane" hydrogen" and a solid 

residue which evolved both .uethane and hydrogen on heating. Since free 

B(CB,3),3 was obtained" it was assUllBd that a displacement ot B(CB,3),3 from 

the addition complex by B~ had occurred. The reaction between gaseous 

B(CB,3),3 and excess B2B6 can result in tllO products (131): 

Konomethyldiborane is unstable and reverts either to diborane and trimethy1­

borane,or to diborane and uns;vm-dimethyldiborane (131): 

The evolution of methane and of hydrogen by the solid residue is 

characteristic of B(C~),3.NzB4 (See "Pyrolysis") a.tld 2BB,3.H2H (l3"14),,4 
respective4r.. The experimental data are summarized in the following sche_ 
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(numbers in brackets represent millimo1es): 

B2H6 + B(CH3 )3·N2H4 

(3.90) I 0.26) 

+ 	 (C~)2B2H4 + solid residue 

(2..46 ) 

room. heat 
temp. 

Since methane was evolved from the solid residue on heating" it 

was considered that the displacement of B(CH )3 from. the addition complex
3 

was incomplete. The production of unsym.-dimethy'ldiborane was pres'U.lled to 

have occurred by reaction (3)" which is rewritten as equation (4) with 

the experimental quantities included: 

2 B2H6 + 2 B(GR3 )3 10 (CH3)2B2R4 (4) 

(1.64) (1.64) (2.46) 

The &BlOunt (0.50 JUD01e) of free B(CR )3 recovered, together with that
3

consumed (1.64 JUD01es) in reaction (4) suggested that 2.14 mm:>les B(CH )3
3

had been displaced from. the addition complex. The aDDunt of diborane 

consumed in the overall reaction (3.90 mm:>les), less that required (1.64 

mm:>les) for equation (4), indicated that a similar amount (2.26 JIllIt)les) 

of diborane was used in the displacement of B(GH )3. The extent of dis­
3 

placement of B(GR )3 from the addition complex amounted to 65.6%.
3

Onl;r a portion (1500-2850 em.-1) of the infrared spectrum of unsym­
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dimethyldiborane has been published in the chemical literature (80). A 

more complete spectrum. (650-4000 em.-1) is given in Figure 6 and s1ll1lD&rized 

lin Table m. The characteristic lI(B-H) vibrations appeared at 2570 em.- , 

l l2495 em- , and 1545 em.- (80,112,132). The overlapping bands in the range 
-1 

11l5-1170 em. were presumed to include the Vas(B-C) absorption (130,139) 

and the characteristic BH2 It scissors" mde" which normaJ.ly occurs in the 

-1 ( ) -1-1region 1140-1205 cm. 112. The bands at 1055 em. and 920 cm. were 

assigned to r(B~) (13.3) and w(BH ) (112) vibrations, respectively.2

The Pmlysis of B(C~l.3.:!.A.!. The thermal decomposition of 

trimethy'lborane-hydra.zine at 150-160° was complex, yielding mathane, 

nitrogan, ammonia, butane, butenes, and a heterogeneous residue. The 

presence of C hydrocarbons arrDng the products was remarkable, and it is
4 

difficult to account for their origin. The thermal decomposition of tri­

n-butylborane (134) results in the elimination of l-butene and 2-butene. 

Ethylene might be eli uri nated by trimthylborane-hydrazine and then catalytic­

all:y" dimrized to butene, an effect known to occur (135). 

When trimthylborane and hydrazine were individual.ly subjected 

to identical heating conditions, there was no change in the forner compound 

while the latter was decomposed to the extent of only 5% according to 

The Reaction of Trinethzla.luminum with Hydrazine 

Hydrazine and trinethylaluminum. rea.cted in vacuo to yield methane, 

http:individual.ly
http:normaJ.ly


102 


hydrogen, and a nonstoichiometric residue. In diethyl ether as a solvent, 

onl.y methane \ll8.S evolved by the reactants, and a substance which appeared 

to be s,-.bisdim.etbTlaluminohJ"d.razine, (eR,3)2AlNHNHAl(OR,3 )2' \ll8.S recovered 

on evaporation in vacuo of the solvent and the unreacted trimethylalWllinum. 

The most probable reaction sequence \ll8.S thought to be the following: 

The evolution of exactly two moles of mathane per mole of hydrazine consumed 

\ll8.S supporting evidence. The aluminUlJP-COntaining material was V81'7 shock­

sensitive and thus too unstable to be purified and characterized. 

The analogous material (CH,3)2Al.NH2 was stated (6,127) to have 

been prepared from the addition compound Al(OH,3).3 •NH,3' but. detailed char­

acterizations have not been reported. 

The Al-C bond energy in Al(CH,3).3 is 13 keal./mle less than that 

of the B-C bond in B(eR,)),) (1l6)" vllich might account for the elimination 

of mathane by hydrazine and trimetbTlaluminum vllereas no methane \ll8.S evolved 

from trimethylborane-hydrazine compounds. A. second contributing factor 

would probably be the greater polarity of the Al-C bond as compared with 

the B-C bond, which is evident from a consideration of the electronegativ­

ities of carbon, boron and aluminum (122). 

It is ot interest to compare the properties of the 2:1 addition 
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compounds formed between BF
3

, BH
3

, or B(CH )3 and N2H4 with the relative
3

electron acceptor powers of the three parent Lewis acids_ Some of the 

properties of the three addition compounds are listed below: 

Melting Point Thermal Characteristics 

260· Footnote A 

2BIL·X R * Hydrogen evolved rapid.l.y
J 24· at ]JO·. 

B(CR )3 evolved above
3-700 

• 

* Reference 14. 

Note A. Thermal stability probabl1' limited by decomposition of hydrazine. 

These data suggest that 2B(CHJ)3-X2R4 is the least stable of the three 

compounds, but ot the remaining tw, no choice could be made in the absence 

of thermochemical or other data. 

Using available information in the literature (19,20,39,102,103, 

]J6,137,]JS) to make scale draw:ings ot the probable structures of the three 

addition compounds, it was dem;:)nstrated that steric hindrance could not 

be an important factor in their relative stabilities. Thus the distances 

of closest approach of the H atoms on hydrazine to the F, H, and OR
3 

o 
groups on boron were found to be approximatel1' 2.40, 2.25, and 1.75 A, 

respectivel1'. These distances should be sutficientl1' large to preclude 

steric interaction. By way of contrast, the distance of closest approach 
o 

ot H atoms of adjacent mthyl groups in ethane is calculated as ,..." 2.30 A 

from available structural data (97). 
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Although considerations of electronegativity indicate that the 

order of electron acceptor power should be B(CR.3).3 < Bl1 < BF.3' studies 

(12.3) of the dipole noments of appropriate coordination compounds has 

indicated that the acceptor power of BH.3 is perhaps greater than that· of 

BF.3- .A. similar conclusion can be drawn from the following data (125): 

.. BH.3 • (CH.3).3N (5) 

6.H 	= -17.3 kcal./nole 

.. 	 B2H6 (6) 

AH 	= -28.5 kcal./mle 

II> B(CH3 ).3·N(CH3 )3 (7) 

AR = -17.6 kcal./mle 

.. 	 BF.3 .N(CH.3).3 (8) 

6H - -26.6 kcal./mle 

* The heat of this reaction was estimated as 28 (lll) and .30.5 

(6) 	kcal./mle. 

Adding equations (5) and. (6) .. 

----+)0 BH3.(CH.3).3N 

6H "" -.31.6 kcal./nole 

and comparing the values of 6H tor equations (7), (8), and (9), an order 

of electron acceptor power B(CH.3).3 < BF.3 -< BH3 is indicated. 

SimjJar!y, the heat ot the reaction 

http:BH3.(CH.3).3N
http:CH.3).3N
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has been measured calorimetrically as 17.9 keal./mole (34). Using the 

value ot equation (6) tor the diborane-borane dissociation, the enthalpy 

change accompanying the reaction 

is calculated as 32.2 kcal./mole. The heat ot reaction of boron trifluoride 

gas with pyridine in nitrobenzene is 32.9 kcal./JlDle (35). Thus the heats 

of tormation in nitrobenzene ot the addition compounds B~ ·C;H5N and 

BF3·C;H;N are very similar, indicating that B~ and. BF3 are of comparable 

strength as electron pair acceptors. This result (6) is an illustration 

of the danger of making stability predictions based entirely on steric 

and electronegativity concepts. 

Two coIll!lents on the apparent similarity of BH3 and BF3 as 

electron acceptors seem appropriate. (a) It should be realized that the 

energy required to break the 'IT bonds in BF3 will probably cause the 

enthalpy of BF3 addition reactions to be relatively low. Comparable 1f 

bonds are absent in BH .(b) When the ligand atom is from the second3

or later rows ot the periodic system" borane addition products appear to 

be stabilized by deloealization of the orbitals. For example, the coJDplex 

BH3-(CH3)2S is mre stable than BF3-(CH3)2S (51); this apparent anomly was 

explained by a release of electron density by B~ to available sulphur 3d 

orbitals. Such supplementary bonding was presumed not to occur in the 

boron trifluoride compotmd_ 

The results of the present research support the view that BF3 

is a stronger electron acceptor thanB(CH )3' but no distinction could be
3
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made between BF3 and. BH • The evolution of hydrogen by 2BH.3·N H (13,14)
3 2 4 

reflects only" the difference in the dissociation energies of the B-H bond 

in B~ (9.3.3 kca.1./JWle) and of the B-F bond in BF.3 (154.8 kcal./JWle) 

(28). 

Som knowledge of the influence of steric hindrance on the electron 

acceptor properties of BF3)BH3' and B(CH )3 with a reference base from the
3 

hydrazine aystem of compounds might be obtained from the study of the 

addition products of unsynmetrica1ly disubstituted hydrazines such as 

l,l-diethylhydrazine. With this donor molecule, the 2:1 addition compound 

with trimBthylborane should not for.m, and steric interplay should be 

significant in the reaction with boron trifluoride. 

Experimental 'WOrk reported in this thesis indicated that the 

reaction of hydrazine with ~ (X - 01, Br) or AIXJ (X - 01, Br, I) was 

characterized by the e1 im1nation of hydrogen halide, which appeared among 

t.he rea.ct.ion products a.s hydrazine hydroha.1ide" N H!f. Analogous reactions2

are known to occur between the boron halides BlJ (X = el, Br, I) and. 

ammonia (29,.30,.31,9.3)" in which the hydrogen halide appears as &.mIIDnium 

halide, NH X. It has been reported (140) that aluminum chloride is slightly
4

soluble in 8l:Ihydrous hydrazine (....,0.01 €)Jl./sril.), but no evidence of a 

reaction was given. 

Since hydrazine is a powerful nucleophilic reagent, the el.iminat­

ion of hydrogen halide probably occurred through the formation of an inter­

mediate addition compound which lost HOl by a rapid u.nim;)lecular elimination 
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reaction: 

H2N-rBC~ 

further reaction 

The preparation of product mixtures of empirical fo:r.mula ~NgH16 

(M - BI ll; X = halogen) and MlJN12H241 and the eventual isolation of 

substances which appeared to contain four gra..ur-atoms of nitrogen per graJIII ­

atom of aluminum (or boron)1 suggested that the path of the overall reaction 

might be the following: 

+ 

X'"M-NHNH 
/ 2 

X (I) 

N2H4 

N2H4-HX '" 
N2H4 

HX + X" 
/M-NHNH2 

(V) NH2NH (II) 

N2H4 N2H4 

NH2NH 

+ /M-NHNH2"'" 
NH2NH j (III) 
Note A 

Residue (IV)*
* Residue contained four gr~toms N per ~tomM_ 
Note 	A. This operation involved the separation of HzH. •ax \>y re~ated 

washing with anh.ydrous hydrazine and the -'"4 dry1Iig oY the 
residue in vacuo_ 
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It appears that different solvents gave rise to some variations 

in reaction mechanism within the scheme just outlined. Reactions done in 

vacuo or in carbon tetrachloride resulted :in substances of empirical 

formula MCl:3NSH16 (M "" B, ll).. which were thought to consist of n (1 mole) 

and V (2 DDles) (see reaction scheme). However.. when tetrahydroturan liI8.S 

used as a solvent, the materials ot empirical tormula. ~Y24(X == Cl, Br).. 

which were considered to conta:in In (1 DDle) and V (3 DDles), were 

obtained. 

Thus the reaction of' MXJ (M == B, ll; X = halogen) with N2H :in
4

vacuo or in carbon tetrachloride as a suspension .medium seemed to be 

characterized by the cleavage of' two MX bonds, whereas in an ethereal 

solvent (e.g., tetrahydrof'uran), which f'orms a coordinate bond with MlJI 
the rupture of' all three MX bonds liI8.S probable. 

Two reasons may be advanced f'or this diff'erence. (a) The MX 

bonds of' isolated ~ mlecules are strengthened by 'IT bonding which "flmishes 

in the tormation of' the coordinate bond to o:zygen. Thus greater reactivity 

of' the MX bond may be anticipated in ethereal solvents. (b) The inductive 

effects of' the ethereal o:zygen might give the halogen atoms a greater 

relative negative charge.. leading to increased reactivity. 

Although attempts to separate mixtures of' n and V by the 

techni~es of' f'ractional sublimation and solvent extraction were unsuccess­

ful, partial separations of' hydrazine hydrohalide were achieved in several 

instances, thereby aiding in the confirmation of' the overall reaction scheme. 
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The residue IV (p. 107), which seemed to contain aluminum (or 

boron) and nitrogen in a ratio of 1:4 (from analytical data), probably 

was for.lll8d b7 the elimination of N2H4 from the material M(NHHH.2)3 when 

the latter _s dried in vacuo: 

I 

/M\ 


+ 	 NH2NH iHNH-­

residue (IV) 

There appeared to be three possibilities for the constitution 

of the residue IV: (a) the 1JI)nomeric 1JI)1ecule hJtlrazinohytir&zonoaluminum. 

(or boron): 

NIl NH-U2 NNH2 

The absence of any sign of melting up to 3500 and the lack of resolution 

of the infrared absorption bands indicated that such a structure was 

unlikely. Monomeric, covalently bonded mterials are usuall.y characterized 

by low melting points and boiling points (122). Further, the structure 

depicted requires a double bonding of nitrogen to alum:i.num. There do not 

seem to be any known examples of compounds containing a double bond to 

aluminum (141). 

(b) A. 	 zwitterion structure: 

A substance of this nature might have a high melting point, but its infrared 

spectrum should be well defined by analogy with other compounds containing 

+
NH~ 	groups, e.g., NzH5X (X .. 01, Br, I) (91,106) and N2H6Xz (X - F, 01) (142). 
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This formulation requires an improbable double bond. between nitrogen 

and aluminum (m). Finally, whereas an ionic material should be very­

soluble in a highly polar solvent such as hydrazine, the substance AlN4H5 

was only slightly soluble. 

(c) A polymaric substance: 

HH HH HH 
" II II - M-NN-M-NN-M-NN­

I I I 
NHNHZ NHNH2 NHNH2 

The absence of a melting point up to 350·, the unresolved character of 

the infrared spectra (Figures 7 and. 9), the striking similarity- of 

certain regions of the latter to the spectra (SS) of boron and aluminum 

nitrides (p>lymaric mterials).. and the low solubility in anh~us 

~razine, were considered to be reasonably strong evidence for a po~ric 

structure. The mnomer unit of the polymar shown has an empirical formula 

AlN4H5 (Required: Al, 30.7%. Found: Al, 30.4, 30.7, 31.4, 31.5%). Similarly, 

the boron-containing polymer has the empirical formula BN4H5 (Required: B, 

15.05%. Found: B, 15.31, 15.61%). 

The residue obtained from the ·So.xhlet" extractionof the reaction 

product AlC~NgH16 with ~ hydrazine appeared to contain t'WO and one-half 

gram-atoms of nitrogen per gram-atom of aluminum (by analy-sis). This 

substance was thought to be formed by a cross-linking of the polymer just 

described: e.g., 
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HH HH HH 
II 1\ II 

-Al-NN-Al-NN-Al-NN­
I I I 
NH NH NH 
I I I 

-Al-NN-Al-NN-Al-NN­
II f I II 
HH HH HH 

or 

I I 
NH NH 

HH HH HHII I I II II 
-Al-NN-Al-NN-Al-NN­

I 
NH 

l;I¥ I W ~~ 
-li-NN-Al-NN-Al-NN­

I I 
NH NH 
I W ~~ I 1;U:i

-Al-NN-Al-NN -Al-NN­
I 
NH 
I 

The JOOnomer unit of these substances has the empirical formula. 

~N5HS (Required: Al, 41.8%. Found: Al, 41.4, 41.8%). The formation of 

an NH cross-link rather than NHNH casts considerable doubt on the above 

structure, but since the N-H (76 kca1./mle) (114) and the N-N (60 kcal./ 

mle) (114,115) bond energies are of the SaDS order of magnitude (values 

are for hydrazine), it is possible that N H
4
, NH

3
, N2 or H2 could be2

eliminated in a cross-linking process. 

The substance (Al2N~5)X did not melt up to 475·, am its infrared 

spectrum. consisted of broad, p:>orly resolved bands (Figure 8). Although 

the polymeric substances (A1N4HS)X and (BN4HS)X dissolved readily in mild 

aqueous acid and water, respectively, the material (A1 N H )X required hot,
2 5 5
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concentrated. acid for complete dissolution. This observation is in accord 

By way of comparison, the reaction of CICH CH Cl with hydrazine2 2

was thought (143) to yield the polymeric substance 

Cl'&­

[-CH2- C112~+fH-] X 
NH2 

as one of the products. 

The reaction product ~N12H24 was probably a m:ixture of N2H5X 

(3 mles) and M(NHNH )3 (1 mle). When this m:ixture was washed repeatedly2

with anllydrous hydrazine, the residue, on evaporation to dryness.. was 

probably the polymer (MN H )X. It was presUIDIJd that the substance M(NHNH )3
4 5 2

ws unstable in the absence of N2H5X or NtI4 (since N2H4 was evolved on 

drying), and that there was accordingl.y a stabilizing coordinate bond 

between N2H5X and substances II and III (see reaction schem3). In SOm3 

respects this is similar to the compound llCl:3·3N2H5Cl (144) formed 

between AlCl) and N H Cl in concentrated aqueous solution.Z 5

There was a remarkable similarity amng parts of the infrared 

spectra of the three polymeric substances and those of boron and aluminum 

nitrides (88). The five spectra are summarized in Table n:rv. 

For the aluminum compounds, the peaks between 1650 and 1050 cm-l 

were assigned to NH. modes, leaving unassigned the peaks at 3500 and 1050­

650 em-1. Since the latter absorptions also appear in the spectrum of 

aluminum nitride, they are probably associated with aluminum-nitrogen 



TABLE xnv 

Compound (Al2N H )X (AlN H )X (BN H )X BNa 
5 5 4 5 4 5

,..., .3450 vsvb - .3500 vsw 3450 vsvb 3350 svb 3340 m.w 

1600 w 1640 sb 1630 sb 1620 sb 

1470 m.wb -1480 mwb 

Infrared l385 m l385 m 

absorptions: ..... l3.30 svb l375 s 

(em-I) 1195 m 1200 lUSh 

--1115 lib -1075 wb ""- 1050 svb 

1000 to 1050 to 1050 to ...... 700 mvb 812 m 

625 mb 650 mb 650 meb 

a Peaks unassigned in the literature. 

See Tables XVI, XIX, IX for infrared symbolism. 

lvibrations. The absorption at 3500 cm- is also associated with the lI(N-H) 

mdes. 

For covalent single BN bonds, v(B-N) is found in the range l330­

l380 em-I (112), and accordingl.y, this assignment was made for the peak at 

~. ~ l330 cm J.n the spectrum of BN H • The peak at .3.350 em was presumed to
4 5

arise from boron-nitrogen vibrations as well as V(N-H) vibrations. 

There is a great dissimilarity in the reactions of boron trichloride 

and boron tribromide with hydrazine as compared with the reaction of the 



3 

latter with boron trifluoride. This result is read.i.ly explained on the 

basis of BX bond dissociation energies" the value of which is very high 

(154.8 kca.l./DOle) for BF3 but much less for BCr., (108.5 kca.l./DOle) and 

BBr (90.2 kcal./mole) (28). The BF bond is sufficiently stable that BF3 

will not undergo a condensation reaction with compounds containing "active­

hydrogen (Nfl " C2H50H" etc.). The behaviour of the boron halides towards
3 

anmonia is essentially the Sa.Ii8 as that towards hydrazine. Boron trifluor­

ide forms an addition product with aJIIDOnia. (22)" but boron trichloride (29) 

and boron tribromide (30,,31) condense with aJIIDOnia. to form boron amide 

and boron imide" respectively. 

The reactions of the aluminum halides with 8..IJDJnia. are in sharp 

contrast with those of the boron halides. The condensation reaction with 

aDlDOnia. which characterizes BC~ and BBr3 does not occur with the aluminum 

halides; instead" addition compounds are formed" as described in the 

Introduction. With hydrazine, on the other hand, the aluminum halides, 

like the boron halides" readily eljmjnate hydrogen halide to form compounds 

with aluminum-nitrogen covalent bonds. The relatively weak Nfl bond (76 

kca~./BI)~e) in hydrazine (ll4), compared wit.h t.hat. of a..tIlIOOnia. (~04 kca~./ 

lOOle) (116), seems to permit condensation reactions to occur between 

hydrazine and aluminum halides. 

It was noted that the reaction of boron trichloride (B-Cl bond 

energy: 108.5 kca.l./mole (28»)with hydrazine resulted in a rapid e]jmination 

of HCl by the two reactants, but the reaction of trimBthllborane (B-C bond 

energy: 89.0 kca.l./mole (28» with,hydrazine was not characterized by the 

elimination of mathane. This was ascribed both to the difference in bond 

http:read.i.ly


115 


energies and to the much greater polaritY' of the B-Cl bond (,.." 22% ionic 

character (100» as compared with the B-C bond (,.,.,,6% ionic character). 

There appears to be considerable scope for the further studY' of 

the reactions of hydrazine with inorganic halides. Of particular interest 

should be the reactions of the halides of Groups IV-VI of the Periodic 

S7Stem, of which only" those of carbon have been studied thus far (see 

Introduction). Three aspects of the problem should prove interesting. 

(a) Considerable information might be obtained through a 

comparison ot the reactivities toward hydrazine of the halides ot one 

particular group. For example, it has been shown (145) that the extent 

ot 8JilDDnolysis of the chlorides of Group !VB (including thorium tor the 

sake of comparison) decreases with increasing atomic number ot the metal. 

The reaction ot 8.lIJDOnia. with TiC\ and ZrC14 gave the compounds Ti(NH~)3Cl 

and Zr(NH2)Cl:3 while ThC1 tormed onlY' an addition compound ThCl -6NH •4 4 3 

Since the radius ot the central atom increases with increasing atomic 

number, from Ti to Th, the 'Ispecific surtace intensitY' charge" (145), 

which determines the energy- availa.bl.e for the po1.a.ri.za.tion of the Mel. and 

NH bonds, decreases with increasing atomic number, and therefore hydrogen 

chloride elimination should take place JJX)st easily with TiCl It should4­

be useful to undertake similar studies invol.ving hydrazine_ 

(b) The choice of different solvents maY' lead to unusual results. 

For instance, in the present research, the reaction of aluminum chloride 

with hydrazine in absolute ethanol as a solvent resulted in a precipitate 

of hydrazine hydrochloride, with the aluminum remaining in solution. Since 
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aluminum. ethoxide" Al(OEt),3" is al..DDst insoluble in ethanol" the aluminum. 

compound remaining in solution probably contained Al-Cl bonds. 

(c) New and interesting inorganic polymers may be formed. 
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SUMMARY AND CONTRIBUTIONS TO KNOWLEDGE 

1. Boron trifluoride and hydrazine reacted vigorously at room 

temperature in vacuo to yield boron trifluoride-hydraz:ine# BF ·N H ,
J 2 4

(m.P. err) which absorbed additional boron trifluoride very slowly. 

2. The reaction of BFJ with N2H4 either in vacuo above room 

temperature (140·, 200·) or at room temperature in diethy'l ether as 

solvent gave the complex mixtures (BFJ)x:li2H4 (1 < X < 2). However, with 

tetrahydrofuran as solvent, the compound 2-boron trifluoride-hydrasine, 

2BF .N H (m.P. 260°), was obtained. The portion of the phase diagram
J 2 4 

BF -N H from 46.5 to 66.7 mle %BF was investigated.
J 2 4 	 J 

J. The crystallographic unit cell of BF ·N2H was found to have
J 4 

the following di.mensions (triclinic s;y.mmetry): 
0 

a ... 6.9J 	A a.. ... 1ll.5° 

° 
b ... 5.50 	A 13- 64.0° 

• 
c ... 6.78 A '0 ... 88.Jo 

4. 	 The pyrolysis of BF .N H in vacuo at 275-300· yielded mainly
J 2 4 

nitrogen, aJlIDI)nia" a.mJD)nium f'luoborate" and boron nitride. The aqueous 

solution 	of BF .N H , which was acidic, appeared to contain the f'ol1owing
J 2 4

species: N2H;# BFJOH-, BF4, BF2(OH)~ HJBO
J

, OH-. 

5. At llO·, BF3 was displaced to an extent of only 16% from BF .Nzr4
J 

by hydrogen chloride. The solid residue seemed to be largely the mixed 
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6. BF .N H readily absorbed aDIlIOnia at -80· to form boron tri­
3 Z 4 

fluoride-hydrazine-Z-anmmia, BF3 -N H ·2NH3• Under similar conditions,Z 4 
BF .N H absorbed indefinite aDlJunts of CH NHZ or (CH3)3N which were 

3 z 4 3

released veq slowly on warming. 

7. The reaction of trimethylborane and hydrazine in vacuo at 

room temperature yielded Z-trimethylborane-hydrazine, 2B(CH;)3.NZH4' but 

this compound was stable only in an atlJl)sphere of trlmethylborane or at 

low temperatures; otherwise trimBthylborane was evolved irreversibly, 

leaving trimethylborane-hydrazine, B(CH3)3.NZH4 (m.p_ 42-43°). The two 

compounds were interconvertible. 

8. fO'drazine was not displaced to any significant extent from. 

B(CH )3·NtI4 by anm:mia at room temperature. The displacement of B(CH )3
3 3

from B(CH3)3-NZH4 by diborane at room temperature was followed by its 

reaction with BZH6 to yield unsy.m-dimethyldiborane, (CH )ZB!4.
3

9. The thermal decomposition of B(CH3)3·N2H4 at 150-160· was 

complex, yielding nitrogen, 8.DlI'IOnia, methane, butane, the isomeric 

butenes, and a heterogeneous residue. Under identical heating conditions, 

10. Hydrazine and trimethylaluminum. reacted. in diethyl ether to 

yield a substance which was thought to be sym-bisdimethylaluminohydrazine, 

(CH3)2AlNHNHAl(CH;)2. This material was shock-sensitive and decomposed 

violently when subjected to mechanical stress. 

li. The reaction of boron trichloride or aluminum chloride with 
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hydrazine in vacuo or of AlC1.3 with N2H4 in carbon tetrachloride yielded 

reaction products of empirical composition MCl:3NSH16 (M - B" Al). (I). 

12. The reaction of boron tribromide or boron trichloride with 

hydrazine in tetrahydrofuran gave products of empirical composition 

JJ. The reaction of aluminum bromide with hydrazine in 001 " and of
4 

AlOl,3 or AlI,3 with Nt4 in diethyl ether gave nonstoichiometric reaction 

products (m). 

14. The attempted separation of I into its components by the 

techniques of fractional sublimation or solvent extraction were unsuccess­

ful. The nSoxhletU extraction of AlCl,3NsHl6 with hot hydrazine led to the 

isolation of a polJ'meric material tentatively formulated as (~N5H5)X (IV). 

15. The repeated extraction of I" II" or III with N2H4 at room 

temperature and the subsequent evaporation of excess N2H4 yielded the 

polymeric materials (MN H )X (M - B" ll). (V). The naterial IV was thought
4 5

to be a cross-linked version of the polymer V. 

16. The infrared spectra of ten cOm.}X)unds of boron or aluminum were 

neasured 	and vibration assigDJD'mts were made for absorptions in the range 

-1625-4000 cm • 

17. An experiment was proposed to determine by direct chemical evidence 

the relative electron acceptor power of BF,3 and B0l:3. Results were quoted 

to show that the order is BCl:3> BF,3 • 
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18. Mechanisms were proposed for (a.) the pyrolysis of BF ·N H
4

,
3 2

(b) the hydrolysis of BF,3 .N H
4

, and (c) the rea.ctions of M.XJ (M"" B, Al;2

X .... halogen) with Nt4 and the formation of the polymers (MN H5)X (M .... B,
4

Al) and (Al2N5H5)r 
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APPENDIX I 

Representative Infrared Vibration Frequencies of 

Boron-Nitrogen Compounds (600-3600 em-I) 

Vibration Frequency Comgound Reference 

(NH2) 3270-3360 BF3eNH3 	 104 .. 
B(CH3 )3- NH3 	 79 

N2H4 	 12 

(CH ) 	 2780-3040 (CH3)3N 1073
BH3• (OH3 )3N 109 

B(CH3 )3 130,,139 

B(C2H5)3 146 

(B-Htermina1) 2270-2600 	 B2H6 147 


H2BHN(CH3)2BH2 133 


BH3• (OH3)3N 	 109 

RnB2H6 (n< 4) 80-n 

HZBN(CH3)2 148 

(NH2) 1565-1640 NH3 71 


and 12
N2H4 

1440-1500 N2H6Clz" N2H6F2 142 

91N2H 5C1" N2H5Br 

BF3 e NH 1043 

147 

R BZH6 (n < 4) 

(B-~ridge) 1500-1610 	 B2H6 

80n -n 

.. Ramn spectrum 
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APPENDIX I (cont 1d.) 

Vibration Freguenc;y Compound Reference 

(CH,3 ) 1405-1460 B(CH,3),3 130,139 
and 

(bound to boron) 1200-1.320 many others 112 

Nlf:x** 730-1420 NH,3 71 

12N2H4 

BF3·NH,3 104 

N2H5C1, N2H!r 91 

CH ** 	 860-1200 B(CIJ),3 130,139,3 


BH3 • (<Ttl,3),3N 109 


(CH3 )3N 107 


(CH,3)2BNHC6H5 11.3 


BH2 "scissors" 1140-1200 B2H6 147 

H2BHN(CH3 )2
BH2 133 

others 112 

(B-C) 1120-1150 B(CH ),3 	 130,139as 3
 
B(C2H5)3 146 


(CIJ)2BC1 149 


(CH3)2BBr 150 


(B-N) 982-11.38 	 BF3·C5H5N 151 


BF3·NH,3 104 


B(CH,3)3 -Nfl,3*. 79 


*Raman sp;,ctrum 
**ldn .roc &. wagg:mg. 

http:982-11.38
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Vibration 

APPENDIX I 

Frequency 

(cont1d.) 

Compound Reference 

(002) 1075 H2BHN(CH3)2BH2 133 

W (BHZ) 945-975 B2H6 

H2BHN (CH3)2BH2 

others 

147 

133 

112 

(N-N) 

(B-C)
5 

958-973 

6Z0-720 

NZH5C1" N2H5Br 

NZH
5
1 

* B(CH3)3 

* B(C2H~)3 
* B(CH3)3 eNH3. 

(CH3)2BNC4H4' (CH3)2BNHC6H5 

91 

106 

79,130 

146 

79 

1JJ 

*Ra.rnan spectrum 
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