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Mixed methyl- and ethyl-beryllium hydrides have
been prepared in ether solution by reaction batween the
sodium hydridodialkylberyllates Ha(REHBe), and beryllium
chloride. Ether can be removed from the product which has
the overall composition R4353H2 R= -CH,, ~-C,H.). After

evaporation of ether from solutions of 'MquewHE' which

(5]

probably contains many complex species in equilibrium, heatin
at low pressure causes disproporticnation into volatile
dimethylberyllium and involatile beryllium hydride still
containing some methyl grouvs. & similar disproportionation
occurs more readily when the ethyl analogue is heafed and the
influence of excess sodium hydridodiethylberyllate and
beryllium chloride on this reaction has been studied.

Ethereal solutions contazining 'EthBeBHZ' have been
shown to react with sodium hydride to form sodium hydrido-
diethylberyllate and a sodium hydridoberyllats which has not
been characterised.,

4lthough a pure alkylberyllium hydride (RBeH)

n

could not be obtained from the above mixed hydride ('HhBeBH9'),
coordination compounds of methylberyllium hydride have,

however, been isolated. Reaction between trimethylamine and

'MeHBGBHZ' gives a mixture of the known compound MeZBe.NI‘-@'e3



and (keHBe.lMMe.), which have been separated aand the vapour

pressure and vapour vhase assoclation of this latter complex

have been studied. The diamine (MeZNCHa—)
5

gives the previously

described compound (Me NCHﬁ—)ZBeMe together with an insoluble ,
[

2 2

involatile and probably polymeric complex [kMSENCE ) (BeMeR)Z]n.

-
The analogous ether (IﬂieOC]-Iz—)2 reacts in a similar way
forming the previously described compound (MeOCHE-) BelMe., and

a colourless viscous oil[(MeOCHa—)E(BeMeH)Zln_ & 2,2'-bipyridyl
complex of metkylberyllium hydride could not be isolated since
this red complex decomposes in soluticon to form a brown

tarry materiel.

Reaction between trimethylamine hydrochloride and scdiumnm
hydridodiethylberyliate in ether resulted in the evolutlon of‘
both hydrogen and ethane and this was therefore not a satis-
factory method for the prevaration of an ethylberyllium hydride-
trimethylamine complex. Iowever, reaction between triethyl-
stannane and diethylberyllium resulted in the formation of
ethylberyllium hydride which was characterised by conversion
into its trimethylamine complex.

Hydride ion has been shown to displace trimethylamine
from the liquid complex diethylberyllium-trimethylamine in
boiling ether, with formation of the bydridodiethylberyllate

salt.



'he infrared spectrum of dimethylberyllium in the
gas phase and the spectra of organoberyllium and organo-
beryliium hydride coordination comnlexes have been studied
and correlations established for these compounds, with

particular reswvect to beryllium-inydrogen freguencies.
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INTRODUCTION.

The work described in this thesis is concerned
with the preparation of organo-beryllium hydrides, their
reactions with donor molecules, and an infrared spectroscopic
study of these and other beryllium compounde.

In this introduction, the chemistry cf compounds
relevant to these topics is discussed. First, the preparation,
properties, and coordination compounds of organo-beryllium
compounds are considered, including a review of the bipyridyl
complexes of beryllium which are covered separately.
Preparative methods for and reactions of beryllium hydride
are included, together with the relevant hydride chemistry
of other Group II and Group III elements. Finally
spectroscopic data, relevant to the compounds studied,
are described.

Beryllium, having the electronic configuration
152252, almost exclusively forms covalent compounds due
to the small size and therefore high polarising power of

2+

the dipositive cation Be . The atomic radius of beryllium

2+

is 0.893 and the calculated ionic radius of 3e is 0.343 .

The high ionisation potentials of beryllium, the first
being 215 and the second 420 kcal./mole, would suggest

that free divalent ions of beryllium in its compounds do

O
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not exist. Beryllium fluoride, which might be expected
to be the most ionic compound of beryllium, is a poor
conductor of electricity in the fused state and beryllium
oxide has only about 40 per cent ionic character.
Copmpounds of beryllium have covalencies of two,
three or four for the metal atom but there zre no known
compounds with a coordination number greater than four,
since the atomic orbitals of principal quantum number
three are of too high an energy to participste in bond
formation and no hybrid orbitals involving d-orbitals
can be expected for beryllium. The coordination number
of two arises from the use of sp hybrid orbitals by the
beryllium fto give a linear molecule as is found in the
case of beryllium chloride at high temperature when it
exists as a monomeruand, beyond reasonable doubt, in
monomeric di-tertiarybﬁtylberyllium48' The rather unusual
coordination number of three is found, for example, in
dimethylbéryllium-trimethylamine? in which the beryllium
atom must make use of sp2 hybrid orbitals. Eeryllium,
however, has a strong tendency to form four covalent

>3

compounds using sp” orbitals to give tetrahedral bonding.

The viscosities, conductivities and freezing points of

63

solutions of beryllium salts ” show that the beryllium

ion is more strongly hydrated than any other divalent



cation and its salts always have four molecules of water
of crystallisation for each beryllium atom. The ionic
movilities at 25OC are

Be Mg Ca Sr Ba Ra

30 55.5 59.8 59.8 64.2 67

The phthalocyanine complex of beryllium is exceptional
in that it has a square-planar configuration due to the

shape of the phthalocyanine molecule6

Organo-Beryllium Compounds.

Beryllium dialkyls and diaryls have been prerpared
in small guantities by the action of beryllium metal on
the dialkyl or diaryl derivatives of mercury at elevated

temperatures, often with traces of mercuric chloride as

7-13,21,22,23.

catalyst. On larger scales, the reaction

A
between beryllium chloride and a Grignard13’14’)7' or

lithium reagent14 in ether is better

BeClZZEtEO + 2RMgX —=) BeR, + Mg012 + MgX

2 2

or BeClazEtZO + 2RLi ~——) BeR, + 2LiCl.
When prepared by this method, complete separation
of the beryllium compound from traces of ether is usually
difficult.
Dialkylberyllium compounds are also formed when

o

o)
alkylberyllium halides zre cautiously heated® and by the



reaction of free methyl or ethyl radicals with metallic
o

berylliumq?' Some alkyl- and aryl- berylliuvm halides

have been prepared by heating beryllium metal with the

c .o 8,17,

appropriate alkyl halide. '’

All the organo-beryllium conpounds must be prepared
and handled in the absence of oxygen, moisture and in
some instances carbon dioxide, with which they react
rapidly.

Dialkylberyllium comgounds react with hydrogen
peroxide in ether solution producing beryllium peroxide18'
and with phenyl isocyanate to form the corresponding

g 13.
anilide. -~

Alkylveryllium compounds hsve been used for the
polymerisation of alkenes, and as intermediates as

exemplified by :-

: PSR ¢ P TS » Py, . 19.
Et,Be + MePrnC=uhp-———) MeEtPr uunzBeEt. 7
[ )
They react with ethylene stepwise, in a similar manner
to aluminium and lithium alkyls, and Ziegler has reviewed
; - . 5 20.
this class of reaction thoroughly.
The electronic unsaturation of bveryliium alkyls

leads to the formaticon of coordination compounds with

donor molecules.



Dimethylberyllium.

Small quantities of dimethylberyllium are most
conveniently prepared by the reaction of dimethylmercury
and excess powdered beryllium metal at 10000.11’12’21’22’23'
The product can be sublimed frem the reaction mixture
under high vacuum, and traces of mercury can be removed
with gold foil.2'"

Freparation from the Grignard or lithium reagent
presents some difficulties. The product of this reaction
can be isolated free from dissclved salts by a prccess
of 'ether distillation' at atmospheric pressure,13’15’24'
but complete sepatation from ether is difficult. The use
of dimethyl sulphide as a solvent has been suggested,ZE'
since dimethyl sulphide does not ccocordinate to dimethyl-
berylliumB, but the method has not been examined
experimentally.

Solid dimethylberyllium has a2 polymeric structure
similar to silicon disulphide. X-ray diffraction methods2 )
have shown that there is an approximate tetrahedral distribution
of methyl groups round each beryllium atom with all the
beryllium - carbon bonds equivalent and of length 1.923 s
the Be-C-RBe angle being 66°

- Me "

‘~._. eelea o .. _-Me Pt
0 ae®™ u o ~ = el Y b »
Bell, iBef JBes e

o e Me-"' s . -'"}'!e _____ ~



The extrapolated sublimation temperature, 21700 , and
the interchain distances in the polymer, exclude an ionic
structure. Both beryllium and carbon atoms make use of
four tetrahedral ( sp3 ) atomic orbitals and it is
rrohable that three-centre molecular orbitals Be(spi) +
.C(SFB) + Be(spB) are formed from these.
Dimethylberyllium forms colourless needles when
condensed from the vapour phase but has not been observed

to melt. The vapour pressure of the solid is given by

the equation527 :
100-150°¢C : log, P(mm.) = 12.530 - 4771/T.
155-180°¢ : log1OP(mm.) = 13.292 - £5100/T.

Vapour density measurements have been made between 160

and 200°C and from a study of thne pressure - dependence

of the vapour density, it was shown that the vapour consists
of monomer, dimer and trimer molecules, together with

higher polymers which only become important at near-
saturation conditions. Heat and entropy terms have been
obtained for the monomer-dimer and monomer-trimer eguilibria
and structures have been proposed for the monomer, dimer

and trimer27' :

Monomer : Me - Be - lie.

dimer : Me - Ba; Be - le.



trimer : Me - Begf e Be - Me.

In these formulae, dotted lines represent hzlf bonds.

Thermal decomposition starts to occur at 202°¢
with the formation of (BeCHz)n as intermediszte product
and at 220—23000 beryllium carbide is formed as end
product

202° 220°
el " 4 i T £ C o + 1 Lo
n(uHB)ZBe —_— z_CrI4 + (Be H2 p— :eec n CnL+

2

N

Beryllium metal can be deposited by the electrolysis

of a mixture of dimethylberyllium and beryllium chloride

. X . 15.
in ethereal solution. -

Dimethylberyllium reacts with diboransz above room

LN |

temperature, the reaction taking place in several stages

Trimethylborane, methylberyllium borohydride (MeBeBHQ)ﬂ

as an intermediate product, beryllium borohydride and an
involatile substance which is probably (BeBHS)n are formed
during the reaction.

Dimethylberyllium will only coordinate with molecules
which are strong enough to break down its polymeric structure.
It forms coordination compounds with trimethylamine,
trimethylphosphine, dimethyl- and diethyl-etker, but not
with trimethylarsine or dimethylsulpvhide and the properties

of these compounds indicate tinat the order of heat of

29



coordination is ND»F» 0D 4s,S 5 This same order 1s
. c s 300 e .31,
found with trimethylaluminium and trimethylgallium
when the acceptor atom is of the type that forms simple
coordination links without complications due to double
bonding or any similar influence of d-orbitals.
Dimethylberyllium forms a 1:1 compound (MejBebNMeB)
melting at 3600 ,with trimethylamine. This is stable to

5

180°C and is monomeric in the gas phase” , although slightly

o

h)

. . N . 322, o
associated in benzene solution® Below 9-10"C, a compound

(MeaBe)E(NMeB)3 can be obtained but this begins to dissociate
on warming

In the reaction of dimethylberyllium with trimethyl-
phosphine, complex equilibria result from the similarities
between the affinities of dimethylberyllium mcleculess for
trimethylphosphine and for each other. A comnsiderable
range of compounds (MGEP)X(MGZEe)y where x= 2,3,1,2,2,2
ané y= 1,2,1,3,4,5. respectively are formed, each being
stable in a certain range of temperature anc pressure of
trimethylphosphine. All the trimethylphosphire can be
removed in wvacuo at room temperature. One peculiarity is
that two molecules of phoswvhine can coordin:te to one
molecule of dimethylberyllium, whereas the snalogous
trimethylamine complex is unlnown even though nitrogen is

a stronger donor to beryllium than is phosplorus, as shown



9w

by the dissociaticn pressures of these compounds. The
non-formation of MezBe(NMeB)2 must be due to an entropy
rather than a steric effect since the phosphine analogue
would be more sterically hindered and the compound

Me
N—CH .
el e 3.

Me .. Be forms.

2
N—CH
I"If.-:-2 2

With dimethylether, the compounds I\IeaBe.OMe2 ’

: e i 1 M a M Be Me &
(MeZB“)Z(OMe2)3 , (I\LezBe)B(O.eZ)2 nd (MeaB )EOMcp have

been observed but all are less stable than the phosphine
comnlexes.
With diethylether, there was no indication of a

compound of definite composition being formed.

~

- . - o)
Colourless crystalline needles, m.p. 31-G2 C ,of

dimethyldipyridineberyllium were isolated from the reaction
of pyridine with dimethylberyliium in ether.jg'
Bidentate ligands form very stable 1:1 chelate

35.

complexes with dimethylberyllium. H,N,N'",N'",~ tetra-
methylethylenediamine and the chelating diether 'Monoglyme’

both form well-defined complexez with dimethylberyllium

3 ) - Me, T
of the type \Be<)] where D is the donor atom.
e’ D

Both compounds must have very small dissociation pressures

since they can be sublimed unchanged in vacuc. In benzene
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solutions, the ether complex is monomeric but the amine
is about ten per cent associated.
Donor molecules containing reactive hydrogen atoms
also react readily with dimethylberyllium with the elimination
of methane and formation of di- ,tri-, or polymeric
products. Dimethylamine forms the adduct MeZBe G—HHMea
which melts at 44°C with the evolution of methane, leaving
the white crystalline trimeric compound (MeBeNHez)B to
which a cyclic structure has been assigned (I) and which

does not react with trimethylamine below 5000.

It Wi
l-;a Je.e
Me - B Ny e Me
Ny aBe” 2 6
Me F o N -
2 Me Me - :-e\ ,Be - Me
0
Me
(I) m.p. 55-56°C (11)

Methanol and dimethylberyllium react with the
immediate evolution of methane forwing a dimeric product (II)
which disproportionates to dimethylberyllium and beryllium

o 3L,
methoxide (Be(OMe)a) above 120°C,

)

Diisopropylamine”  and dimethylberyllium form a
fairly stable monomsric adduct (HezBee-Dm?rg) which starts
to lose methane slowly at about 160°C in the presence

of excess amine. Loss of methane wzs not quantitative
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however, even after reifluxing with excess awmine for several
days, and this is probably due to steric hindgrance by
the isopropyl groups.

Methylamine and methanethiol will alsc liberate
methane from dimethylberyllium but the othexr product of
. . s 2L, .
the reaction were not characterised. Methylamine

appears to displace trimethylamine from dimethylberyllium-

trimethylamine and therefore the reaction follows a similar

. . N . . 32.
course to the reaction of dimethylberyllium and methylamine.”
N- methyl substituted primary and secondary diamines
also yield products in which the coordinative unsaturation
33.

of beryllium is relieved by association or polymerisation.
N,N,N'- Trimethylethylenediamine loses a mol. of
methane at room temperature with dimethylberyllium, forming
the dimeric product (III) which melts at 116-118°C.
One mol. of methane is also liberated from N,N' -
dimethylethylenediamine and dimethylberyllium in ether
as soon as the mixture melts. The product, which is
believed to have the structure (IV), sublimes slowly at
90°C. and at 145°C about eighty per cent of the remaining
methyl bound to beryllium is evolved as methane. When (IV)
is heated in tetralin solution, methane is evolved
guantitatively at 140—15000. and an insoluble polymeric

rroduct (V) is formed.



(I11) (Iv) (V)

Unsymmetrical N,N- dimethylethylenediamine liberates
one mol. of methane from dimethylberyllium in ether just
below room temperature, giving a produgt anszlogous to
(IV). This product sublimes at 115°C, and at 170°C it
melts with a vigorous evolution of methane and, on cooling,

a hard glass is produced.

Ethylenediamine liberaztes about eighty per cent of
the methyl from dimethylberyllium at room tempsrature
with the formation of a white, amorphous, evidently polymeric
material. Even after heating to 4500, about six per cent
of the methyl groups is retained but this is released on
hydrolysis.

The reaction between hydrogen cyanide and dimethyl-
beryllium has also been investigated?5’36' 3eryllium
dicyanide is precipitated when ethereal dimethylberyllium
is added slowly to excess hydrogen cyanide in benzene and
this does not react with trimethylamine nor dissolve in

solvents with which it does not react, since it no doubt

has a cross-linked polymeric structure. Eguimolar amounts of




the above reactants form methane and the soluble methyl-
beryllium cyanide from which tke ether can be removed by
pumping at 7OOC but the residue does not redissolve and

is no.doubt polymeric. No method for purifying this compound
was found but its coordination complex with trimethylemine
was isolated as an involatile amoryhous product from the

reaction of dimethylberyllium-trimethylamine and hydrogen

cyanide.
Iy
NMe . a
e - e - commi— be 1
V], - =8 - u—_—-_._T MNMe
"7 f e
Diekhylberyllium.

This compound cannot be prepared from diethylmercury

13,23,

and beryllium metal but is conveniently obtained

from the reaction of ethylmagnesium bromide and beryllium

15,37.

chloride in ether. Separation from ether is difficult
but prolonged pumping, followed by vacaum distillation

gives a colourless product boilimg at 6300/0.3mm.Hg.,

‘containing about two per cent ether.”’" Some of the purest

. 1 oo . L , o
material solidifies as white crystals meliing between -13C
£l

and -1200.19' Diethylberyllium has recently bheen preparedU :

by treating berylliium chloride with triethylaluminium at
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100°C for one hour. The beryllium compound is separated
from the latter by distillation after the addition of an
electron-donor complexing agent for the aluminium compound.

The vapour pressure is given approximately by the
equation

1og1op (mm.) = 7.59 - 2200/T.

whence the extrapolated boiling point is 194°¢. 37.

Diethylberyllium is monomeric in dioxan, but is
associated in cyclohexane and benzene, its molecular weight
being time dependent (160 and 140 respectively two days
after the preparation of the solution and 212 and 224
respectively after 240 days).28"

The apparent dipole moment of diethylberyllium in
various solvents is intermediate between those of diethyl-
magnesium and - zinc. Its moment is 1.0D in heptane, 1.69D
in benzene, in both of which it is associated, aad L.3D in
dioxan.39’4o'

Diethylberyliium decomposes slowly at 8500 and
rapidly at 190-20000. resulting in the formation of ethane,
ethylene, and butene, together with small amounts of 3-
hexene, 1-3-cyclohexadiene and benzene. The residue is a
mixture of an oil, which can be distilled at 95-10000/0.1—0.2mm.

having the approximate formule ( (H % Be - CH, -)2 )r1 ,
and z crystalline solid ({ Be(CE ) 57
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Methanol, isopropanol and hydrogen chloride, all

3.
react explosively with'diethylberyllium.)'

Little study of the coordination comgounds of

diethylberyllium has been made. It forms an orange crystalline

33.

and diphenylamine

b1,

complex (EtzBePyz) with pyridine
forms the polymeric compound (Be(NPhE)Z)n and ethane.
The reactions between diethylberyllium and also between
its trimethylamine complex and the methyl hydrazines have
been investigated. In general, liberation of ethane was
not quantitative and polymeric materials were formed,

although a 1:1 adduct (Me NNMeH.BeEta) was formed with

2

trimethylhydrazine and a 2:1 adduct (EtZBe)ZMezNNMe2

‘W

with tetramethylhydrazine.

. 4o 43 Lb,
Strohmeier and co-workers -' °°

have prepared

in recent years a series of ether-free salts of diethyl-

beryllium of the type MX(BeEtz)n where M represents an

alkali metal, X represents halide or cyanide and n = 1,2,0r 4.
Potassium fluoride dissolves in ethereal diethyl-

beryllium at 65°C over three hours and the crystalline

material KF(BeEt2)2 can be isolated. At 70°€ in benzene

this compound decomposes to form the insoluble material

KFBeEt2 and pure, ether—free diethylberyllium which can

be distilled out. Ether-free diethylberyllium can also

be obtained by heating KF(BeEtD)2 at 100-130°C. Rubidium
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and caesium fluorides also form similar compounds but
ethar sodium cyanide, sodium fluoride, lithium fluoride,
caesium chloride and potassium chloride either do not
appear to react or, at least, no pure compound could be
isolated from their reaction. Potassium'cyanide forms

the product ’CN.(BeEta)q which loses pure diethylberyllium
at 100—15000 in vacuo and tetra—ethylammon;um chloride
forms a viscous liqui& product at room temperature of the
type Et4NCl.(BeEt2)2. The tendency for complex formatition
has been investigated, and the order of reactivity appears
to be CsF » RbF D KF D NaF.

A crystalline pyrophoric material (NaBeEtaH)n
melting at 1980C, has been isolated from the reaction of
diethylberyllium and sodium hydride in ether. Lithium
hydride reacts with diethylberyllium at 110°C but a pure
product was not isolated and magnesium hydride does not

45.

appear to react.

-
Di-isopropylberylliun.

This material has been prepared by the reaction
between isopropylmagnesium bromide and berylliumcchloride
in ether. An ether-free product can be obtained by refluxing
with continuous pumping for a long time. The ether-free

product which is a colourless, slightly viscous liquid,



freezes at —9.500 and is soluble in benzene in which it
is dimeric., Its vapour pressure, (0.17mm. =2t 20°C and
0.53mm. at 40°C) and extrapolated boiling point (280°¢C)
are consistent with a dimeric structure.

Propene is slowly evolved from di~-isopropylberyllium
at 50°C and rapidly at 200°C with the formation of a viscous,
non-volatile polymer of isopropylberyllium hydride, which
reacts with dimethylamine at room temperature liberating
propane and hydregen in the ratio 2.5 : 1, and which
decomposes at-220-2SO°C forming propane, propene, hydrogen,
beryllium and an orange residue. The liquid adduct (PréBeo—NMeB)
is formed with trimethylamine and this is monomeric in
benzene solution. At 200°C di-isopropylberyliium-trimethyl-
amine loses a mol. of propene forming feathery needles of

(Pr'BeH.NMe,)_ but this product has not yet been further

5‘n
studied.
Di-isopropylberyllium reacts with methanol giving
propane and (PriBe.OMe)n m.p. 133 C.
With one mol. of dimethylamine, di-isopropylberyllium
forms a mol. of propane and the liquid dimethylaminoisopropyl-
beryllium (PriBe.NMez)n which at 100°C evolves propene
leaving the glassy product dimethylaminoberyllium hydride
(EBe.NMe,) .

Addition of two mols. of dimethylamine tc di-isopropyl-
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beryllium at just above room temperature affords two mols.

propane and bisdimethylamincberyllium which is trimeric

Hy

o
in both benzene solution and the vapour phase and probably

has the cyclic structure as shown below:

B
Nie m.p. 94°C.

Di-tertiary-butylberyllium

This was prepared from ethereal solutions of tert.-
butylmagnesium chloride and beryllium chloride. It decomposes
slowly at room temperature with the evolution of isobutene
and is therefore best kept-at low temperature. It has
been obtainsd ether-free by treating the product of the
above reaction with beryllium chloride which has a higher
affinity for ether, followed by distillation of the di-
tert.-butylberyllium.ée' This latter product is more volatile
than the ether complex:; it freezes at —1600, has a vapour
pressure of 35mm. at 25°C and is therefcre probably monomeric.

Di-tert.-butylberyllium reacts witn trimethylamine /"

but the product has not been well characterised and no

other coordination compounds have been studied.



Diphenylberyllium,

This has been obtained by heating diphenylmercury
and beryllium metal for one to two hours at 210-22000

L
+9,39. and by

followed by recrystallisation from benzene,
heating the same two reagents in dry xylene in a sealed
tube for three days at 150°C.7° Tt melts at 244-248°C with
decomposition and its dipole moment is 1.64D in benzene,
4.33D in dioxan and zerc in heptane.Bg’uo'

A crystalline dietherate m.p. 28-32°C has been
isolated from an ethereal solution of diphenylberyllium,
and this compound loses ether in vacuo at 13000.50'

The complex salt Li(BePhB) can be isolated from the
reaction of phenyl-lithium and diphenylberyllium in ether
at room temperature, followed by recrystallisation from
xylene. Crystallisation from dicxan yields a product
(Li(BePhB)(dioxan)q) containing four molecules of solvent.
Diphenyl -magnesium, -cadmium, and -zinc also form similar
compounds.g'

A complex hydride, Li(BePhZH)OEtZ. has been formed
by the reaction of diphenylberyllium etherate and lithium
hydride at 150-165°C.°0"

Dessy51 has shown that there is no exchange between

diphenylberyllium and isotopically labelled beryllium bromide

in ether soluticn and suggests that the complex formed may



be formulated as PhZBe.BeBr2 Since similar claims were

made in respect of phenylmagnesium bromide, now known to

61.

exist as monomer PhMgBr(OEt by X-ray diffraction,

2)2,
there is now some doubt about the isotopic exchange results

for both beryllium and magnesium compounds.

Beryllium Borohydride.

The most convenient preparation of beryllium borohydride
is from the reaction of lithium or sodium borohydride
with beryllium halides at elevated temperatures.62'

It is a white, volatile so0lid, monomeric in the
vapour phase, melting at 123°C and its vapour pressure is
760nm.Hg at 91.3°C.7"

Beryllium borohydride undergoes reaction with
trimethylamine in several stages. It absorbs the amine at
-80°¢ forming the 1 : 1 complex, which is monomeric in the
gas phase and does not react with diborsne at 70°C. At 100°C
in the presence of the amine, it reacts further forming
BHB.NMe3 and BeBH5NMe3_ This latter product loses the amine
reversibly above room temperature but not all the amine

7.

can be removed.
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Bipyridyl Complexeséj°

A remarkable series of coloured bipyridyl complexes
of the organo and halide compounds of beryllium has been
prepared. These compounds, their colours, their long-
wavelength absorption bands ( A max.), and molar extinction

coefficients are listed below.

Molar extinction .

X in X bipy Be. Colour. /\max(%y). coefficient, x107.
Cl White 352 infl. 1.2
Br Pale cream 364 2.4
I Yellow 368 7.0
Ph. Yellow 353 infl. C.5
Me. Yellow 395 2.7
Et. Red L&A 3.7

The bipgridyl complexes of di-isopropylberyllium,
'iggpropylberyllium hydride and di-n-butylbery.lium decomposed
readily to brown tars.

The increase in molar extﬁction coefficient as the
electronegativity of X decreases and their colours are
explained by electron-transfer from the Be—X'bonds to the

lowest unoccupied molecular orbital of the bipyridyl.

Two plack crystalline complexes of berjyllium have also
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been prepared, - bisbipyridylberyllium (bipyEBe) from the
dilithium adduct of bipyridyl and dichloro(bipyridyl)berylliﬁm
in 'moncglyme' and crystallised from benzene; lithium
bisbipyridylberyllate from lithium bipyridyl and dichloro-
(bipyridyl)veryllium in ether. This latter product reacts
with bromine to form dibromo(bipyridyl)beryllium.

The magnetic properties of (bipyaBe) and its deep
colour are consistent with its formulation as a coordination

complex of the bipyridyl anion ((bipy-)25e5+).

Beryllium Hydride.

Many methods for preparing beryllium hydride have
been investigated, and varying degrees of purity have been
obtained.

It was first reported by Schlesinger and co-workers 22
from the reaction vetween lithium aluminium hydride and
dimethylberyllium in ether. The white, imsoluble, involatile
material which contains ether, decomposed to beryllium and
hydrogen at 12‘00 and reacted vigorously with water, but not
with dry air. Later workers however, showed this product to

L
. . . . 5 . . b
be inseparably contaminated with aluminium and lithium.

47,

(@&»]

Coates and Glockling found that 63mole per cent
di-tert-butylberyllium, the rest being ether which could not

be removed, starts to decompose at 100°C and at 15000 a
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white, apparently non-crystalline solid fcrmed. The volatile
products, ether and isobutene were removed and the residue
was shown by hydrolysis to be 89mole per cent beryllium hydride.
Pyrolysis at 21OOC, during which time a little hydrogen was
formed, yielded 96.3 mole wer cent beryllium aydride, the rest
being tertiary butyl groups. Beryllium hydrids prepared by
this method was remarkably resisftant to water, even at room
temperature and acid was required to complete the hydrolysis.
Pyrolysis at 240-29000 caused increasing liberation of
hydrogen which became rapid at BOOOC.

Pyrolysis of ether-free di-tert—butylberylliumgs' at
200°C afforded 97 mole per cent veryllium hydride which has
a density of 0.57 gms/cc., and an X-ray powder photograph
showed no lines attributable to the hydride.

The direct synthesis from beryllium and both molecular
and atomic hydrogen at high tempersture and pressure has
been tried unsuccessfully.53’54'

A surface reaction between lithium hydride and
beryllium chloride has been noticed but no product was
isolated.””*

Dimethylberyllium reacts with dimethyl aluminium hydride

in the absence of solvent.pz'

Al though trimethylaluminiunm
was formed as indicated by the equation balow, a prcduct free

from methyl groups could not be obtained:
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ZMeZAlH + MeaBe-__—) EFkEAl + BeHz.

This may be due to the intermediate occurrence of z reversible
reaction:

MeaAlH + NeZBe —_— Me3A1 + MekeE.

o better results than the above could be obtained in

isopentane solution.

-
Beryllium hydride4" reacts with two rols. dimethylamine

at 160°¢C liverating hydrogen and forming bisdimethylamino-
beryllium; with divborane at 9500 forming beryllium borohydride,

o . - - . o
but fails to react with trimethylamine even at 210°C,

Hydride Chemistry of other Group IT elements.

Alkyl-hydrogen exchange reactions for the preparation
of Qroup ITI meatal hydrides have been investigsted but a
high degree of purity was never obtained.

Lithium aluminium hydride reacts with some dialkyl
derivatives of magnesium, zinc, and cadmium in ether solutions
in a somewhat similar, but apparently rather more straight-

forward way to the reaction with dimethylberyllium, forming

2.

|

the metal hydrides as white, involatile, insoluble powders.
Zinc and cadmium hydrides are obtained ether-free by this

3,

method dbut contain small amounts of other impurities. The
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former decomposes at room temperature and the latter atdﬁ:.
into the corresponding metal and hydrogen, whilst dimethyl-
mercury reacts with lithium aluminium hydride at -80°c.

forming mercury and liberating hydrogen. Zinc hydride is
inscluble in pure ether but dissolves in ether containing

2 large excess of dimethylzinc presumably with the formation

of a methylzinc hydride. Zinc hydride can also be obtained in

a similar degree of purity to the above from dimethylaluminium
hydride and dimethylzinc.

Magnesium hydride as precipitated from the reaction of
diethylmagnesium and ethereal lithium aluminium hydride,
contzins ether and oiten aluminium, devending on the proportaon
of reactants, order of addition, and concentration of solutions.

It is of interest to note that the decomposition
temperatures, and therefore the purity of the Group II metal
hydrides, varies considerably depending on the method of

preparation (compare above method of preparation of beryllium

hydride with Coates and Glockling's preparation47'). It

seems probable that these electron-deficient hydrides
prepared as above, are contaminated tc various extents with
other electron-deficient molecules such as aluminium hydride,
or with lithium hydride, or their methyl analogues, all of
which may be formed during the reacticn.

= 7
Zinc6)', cadmiumoé', and mercury (II)66" iodides as well
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7.

as diphenylmercury7 are reduéed by lithium aluminium hydride
but pure hydrides were not obtained. A third outf less
satisfactory preparation of zinc hydride involves the use
of zinc chloride and aluminium chlorohydrideués'
Alkyl-hydrogen exchange reactions between the diethyl
derivatives of magnesium, zinc, cadmium and mercury and
diethylaluminium hydride in the absence of solvent, have
been investigated.67' Al though triethylaluminium was isolated
in every case, the only hydride isolated was that of magnesium
in a purity of 97%. ( No mention of the impurity was made).
The zinc and cadmium compounds decomposed livberating hydrogen
and depositing the metal under the reaction conditions used
(temperatures in the range 25—5000). Diethylmercury reacts
with diethylaluminium hydride with the formation of ethane ,
hydrogen and mercury. The presence of ethane in the reaction
products reilects the intermediate formation of ethylmercury
hydride and this mainly breaks down to ethane and mercury or
reacts with diethylaluminium hydride to give mercury hydride

which subsequently breaks down to mercury and hydrogen.

An apparently polymeric mixed hydride-borohydride

6

o

( HZnBH, )_1 is formed from dimethylzinc and diborane.

Organo-zinc compounds also form anionic hydride
=

complexes. Diphenylzinc’o' forms an ether complexLi(ZnPh,DH)OEt2

with lithium hydride in & similar way to the analogous

beryllium compound. Recently the compound (NaH(EtQZn)?)r
Ll [ Le
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has been formed by the reaction of sodium hydride with
diethylzinc in 'monoglyme' or 'diglyme' but attempts to
isclate it resulted in its decomposition. lo reaction was
cbserved in ether, tetrahydrofuran, arcmatic or aliphatic
hydrocarbons. Sodium hydride also reacts witk zinc chloride
in glycol ethers forming (NaH(ZnClz)a)n_ which could not be
isolated, but two competing reactions appear to take place
since sodium chloride and zinc metal are deposited together
with some gas evolution which is more rapid at elevated
temperatures. /

The Grignard reagent (HdMgX ) derived from hydrogen
has been obtained as bis-tetrahydrofuran and ether crystalline
complexes from the reactions of ethylmagnesium halides with
diborane in thne appropriate solvent at -2500.70'

EtHgX ————) SHMgX  + 2Et.SB.
fnalogous solvent-free products have been obtained from

71,72.

[0)Y

B.H +
276

the pyrolysis of Crignard reagents.

220°¢
C HMgBr —==——) C,H, + Hiigbr.

75.

Later workers have described this compound,
possibly incorrectly, as an equimolar mixture of magnesium
hydride and bromide since at 300-350°C. it decomposes into
magnesium, hydrogen and magnesium bromide.

Some dialkylmagnesium comgounds decompcse at elevated

temperatures evolving olefin and leaving magnesium hydride as



residue, although side reactions also take place resulting

Co - : 5,74,
in the formation of soms paraffln.?)"

Magnesium hydride
prepared by this method decomposes into its elements at 280-
300°¢.

The reactions between didborane and diethylmagnesium

74,111,112,113. L L

appear to be relatively complex.
solution and with excess diethylmagnesium, magnesium hydride

is formed; with excess diborane, magnesium borohydride is
formed, surprisingly as a white microcrystalline precipitate7q'
but the reactions appear to go through severa! intermediate
stages.

Pure diethylmagnesium ( containing no aluminium )
absorbs diboranz with the formation of MgHa(BEtHz)2 (1)
which rgacts with more MgEtE forming EtMgHEBEtH (II) and
this reverts to I on reaction with diborane. Both I and II
are colourless air-sensitive viscous and therefore possibly
polymeric liquids at room temperature which decompose
above BOOC, into magnesium hydride and EtBH2 and EtZBH

respectively. The mixed boron-magnesium compounds I and II

are further de-alkylated by reaction with Et?BH;qqq'
MgH (E Et_BH g ( BH + 2Bt B.
ugﬂ2(rEtH2)2 + t_BH -—-;16(5H4)2 (bth
EtMgH_ BRH t_ Bt MgH.  (BRH LE .
2EtMgH BRH + 6Et, B — 2MgH,(BRH,), + 4Et,B

When aluminium is present ( as triethylaluminium),

more complete disproportionation is catalysed, producing
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ether-insoluble EtMgBHh and EgH;. Etj. The former is stable
in the presence of tri-ethylaluminium and diethylmagnesium
out decomposes above 100°¢. producing lig(BH, }, and Et_ Mg
2 b L*_ 27
which recombine forming 2MgH2 + 2EtBH2 or if sufficient
EtPMg is present;
Mg (BE Lr),. + BEtzl‘-‘Ig -—-——.)LI-I\EQ;H':,3 + "EtBB.

o MaH. BEt ) .
The latter (Eglzbz <) decomposes above 30 C. into

HgHE and EtzB. In the presence of aluminium, EtHgHZBEtH and
HMgHZBEta recombine to form w-HabLLB and EtMgBHu. Addition

of tri-ethylaluminium to & stable solution of EtMgE BEtH
[
initiates the reaction and the same vroducts are obtained as

if aluminium were present during the reaction of EtaMg and
1

In the presénce of aluminium alkyls, M.(Bi—.h)2 is
formed by the reaction of EtEMg and B H6 at room temperature,
but when aluminium is absent, a series of comolex intermediates
. s . ; . o
is formed which require heating to 100°C. to decompose the
- - . . . . 113.
intermediates in order to give the borohydride.
The high pressure and temperature reaction of magnesium
and hydrogen in the presence of magnesitim iodide also
C . : _ » . 75.
results in the formetion of magnesium hydride.
A& slow reaction between diethylmagnesium and silsne

in ether results in the gradual deposition of crystalline

(HMgOEt)  which is stable to 200%¢.76"



& comparison of decomwosition temperatures of these
hydrides, whatever their method of preparaticn, shows that
their stabhility decreases considerably with increasing

atomic weight of the metal atom. However, it is apparent

n

that the investigation of the Grouy II metal hydrides ha
been somewhat inadequate, and that there is much scope for

further study in this area.

Hydride Chemistry of the Group III elements.

i

Much work has been done on the hydrides and on réactions
of alkali metal hydride complexes of the organo compounds
of boron and aluminium, very much less having been repjorted
concerning the remaining Group III elements.

Lithium hydride and triphenylborane form & 1:1 complex
at 1800C, the product retaining five mols. of dioxan when
recrystallised from that solvent but losing three mnols.

when heated to 1OOOC. in vacuo.7o'

Similar conpounds are
formed from sodium hydride and trinhenylborane in ether ,
and from sodium hydride and triethylborane in ether, 'diglyme

| Q
00. . .
or hexane, but these last two vroducts retszin nc solvent

i of crystallisation. The latter product, HaBEt H, which is
. . . . a=g0 . .
a colourless viscous oil, decompozes at 135 °C. in vacuo. into

sodium hydride and triethyloorane, and disprorortionates in

'diglyme'’ at ﬂ?OOC. into sodium borohydride and sodium




tetra-ethiylborate. Triarylvorane~zlkali metal compounds
react with methesnol also forming an anionic boron hydride

derivative., '~

. . . et s - sy -
2Ph_B" Na' + MeOMe—y Na' (Fh_B.OHe)” + Ua’ (Ph_BH)
3 3 >
The rest of the very extensive hydride chemistry
of boroun is less relevant to this thesis, and is not discussed
further.
Alkall metal hydrides react with organo-alumiunium

compounds in a similar way to those of boron and beryllium.

Sodium hydride reacts with voth triethylaluminium and

51. R
diethylaluminium hydride in heptane at 80 °c.” and lithium
] 82.
hydride reacts with triphenylaluminium at 250-260°C. :

forming 1:1 complexes. Two products, however, can be obtained

oo
U

from the reaction of triethylaluwminium and lithium hydride.-
The 1liquid 1:1 complex is formed by heating this mixture

at 13000. and when this product is mixed with triethyl-
aluminium, two phases are formed, the lower layer having

the composition L:'LI-I(.L‘;LE'T,B),j Hydride complexes MaALEt_H,
2

Ce

Na Al Et,,H2 but not NaAlEtH5 can be prepared by heating sodium
2 K
tetra-ethylaluminate and sodium aluminium hydride together

.
. i . . o 8L.
in the right proporticns at 80-1C0O°C.

The reactions between alkali metal hydrides and
alkylaluminium halides have been used for the preparation

of alkylaluninium hydrides and their alkali metal hydride



85,86,87,38.

adducts.

; ~ . . MHE
MH o+ RZA]_L,]_—)M.Cl + R2A1H.._.._) MP"2A1.HZ.

( M represents an alkali metal )
BEtAlClp + 7NaH———)Et2AlH + EtAlI-.'.2 + NaAlH4+-6NaCI
Dimethylaluminium hydride is obtained from the

reaction between lithium aluminium hydride and the trimethyl

c B
\O

derivatives of boron, aluminium and gallium. It is

trimeric in hydrocarbon solvents, but its vapour consists

of a mixture of dimer and trimer molecules. Amines and

ethers dissociate the trimers with the formatiocn ofcoordination

complexes and an infrared spectroscopic investigation of

these compounds ha®§: led to the suggestion thzat the trimers

are associated by means of hydrogen bridges and the heat of

dissociation is estimated as 15-20 kcals. per hydrogen bond

as compared with 10 kcals. for a methyl bridge.sg’go'
Recently dialkylaluminium hydrides have been prepared

from trialkylaluminium compounds and tri-alky.. tin hydrides

at 80°C. Ethers and tertiary amines inhibit the reaction

and thus the electron-deficient zstate of the aluminium

is important since a transition state involving the tin

. - . . . 108.

and aluminium compounds is probably first formed.

Alkylaluminium hydride trimethylamine .complexes

can also be prepared by the alkylation of trimethylamine-

alane with dialkylmercury compounds or the eguilibration of



trimethylamine-alane with organc-aluminium trimethylamine

91.

complexes.
The coordination compounds of alsne (aluminium hydride)

especially the trimethylamine comwplexes have been the

t years. Spectroscopic

¥

subject of several studies in rece;

investigation of the moro- and bis- trimethylamine complexes

has shown that both compounds are monomeric in the gas phase

92.

in which

and the bis compound also in the solid state,
the five co-ordinate trigonal biprismztic siructure has
been confirmed by X-ray analysis. The mono-amine complex is
prepared from lithium aluminium hydride and trimethylamine
hydrochloride in ether below room temperature and this
reacts reversibly with trimethylamine forming the bis

compound.

o

. e N . .
LiAlHL!_ + :"."IeBNHCl-—-) HZ + LiCl + Nejl‘lﬂ.lHB __e}__)(l-'lez,;!.\])al‘xlh__;

3.
Similarly a 1:1 complex is formed with W,N,NiN!-
tetramethylethylenediamine from the diamine dihydrocchloride

in the amine as solvent and lithium aluminium hydride; or

from the diamine and bis-trimethylamine . alane. This compound

is dimeric in the gas phase, association srobably occuring

. gh.
by means of hydrogen bridges.’

Dialkylammonium halides react with lithium aluminium

Q=
hydride forming N,—aialkylamino-algnes)/ , which like the

gszrewct with metal hydrides (Li,Na,

tertiary amino-zlanes,



-3h_
Ca, but not Mg.) forming metal aluminium hydrides.96'

I—=1631\IA1H3 + NaH——) NahlH, + ';‘f"i.'eBN

2h1H NMe, + HaH—3 NadlH, + HAL(NMe,),

Soluble aluminium hydride is prepared from three
mels. of lithium a2luminium hydride and one mol. of aluminium
chloride in ether, but quickly polymerises into an insoluble
product.97' When the above reaction is carried out in the
presence of donor molecules, such as dioxan, itetrahydrofuran
or amines, the corresponding coordination compounds of alane
are formed.98’99’1oo’101'

Coordination compounds of aluminium alkyls, aryls, and
halides c¢an be prepared from the coordination compounds of

. 102.
alane and an organometallic compound.

o
~
n
4
(28
)
+
Ul
~,
o
s

HoAlNMe, + 3/2 B Hy —) R AlNMe; =+
R represents aryl,alkyl or halogen.
3H,AlMMe, + 6Buli—3 (BuaAlm--ieg)__j + O6LiH

Lithium aluminium hydride reacts with the hydrides

of the fifth group of elements, liberating hydrogen and

forming LiAl(EHz)h (where E = HN,P or As) but more hydrogen

A

atoms can be replaced, devending on the ratio of the reactants .

The above compounds react with water releasing 'the fifth

group hydrides.1o7'

Moro- and bis- trimethylamine gallanes are prepared

o . . . - , 103,104
from lithium gallium hydride in a similar way to the alanes. 7’ '
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Boren trifluoride acts as a stronger acceptor to trimethyl-
amine and removes it from trimethylamine-gallane leaving
gallium hydride which decomposes into its elements at

room temperature. When this reaction is carried out in

the presence of other donors, different coordinution compounds

= z
of gallane can be prepared.107’1oo'

Spectroscopic Background.

The infrared spectra of beryllium compounds have
not been studied to any great extent. The infrared and Raman
spectra of solid dimethyl-beryllium have showr that this
polymeric material has D2h symmetry with six vibrations
active in the infrared and six in the ERaman spectrum. The
assignment of frequencies for this material and its thermal
decomposition product, beryllium carbide, are listed in
Table 129'. Significantly, there was no absorption in the

1400-1560 cm™ |

region where most compounds containing methyl

groups absorb strongly on account of the methyl asymmetric

deformation (8 CE., ) but there were two very strong bands
agym "%

at 1243 cm"’I and 1255 cm_’l ( Raman 1255 cm_'1 ) which are due

to deformations of the bridging methyl groups. In related

- . 16 . 117 . 118,11¢S.

compounds, Me.Zn . MeBB s He6A12 and hqulzclz R

absorptions due U)S CH, are much weaker than those due
asym. 3



to 8 sym. \,HB .

The spectra of organo-aluminium compounds have been

118,119. In trimethylaluminium the methyl-

extensively studied.
metal stretching vibraticn does not differ greatly in
frequency from the methyl rocking vibration, and this has
made the interpretation of spectra more difficult than might
have been expected. The relative weakness of S-asvm.CHB at

1

, -1 . . i - .
1440 cm in (Ch3)6A12 and 1140 cm in (CD3)6A1 contrasts

o

2
. . . . : 8 ; - -1
with the strong absorption due to sym CH3 at 1255 ¢m
C e - . . - -1
(bridging) and 1208 cm T (terminal) which move to 1036 cm
and 955 cm_’l respectively on deuteration. This results in
part from the symmetric deformation having sone oi the

character of the aluminium-carbon stretching vibrations which

are strong and are listed below:

Y asym (em™ ) \/svm.(cm;1)
(CHy) a1, 772 616
(CD,) A1, 677 570
(cH. )4A12012 720 585
(cD )u-ﬂ-12012 664 530

N L /l "J/l

S
/
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8sym CHJ J‘Sas/m CH3

Modes exhibiting shifts on deuteration in the range 1.2-1.3
were considered to be primerily associated with vibrations
of the methyl group itself. Stretching vibrations v(Af-Me)
in which the methyl group moves as a uniti should change
much less on deuteration. If the CH,

3

regarded as atoms of atomic weight 15 and 18 respectively,

and CD3 groups are

then VH/vD ghould be 118/15 = 1.096 if the mass of the
aluminium is regarded as infinite or 1.06* if it is taken as
27. Thus a relatively low value of VH/VD may be taken to
indicate a metel-methyl stretching vibration, and higher

values 1.2-1.3 may be taken to indicate rocking or deformation

modes of the methyl groups.

* (18 x 27 - 15 x 27 = 1.05%

18 + 27 15 + 27

Monomeric dimethylberyllium, which presumably is

linear, will no doubt have a similar spectrum to dimethyl-
zinc and dimethylmercury which both have DBh' syminetry with
essentially free rotation of methyl groups. The assignments
for these two compounds are listed in Table IX and the C-Hg
and C-Za stretching force constants have been calculated to be

, 5 . - ) 5 . _ _ 116.
2.45 x 10”7 and 2.39 x 10” dynes/cim. respectively.

. . L. . -1 . . ,
The zbsorption band at 830 cm in beryllium acetyl-
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acetonate and substituted derivatives has been assigned to
the stretching vibration of the beryllium-oxygen bond, with

a force constant of 2.3 x ’IO5 dynes/cm.120' A study of the

ether complexes of beryllium chloride from 1500-650 cm-1

includes the range (750-200 cmnq) in which tre stretching

vibrations of the beryllium-oxygen bond are stated to be

found and these freguencies are listed below :121'
ClzBe(OMea)9 888 s s=strong
= m=medium
. 8
Cl,Be(OBt,), 860 m

n

Cl,Be(tetrahydrofuran), 887

Cl,Be(tetrahydropyran), 864 s

ClZBe(dioxan)2 906 s
ClZBe(OHE)LF 8901 9051 927-
The very strong bands at 800 cm-1 and 1090 cm_1 in beryllium
9
hydroxide have been assgped as v(Be-0OH) and §(0OH)

L L 122,
respecitively.

No beryllium-nitrogen frequencies have been assigned

. ; . -1 . S
but these are stated to occur below 6£50 cm in Cl_.Be(HNMe.)

2 2°2
123.

and ClzBe(NN

'63)2 In boron ccordination compounds of

the type RBB'NRB’ the B-N stretching frequency usually occurs

in the 700-800 cm™ ! region but in compounds of the type R,B.NR,

the B-N frequency is found at considerably higher wavelengths

1)'124.

(1330-1530 cm The variation in these frequencies has
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generally been interpreted as being mainly due to a change
in the multiplicity of the B-N bond so the high {frequency
1552 e observed in the case of the dimeric compound
PhaB.NH2 in which the B-N bond must surely be'sin01e, seens

.

high. However vibrational modes due to the

rémerkably
stretching of boron-nitrogen bonds in a ring can scarcely be
expected to be closely comparable to those dus to an isoclated

125. . .
- Berylliam-nitrogen

B-N bond in z monomeric compound.
stretching freguencies would probably not be far displaced

to lower wavelengths from boron-nitrogen freguencies in
similar types of compounds.

Four bands were observed in the absorphtion spectrum at
500° of beryllium chloride (mostly dimer) of which only two
were observed in the emission spectrum at 1000°. These two
bands at 1113 cm™ | and 482 cm™ | were assigned to the asymmetric
stretching and bending modes respectively‘in monomneric
beryllium chloride, but it is vossible that other volymer
bands are masked by the monomer band at 482 er” ! and
particularly by the 1113 cm-’| band.qae'

Examination of the spectra of beryllium salts containing
fluorine has led to the conclusion that v{Be-F) occurs in
the 800-1000 cm™ | region. 2°°
The infrared spectrum of magnesium hydride contains

a broad band (900-1600 cm-1) with a maximum at 1160 cm_1
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wnich has been interpreted as being due to hydrogen bridging

127. _H-.
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The primary feature of the avsorption spectra of thin

films of lithium hydride and deuteride at room temperature is
; . . coo.~1 . o g . -
& broad absorption centrad on 5&8cm for the hydride and 446cm

for the deuteride, and these are rrobably due to lattice

12

o

vibrations. The infrared spectrum oif lituium hydride vapour
at 1000° consists of rotational fine structure extending from
1600-1100¢cm™ . The nosition of the non-existent § branch in
this spectrum has been calculated (from data on the P and k
branches) as 1406em .

The infrated spectra of trimnetaylamine complexes have

been guite extensively studied; the frequencies observed and

130,131. .

the assignments made bhoth for the free base and for
b rime thol amd 132. - fmr o e
rimethylamine-borane are liszed in Tables IIT and IV

respectively.

In this work, assignments of the beryllium-methyl and
-hydride infrared frequencies have been made. At a cuide to
the regions where these frequencies may be expected to be

found the two graphs shown in Figure I have been drawn. The

.,
L

from the electronic

erive

{

graph of the stretching frequencies

spectra for the mono-hydrides of the first vericd

1



FIGURE 1.

Mono-hydrides of the tirst period el/ements.
Atomic No. Freguency(cm)

Atomic 3 1406
Number. 4 2059
9(F)1 5 2366 -
ol ¢
N g 3735
61 o 4138

1000 2000 3000 4000
Freguency (cm™)

Methy! compounds of the first period elements.

) . Stretching
Atomic  Atomic No. Force ~ x10°(dynes/cm)

Number Constant.
ofF)- 5 3-64
8(0)- 6 4.22 .
7N 7 4-68 .
, 8 5-22
6(CH 9 6:03
5(8);
4B
3(Li)
© I 2 3 4 5 6 7

Stretching Force Constant (dynes/cm)xoS
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elements approximates closely to a straight line from
which the extrapolated beryllium-hydrogen stretching frequency
. Q0 -1 . ; . e a . . -1 133.
is 1880 cnm although the calculated value is 2059 cm .
Thus the terminal beryllium-hydrogen stretching frequency
. , . -1 s
is expected in the range 1850-21C0 c¢cm . Association

involving hydrogen bridges would cause the beryllium-hydrogen

freguencies to occur at lower freguency as is found in the

TN
boron hydrides: 15%.
-1 , =1
v13(cm ) TG )
B_H G
B H¢ 1615 1606
Me4B2H2 1972 1605
Me
“c3B2H5 1880 1605
B,H 582
Et,BoH, 1850 1582
where v13 and Voo are the symmetric out of phase and the

asymmetric in phase ring stretches respectively.

"'.“‘\ | é e - o
Sk e e

Vs Vir

The terminal boron-hydrogen stretching frequency usually

occurs at about 2500 cm .

From the graph of the force constants of the methyl
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derivatives of the first period of elements,135(in fully
methylated compounds) the extrapolated beryllium-methyl
force constant is 3.0 dynes/cm. from which the approximate
stretching frequency is calculated to be $50 cm_’l (the

methyl group is considered as an atom of mass 15).
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DIMETEVLMERCURY

g;g.(cm—1)

2880
1205
550

2966
1475

787

TRIMETHYLAMINE

Raman(cm_1/

\

2910
1182
515

156
2863
1443
700

TABLE III.
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1043
826

cf. In dimethylamine v

v o
sym.

C-N

b

TABLE IT,

DIMETHYLZINC

I.R.(cm_q)
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v C-H

CH. bending
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v C-N
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v__. C=N
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e ~ -1
C-N occurs at 1024 cm and

asyr.

at ©30 cm-1

C
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bending
-M-C

CH.
2

bending
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TABLE TV.

Me_N.BH. Me,N.BD ASSIGNMFNTﬁDZ'

L3 5. 3 3.

2270 s 1656 m v B-H(D)
1340 vs 1355 m § CE
1255 m 1248 m v B-N
1117 m 840 s § BE_(D.)
> 2
850 s 850 s p CH,

5 5 p CHs
2372 s 1780 vs v B=H(D)
1480 ms 1480 ms 8 CH3
1450 ms 1460 ms § CH.

5
1402 m 1402 w § CH3
1169 vs 360 s 5 BH._s(DB)
1115 m 1115 w P CI—I3
1005 s 095 s W CH3
1005 s 995 s v CN
913 m 720 (Raman) p BH_ (D)

2 2
In the above Tables, the followinz abbreviations have
been used.
& = deformation vs = very strong
P = rocking s = strong
v = stretching ms = medium strong
w = wagging m = medium

w = weak.
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Object of the Investigation.

This was principally to expvlore the potentiality

of the recently prepared compound, sodium hydridodiethyl-
) . 45. . : o N _
beryllate and its analogues, as intermediates for the

preparation of some alkylberyllium hydrides, beryliium

hydride and their coordination compounds.

m

As there was a paucity of inirared data zppertaining
to organo-beryllium compounds, it was hceped that the

establishment of such correlations would be derived from

the present work.
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Apparatus and Technigues.

Nitrogen supply.

(3

1s most of the compounds studied react rapidly with

oxygen and moisture, almost all the work was carried out in
an atmosphere of dry, oxygen-free nitrogen.

The nitrogen used for this work was first free&from
oxygen by passage through a column containing copper at

o . .. .. , -
, prepared by reducing copper oxide with a stream of

550
hydrogen gas, and then through a column vpacked with wmolecular

sieve to dry the gas. The molecul:r sieve was regenerated

A . RN
periodically by pumping at 200 .

Techniques for handling beryllium compounds.

As beryllium oxide is very toxic, beryllium
compounds must be nandled with great care, particularly
when fumes of beryllium oxide are formed on expasure to
the air. Many reactions were therefore carried out in a
fume cupboard, and volatile compounds were handled in the
vacuum system. Compounds were usually transferred from one

vessel to another in a glove box filled with dry nitrogen.
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Starting materials such as dimethyl- and diethyl-
beryllium were stored as ether solutions in two-necked
flasks fitted with & nitrogen lead and serum cap. These
solutions could then be conveniently ftransferred using a
hypodermic syringe and needle, tkus vreventing zny exposure
to the air.

Many reactions were carried out in which ethereal
organcberyllium compounds required refluxing for many hours.
As greases will dissolve under such conditions, ' Teflon '
sleeves vere used at the ground glass Jjoints but these

were rever used whenever vacuum work was involved.

Glove Box.

Tne glove box (Lintott III E) was set up in such

a way that after vurging the transfer tube and introducing
the materials reguired into the box, the nilrogsn could be
recycled for several hours (or days if necessary) tarough

the nitrogen purificatiun system. This involved the use of

a small pump fitted inside the

.
>

cx, thus removing simall
traces of oxygen and molsture which may have been introduced
irom the transisr tube.

The box was found to he contaminated with an appreciable

amount of water, so & liquid air trap was fitted in the
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recycling system before the nitrogen purifier to remove
this water (and on some occasions organic vapours) which
may have desorbed from flasks inside the box. A second
liquid air trap was inserted aiter the purifier as the
molecular sieve did not appear to be efficient at the high
flow rates required for purging the transfer tube.

Vacuum Apparatus.

Many reactions were carried out in a vecuunm apparatus
which was also designed to bg vsed for gas anszlyses.

The apparatus had a section to which a reaction
flask could he attached and this was connected to the rest
of the line through three travs. & T8vler pump and gas
burette were also included so that gases (normally methane
and hydrogen) not completely condensad by ligquid nitrogen
could be measured. Two calibrated bulbs attached to a
manometer were included for the m=zasurement of condensable
gases, - the smeller one for volumes up to about 100H-cc.
and the larger one for volumes greater than this. (a normal
CeCe, written as N-cc., is one c.c. at N.T.P.). An inirared
spectrometer cell or a cowbustion bulb for analyses of gas
mixtures (neormally methane and hydrogen) could be attached

to the apparatus as required. The whole apparatus could be



Gas measurement bulbs.
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filled with nitrogen let in through a needle valve.

Infrared Spectroscopy.

Infrared spectra were recorded using a Grubb-Parson's
GS 2& prism-grating spectrophotometer having a range of 2-
25p

Specimens of zir-sensitive compounds were yrepared
for spectroscopic examination in the glove box. The spectira
of involatile compounds at room temperature but sufficiently
volatile below 200° were recorded using a Perkin-Elmer G.. .B.H.
heated gas cell, having sodium chloride windows with a

range 2—1/—:,& or potassium bromide windows, 2-25,».( .

Analyses.

Beryllium analyses.

Beryllium was estimated by treating an aqueous acid

solution of each compound with excess ammonium hydroxide.

N

The white gelatinous precipitats of beryllium hydroxide was
separated by filtration using a 'Whatman 541' filter paper,

and ignited tec beryllium oxide in & weighed crucible with

uniice until s constant weignt was achieved. The purpose of
N [}
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the pumice was to retain the very finely divided oxide

produced in the crucible during the ignition.

Gas analyses.

Compounds evolving gases on hydrolysis were analysed
by running degassed 2-methoxyethznol on to a weighed sample
which was cooled in liquid air. The mixture wes allowed to

warm slowly to room temperature during which time gas

)

evolution occured. Sometimes cooling was reguired to preveant
vigorous gas evolution, as side reactions can take place

under these conditions. The hydrolysis was completed with
dilute sulphuric acid and the liberated gases were fractionated
measured in the vacuum line, and identified by their

infrared spectra.

Mixtures of methane and hydrogen cannot be separated
in the vacuum line as neither is completely cordensable in
liguid nitrogen.(Both these gases are hereafter described
as uncondensable although this is not strictly correct) The
following procedure was therefore adopted. & measured
volume of gas was mixed with excess oxygen inside the
combustion bulb and ignited by passing an electric current
through the platinum filament inside the bulb. The combustion

products, carbon dioxide and water, viere separated and the

?
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carbon dioxide measured. The water produced in the combustion

was estimated by condensing it on to lithium zluminium

hydride and measuring the hydrogen produced.

Amine analyses.

These were estimated by steam distillation of an
alkaline solution containing the amine into excess standard
acid. The excess acid was determined by back-titration

with standard alkali.

Sodium.

Estimation of sodium was carried out using an 'EEL'
flame photometer which had been calibrated witl standard
sodium sulphate solutions, and the unknown solutiocn was
compared with a standard solution of approximately equal

strength.

Cryoscopic molecular weight measurements.

"Ainalar' benzene, dried with sodium wire for several
days, was used as sodkvent. Cryoscopic constants for the
benzene were determined using biphenyl which had been

recrystallised from ethanol and dried.



Freparation And Purification Of Starting Materials And Solvents

A1l solvents were purified and stored under an

atmosphere of nitrogen.

Diethyl Ether.

'Anhydrous Methylated Ether' was dried over sodium
wire for several days, and was distilled from lithium

aluminium hydride Jjust before use.

'Monoglyme' (1,2-Dimethoxyethane or Ethylene Glycol Dimethyl

Ether.)

This was purified by refluxing it with potassium
for several hours, followed by distillation. The orocess
was repeated a sescond time and the distillate stored.
Final purification was carried out just before use by
refluxing with, and distillaticn from, lithium aluminium
hydride.

'Diglyme' (Diethylene Glycol Dimetnyl Ether or 2,5,5,-
Trioxanonane. )
This was purified in & similzr way to 'Monoglyme'

ead of potassium.

ot

using sodium ins
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tand

Benzene.
. by allowing it to s

'Analar' benzene was dried

over sodium wire for several days.

Pentane.

Drying was carried out in exactly the same way as
diethyl ether.

Trimethylamine.

ta

Trimethylamine was dried with phosphorus pentoixide
agent and distilled

and subsequently stored over this dryin
off as requiresd. The vessel used for storage was fitied
tap and would withstand pressures slightly

with a 'Teflon'
greater than atmospheric.

M,N,M'" M, -Tetramethylethylensediamine.

amine was purified by refluxing with scdium,

This
fractional distillation.

followed by




[ Dimethylamine.

Me ITH,C1 + I\TaNOE — FaCl + Me N0 + 1-120.

Dimethylamine hydrochloride usually contsins traces
of ammonium chloride, methylamine hydrochloride, and
trimethylamine hydrochloride, so pure dimethylanine was
obtained by tue following method.

An aqueous acid solution of the salt was heated at

O . .«uin . s . . . L

75-30" with excess sodium nitrite for two hours. The solution

was then saturated with sodium carbonate: the pale yellow

0il which separated was isolated and the agueous solution

extracted with ether. The ethercal extracts and the oi
were combined and dried with potassium carbonate. Subseguent

fractional distillation gave a 36% vield of the pale yellow

N,~dimethylnitrosamine. b.p. 148-150 .

1

This nitrosamine was refluxed with two moles of %7 hydrochloric
acid until the solution became very pale coloured. The amine
was liberated by treatment with aqueous potassium hydroxide
solution, dried by passage through a column packed with

potassium hydroxide vellets and stored in a vacuum anpparatus.
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2;2'-Bipyridyl.

4s bipyridyl goes brown in air and light over a
period of time, purification was effected by vacuum sublimation
just before use to obtain a white crystalline solid melting

at 70-71°.

N,H,N' ,N' -Tetramethyl-o-phenylenediamine.

o-Phenylenediamine was boiled with a mixture of
concentrated hydrochloric acid, an aqueous solution of
stannous chloride and animal charcoal and then filtered
whilst hot. Concentration of the filtrate was brought sbout
by distillation and this was followed by coolifig in ice to
form colourless crystals of o-phenylenediamine dihydrochloride
in about 90% yield, which were filtered off and pumped

. Z.
dry in vacuo.
-— a2

The amine dihydrochloride was heated with excess
methanol in & bomb at 175-1850 for eight hours. The mixture
was removed from the bomb, pumped dry in vacuo and subse-
quently treated with excess aqueous sodium hydroxide
solution. After extracting the product with ether and arying
with potassium hydroxide, a colourless o0il was isolated which

57.

o . - , ;
and which slowly went black?

boiled over a range of 215-25C
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This mixture of N-methylated o-phenylenediamines was
further treated with egual volumes of methanol and methyl
. . =0 - b} : +
iodide at 180-185" for ten hours and the product (B.p.218-

) 55

220°) isolated as above.”

Infrared examination of this product showed the
presence of a small amount of free N-H, which weas removed

o ... .
with p-toluene sulphonyl

by heating the amine to 50-50
chloride, followed by vacuum distillation. The distillate

was treated with caustic soda solution and after extraction

with ether, the pure colourless o0il which boiled at 360/10-3mm Hg.
was isolated in 50% yield. &4s N,N,H',H',-tetramethyl

o-phenylenediamine tends to go dark-coloured in air and

. . N o .
light, it was stored under vacuum at -20 in the absence

of light.

Trimethylamine Hydrochloride.

Equal volumes of trimethylamine and hydrogen chloride
were condensed into an evacuated flask, containing a little
ether, which was cooled in liguid air. The mixture was
allowed to warm slowly to room temmerature, care being
taken to ensure that the pressure inside the flask was kept
below atmospheric pressure. The ether was removed under

vacuum and the white, crystalline, hygroscopic amine hydrochloride
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which remained was stored under nitrogen.

Sodium Hydride.

This was obtained from L.Light 2% Co. Ltd., as a
50% slurry in oil and the o0il was removed by repeatedly
washing the hydride with dry pentane under nitrogen in a
double Schlenk tube. The grey hydride was pumped dry, stored

under nitrogen and transferred, when reguired, in a glove box.
’ 4 L) &

Sodium Deuteride.

Sodium deuteride was obtained as one gram samples
G7 mtom % deuterated, in oil from 'Metal Hydrides Incorporated’
and purified in the same way as sodium hydride. HMass
spectrometry investigation of the gaseous hydrolysis products
from a sample of sodium deuteride, showed that it was

actually 96 atom % deuterated.

0il for Lithium Shot Preparation.

- o - .
A 200-2407 petroleum fraction was washed several
times with concentrated sulphuric acid to remove unsaturated

hydrocarbons then twice with water, followed by drying with


http://Kydrid.es

potassium hydroxide. On distillation, the fraction boiling

between 200° and 240° was collected.

Preparation of Lithium Shot.q'

Weighed pieces of lithium metal were placed in the
apparatus shown in Figure II which was almost nalf-filled
with the o0il described above, under an atmosvhere of nitrogen .
The o0il was heated with a ring burner until it was refluxing
well when the lithium will have melted (m.p. 180°). The
heating was stopped and the o0il stirred vigorously to cause
the lithium metal to break down into tiny globules. Stirring
was continued until the shot solidified. The oil together
with dirt and corrosion products which sink to the bottom of
the o0il, were run off. The lithium shot which floats on
all solvents, was washed with the solvent to be used in the
reaction and then rinsed into the reaction flasix against a
counter current of nitrogen.

During the preparation the nitrogen flow must be
kept as slow as possible since molten lithium is attaclked
appreciably by nitrogen; consequently an argon atmosphere

is preferable.



. Lithium shot apparatus.

Figure Il
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Lithium Eeagents.

Methyl-, ethyl-, and phenyl-lithium were prepared

in 80-90% vielés from the corresvonding alkyl or aryl halide

and lithium shot in ether.

Grignard Reagents.

These were prepared from the reaction of alkyl bromides

with magnesium in about 90% yield in ether.

LL—
Beryllium Chloride.‘=57152-

Tais was prepared in 90-95% yield by hezting beryllium

flakes in a stream of dry hydrogen chloride gas in the
apparatus shown in Figure III. The product was sublimed off
and collected as white needles in the flask which was then

sealed ofif from the reaction tube.

v

=

The hydrogen chloride was supplied from 2z Hip
apparatus containing ammondum chloride and concentrated
sulphuric acid and was dried by passage of the pas through
glass wool on which some anhydrous aluminium chloride had

been sublimed.




Beryllium chloride apparatus. Figure I
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Dimethylberyllium.

Ethereal solutions of dimethylberyllium were prepared
in 70-80% yield both by the addition of two mols. of methyl-
lithium to one mol. of beryllium chloride and by the
addition of two mols. of methylwmagnesium bromide to cne
mol. of beryllium chloride in ether. The solution was
decanted from precipitated salts, which were washed with
ether and most of the ether removsd by distillation. Purification

rogcess of

(]

of the dimethylberyllium was achieved by a

e

o

. . e . .0
continuous ‘'ether distillation' at 200 {for wmaany hours,

(about 25 hours for half a mole of dimethylberyllium), to

R - 12
separate it from dissolved salts. -

The solution was

analysed by hydrolysis for methane and beryllium.

Diethylberyllium. =

This was prepared in 70-8 9. vield both by the addition
cof two mels. of ethyl-lithium to one mol. of beryllium
chloride and by the addition of two mecls. of etiylmagnesium
bromide to one mol. of beryllium chloride in ether. The
solution was decanted from precipitated salts which were
washed with etner and distilled down to small volume. The

remaining ether was removed under vacuum followed by distilliation
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of the diethylberyllium at 60-55°/0.3mm. Hg. The solution
was analysed by hydrolysis for ethane and beryllium.

There was little difference in yield when a Grignard
or lithium reagent was used. However the lithium reagent
iz preferable as the precipitated salts settle vetter than

in the preparations involving Grignard reagents.

Dicvhenylmercury.

4 pood yield of diphenylmercury was obtained by the

reduction of phenylmercuric chloride with hydrazine hydrate

4

in boiling ethanol for one hour, followed by filtration

C o a . . . 595.
from mercury and subseguent crystallisaticn and sublimation.””’

Diphenylberylliiumnm.

It was found impossible to isclate & c¢rystalline

product of diphenylberylliium etherate from the reaction

in ether of two mols of phenyl-lithium with one :ol. o

-

beryllium chloride. However a crystzlline product was obtained

]
e

s
L

4 .

by a modification of Wittig's method.

5

Beryllium powder was activated in a double Schlenk

tube by sllowing it to stand in an ethereal solution of




diethylberyllium for a whils. The diethylberyllium solution
was removed and the powder washed with ether snd pumped
dry. Diphenylmercury was added to the beryllium powder
under nitrogen and heated at 200° for one hour, during
which time droplets of mercury formed on the beryllium.
Unreacted diphenylmercury was removed by sublimation in

vacuo and the diphenylberyllium purified by crystallisation

from benzene. Diphenylberyllium dietherate was isclated as

. e - 4 =0 g . .
a white crystalline solid (m.p. 22 ) by crystallisation of

diphenylberyllium from ether solution.

Tri-ethylstannane.

LE{MgBr + SnC]_L+ — EtbrSn + MgBrCl.

Anhydrous stannic chloride (125g., 0.07& mols.) was
added dropwise to azn ice-cold ether solution of ethylmagnesium
bromide, which had been prepared from 375g.(3.44 mole.) of
ethylbromide and 75g.(3.09 mole.) of magnesium. When the
addition was ccmplete, the ether was distilled off to
coneentrate the reactants, and after returning the ether to
the flask (which was then cooled in ice) the excess Grignard
reagent was decomposed with 125c.c. of ice-cold water
followed by 600cc. of ice-cold 10% hydrochloric acid. When

the solutions becaimme clear, the ether layer was sewvarasted, the



agueous layer extracted twice with 150cc. of ether and the
combined extracts dried over calcium chloride, before

removal of the ether by distillation. The tetra-ethyltin

thus prepared was distilled under reduced pressure (b.p. 55-
570/11mm.Hg.) and then shaken in turn with 5% sodiuw hydroxide
solution and 5% hydrochloric acid to convert any traces of
bromide into thes correspondigg chloride, before being

extracted, dried, and distilled as before in (1% yield.qqh'

BEtASn + SnCl#-———é 4EtBSnCl.

A mixture of 35.6g.(0.13 mole.) freshly distilled
stannic chloride and 91g.(0.39 mole.) of tetra-ethyltin were
heated in a flask fiited with an air-condenser for ome hour
at 100°, followed by two hours at 200°. The product, tri-
ethyltin chloride, was distilled through a short column
packed with glass helices at 82.0-82.5°/10mm. and collected

L
as a colourless liquid in 80% yield. 1%

4Bt 5nCl + LiAlH) =3 4Et SnE + LiCl + ALCI,
~ . .

Tri-ethyltin chloride (102g.,0.423 mole.) in 200cc.
of ether was added drowwise to an ice-cooled suspsnsion of
lithium aluminium hydride (10g., 0.264 mole.) in 300cc. of
ether. This amixture was stirred for three hours at room
temperature and then most of the ether removed by distillaticn

through a short column, the rest being removed under reduced



pressure before distillation of the product at 230/2.5mm.
The tri-ethylstannane was redistilled at 44°/16mm. and

collected in an ice-bath as a celourless liquid in 6% yield.
It was thought that this compcund might deposit metallic tin

over a long pericd of time, consequently it wzs stored

Ny ~n0 115,
under nitrogen at -20".



Compounds prepared mainly with a view to Swpectroscopic Studies.

The first few compounds described, and the deuterides
which are described immediately =zfter the analogous hydrides,
were prepared with a view to establishing inirared correlations
for organic and hydride compounds of beryllium.

Nearly all the beryllium cowmpounds involved in this
work are sénsitive to air and moisture, so preparaticns
were carried out in & nitrcgen atmosphere, and care was taken

to exclude air and moisture at all =stages.

Diethylberyllium-trimethylamine, Et Be N

Diethylberyllium (0.0273 mole, 10cc. of a 2.7Cli. ethereal
solution.) was placed in a flask atiached to the vacuum
aprparatus. The solution was pumped for about ififteen minutes
to remove as much ether as vossible, and then trimethylamine
(0.030 mole., 672 NH-cc.) was condensed on to the compound
cooled in liguid air. The mixture was allowed to warm slowly
to room tempernture and although no visible reaction cculd
be seen, the pressure in the apparatus did not increase

appreciably. The flask was again cooled and then allowed to
wari up to ensure complete reaction. Ether and excess amine

were removed under reduced pressure after passage through a
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receiving flask at -40 . The colourless liquic remaining

distilled slowly at room temperature into this receiver.
The complex fumes strongly when exposed to traces of

air, melts below -40° and reacts vigorously with water

with effervescence.

Found: Be, 7.25, 7.23; MEBN’ 45.8; hydrolysable ethyl,45.5,

45.1, C7H19BeN (Ethe.NMeB) requires Be, 7.15; MeBN, 46.5;

hydrolyzable ethyl, 45.6%.

cgglo-pﬂ.fy"-‘I‘r-isdimethylamimotrimethyltriberyllium.34
1]
Dimethylberyllium (96.3 N-cc.,0.0043 mole.,4.€cc.of
a 0.929M. solution in ether.) was transferred oy syringe to
one limb of a double Schlenk tube and the ether was then
removed under vacuum. Dimethylamine (166.5 H-cc., 0.00742
mole.) was condensed on to the beryllium compound, cooled in
liguid air. The mixture was allowed to warm to room temperature
and then the excess amine (71.2 N-cc.)} wds removed. Some
methane was evolved at room temperature and at 4% the
compound melted and more gas was evolved {(total volume of
methane collected, 90.5 N-cc.). The temperature was maintained
at 60° until zas evolution ceased and then the compound was
sublimed in vacuum at 1—:-5—50O as white crystals melting st

55%. (literature value, 55-56°).



Lithium hydridodiphenylberyllium etherate, LiBePhZH,OEt2

8]

Diphenylheryllium dietherate (5.1g.,0.01 mole.) was

s}

intimately mixed in a double Schlenk tube with Lithium
hydride (C.8%g., 0.1 mole.) which had been ground to z powder
with a percussiocn mortar inside a glove box. The mixture was
heated at 160-165c until the liguid mass became a hard cake.
The mixture was allowed to cool ané several extractiouns

with ether yielded colourless rhombic crystals, which were
filtered on the sintered disc connecting the two limbs of

the Scihlenx tube and pumped dry.

Attempted reaction of sodium hydride with dipnenylberyllium

ahetherate.

hxcess sodium hydride did not react with diphenyl-
teryllium dietherate either when boiled with reflux ia ether

for two days or when the two were heated in the absence of

L]

solvent at 1¢5  for two hours. (the supernatant soluticn of

the products in ether did not evolve hydrogen oa hydrolysis).

L

Reaction of sodium hydride with diethylberyllium.ﬁj'

WaB + Et_Be --—-)NaBeEt H.
2 2 otherenl

Diethylberyllium (0.0417 mole.,15cc. of a 2.78PLAsolution)




was transferred by syringe to a flask containing a suspension
of 2.71. (0.0875 mole.) of sodium hydride in "0Occ. of ether.
The mixture was stirred vigorously under reflux for eight
hours during which time a colourless crystalline deposit
formed. The mixture was transferred under nitrogen to one
limb of a double Schlenk tube and the crystalline material
extracted from excess sodium hydride into the other limb with
hot ether (the same ether was used for each extraction aund
was recovered by distillation from one limb to the other
under reduced pressure). The solution was pumped dovn to

v . o) . ~
rmall volume (about 1Ccc.), cooled to about -50 (acetone-CO.)

2
and the crystalline material separated by filtration on the

sintered disc connecting the two limbs of the Schlenk tube

to remove any unreacted diethylberyllium, and Finally pumped
dry. The complex, sodium hydridodiethylberyllate, was

obtained in 90% yield as colourless, pyrophoric, crystalline
=0

needles nmelting at 197.5 without decompositiorn in a sealed
tube under vacuum. The complex is ounly slightly soluble in

benzene and reacts explosively with water.

0

Found: Be, $.86; hydrolyzable-ethyl, 62.5; - hydride, 1.08,

no ether was detected in the compound. Solubility, C.23mole/litee

at 200. CLU H) requires Be, 9.90; Eydrolyzable
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Sodium deuterodiethylberyllate.

NaD + EtZBe —QNaBeEtED.
Sodium deuterodiethylberyllate was obtained as colourless
needles, melting at 200-201o in s sealed tube under vacuun,
in a similar way to the analogous hydride compound, using
0.2655g.(0.0106 mole.) of sodium deuteride and 7.0cc. of
a 1.5M. solution of ethereal diethylberyllium (0.0105 mole.)
in 60cc. of ether.
Found: Hvdrolyzable-ethyl, 63.71; -deuteride, 2.19. The
hydrogen deuteride evolved on hydrolysis was snown by mass
spectrometry to be 48.4 atom % deuterated (required, 48.0
on the basis of the sodium deuteride used in the reaction

E

being 96.0 atom % deuterated). C 10

ReDNa (NaBeEt. D
L BeDNa (NaB ,tzu)

of

requires hydrolyzable-ethyl, 63.0; - deutsride, 2.17%.

Reaction of sodium hydride witn diethylberyllium-trimethylamine.

EtZBe.NNe5 + NaH-———J>]ﬁaBeEtEH + NMeB.
Diethylberyllium-trimethylamine (1.6g., 0.013 mole.) and
sodium hydride (2.0g., 0.083 mole.) were boiled in 10Q0cc.
of ether for twelve hours. The supernatant liquid was shown

by hydrolysis of a small sample to contain hydride and

ethyl in the ratio 1:2.9. The ethereal solution was transferred
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to a double Schlenk tube, and sodium hydridodiethylberyllate
(identified by infrared spectrum and melting voint) was
isolated by ether extraction from excess sodium hydride and
crystallisation from ether solution. Gasgs evolved during
the preparation were passed through dilute hydrochloric acid
which on evaporation yielded 0.45g.,(0.0047 mole.) of

trimethylamine hydrochloride (identified by infrared spectrum).

Reaction of sodium hydride with dimethylberyll:iumn.

H.
2

Dimethylberyllium (0.0352 mole., 20cc. of a 1.76M. soluticn

NaH + MezBe —— Nz Belie

in ether) was transferred by syringe to a flask containing
1.2g+,(0.05 mole.) of sodium hydride and 80cc. of ether.
Heating this mixture under reflux with vigorous stirring for
about eight hours resulted in the deposition of a white
inscluble material. The complex was less soluble than the
analogous ethyl compound, and extraction in a double Schlenk
tube proved to be laborious.

The compound was therefore extracted from excess sodium
hydricde with boiling ether for several days usirg a sintered
disc Soxhlet extractor. The compound, sodium hydridodimethyl-
beryllate, crystallised as tiny needles in the ether sclution

during the extraction. When sufficient material was obtained,
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the mixture was transferred toc a double Schlernk tube and the
compound filtered off and pumped dry on the sintered disc
conneciing the two limbs.
The compound is pyrophoric, reacts explosively with
water and melts at 195-1960 in a sealed tube under vacuum.
Other experiments showed that two to three days
refluxing were required for complete reaction, and the use
of tetrahydfofuran as solvent resulted in no apparent
increase in the rate of reaction.
Found: Be, 14.98, 14.80; hydrolyzable-methyl, 47.5, 46.8;
-hydride, 1.59, 1.62. No ether was detected in the products

of hydrolysis. CQHPBeNa (NaBeMeZH) requires Be, 14.3;

hydrolyzable-methyl 47.5; -hydride 1.60%.

Sodium deuterodimethylberyllate.

NaD + MeaBe————yNaBeMeZD.

. . . o .
This colourless crystalline compound, melting at 16¢° in a

N

sealed tube under vacuum, was prepared in a similar way to
the analogous hydride compound from 0.13839g.(0.0056mole.)
c¢f sodium deuteride and 7.0cc. of & 0.92%M. solution of
ethereal dimethylberyllium (0.0065 mole.).

Found: Hydrolyzable-methyl, 46.9; -deuteride, Z.1.

C,H BeDNa (NaBeMeZD) requires hydrolyzabvle-methyl 46.9;

-deuteride, 3.1%.




ie_N.BeE + NaCl q
MeB.\f.Be_t2 + NaCl + 12

NaBeEtEH + 'l'-/IeBI\TI-'ICl\\\s

2.22.(0,023 mole.) of trimethylamine hydrochloride, transferred

MegN.BeHEt + NaCl + C

in a glove box, was added in small quantities to 1.9858g.
(0.022 mole.) of sodium hydrido-diethylberyllate in 50cc.
of ether at —78°(acetone-CO9 ). After each addition the

mixture was allowved to warm slowly to room temserature until

gas evolution ceased, then a further quantity of the amine
hydrochloride was added. At room temperature, slow evolution
of gas occurrad and the solution tecame cloudy due to the
formation of sodium chloride. The gas evolved consisted of
168.7 li~cc. of hydrogen and 1956.0 N-cc. of ethane. Thus the
reaction must have produced at least two products, diethyl-
beryllium- and ethylberyllium hydride-trimethylamine complexes,
which were considered difficult to separate. Hydrolysis of
the residual solution yielded 318.1 ¥-cc. of hydrogen and
774 .0 N-cc. of ethane.

This type of reaction is therefore not a satisfactory
method for the preparation of ethylberyllium hydride complexes.
A successful preparation of the ethylberyllium Lydride-

trimethylamine complex by another method is described later.
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Reaction of Sodium Hydridodimethylberyllate with Beryllium

Chloride and the Thermal Decomposition of .Me*BeBEz'

For most reactions between the hydridodimethylbveryllates
and beryllium chloride it was found unnecessary to undertake
the time-consuming overation of isolating the hydridodimethyl-
beryllate free from excess sodium hydride as this latter
compound did not interfere with the reaction.

Dimethylberyllium (0.0352 mocle., 20cc. of a 1.76M.
solution in ether) was refluxed with 1.0g.(0.0417 mole.) of
sodium hydride in 100cc. of ether for two days. The solution
was allowed to cool to room temperature, and hydrolysis of
a sample of the supernatant liquid showed that most of the
dimethylberyllium had reacted to form an evidently very

>
sparingly soluble compound (solubility 2.6% x 10 “mole/litre
at 20°). Beryllium chloride (1.5g., 0.0817 mole.) dissolved
in 50cc. of ether was slowly added to the refluxing reaction
mixture with rapid stirring. An exothermic reaction appeared
to take place and a white precipitate of sodium chloride
immediately formed. The mixture was refluxed overnight, then
cooled to room temperature and the precipitate allowed to
settle. A sample of the supernatant liguid was then removed
by syringe and analysed. Found; ©.7cc. gave 3.0 K-cc. of

hydrogen, 5.8 H-cc. of methane on hydrolysis; Be, 0.0018
c 9 o 1

o
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.8%4:2.,003%:3.000,

AN

The ratio methyl:hydrogen:veryllium =
and therefore the reacition appeared to have gone according
to the equation:

[}
2nNaBeMe H + nBeCl, ——9 2nFaCl + (Me, e H,)

As no chloride was found in the solution after

o,

hydrolysis, all the beryllium chloride must have reacted an
the sodium chloride formed has a negligible solubility ia
ether.

The product which hereafter will be denoted by
'Me4Be3H2', although probably consisting of meny complex

species combined with ether in eguilibrium, is completely

soluble in ether; thus insoluble material (sodium hydride
and sodium chloride) can be removed by filtration.

Most of the ether was distilled off under atmospheric
pressure until onrly about 30cc. remained. The rest of the
ether was condensed, under reduced pressure, into a recelver
cooled in liquid air, leaving a colourless viscous oil,
which slowly forms solid material oun its surface on punmping
for many hours. No beryllium could be detected n the
distillate but the condensate consisted of ether together
with a negligible amount (about 0.00024% mole.) cof dimethyl-
beryllium measured by hydrolysis and also identified by the

formation of a small amount of the chzaracteristic yellow

3

\

bipyridyl complex.””" Hydrolysis of a sample of the oil
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yielded 12.7 N-cc. of methane, 5.8 N-cc. of hvdrogen;
Be, 0.00396g. and thus the ratio methyl:hydrogen:beryllium

= 4.00:1.84:3.10.

Action of heat on 'MeﬁBEBEZ"

About 1.7g. of the viscous oil was heated under vacuum,
and at 51° the oil started to bubble and 153.3 N~cc.(0.505g.)
of ether were evolved, leaving a white solid (about 0.6g.)
which evolved no more ether at higher temperatures although a
white solid started to sublime at 60°. Assuﬁing the solieé
residue was entirely 'MeuBe_Hﬁ' , the o0il consisted of

25 c

approximately 0.007 mole. of :MquGBHQ' and 0.007 mole. of

ether, corresponding to the composition MqueBEZ.OEtZ

The so0lid residue was transferred to a sublimation
apparatus and then heated under vacuum. At 60° a white
pyrophoric sclid started to sublime and the sublimution was
continued at 120° for ten days, after which both sublimate
and the white residue of amorphous zupearance wiaich neither
caught fire nor fumed in the air, were analysed.

Sublimate: Be, 22.5; hydrolyzable methyl, 77.2. CEE6Be
Hydrolysis was rapid with 2-methoxyethanol at low temperzture.

Residue; Samples evolved 5.2 N-cc., 5.7 N-cc. of methane and



11.3% H~cc., 12.3 N-cc. of hydrogen respectively on hydrolysis
which was slow with Z2-methoxyethanol even at room temperature
although rapid with acid. Methyl:hydrogen = 0.4561,0.463:1.
N,N,N' ,N'-tetramethylethylenediamine (78.0 ¥W-cc.)
was condensed on to 0.0584g. of this residue, cooled in liquid
ailr, and the mixture was allowed to warm to room temperature.
Excess amine (38.0 N—cc:) was removed, and the residue
heated under vacuum. At 50-600, a colourless crystalline
compound sublimed but insufficient was obtained for identifi-
cation. The white amorphous-looking residue was shown by
hydrolysis to have a methyl:hydrogen ratio of 0.43:1.
Al though this reaction has removed some methyl grouus

from the residue, probably as the known compourd,

MeZBe(Me NCHéﬂ)P 35. insufficient reaction had occurred to

2
warrant further investigation.

As 'Mqueﬂﬁ ' was apparently disproportionating into
3 I

2
volatile dimethylberyliium and involatile beryllium hydride,
still containing some methyl grougps, further experiments were
undertaken to determine how high tne hydride content of the

residue could be raised by pyrolysis.

', preparsd from 60cc.

A solution containing 'Mquest

of a 1.76M. solution of ethereal dimethylberyllium (0.106mole.),
3.52.{0.145 mole.) of sodium hydride and %4.2g.(0.0526 mole.)

of beryllium chloride in 400cc. of ether, was pumped at roonm




temperature to remove ether. The colourless oil which
remained liberated more ether at 510, under vacuum, leaving
a white solid. This latter was heated at 170-180° under
vacuum for three days during which time a white solid
sublimed leaving a white residue as before.
Residue; Samples on hydrolysis, which was very slow with 2-
methoxyethanol, liberated 1.8 N-cc., 1.0 N-cc. of methane and
18.6 N-cc., 10.5 N-cc. of hydrogen respectively, Therefore
the hydrogen:methyl ratio is 10.30,10.25:1.

A further sample of the same solution, after removal
of the solvent was heated at 200-21C° for eighi hours
under vacuum.

Residue: 4 sample on hydrolysis gave 1.2 N-cc. of methane and

13.0 ¥-cc. of hydrogen, therefore the hydrogen:methyl ratio
was 10.4:1.

In one experiment, 2.5 H-cc. of uncondensaocle gas
were evolved during the pyrolysis. This volume is quite
small and was probably due to the presence of small amounts
of moisture in or on the glass.

The limit of the hydrogen:methyl ratio in the residue
appears to be about 10:1. This corresponds to the residue
being 21 mole per cent beryllium hydride if the remainder is

assured to be dimethylberyllium.
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Preparation of Methylberyllium Hydride Coordination Compounds.

The reactions of soluticns of 'Me Be H.' in ether
U (48

3

with donor molecules proved to be a route for the prepsration

of methylberyllium hydride coordination compounds.

N,N,N',ll'-Tetramethylethylenediamine.

in ethereal solution (10cc.) containing ‘MqueBHE'
prepared from 3.5g.{0.145 mole.) of sodium hydride, 60cc. of
a 1.76M. solution of etheresl dimethylberyllium (0.106 mole.)
and 4.2g.(0.0526 mele.) of beryllium chloride in %#00cc. of
ether and concentrated by distill.tion to about 100cc. was
transferred by -syringe into one limb of a double Schlenk tube.

Evxcess of the diamine was condensed on tc the solution
b

o]

cooled in liquid air, and on allowing the mixture to warm to
rool temperature an insoluble white material was deposited.
The mixture was shaken for a few minutes to ensure complete
mixing, then the solid material was separated by filtratioen,
being collected on the sintered disc connecting the two limbs
of the Schlenk tube. Ether was distilled back under vacuum
through the sintered disc, and this allowed the solid to be
washed with ether Ly revetition of the above process. This

washing owveration was repeated once more, and then the ether
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and excess amine were removed under vacuum. Colourless
crystals remained when the filtrate was evaporated ancd these
were sublimed at 30—400 under vacuum. This material was
shown by its melting wpoint 81°(literature value 81-82°) and
its infrared spectrum to be the known compound dimethyl-
(N,N,N' ,N'~-tetramethylethylenediamine)-beryllium,
35.

MeBe (e NCHs)

The insoluble material was an apparently amorphous
white powder which hydrolysed moderately rapidly with 2-
methoxyethanol and neither fumed nor caught fire in air.

The coupound was involatile, insoluble in carbon
disulphide, carbon tetrachleoride and benzens. At 248° a swall
sample under vacuum in a sealed tube beczme semi-liguid and

at 280-2900, a colourless crystalline sclid sublimed, leaving

a brown-yellow residue.

[

Found: Be, 11.0; diamine, 69.4%; hydrolyzable-methyl, 17.G;

_ I ~ ~ ] T W T i NCH = ~ 1 7
hydride, 1.20. ug--24Be21\I2_n1.(.neBeli)z(uezﬂc_-z)a] requires

Be, 10.85; diamine, 59.9; hydrolyzable-methyl, *8.05;

-hydride, 1.21%.

1,2~Dimethoxyethane. ('monoglyme')

T{ !

An ethereal solution (60cc.) containing 'MqueB;z

prepared from 1.6g.(0.0677 mole.) of sodium hydride, €0cc. of
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a2 0.929M. solution of ethereal dimethylberyllium (0.0558 mole.)
and 2.2g.,(0.0275 mole.) of beryllium chloride in 150cc. of
éther, was transferred by syringe on to excess 'monoglyme'
(about 10g.). The clear solution was swirled for a few

minutes and then the ether removed under vacuum, leaving an
0il and a white solid. The white solid slowly went oily on
pumping and at 48-500 & colourless crystaliine solid sublimed.
This temperature was maintained until no further material
appeared to sublime. The crystalline solid was identified as
(1,2-dimethoxyethane) dimethylberyllium, m.p.101°, (Literature
value 100-101°)>2"

The viscous o0ily residue was involatile and insoluble
in benzene, and no method for its purification coulé be found.
Found: Be, 13.1, 13.2; hydrolyzable-methyl, 271.6, 21.5;
-hydride, 1.38, 1.37. C.H, gBe,0, [(MeBeH)z(CHBOCHz-.)Z]
requires Be, 12.9; hydrolyzable-methyl, 21.4; -hydride, 1.44%.

The course of the reaction did not differ when

'monoglyme' was added to the beryllium compound.

2,2'-Bipyridyl.

The addition of excess 2,2'-bipyridyl in ether to an
ethereal solution of'MehBeaHz' resulted in the immediate
~

deposition of a yellow solid (bipyridyldimethylberyllium) and
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the formation of a deep red solution. Complete separation of
these two materials could not be effected as vipyridyldimethyl-
beryllium is slightly soluble in ether and afwer a short

while the deep-red colour of the supernatant liguid dis-

apceared leaving a dark-brown tarry material.

Trimethylamine.

Trimethylamine (314 N-cc., an excess) was condensed on
to 15¢cc. of an ethereal solution of 'MeuBeBHZ', cooled imn

liquid air in one limb of a double Schlenk tube, which had

been prepared from 3.5g.(0.145 mole.) of sodium hydride,

60cc. of a 1.76M. solution of ethereal dimethylberyllium
(0.106 mole.) and 4.25.(0.0526 mole.)} of beryllium chloride in
%400cc. of ether and concentrated by distillation te 100cc.

The mixture was allowed to warm to roem temperature, then
cooled and allowed to warm up again to ensure complete
reaction. The ether and excess amine were removed Iirom the
clear solution under vacuum, leaving colourless crystals. On
oumping continuously through a liquid air trap, colourless
crystals sublimed into the trav. This compound melted at

560 and was the known compound dimethylberylliun-trimethyl-

5.

. . /0 .
amine (literature value 36 ). The residue was heated at

40-450 with continuous pumping through the liquid air trap




when colourless crystals (prisms) sublimed up the walls of
the Schlenk tube, condensing on ths ccoler parts.

Found: Be, 10.8; MeBN, 70.5; hydrolyzable-methyl, 17.5,17.7;
-hydride, 1.20, 1.20; ™, cryoscopically in benzene, 166,154
in 0.4,0.2 weight % solutions. CSH26Be2N2 (MeHBe.NMe3)2

requires Be, 10.7; MeBP, 70.3; hydrolyzable-methyl, 17.3;
-hydride, 1.20; M, 168.
The molecular weight measurements correspond to degrees

of association of 1.97 and 1.83 respectively in the two

solutions measured.

When larger samples of tnis amine complex were
prepared for further experiments, this method of fractional
sublimation for purification was not satisfactory as the
sublimate had a methyl :hydrogen ratio greater than one, and

a second sublimation did not produce a pure compound, ie. the

sublimate was contaminated with small amounts of dimethyl-

. L . . g o
eryllium-trimethylamine and it melted over the range 60-80 .

o'

Consequently fractional condensaiion methods were used for
the isolation of a pure comgound.

The apparatus shown in Figure IV. was used and i
designed so that trap-to-trap fractionations under vacuum,
could be carried out witkout vapours coming into contact with

greased joints or taps. The apparatus was attached to the

vacuum system in which trimethylamine had been stored; it was



FIGURE IV

MeHBe.Nie, apparatus.
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then evacuated and finally filled with nitrogen.

A 0.929M. solution of ethereal dimethylberyllium
(60cc. 0.0557 mole.) was heated under reflux with 1.6g.
(0.0667 mole.) of sodium hydride suspended in 100cc. of ether
for two days with continuous stirring. Reaction was vpresumed
to be complete since hydrolysis of 2cc. of the supernatant
liquid evolved only 2.3 N-cc. of uncondensable gas, whereas
the original dimethylberyllium present would heve given
31.2 N-cc. per 2cc. on hydrolysis. Beryllium chloride (2.2g.,
0.0275 mole.) in 50cc. of ether was zsdded to the refluxing
reaction mixture with the immediate formation of & white
precipitate. The mixture was boiled with reflux overnight

ed.

H

and then the solution allowed to cocl before being filte
Mo chloride could be detected after the hydrolysis of a Zcc.
sample of the clear filtrate which evelved 25.0 N-cc. of
uncondensable gas. The volume of the solution was reduced to
about 80cc. by distillation, and the solution was then
transferred by syringe through the serum cap and tap 'H'
into trap 'A' (Figure IV). The constriction below 'H' was
sealed off and with 'A' frozen in liguid air, the apparatus
was evacuated. Excess trimethylamine (1000 N-cc.) was

condensed into 'A! znd the mixture warmed to rocm temperature

1

and frozen again two or three times to ensure complete

reaction. Ether and excess amine were removed under vacuum,



leaving a colourless crystelline sclid. With float valves

. o i . - o .. .
'J' shut, 'K' and 'L' open, ftraps 'B' cooled to O in ice-

vater and ‘C' cooled in liguid air, the compound was sublimed

. . . , o ; A
with continuous pumping at 20-30". When &ll the material had

sublimed from trap 'A'. the melting woint cf the colcurless

jsid

cﬂstalline solid in 'C' was 36° (i.e. dimethylberyllium-
trimethylamineS'), and that of the colourless crystalline
solig in 'B' was 73—740. As the material in '3B' had a sharp
melting point, it was presumed to be pure and was therefore

sublimed from 'B' into 'D' with 'J' oren and 'K' and'l' shut and

finally the apparatus was scaled under nitrogen at 'E' and 'F'.

Varour pressure and vapcur density measurements.

The apparatus was sealed at 'G' as close &s possible

to the 'high temperature bulb' (Figure V) on the vacuun system.

The break-seal 'K' was broken by means of a small ball-

bearing and a magnet and some oif the compound sublimed under

vacuum into bulb 'A' which was cooled in licuid air. The

mercury cut-off 'B' was rsised and the bulb immersed in an

0il thermostat. FPressure readings were taken about every 10

o} -

.Y

. ~mO 4 e 3 = .
between 207 and are listed in Table V.

V)
=]
Q

"7_:

Before each reading the mercury cut-cif '3

to the standard mzrk 'C'. Temperatu

L

~es were measured by a
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standardised mercury thermometer reading to tenths of a
degree. At the end of the experiment, the gquantity of compound
present was determined by hydrolysis of the material and
measurement of the uncondensable gas liberated.

Vapour Pressure - over the temperature range ia which the

. e o
materizl was not all present in the gas phase {(56-115") a

o . . -1,0., . \
plot of log Fom against temperature (T K) was linear and
1L .

. . s i1 o . -0
the observed vapour pressures for the liquid from 73-115" are
closely represented by the linear equation:

T

-0
75-115" = 105109mm.

Observed vapour pressures are compared in TableV
with those calculated from the above eguation.

The extrapolated boiling point is 257°, the latent

heat of vapourisation 11.2 kcal.per mole., and the Trouton
constant 21.1.

Vapour-phase association.

The vapour density measurements when all the material
. \ o
was oresent in the gaseous phase over the range 144-172
indicate that the compound is monomeric but shows signs of

association.
Temp(°C) 14l ,2 156 .2 165.5 172.3
Molecular Weight 101 .6 895.1 90.8 §2.5

Degree of Association 1.21 1.13 1.08 0.98.
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Table V.

Vapour pressure of trimethylamine-methylberyliium hydride.
1 I Y J B J

Obs.press.(mm.) Vap.press.(mm.) EEEB'(OC) Calc.press.{mnm.)
0.26 ' 0.26 23.0

0.h42 0.42 30.6

0.4k 0.43 39.4

0.80 0.79 47.0

1.15 1.13 55.8 1.170
1.28 1.94 65.9 1.941
3.09 3.02 75.2 3.025
4,96 L 84 85.6 4,84g
797 775 96.0 7.513
11.31 10.96 104.8 10.64
15.96 15.38 114.7 15.53
21.52 20.94 125.5

25.50 24 .43 134.8

30.00 27.81 144,2

34 .16 30.57 156.2

37.82 32.70 165.3




Reaction of (MeBeHN’i‘\"IeB)2 with 2,2'-bipyridyl.

Excess bipyridyl in ether was added to a small sample
of trimethylamine-methylberyllium hydride dissolved in ether.
Immediately a deep red solution formed which decomposed
either when precipitated by the addition of hexane, or on
allowing the solution to stand for a few hours, or on
pumping down the solution to smalli volume, to form a dark-

krown tarry material.

Reaction of (MeBeH.NMeB)Z with dimethylamine.

20.Y N-cc. of dimethylamine were condensed oun to
0.0783g.(20.3 H-cc. of monomer) of trimethylamine-methyl-
beryllium hydride cocled in liquid air. At room temperature
slow evolution of gas occurred and the mixture was left until
gas evolution ceased. 20.8 N-cc. of a mixture of methane and
hydrogen were evolved and thus a mixture of comvounds was

formed which was not further investigated.

Trimethylamine-methylberyllium deuteride.

Sodium deuteride (0.5%g., 0.021 mole.) ard Scc. of a

2.42M. solution of ethereal dimethylberyllium (C.0194 mole.)
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were boiled in 200cc. ¢f ether feor two days. Hydrolysis of

a 2cc. sample of the supernatant liquid yielded only 2.1 H-cc.
of uncondensable gas. Beryllium chloride (0.65g.,0.008 mole.)
in 50cc. of ether was added to the refluxing reaction

mixture and boiling continued for a further hour and then the
solution was filtered. The filtrate, which did not contain
chloride was transferred to the apparatus described for the
isolation of the analogous hydride (Figure IV.) and 1100 N-cc.
of trimethylamine condensed on to it. Methylberyllium deuteride-
trimethylamine was then isolated as colourless crystals
melting at 75-760 in the same way as its hydrice analogue.
Found: Eydrolyzable-methyl. 17.6; -deuteride, 2.29.

CquaBeDN (MeDBe.NMeB) requires hydrolyzable-methyl, 17.6;

-deuteride, 2.%5%.

Neither N,M,N',N'-tetramethylethylenediamine nor
1,2-dimethoxyethane appears to form a chelate complex with
methylberyllium hydride, in which a terminal beryllium-
hydrogen bond might be expected to be present. It was thought
that N,N,N',N'-tetramethyl o-phenylenediamine, because of its
steric configuration, might induce methylberyllium hydride
to form a chelate complex which would thus have a terminal
beryllium-hydrogen bond. Since the preparative method would
also have resulted in the formaticn of the dimethylberyllium

complex, the latter was first prevared and characterized.
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Reaction of dimethylberyllium with N,N,N',N'-tetramethyl-

o-vhenylenediamine.

N,N,N' ,N'-tetramethyl o-phenylenediamine (2.0g.,
0.0122 mole.) was added by syringe to 10cc. of a 0.929M.
solution of ethereal dimethylberyllium (0.00929 mole.),
contained in one limb of a double Schlenk tube. A slightly
exothermic reaction took place and the mixture was swirled
for a few minutes to ensure complete mixing. The clear
solution was pumped down and at low volume colourless
crystals appeared. These were pumped dry under good vacuum
for one hour to remove excess amine and then vacuuw sublimed

-
=

(at 80-90°/10"“mm.) up the tube as colourless prisms,
melting at 105—1040 in a sealed tube under vacuum. The
compound fumes slowly in the air but does not catch fire
and reacts vigorously with water.

Found: Be, 4.52, 4.29; hydrolyzable-methyl, 14.,6; M,
cryoscopically in benzene, 215, 211, 206 in 0.92, 0.65,
0.42 weight % solutions respectively. C requires
Be, 4.42; hydrolyzable-methyl, 14.86%, M, 203.

The molecular weight measurements correspond to

degrees of association of 1.05, 1.03, 1.01 respectively.
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Reaction of Sodium Hydridodisthylberyllate with

Beryllium Chloride and the Thermal Decomposition of 'EtﬁBeBEZ'
Diethylveryllium (0.03 mole, 20cc. of 1.5M. solution
in ether) was heated under reflux for one day with 1.0g.,
(0.04 mole.) of sodium hydride in 100cc. of ether. 1.2g.,
(0.015 hole.) of beryllium chloride in 50cc. of ether was
added slowly to the refluiing reaction mixture, which was
then boiled with reflux for & further hour before being
allowed to cool to room temperature. A 2cc. sample of the
supernatant liquid was removed by syringe and Lydrolysed,and

1

gave 9.1 N-cc. of hydrogen and 18.2 N-cc of ethane, as would

be expected according to the overall equation:
¥ 2 1

o

2NaH + 'EtaBe + BeClZ—-—) 2HaCl + 'Et1+Be5H2'

Action of heat on 'Et“Be3£2'

The solution was filtered and 20cc. of the clear
filtrate was transferred by syringe to a flask oined by
a distillation arm to a receiving flask attached to the
vacuum system. The ether was removed under vacuum inte the
receiver which was cooled in liquid air, leaving a colourless
cil and this latier evolved ether at about 500 uader vacuunm

leaving a viscous glassy residue. This residue was heated to
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50-600, the minimum temperature at which diethylberyllium
distils, when a colourless liquid distilled into the receiver
leaving a colourless glassy-lke residue. The ethereal
distillate evolved only ethane on hydrolysis end evidently
consisted of diethylberyllium.

A sample of the solid residue on hydrolysis evolved
13.4 N-cc. of hydrogen and 17.7 N-cc. of ethane.

In another experiment using a further 10cc. of the

o}

above solution of 'thBe ' and heating at 70-80" for eight

32
hours, a sample of the residue evolved 10.1 N-c¢c. of hydrogen
and 11.6 N-cc. of ethane.

4 small sample of this solid residue was heated to
110° under vacuum in one limb of a double Schlenk tube. 4
colourless liguid distilled up the walls of the tube,
leaving a white residue and after half an hour, heating was
stopped. The residue was washed twice with ether removing the
liquid rroduct, and pumped dry. Hydrolysis of this white,
apparently non-crystalline residue. was remarkably slow with
2-methoxyethanol although quite rapid with acid, 16.7 N-cc.
of hydrogen and 0.35 N-cc. of ethane were evolved and thus
the hydrogen:ethyl ratio is 47.7:1. If the nroduct were a
mixture of beryllium hydride and diethylberyllium only, then
this corresponds to 98.0 mole % beryllium hydride.

4 Turther experiment using 20cc. of the solution of



'EthBeBHg' was carried out using similsr apperatus. The

ether was removed under vaéuum, followed by heating to

0

[O)

tor four hours and subsequently heating to 110-120° for two

was evolved.

n

hours. During this period no permanent ga

Residue Found: BRe, 79.3%; 0.009Cg. gave 35.7 N-cc. of

hydrogen and 0.9 N-cc. of ethane on hydrolysis. BeH_, requires

ha

Be, 81.8%: 36.6 N-cc. of hydrogen.

(a). Addition of beryllium chloride to sodiuz hydrido-

diethylberyllate without prior filtration from sodium hydride.

The apparatus, shown in Photograrh I. was designed

such that guantitative isclation and analysis of both

products could be obtained. It also enabled the residue to

be washed with ether without removal from the apparatus.

) 180° .. _ L
.L4333ﬂ2' —— 2bt2be + Beha.

J

[l

Diethylberyllium (0.06 mole, 40cc. of a 1.5M. solution

in ether) was transferred by syringe into & suscension of

]

2.0g. (0.083 mole.) of sodium hydride in 100cc. of ether.
After the reaction mixture had been boiled with reflux for

24 hours, 2.4g. (0.03 mole.) of bervllium chloride, dissolved

W

in 50cc. of ether were added and bolling continuved for

m
]
jo R}

further hour. The reaction mixture was allowed to cool

then filtered. Two 3.0cc. samples of the filtrate were







hydrolysed and yielded 23.2, 23.1 N-cc. of hydrogen and
L6.6, L46.5 N-cc. of ethane.

Another sample (31.3cc.) of the same filtrate was
transferred through 'b' to bulb 'A' of the apparatus
illustrated in Photograph I. This apparatus was connected
to the vacuum line by ball-jeint 'e'. Bulb 'A' was cooled
(acetone-COa), the apparatus evacuated, and as 'A' was
allowed to warm to room temperature the ether which
evaporated waé condensed in the vacuum apparatus and stored.

Bulb 'B' was then cooled in liguid nitrogen, the
glass between the top of 'A', the joint 'b', and extending
down to bulb 'C' was wound with hesting tape kept at 60—700,
and bulb 'A' was slowly warmed to ?O0 and maintained &t
or near that temperature for 24 hours. During this time
diethylveryllium, probably accompanied by some ether,
condensed in 'B'.

The temperature of the oil bath surrounding 'A' was
then raised to 120° for a further 24 hours, during which
time the contents of 'A' partially liguefied and thex
solidified as a white material. 4t the end of this period,
a small amount of colourless crystalline material nad
condensed just above the level of the oil bath, but this
was removed by raising the level of the latter avout an

el

. . ; S o
inch. Finally the oil bath was heated to 180  for & hours.
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Bulb 'B' was allowed to warm to -9t
and 14.0 M-cc. of ethylene (identified by infrared
trap at -196°. No gas that could not be
s produced during the reaction.
" nitrogen, and
cap 'c' was replaced
of the apparatus was

was collected in a
Tne apparatus was then filled with

o
condensed at -196
against a countercurrent of nitrogen
by a nitrogen lead. The left hand side
'E' by sealing off
ethylberylliw
& countercurrent of

dropoving funnel containing
(initially

then separated from
'H

'd' was removed against

Yy &

Analysis of the d

Cap
de~gassed- 2-methoxyethanol. After the nitroper had been
-methoxyethanol to

nitrogen and replaced b
2
~7 0 - . .
at =196, then allowed slowly to warm to room temperature)
ethane (identified by infrared
ified b; infrared

o

I
10.,-

vumped out, addition of
water and finally dilute sulphuric acid yielded

a standard

[0

2d by
476.5 W-cc. (0.02126 mole.) o

follow
spectrum), a little ether (also ident
spectrum) and no gas that was not condensed

nitrogen (e.g. no hydrogen). Bulb 'B' was detached from

the vacuum line and its contents washed into
volumetric flask and made up to 250cc. Two 50cc. aliquots

yielded 0.0536 and 0.053%9g. of BeC, so bulb 'B' had contained

1.977:1.

0.01074 mole. beryllium and 0.02126 mole. hydrolyzable

It :Be

ethyl,



Analysis of the involatile residue.

Against a countercurrent of nitrogen entering through
the gas lead attached at 'c', cap 'b' was replaced by an
adaptor which connescted the apparatus to the wvacuum line

via a stopcock. When the nitrogen had been pumped out, dry

ether (about 10cc., stored from an earlier stage of the
preparation) was condenzed on the white residue in '"A'.

The apparatus was separated from the vacuum line, bulb 'A!
swirled a few times and the ether filtered into the side-arm
'C!'. Ether was then condensed back in 'A' and the operation
repeated twice more. The apparatus was then re-connected to
the vacuum line and the ether removed; no residue could be
observed in 'C', which was sealed off at 'a' after nitrogen
had been let in.

Cap 'c! was replaced by a dropping funnel containing
de-gassed 2-methoxyethancl, the nitrogen pumped away, bulbd
'A' was cooled to -1960 and Z2-rnethoxyethanol slowly run in.
As bulb 'A' was allowed to warm to room temperature a very
slow gas evolution was seen, and ihe hydrolysis was mainly
accomplished by the subseguent addition of wa%ter and finally
dilute sulphuric acid &t room temperature. The gases svolved
during hydrolysis were pumped through trars ati —128O(pentane)
and -196° (two in series) by means of a Tdpler pump. 242 H-cc.

(0.01080 mole.) of hydrogen and 1.20 N-cc.(0.0000803 mole,




identified by infrared spectrum) of ethane were collected;
no ether was detected. The solution remaining in 'A' was
washed into a standard volumetric flask and made up to
250cc. Two 50cc. aliquots yielded 0.0272 and 0.0279g. BeO,
so 'A' had contained 0.00550 mole. beryllium, so the ratio
H:Be in the hydride was 1.965:1.

From the volumes of hydrogen and ethane the mole.%

hydride would be 242.0 x 100 = $9.3% or 95.9 weight %
2013.3

BeHz, on the assumption (soon shown to be incorrect) that

the only other component was diethylberyllium.

The remainder of the ether solution containing
'EtheBHZ' was treated in exactly the same way and the
following reactions carried out on the involatile residue
left after pyrolysis.

(1). After removsl of most of the hydride from bulb 'A!

the apparatus was re-attached tc the vacuum system and pumped
out. With the apraratus shut off from the pump but open to

a manometer, the bulb and its contents were heated slowly

in a silicone oil bath. At 280° slow evolution of nydrogen
occurred and the white solid started to turn black. 4t 300o

15.5 M-cc. of hydrogen were evolved over a period of 7-8

minutes. The black powder remaining 4id not catch fire in
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(2). The hydride did not catch fire nor fume in air.

)

After two hours in air, small samoles of the hydride liberated
hydrogen when water was added to then but after three hours

no evolution of gas was notigeable even when acid was added.
(3). The infrared spectrum recorded as a mull in perfluoro-
methyldecaiin showed the absence of C-F vibrations in the 3}*
region. (The spectrum recorded as a nujol mull is discussed
elsevhere).

(4). Diethylberyllium (Q.006 mecle, 4cc. of a 1.5M. soluticn

in ether) was added to 0.0547g.(0.005% mole.) of the hydride.
The hydride did not dissolve after two hours at room temperature

o .
nor at 90~ over 4 hours after removal of the sclvent by

distillation. The hydride did not dissolve on the further
addition of 10c¢c. of the solution of diethylberylliuim

followed by refluxing for several hours.

(5). i 1ist of the interplanar spacings (d) and their

relative intensities (I) from the X-ray powder photograph of
a sample of this hydride using copper radiztion is shown

overleaf in Table VI.




Table VI.

X-ray Powder Data for the Pyrolysis Product.

. e} .
Interplanar spacings (A ) are rerresented by ¢.
Relative intensities of the lines is represented by I.

(maximum 200.)

:| B U I A I

6.178 18 1.852 8

4,538 20 1.759 18 1.035
3.765 15 1.767 13 1.068
3.228 200 1.717 3 1.024
5.108 8 1.652 3 0.992
3.038 8 1.602 18 0.941
2.990 3 1.568 5 0.501
2.913 150 1.553 10 0.8¢8
2.731 3 1.488 1% 0.379
2.661 120 1.457 1% 0.855
2.499 5 1.439 12 0.804
244 120 1.364 18

2.341 20 1.353 1%

2.263 5 1.327 1%

2,165 5 1.296 5

2.078 3 1.252 5

2.049 18 1.230 10

1.991 3 1.217 5

1.934 5 1.18¢ 3

1.881 35 1.164 3

U=
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(6). A small sample of the hydride was transferred in

a glove box to a small weighing capsule fitted with B1k4.
ground glass joints. The capsule was opened inside a flask
filled with nitrogen and the contents hydrolysed with
distilled water followed by dilute sulphuric acid. The
hydrolysis of 0.02494g. gave &44.5 N-cc. of hydrogen, and
0.5 N-cc. of ethane.

Found: Na, 43; Be, 30.9; hydroclyzable-hydride, &.72;
-ethyl, 2.6%. neither chloride nor ether could be detected.
This analysis accounts for only 85% of the total weight so
some oxygen may have been present, possibly as beryllium

-

oxide. PBeH. Requires Be, 81.7; H, 18.3%. A mixture of
2 q ’ H )

3Na Be2H6 + BBeH2 requires Na, 52; Be,37.3; H, 10.6%.

2

(b) Mcdified procedure for 'Et, Be.E

-

L' vyrolysis, with

control of the sodium content.

A solution of approximetely 3.3g. of beryllium
chloride in 250cc. of ether was made up shortly before use
(the solution turns yellow after 3-4% days) such that only
one phase was present. The solution was standardised by
removing an aliquot with a pipette, hydrolysis with water and
titration of the free acid with standard sodium hydroxide

scolution.
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Sodium hydride (2.0g., 0.0833 mole.) and 30cc. of
a 1.57¥. solution of ethereal diethylberyllium (0.0471 mole.)
were refluxed in 250cc. of ether with stirring for three
days. The mixture was poured into limb 'A' of the triple
Schlenk tube (Figure VI) and the sodium hydridodiethyl-
beryllate extracted with ether from excess sodium hydride
into 1limb 'B'. Most of the ether was then distilled under
vacuum into 'A! (cooleJto -196°) and the residual solution
cooled to —GOo(acetone—CO2). The mother liguor was decanted
into 'A', leaving the crystalline hydridodiethylberyllate in
'B', Ether was distilled back from 'A' into 'B' {(cooled to
-196°) under vacuum up to a standard mark (180cc. at room
temperature) and the salt dissolved by gently swirling and
warming the solution. Two O.7cc. samples were removed by
syringe, hydrolysed with distilled water and acid and made
up to standard volume with distilled water. Analysis of
these solutions for sodium showed that the ether solution in
'B' contained 0.842g.(0.0%66 mole.) of sodium. 108.5cc. of
the 0.1675M. solution of ethereal beryllium chloride (0.01813
mole.) were added by pipette to the solution in 'B' and an
immediate white precipitate formed. The mixture was gently
swirled to ensure complete mixing and then the orecipitate

allowed to settle. Analysis of a sample of the supernatant

1l amount of soalum was present

VE, ”.9 /),

l. . 5 sh \':_2' Y 7 &=
iquidé showed that Oﬂl)ﬂ%ﬁnjw
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FigureVl

The Triple Schlenk Tube.
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in solution and chloride could not be detected. The solution
was filtered into limb 'C!' and the clesar solutiocn was
distilled down to about 70-80cc. The solution was transferred

D

i syringe into the pyrolysis apparatus, previously described ,

<.

and the pyrolysis was carried out as described in the

previous experiment. 76.2 W-cc. of ethylene (idantified by

its infrared spectrum.) were evolved during the pyrolysis and

the residue was washed four times with ether and pumped dry.
The hydrolysis was carried out as previously described,

sing a small capsule fitted with ground joints in which

Hydrolysis of 0.0185g. produced 70.4 W-cc. of hydrogen

and 0.3 N-cc. of ethane. Chloride could not be detected in

]

the product. Found: WNa, 5.7; Be, &1; hydrolyszable-H, 17.1%.

BeH, requires Be, 81.7; H, 18.3%. A composition Na_.Be H, +
2 : 27276
65BeH2 or Na?Beﬁq + 66BeH2 requires Na, 5.8; Be, 77; H, 17.4%.

The X-ray powder photograph showed that this product

was amorphous.

(c). Effect of chloride on the preparation of beryllium hydride.

In order to determine the efiect of chloride on the
pyrolysis, a further experiment was tried using *1.0g.
(0.0417 mole.) sodium hydride and 20cc. of a 1.57M. solution

of ethereal diethylberyllium (0.0314 mole.) in 100cc. of
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ether. After the hydridodiethylberyllate had been extracted
and dissolved in ether in the triple Schlenk tube as before,
analysis of a sample of the solution showed that the total
solution (30cc.) contained 0.2673g.(C.0116 mole.) of sodium.
29.0cc. of a 0.2003M. solution of beryllium chloride (0.00581
mole.) in ether was added, and after mixing, the supernatant
liguid shown to contain no sodium but a small amount of
chloride. The solution was treated as in the previous
experiments, but at 1200, the contents of the pyrolysis
vessel became ligquid and did not solidify below 140° even
after several hours at this temperature. At 1809, the solid
began to darken after about an hour so the vessz2l was allowed
to cool and the residue washed four times with ether. During
the pyrolysis, 25.0 N-cc. of a mixture (shown by infrared
spectrum) of ethane and ethylene were formed.
Found: 0.02416g. on hydrolysis produced 17.6 N-cc. of
hydrogen and 6.9 N-cc. o£ ethane on hydrolysis. The residual
solution after hydrolysis contained chloride but no sodium.
In one experiment only (out of about six or seven)
aimed at the preparation of beryllium hydride by the pyrolysis
process, hydrolysis of the residue produced a relatively
small amount (30.2 H-cc.) of isobutane ( identified by its

infrared spectirum).
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Reactions between 'Ethbe7 and Sodium Hvdride.
o=

Methods for increasing the hydrogen:ethyl ratio by

reaction of 'btABe with sodium hydride, with & view to
7

2
obtaining ethylberyllium hydride or its sodium hydride
complex are now described.

Sodium hydride (2.3g.,0.095€ mole.) and 20cc. of a
2.78M. solution of ethereal diethylberyllium (0.0556 mole.)
were refluxed in 100cc. of ether for 24 hours. 2.2g.(0.0275

mole.) of beryllium chloride in 60cc. of ether were added
and after refluxing for 1 hour, the mixture was filtered.
Hydrolysis of a 1.Ccc. sample of filtrated solution liberated
6.5 H-cc. of hydrogen and 13.7 N-cc. of ethane. The ethyl:
hydrogen ratio is 2.1:1, thus 'thbe H2 has been formed.
2.5g.(0.010% mole.) of sodium hydride was added to
the above filtrate and the mixture refluxed with stirring

for several hours. 2.0cc. samples oi the supernatant liguid

were removed at various intervals and analysed by hydrolysis.

2% hours. 9.4 N-cc. of hydrogen and 23.0 N-cc. of ethane,
ethyl:hydrogen = 2.4k,
52 hours. 8.8 N-cc. of hydrogen and 22.6 N-cc. of ethane,
ethyl:hydrogen = 2.58.

100 hours. 8.9 N-cc. of hydrogen and 24.4 N-cc. of ethane,

2.73.

ethyl :hydrogen
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The ether was distilled off, the mixture heated at
75-30° for 24 hours and then the ether replaced and the
nixture refluxed for 1 hour.

124 hours. 6.5 N-cc. of hydrogen and 13.0 N-cc. of ethane,
ethyl :hydrogen = 1.99.

The solution was poured into a double Schlenk tube
and a crystalline solid was extracted with ether from excess
sodium hydride. The solution was distilled dowr. to small
volume, cooled to -40° and the colourless needles filtered
off on the sintered disc connecting the two limbs of the
Schlenk tube and pumped dry.

Found: Be, 9.84; hydrolyzable-ethyl, 63.7; -hydride, 1.1;

Q

BeNa (NaBeEt,H) requires Be, 9.9; hydrolyzable-ethyl,

47211 2

63.7; -hydride, 1.1%.
Sodium hydridodiethylberyllate was obtained in 91%

yield on the basis of the equation shown below:

'Et; Be + NaH ey NaBeEtEH + an insoluble product

I
372
inseparable from sodium hydride (as discussed on p.”q )

In a similar experiment, the ethereal solution of
'Et;Be_H,' was added to sodium hydride in 'diglyme', diethyl-

) -

ether distilled off and the mixture heated to $0-85° for
36 hours. At the end of this period, the gaseous nhydrolysis

products from a sample of the solution which was dark-brown,

were very small, consequently decomposition has taken place.
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is 'thEe ' reacts with sodium hydride as though it

H
372
contains diethylberyllium, it was thought that reaction of

this product with beryllium chloride would produce more

=)

the and so on. The overall reaction can be represented

H.'
3z

by the equation below:
2NaH + EtZBe + BeClE—-) 2NaCl + 2EtBeH.

Diethylberyllium (0.03 mole, 20cc. of a 1.5M. solution
in ether) was refluxed with 1.5g.(0.0625 mole.) of sodiunm
hydride in 400cc. of ether for 1 day. 2.5g.(0.031 mole.)
of berylliuvm chloride in 50cc. of ether was addsd over two
hours to the refluxing reaction mixiure which was rapidly
stirred and refluxed for several days. 5cc. samples of the
supernatant liguid were removed by syringe at various
intervals and hydrolysed.

1 day. 8.3 N-cc. of hydrogen and 15.2 N-cc. of ethane

L!

3 days. 9.1 N-cc. of hydrogen and 19.9 N-cc. of ethane.
The solution was then filtered on to 0.9g.(0.0375

mole.) of sodium hydride and again refluxed.

1 day. 8.5 N-cc. of hydrogen and 18.2 N-cc. of ethane
7 days. 15.0 N-cc. of hydrogen and 27.5 N-cc. of ethane.

This type of reaction is therefore unsatisfactory for
the preparation of ethylberyllium hydride, probably due to

coating of sodium hydride by chloride.
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Reaction between Tri-ethylstannane and Diethylberyllium.

EtBSnH + Et,Be =P Et,Sn + EtBek.
2 L

Tri-ethylstannane (5.2g., C.0252 mole.) and 16.0cc.
of a 1.57i. solution of ethereal diethylberyllium (0.0251 mole.)
were transferred by syringe into the reaction flask 'A' (Figure
VII) and heated at 40° for 2 hours,(the apraratus being
attached to the vacuum system via ball-joint € and joints D and
E being closed with caps). The temperature was then raised to
75° during which time ether distilled into the receiver 'B!
and this temperature was meintained for 2 hours. The flaslk was
allowed to cool to room temperature, 'B' cooled in liguid
air and the system evacuated so that all volatile matter was
collected in 'B' over 14 hours. After continuous pumping at
35° for 2 hours, the flask 'A' contained a viscous glassy
residue, which became a white solid affer prolonged pumping.

The distillate was removed by syringe, the receiver '3
washed with more ether, and these were combined and made up to
stendard volume (25cc.) with ether.

Approximeately 20cc. of ether was condensed on to the
contents of 'A' and the clear solution removed by syringe and
stored in & flask under nitrogen.

Distillate. Two S5cec. aliquots were removed by pipette and




FIGURE VI
Et,SnH-Et,Be apparatus,

D

\
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fractionated through a trap at -500 which collected 0.82g.,
0.80g. of tetra-ethyltin containing a trace of =ri-ethylstannane
(shown by infrared spectrum). The total guantity of tetra-
ethyltin isolated was 4.05g.(71% of the theoretical, the
remainder may have been trapped in the residue).
Residue. Hydrolysis of 2cc. ¢f the ethereal sclution
gave 31.0 N—ce. of nydrogen, 31.5 N-cc. of ethane and 0.0155g.
of beryllium (35.5 N-cc.)

The remaining solution of the beryllium comnound was
transferred by syringe to one limb of a double Schlenk tube,

4

and 500 N-cc.(excess) of trimethylamine were condensed on to
the solution which was cooled in liguid air. The mixture was
allowed to react at room temperature and ther ether and excess
amine removed under vacuum. The colourless crystalline

material which remained, was sublimed up the walls of tlhe Schlenk

@) o

tube as prisms at 40-45" . The compound melts at S0-91 in a

x¢

sealed tube under vacuum, fumes in air, and reacts vigorously

with water with effervescence.

Found: Be, 9.3; hydrolyvzable-ecthyl, 29.0; ~hydride, 1.0%

M, cryoscopically in benzene,

0.78 weight % solutions. C,.H_ Be.N
f SHb 7 1073077272

Be, %.2; hydrolyzable-ethyl, 22.6; -hydride, 1.03%; ¥,196.

[N

The molecular welght measurements correspond to degrees o

associaticn of 1.97, 2.04, 2.06 respectively.
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Discussion.

In contrast to sodium hydridodiethylberyllate s
which may readily crystallised from diethylether in unsol;
vated form (solubility about 30;5/litre at 200), the analogous
methyl compound is only sparingly soluble (about 1.fg/litre
at 20°) and may be crystallised only very slowly by the usé
of a Soxhlet extractor. The lower solubility of the methyl
compound is expected in view of its rrobably greater molecular
symmetry. No evidence has been obtained for the degree of
association of these salts but X-ray data for sodium hydrido-
diethylberyllate, at present being studied, have shown that
this material is monoclinic with space group P21/c (No.14).

o

The unit cell dimensions are, a=5.0%, b=11.2, ¢c=20.94 and the
monoclinic angle (B) is 101° 15'.

For the preparation of many derivatives, isolation of
the salt, NaBeMeEH, is fortunately not necessary. When a
suspension of sodium hydride (in excess) in ethereal dimethyl-
beryllium is boiled, the concentration of "the latter gradually
falls, as indicated by the amount of methane evolved when
samples of supernatant liguid are hydrolysed. No further
change appears to take place after about 48 Hcurs, but addition

of half a mol. ethereal beryllium chloride then causes
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precipitation of sodium chloride and all the beryllium
together with hydrolyzable methyl and hydrogen to reappear
in solution in molar ratic 3:4:2. Filtration from sodiunm

chloride and excess sodium hydride yields a solution containing

5

'MqueBHz‘. Sodium hydridodisthylberyllate 7, orepared from
sodium hydride and diethylberyllium in ether reacts in a

similar way with beryllium chloride,

m

Nal + EtEBe — MaBeEt

2NaBeEt H =+ BeClZ————§ 2NaCl + 'thBe H,!
There is little esvidence about the constitution of these
solutions and the product MLLBeBLq' could be a 2:1 mixture of
methylberyllium hydride (lieB H)n and dimethylberyllium, or a
1:2 mixture of beryllium hydride (Be Hd)n and dimethylberyllium.
However, since beryllium hydride is insoluble in ethersz' the
latter possibility seems unlikely. On the basis of their
reaction with tertiary amines, ii is reasondble to believe the
main solute species are solvated dimethylberyllium and
solvated methylberyllium hydride though significant concentrations
of trinuclear (e.g. 'Meqoe i, ') or more complex species could
be present. The colourless viscous oily residue obtained when
solvent is removed from ethereal 'Metfe H,' 2t room temperature,
has the approximate conposition MGQBEBHEOEtZ. Mos< of the

. 5 L. . . . , ) =0
ether is lost when this c¢ily material is heated to about 50
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under vacuum. Since dimethylberyllium is an electron-deficient

26. | . .
volymer , insoluble or at least very sparingly soluble in
e . c. s . 27. . .
solvents with which it does not react y the viscous oil
. could be regarded as some kind of electron-deficient complex

between dimethylberyllium and methylberyllium hydride such as,

P?Q‘ r1é. . pﬁe

containing an element of the dimethylberyllium polymer chain.

Reactions with donor molecules.

Addition of trimethylamine to ethereal 'Mque:HE'
-~
| =

yields a mixture of the dimethylberyllium complex I'-'IezBe.NMez
- 7

and the trimethylamine complex (I) of methylberyllium hydride.

The comgplex (I), m.p. 73.0—73.20, is dimeric in benzene and is
considerably less volatile than MeZBe.FMeB Whereas the
vapour pressure of MezBe.Nl‘er3 is 1.8mm. at 30%, that of (I)

: 0 .
is 1.8mm. at 6k (1°°10Pmm.

= 7.438 - 2439 , for =he liquid

T
from 73-1150), and the two complexes may be separated by
fractional condensation. The hydride (I) is formulated with a
hydrogen rather than a methyl bridge because the complex is
not decomposed by excess of trimethylamine whereas the methyl

bridges between beryllium atoms in the dimethylberyllium polymer
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ql
are cleaved by trimethylamine.”

Studies on reactions between dialkylaluminium hydrides and
donor molecules have shown that the hydrogen bridges in these
compounds are less readily cleaved than are the methyl bridges
. . .. 90,9¢9. | |
in trimethylaluminium.” '7~

From the vapour pressure eguation, the lzatent heat of
vaporization is 11.2 kcal. mole—q, the extrapolated boiling
voint 25?0 and the Trouton constant 21.1. The normal Trouton
constant suggests there is no change in the degree of
association during the process of vaporization, thus it is
likely that the vapour, at least up to about 1100, consists
mainly of dimer. An attempt to measure the molecular weight of
(I) as vapour at higher temperatures (145-175%) was not
entirely successful on account of some decomposition; however,
the vapour appeared to bhe monomeric at 1750 and to become
more associated at lower temreratures.

Attempts to prepare monomeric complexes, LaBeMeH,
of methylberyllium hydride by the use of donor substances
which readily form chelate complexes have not been successful.

Addition of bipyridyl to ethereal ‘MeABeBH ' results in an

2
immediate yellow precipitate of bipy.BeMerD', the solution

becoming deep red.
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Though it is possible that the red colour was due to bipy.BeMeH,

the red soon turned to a dark brown and only tarry matter

coulsd be obtained on removal of the solvent. When bipyridyl

was added to (I), a red colour was produced which underwent

a similér decomposition to that described above,These cbservations

may be explained by attack of the hydride across the azo-methine

bond of the bipyridyl as occurs with other metal hydride

complexes such as bipyridyl zluminium hydride.109'
Reaction with N,¥,N' ,N'-tetramethylethylenediamine

results in the formation of the known chelate complex of

35.

dimethylberyllium and the precipitation of a white apparently ‘
amorphous substance, which is insoluble in ether, benzéne, ;
carbon disulphide and carbon tetrachloride. Since the analysis ‘
of the insoluble product corresponds to the formula,

BN&BeH)Z.Me NCZHhNMeé]p it appears that the hydrogen bridge

2

is present resulting in a polymeric constitution as shown

below (II) Me, M
o Be&—N—CH—Ch — N—sBe
: fh H. ;H

Be Be.

I\

- N Me,
CHa Al e H

\
CHy, ) CHa

N Me, | \NMe,_

N
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This invelatile complex (II) is neither pyrophoric
nor does it fume in air.
Reactions with 1,2-dimethoxyethane and subsequent

evaporation of ether gives a mixture of solid and liquid

. s s Lo A0 .
rroducts. When this is heated to about 50 in vacuum, the

‘\M

1,2~-dimethoxyethane complex of dimethylberylliw _3 sublimes
frow the reaction vessel, leaving a very viscous oil which is
insoluble in benzene. Since the analysis of the oil corresponds
to the formula BhT eI)EVeO'aFgoﬂe]n ite constitution is
probably similar to that of the tetramethylethylenediamine
complex (II).

Reactions between & secondary amine or a tertiary amine
hydrochleride and a beryllium compound containirg voth

kyl and hydride groups, produces a mixture of hydrogen and

ocarbon as gaseous products. Dimethylamime and trimetnyl-

3

&
0.
H

‘amine-methylberyllium hydride react at about Troom tewperature

libe

=

‘ating a mixture of methane and hydrogen. This resembles

the reaction beztween. the secondary amine and isopropylberyllium

-0 .

R

‘hydrlde which evclved propans and hydrogen in the ratio 2.5:1
A mixture of ethane and hydrogen in the ratio 1.16:1 was
liberated fron trimethylamine hydrochloride and sodium
hydridodiethylberyllate in ether solution at room temperature.
This latter reaction was not considered to be a good method

tion of trimethylaminz-ethylberyllium hydride

o

for the precar:
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since, no doubt, an approximstely eguimolar amcunt of the
diethylberyllium complex is also formed. A satisfactory
method for the preparation of trimethylamine-ethylberyllium
hydride by another route is discusszed below.

Reacticn between diethylberyllium and triethylstannzne
in ether solution results in the formation of tetra-ethyltin
and ethylberyllium hydride; hydrolysis of the involatile
residue left after evaporation of the tetra-ethyltin yielded
ethane and hydrogen in the ratio 1.016:1. The hydrogen-alkyl
exchange which talkes place when tri-ethylstannane is heated
with tri-ethylaluminium (giving EtaAlﬁ) is inhikited by ethers
or tertiary amines.qog' On the assumption that the exchange
with tri-ethylaluminium involves an electron-deficient
intermediate, it is reasonable to expect thatl exchange should
be inhibited by reageunts which remove the electron-deficient
character of the aluminium alxyl by forming coordination
complexes. Since there is evidence that electron-deficient

bridges persist in dimethylberyllium in the presence of ethers

4
ja
[eh)
t
H
I_J
1=
2
w
ct
=4 3
<3
H
yud
fo
(9]
u
G
>
‘: .
o]
o
\Ji

it is noit suryrising that the tin

bt

iydride-alkylberyllium exchange reaction takes place in the
presence of diethylether. Ethylberyllium hydride prepared by
this method has been cnaracterised by conversion into its

trimethylamine complex EtHBe.I\IMeB)p which is dimeric in

benzene solution like its methyl analogue (I). It is possible
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that this method could be used for the vpreparation of a wide
range .of organoberyllium hydride coordination complexes.
Diethylberyllium forms 2 1:1 liguid complex with

trimethylemine; if more than one wol. of amine coordinates, it

- . . LAQ - 7 5
can be removed by vumping at -40  whsreas dimethylberyllium”’

forms a stable 1:1 complex with trimethylawmine and an unstatle

2:3 complex _cqne) Ide2)7 which readily loses a mol. of
;7
amine.
N,N,N',li'-tetramethyl o-phenylenediamine forms a

crystalline complex with dimethylberylliium in a similar way
to the N,N,H',li'~tetramethylethylenediamine pomklex.DB'Both
these crystalline comuvounds are monoieric in benzene solution
and can be sublimed unchanged in vacuo.

In the preparation of the scdium nydridodialkyl-

beryllates, it is probable that nydride ion displaces co-

ordinated ether (used as solvent):

Hydride ion also displaces trimethylamine,

NaH + t Be .WMe ., =————p HaBeEt 2H + Me_N.
5 >
in a reaction very similar to the formation of sodium aluminium
teia o : - s : 56.
hydride from sodium hydride and trimethylamine-alane.

b;l
h
+
el
l

|._l

i o 1 .Jie lvaA]__- - Me_NN.
j — T
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Thermal decomposition of alkylberyllium hydride-dialkyl-

beryllium mixtures.

Attempts to prepare methylberyllium hydride by
sublimation under reduced pressure of dimethylberyllium

from the solid residue of approximate composition 'Me, BeTI
o - >

(from 2NaBeMe + BeClz) were not successful. At about 10 “mm.

H
o5

ot

pressure slow sublimation of dimethylbveryllium Is avppsren

o} A . . N .
from 60°, but no indication of any pause in the evolution

methylberyllium hydride was obtained. In several eXperiments

(detailed below), sublimation iu the range 170-210° resulted

in extersive disproportionaticn,

WenBe N ﬂhm‘-—-9 Men_aBe +m _1nm + MeZBe s
2
which continued until the hydride:methyl ratic ir. the residue
(m:n-2) was a little more than 10:1. Attempts to obtain
products with a greater hydride:methyl ratio by means of
reactions at higher temperatures were not successful on account
of thermal decomposition of dimethylberyllium, shown by the
formation of some methane.

Diethylberyllium separates rather more easily when
the viscous residue, left after the evanoration of ether from

solutions of avpwvroximate composition thB ﬁ , 15 heated.
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For example, a glassy residue evidently consisving mainly of

(o]
'y

ethylberyllium hydride was obtained after chours heating at

70-50°. The course of further reaction at higher temperature
is greatly affected by the compesition of the diethylberyllium-
ethylberyllium hydride solution.

In some early exveriments, solutions of sodium
hydridodiethylberyllate were prepared by stirriang sodium hydride
in excess with boiling solutions of diethylberyllium in ether.
The HaBeEtaﬂ content of the sugpernatant ligquid was then
determined by hydrolysis of a small sample and exactly one
half mol. of beryllium chloride in ether was added, without
previous filtration from unreacted sodium hydride. Filtration
from the mixture of sodium hydride and precipitated sodium

chloride gave solutions originally believed to be of the

', whose pyrolysis was studied. In one

comwosition 'Et,_,BeBH2

experiment, in which the residue after evanoration of ether
from a solution prepared in this way, was heated in vacuo at
60° for 4 hours and then at 110-120° for 2 hours; an involatile
residue was obtained which contazined 17.8% hydride hydrogen.

This result indicated that the reaction

EtQBeBHZ_-_—) 2cEt..Be + Bel

[A¥]

had taken place giving a product consisting mainly of beryllium
hydride, since the hydrogen content of pure beryllium hydride

. o =g, - N 1 . - sy s . a4
is 10.3%. Leater work suggested this wes a misleading result
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which is now attributed tc the presence of a very small

‘abeEt

1=1

H in the 'Et,Be_E.'. Further experiments

' p 2

amount of -
2 T

[

showed that solutions of 'Et45e332' dissolve mcre sodium hydride
and that the presence of some alkali metal is necessary for
extensive disproportionation te take place. In one experiment
described in the Experimental section (p.93 ), the residue

as well as 31% beryllium, 8.7% hydride hydrogen, and 2.56%

ethyl. This residue was shown to be crystalline or mainl
crystalline (Z-ray powder photograph); it decomnosed at about

280° in vacuc but failed fto resct with diethylberyllium.

o

Though some oxygen was probably present, as the analysis

accounted for only &5% of the toitzl weight, the comgositiocn

of the residue roughly corresponded to a mixture of Smols.
- - T - ., N ™ ATT z « N AT
Beh2 + 35 mols. haaBezhé or ¢ mols. J:eI:{,2 + 3 mols. Nagbedh
&s reaction with cold water was relatively slow, the sodium
is probably present as z& complex sodium beryllium hydride

rather than as free sodium hydride.

i

Further evidence for the existence of a sodium berylliium
hydride, evidently insoluble in ether, was obtained from
experiments in which solutions of 'EtMBGBH2' in ether were
boiled with an excess of sodium hydride for periods up to

several days. The hydrolysis of samples of solution showed that

the ethyl:hydride ratio (in solution) was always at least 2:1,
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but since concentration of the filtered solution yielded
NaBeEtaH, showing that sodiumn nad entered solution, it is

evident that hydride must have left solution as some insoluble

comolex hydride. The formation of ether-insoluble lithium

\Ji

55.

salts BeHPnLiH has been reported in a preliminary communication.

tqd

Taving found that solutions of 'EthBeBH.' react with

sodium hydride, the experimental procedure for the nreparation
of veryllium hydride was modified to allow the »reparation of
ethereal NaBedtzﬁ of known concentration and free from both
diethylberyllium and sodium hydride. The presence of beryllium
oxide, and alkoxide or failure to balance exactly the sodium
salt with the beryllium chloride is shown by the presence of
these involatile, insoluble materials in the residue. Conse-
quently the following precauticns were necessary for the
vreraration of pure beryllium hydride since no method of
purification could be found; (1) the rigorous drying of
apparatus before use by washing with ethereal disthylberyllium ;

(2) isolation of the hydridodiethylberyllats, thus removing

ether-soluble oxidaticn or hydrolysis products formed in the

h

first step of the preparation; (%) the aveidance of unnecessary

1

transferences of the hydrido-diethyl beryllate once it hes
been prepared; and finazlly, (&) the re-use of the same ether
throughout the preparation without removal from the apwparaius.

(

]
e

The triple Schlenk tube shown in TFigure V n thes Experimental

ch
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Section) fitted the requirements listed above.

In one such experiment an amount of beryllium chloride
was added which resulted in the presence of 1 mol. chloride in
excess for every 870 mols. beryllium. Pyrolysis (180°) of the
filtrate after separation of sodium chloride yielded a
product in which the H:Et ratic was onrly 2.55:1. & trace of
chloride but no sodium was detected in this product.

Finally, addition of about 1% less than the theoretical
amount of beryllium chloride to a soclution of HaBeEtaﬂ,
followed by filtration from sodium chloride, evaporation of
ether and pyrolysis (1807) gave an amorphous (X-ray powder
photograph) product of approximate composition NaZBe2H6 +
65 BeH, (or NaBeH, * 66 BeHa) evidently consisting mainly
of beryllium hydride (approximately 91 wt.%). The infrared
spectrum of this product differed from that of teryllium hydride

containing more sodium in having a relatively brocad and

, o -1 . .
strong absorption centred on 1754 cm instead of absorptions

is latter

]

at 1760 and 1629 cr” '. The infrared spectrum of &l
product showed no aprarent absorption in the Ettregion when
examined as a mull in perfluoromethyldecalin.

4 purer hydride has been obtained by this method
(apvroximately 91 wt.%) than by other known preparations and
there appears to be no reason to doubt that still smaller

n excess of

[N

proportions of scdium (or better =till lithium)




formation of pyrolysis products more closely anproaching

_g,

pure beryllium hydride. Previously other workers had studied
the reaction between lithium zluminium hydride and dimethyl-

ming a hydride which was contaminated to a

o

berylli1m52' fo

e

large extent with aluminium hydride, lithium hydride and

L

ether’

\\n

and this was no doubt reswonsible for its relatively

low decompositicn temperature (125 ) and its reactivity. The

theraie yielded 96.3

1
@

pyrolysis of di-tertiary-butyl beryllium

"t . - . " I\LT7' 5 . o .
mole % beryllium hydride (71 wt.%%) °° and pyrolysis of the

gther-free compound yielded ©7 mole % beryllium hydride
L8
/N TO . - . . ~ o= § . < PR
(80 wt.%). Recently s new synthesis of veryllium hydride
has heen extensively examined; triphenylphosphine and beryllium
. . o 0 . . . -
borohydride react in xylene at 140  forming triphenylphosphine-
borane (soluble) and precivitating 99.71 mole & beryllium

e 110. o . _ . .
hydride (80.7 wt.%). A negligible amocunt of the impurity,

('I'

riphenylrhosphine-btorane, was removed by prolonged sublimation
and by the use of boiling benzene ana this impurity nust

be occluded or bound in some way in the beryllium

i

therefor

M

hydride polymer chain.




The Interpretation and Discussion of Spectroscopic Data.

Section I.

Dimethylberyllium.

The unsaturated and saturated vapour phase infrared
- 43 3 J 3 e O - O
spectra of this compound were recorded between 100" and 2CO
using the heated gas cell. The frequencies observed below

e . . . -
2000cm in typicel spectra are listed below in Tables VI

and VIII. It is perhaps of interest tc note thal whenever a
-1 : . - . .
band at 1307c¢m , due to wethane (presumably formed by accidental

R . . =1
hydrolysis in the cell) was observed, a band at S42-847cu

. . ; ; -1 . . .
was also observed. The S42-347cm”  band is therefore due to
hydrolysis or oxidation products and is in the expected region
for 4Be-0.

Table VII

Dimethylberyllium (unsaturated vapour)

, o e 0 O .
Temperature 150 175 185 Assignment.
. -1y

Frequency(cm ')

1266mw 1266m 1266ms CH.. Ssym.

3

108 5mw 1086m 1087us

1062m CH. p

1033ms 10558 103358

81 5mw 316m 516s VBeC

7

The unszturated vanpour consists mainly of monomer and

has a relatively simple spechrum in the 5-15region. Bewvond
o 1S k /,L 153 o
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reasonable doubt monomeric dimethylberyllium has a linear
structure and will therefore have symmetiry DBh' and by
analogy with dimethylzinc and dimethylmercury, the methyl

. , 116. .
groups may be assumed to rotate freely. The odd feature

. . . . L -1
of this spectrum is the absence of 8;‘vm £ in the 1480cm
- 25 Y10
region, and this is consistent with the spectrum of solid
29.

dimethylberyllium in which this absorption is also absent.
¥ 3 X

Other methyl-metal compounds in whid&é CH, is absent or

asym

relatively weak are described in the section of the introduction

dealing with spectroscovy.

Tne svectirum of the saturzsted vapour of dimethyl-
beryllium is far more complex than that of the uvunsaturated
vapour. This is to be expected, since the saturated wvapour
consists of monomer, dimer and trimer molecules, but the

proportion of monomer increases as the temperature increases

T L. cm i - . 27+ o :
according to the equilibrium constants KD and hT 7 In the

11—13/Lregion, the spectrum became increasingly complex as

the temperziure was raised. The assignments of CP,S_“”#terminal)
[=REI

AT

to the very strong band observed at 1253-1z64%cm ' and
1

Cfgssyijridge) to the medium strong band at 1211-1214cm
ym

is dues to the observation that as the temperature increases,
1. P . L . 7 "1 “ .
the relative intensity of the 1259-126kcn band increases
1 =1/ =1 : - I L -
and the 1211-1214cnm band decreases and the proportion of

monomer (ie. the number of terminal methyl groups) in the



i
i

Dimethylberyllium (saturated vapour).

Temperature 120° 1290 180° Assignment.
Calculated v.p.(mm) of
saturated vapour.27'
2.45 17.8 109.¢
Frequency(cm_q)
1484 1484m 1479 cu, §
3 Tasym.
1456m 1460 1453m
1304 mw 1307 mw 130%m
125%m 1264ms 125%vs CHBS;ym(terminal)
1211ms 121kms 1212ms r:}"_:3 ssym(bridge)
1182w
1152w
1096w
1072w
1050s
980m 08¢cs
957s 557vs G4Ovs
861ms 864vs &70vs(broad)
790ms 790m 501ms v Be—CHB?
753m
719w 719w
692w 650w

668w 568w
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n
vapour increases as the temperature increases "' '(and similarly
the proportion of bridging methyl groups decreaces). In this

resyect, beryllium appears to differ from aluminium since

- 118. . -
Hoffmann has assigned C ,58 mluermlneL) at 1201¢cm
. -1 L 2.
CH s ide + 1255¢ n M ’ has
and CH 4 sym(brlqée) at 1255em = in He o & ]?‘ Goubeau has

. L - R, . - -1
assigned the two strong absecrptions at 1243 and 1255cn as

§ cynCH
sym™’™

and these must undoubtably be bridge vibrations as solid

of solid dimethylberyllium (Table I)

W
]
ct
=
[
9]

L]
W
(¢}
o

3
[
i3

dimethylberyllium has a polymeric structure, al.. the methyl

groups occuvying bridging positions. The strong absorptions
. - =1 .

observed in the 700-%00cnm region are probably methyl

rocking vibrations.

Al though the assignments listed for dimethylberyllium

are purely speculstive, a study of the deutero analogue
under similar conditions should provide conclusive evidence

tc enable unambiguous assignments to be made.

Section II.

In this section the infrared spectra of orgenoberyllium
and organoberyllium hydride coordination comvouncs, the
scdium hydridodialkylberyllates and their deutero analogues,
and beryllium hydride are discussed. In Tables IX-XVII are
given sugpgested assignmenis of the characteristic absorution

5 -1 . o o
bands below 2500cn to the various structural features of
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the compounds examined and vnhotogravhs of the inirared

spectra of these compounds are shown after the Tables.

ryllium-kydrogen vibrations.

The 01 vibrational transition of the ground state

£

oI the Be-H molecule derived from band heads of emission

135.

electronic spectra and band origins is at 2058.6cm

™

. -1 . , . . . .
and at 2087.7¢m for ithe first excited state terminal

Be-¥ group could therefore be exvected to cause absorption

. ” - - . . : C e
near 2100cm and a similar conclusion is reached by considering
the changes with atomic number of the stretching frequencies

of the hydrides of the first short period elements. The

vibrational modes, of mzinly stretching character oi the

el Re zroup shoulda cause

[wa]

bridging hydrogen atoms in a

Y]

. . . - -1 .
absorption at ifrequencies well below 27100cm , by anslogy

ith the vibrational modes of the BH_E grocup in diborane
and the various methyl and ethyl diboranes. Whersas terminal
BsH bonds usually cause absorptlon in the 2200-2500cm

region, the two modes due to the BE_B bridge in ciborane

- =1

symmetrical ocut-of-phase) and 1606cn
ese .

C)Vlbratlonal modes &are

are at 1915cm_1(v12,

(v,,, asymmetric in phase) -

17
illustrated on p. +1) The allyl diboranes provide a clossr

analogy to the beryllium compounds formulated as (I) and (II)

l'\

with Be J-Bc brid

[13]

In the former, the weak absorptions
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corresvponding to v iz observed at 1972 (”u P

13
(Me_B.H.) and 1852¢cm (thBzﬂ?), whereas the

absorption corresvonding to v.,. is observed at 1605, 15605,

17

s m s -1 . . . ~
and 1582c¢m  in the three compounds, changing to 11386, 1183,
-

- -1 . . T . ~ e . -
and 1166¢cm™ ' on deuteration. - The spectra of {(.weHBe.HWlie.).,

[14]

solution are compared ia Figure VIII. The spectrum of (I},

o . . . - Cmtidy = A
Figure VIIIa. contains a strong avsorption at 13+44cn shaded
in the Figure, which is clegsrly due to one of the BeEEBe
stretching modss, since in the specirum of the ceutero analogue
(vieDBe.NMe,),, Figure VIIIb. it moves to about 1020cm

(also shaded) aand evidently overlaps the absorpticn at 1007cm

of (I) which is almost certainly due to v___ (HC,) of the
v asym 3

trimethylamine, (zee also Figure VIIIc.). Absormtion due to

. ) . -1 . s . -
vaeH?Le) ig clearly evident at 1%233Zcm in the snectrum of
the ethyl derivative, (Euﬂbc.ﬂjeg)ﬁ, Figure VIITc. Tt is

. . ; . -1 . S o

guite vossible that the band at 943cr  in (HMeHBe.NMe_ ).

(moving to 71Ocm-1 on deuteration) may also be =z BeH_ Be
bridge vibration although it is not known whether these
absorptions correspond to V13 or v17 of diborane.

The spectra of the M,N,N'.li'-tetramethylethylenediamine
complexes of dimethylberylliuvm and methylberyllium hydride

(Table XIIT ) examined as Nujol mulls are very sinilar but

that of the hydride complex contains a very strong absorrtion




Figure VIl

(Me H Be-NMey),

8 9 10 n 12 21}
I 1 h 2 h h

(Me DBQ'NM‘J )‘-r

[
i

7
1

(Et H BG'NMC_,))

8 9 10 il 12 13
L ! N 4 1




the

b

t 1331cm

2

~125-
, which is almost certainly a vibration of
» . - -b "1 - N
{ Be bridge, and a weak one & 1754%cm both absent from
the spectrum of the dimetaylbveryllium complsax.
A comparison of the spectra of TaBeNedr and MNa neHeED
both as Nujol mulls (Table XIV) indicates that absorptio
s . . -y} a < -1 Y
due to Be-KE bridging modes are at 1320 and 1125ecm ', those
due to.Be-D bridges being at 917 and 869cm . The absorpticn
nr 4200 =1 ) e R Ao 1 s .
at 132%cm in the spectrum of HaBeMe K is somewhat obscured
by the paraifin oil, but it is significant that the sypectrum
cf this compound contains no proncunced features between 200
and 1000cm so the very strong absorptions at 565 and $17cm
in the spectrum of the deutero compound must be due to a
Se-D mod The ratios VF/V are 1.45 and 1.34, and though the
former is unexpectedly large, the significance of this is
oubtful on account of the difficulty in measuring the
absorption at 1328ci” . The spectra of NaBeEt.H and Na3 LLPD
[
are more complicated, as expecied, but a comparison of the
twe shows V(Be-E) at 1294s and 1065vs. cm = &nd v(Be-D) at
o N - = -1 . . - 3 - . .
951s and 835vs. ca , Vv /vy being 1.36 and 1.28. The remaining
i1
absorntions are very simil for the two compounds excent
r o) -1
for a bhand at S12cm in the spectrum of the hydrogen compound.
The spectrum of (I) as saturated vapour using &
10cm., heated gas cell has also been recorded and is very
to a solution in cyclohexona (Table XI). In the v
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v(BeHZBe) is at 1342cm—1, very close to the frequency recorded
for a solution in cyclohexane. At 500 (vapour pressure
ca.0.%mm.) there was no appreciable absorpvtion between 1500
and 25000m_1, but at 65° and particularly at 80°, a sharp
absorption band at 2’1’—:’]cm—‘I appeared. This abscrption at

1 is believed to be due to terminal v(Be-E) in monomeric

2141em”
MeHBe.NMe, since vapour density measurements indicated
3 ¥

) . L . , . o
extensive dissociation with increasing temperature (145-175 ).

ga

o o) - . .
Between 65 and 80, the amount of monomer in saturated

vapour could begin to be significant. Unfortunately the
unsaturated vapour at higher temperatures could not be studied
on account of defects in the heated gas cell.

The infrared spectrum of beryllium hydride, examined
as Nujol mull is shown in Figure VIIId. This product was of
approximate composition (BeH.,).,NaH. The most characteristic
feature of the spectrum (Table XVIII) is a rather broad

1

absorption centred on 1750cm . The material is amorphous by

Hy

¥-ray diffraction like that obtained by the pyrolvsis o
di tertiary-butylberyllium and has commonly been repgarded as
a cross-linked disordered polymer. The relatively sharmn

~ - . L - "1 . n _ N . ZxZ _1
absorption at 1263cm = possibly anzlogous to the 1333-13LkLem
bands in (I) and similar compounds is noteworthy. The other

X . , . =1
pronounced absorptions are at 1090, 1016, and 79%cm and

~

are probably associated with beryllium-hydrogen deformations.



The spectrum of a product containing much sodium, ca.

(BeH (NaH),

5) 14 5 (Table XVII!) is very similar but differs

in that the broad absorption at 1750cm—1 is rewlaced by

. - - -1
two sharper absorntions at 1637 and 1777cm .

Methyl vibrations.

In the spectra of Me 5Be. hheg, {MeHBe 1193)2, (NeDBe.NMeB)E,

the symmetric and asymmetric methyl deformations vibrations

can almost certainly be assigned to the absorptions occuring
above 12OOcm—1. Bowever, which absorntions are due to methyl
groups attached to beryllium and which are due to methyl gzroups
attached to nitrogen will only be determined by studying the
spectrum of an isotopically substituted analogue of one of

the aboves compounds. The complex (CU ) ,Be.NMe, will be

./

prepared in due course and examination oi the spectrum of

this compound should clarify or make it necessary tc revise

the assignments discussed here. The CH 5 rocking vibrations

of the trimethylamine part of the molecule are found at 1115

132, .

-1 . y . y .
and 850cm in and the absorption bands at

1101m(35°) (1105m in cyclohexane) and 8L0sh.(35%) (824.3';r1.cm—’l

in cyclohexane) in Me_Be.lllMe

Me, are assigned to these modes of

3
vibration. The Be-CH. rocking vibraticn is more difficult
~
. DL s ; . -0
to assign dut it is felt that the band at 941s(35°) (951vs.

cyclohexane) may be due to this vibration and if this is a
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correct assignment, this abscrption will be found at about

ig
660cm” ' in the spectrum of the deuterc compouné.. The spectrum
of (MeHBe.NMe ) is ratner complicated in the 6-1Lvu region

€372

but guite a lot of it is common to the specirum of Me Be .NMe 3.
Thus it would avppear that the H—CH3 rocking vibration occurs
at 1107w and the Be-CH_ vibration at 922vs in the hydride

3
complex and 1104m and 928s cm respectively in the deuteride

complex.

Carbon-nitrogen vibrations.

In other trimethylamine coordination complexes,

s o . . ~ =1 . .
C-N is always found in the 1000cm region, occuring

v
asym
L e ey 132, 136 . -
at 10058 in Me_NW,BH_, s 1003 in Me N.GaH, 2 and §55cm
> 3 3 3
137. i
in the tetramethylammondum ion. 27 Thus v C-H can be
v asym
. . . 3 _0
assigned fairly certainly to the bands occurring at 1000s (35°)

(1006évs, cyclohexane) in Me2~e NMeB. 1007vs in (eHBe. Lies)2

(cyclohexane), 1016vs in (MeDBe.HMe%)a, 1001vs in EtZBe.NMe
and 1007vs in (EtHBe.HHeB)z. Other assignments for the spectra
of the ethyl compounds have not been made since the spectra of
these compounds are complicated by -CHZ— vibrational modes.

No definite assignments have been made for veryllium-

carbon and beryllium-nifrogen abscrptions although the

beryllium-carbon stretching vibrations probably occur about

-

- . \ .o -1 . . . . .
300cm ' since the strong band at S16cm  in dimethylberyllium

(unsaturated vavour) has been assigned to this mode of vibration.
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Infrared spectrumr of HEZEG.NKeB as saturated vapour.
35° Eﬁo Assignment.
1475vs 14779vs )
1464vs 14€6vs
1406w 1408w 4
1302w 1304w S (CHB) (d)
1242us 1245vs
1232ms 12355vs J
1186vs 1186vs
1101m 1193m P(I\T.CI{B) (£)
10357sh 1041sh
1000s 1000vs vasym(CN) (a)
s hovs p(Be-<:H5) (t)

874 vw
840sh 841sh p(mce, ) (f)
800vs 303vs v(Be-C) (%)
709m 71hvs
&7 v

608w

‘Il
Co

Ui
Q
Oy \n
=

%,

507w

In these tables, the degree of certainty of these
assignments is shovwin by the following assighments:

d = definite, f = fairly certain, t = tentative.



Table X.

Infrared spsctrum of Me,,Bc—.NMe3
[ .

Contact film (36°)

1464vs
1443g
1405w

1255s
1219s
1186s
1100m
T057vw
995vs
937w
A40m

800vs

730m{broad)

Cyclohexane solution

1484s
1472sh
1447sh
1408w
124
1

he
Ul

S

\n

55s

N

1192vs
1105m

Assignment.

§ (ca) (a)
2

p(NCHB) (£)

N 1)
Vasym(CJ) (d)
P(Be—CE%) (t)

-

P(NCHB) (f)
v(Be-C) (t)



Table XI

Infrared spectra of (MeHBe.NMe,)Z in the gas vhase, and in
- 2

cyclohexane solution and MeDBe.llle

IO\
O

n

141m
1480s
1458s
13425
130ks
1286és

12545

1200s
1187sh

1104m

1035vs

1002s

953s
93%1sh

870s

(MeHBe . Me_ )

3

Bolution

1484s
14720sh
1400m

1344 vs

129%m
1267m
1253s
1233m
1214vs
120Cs
1143vw
1107m
1086 vw
1046w
1032vw
1007vs

948s
Q22vs
895s
875s

—"

[

in cyclohexane solution.

\H

(MeDBe.NMeBl

Solution Assignment.
v(Be-H) (f)
1481
1466m S(CHB) (4)
1407 v
1370vw
v(BeHaBe) (a)
1317vw )
1267sh 8( ()
. CH da
1256s » 3)
1233m
1215s
1203vs _J
11054m P(NCHW) (£)
2
1047sh

1015 v(BeD.Be) & v (NC.) (d)

2 asym 3
965m
v(BerBe) (£)
926s ?(Be-EHB) (t)
896m
8708



667m

Solution

8h7vs

820vs(broad)
?772vs
747s

722sh
699sh

676m
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Table XTI contd.

Solution

SLBvs
831sh
810vs
772s
7L6m

710ms

Assipnment.

LSS ittt

v(Be-C) (%)

v(BeDzBe) (£)



Table XIT.
Infrared svectra of diethylberyllium-trimethylamine and
ethylberyllium hydride-trimethylamine examined as contact

film and as a solution in cyclohexan

[$1]

respectively.

EEgEE-NMGB (EtHBe.ﬂEgEl: Assignment.
1479vs 148hs
14665 1468 sk
1451,
1409
1572m
1333vs V(BeHEBe) (d)
1299s
1245m 1250
1236m 1235m
1206 vw
1123ms 1190w
1176sh
1105mw 1109m
1076w 1080m
1050m
1001vs jOO?vs vasym(bﬁ (d)
381s
95hu gh8ys
919w 917sh
380n 867=
351sh
322vs 626vs v(Re-C) (%)
778m 7Gisn
730s(broad) 709m
657m
635m
521vw
571vw



Infrared spectra of dimethylberyllium and methylberyllium

hydride N,N,N!N'-tetramethylethylenediamine comglexes examined

as Nujol mulls,

ﬂnge compl ex MeBell complex Assignment.
175kw
17L2sh
1351s 1361vs ) (CHB) (a)
13%1vs v(BeHZBe) {(a)
125%9vs 1302s SI(CKﬂ) (a)
1263w 1264, 2
1247m 12367
1190sh 1200w
1168vs 1183
1122as 11517
10%8m 1059m
1053m 10865
1042vs 1638m
1027vs 1020vs
100&vs 995vs
S51vs 961vs
856vs 9025
31kvs
79S%sh
767vs 785m
701vs 69kbs
567w 6591

583s




Table XI

Infrared spectra of sodium hydridodimethylberyllate and

its deuterc analogue examined as Hujol wulls.

NaBeMezﬁ NaBeHgZQ Assignment.
1328s V(BEEZBED (aj
12%5ms 1261m
11895 119%ms
1165s 7 (BeH, Be)
11385vs 11%4s )
1066s 1075sh
1018vs 1015vs
917vs 7(BeD_Be) (d)
869vs v(BeD;Be) (aj
783vs 7G7vs
75km 777s
612vw 595vw

557w




Infrared spectra of sodium hydridodiethylberyllate and

its deutero analogus examined as Nujol mulls.

LgﬁeEtZE NaBeEtEQ Assignment.
1605vw
129ks v(BeH,Be) (d)
1253s 1256mns
1225sh 1235vw
1178s 117&sh
1147sh 1167us
1117sh
1091vs 106C0ms
1065vs v(BeH,Be) (d)
1021vs 1014s
978vs 982vs _
951s v(BeDDEe) (&)
936vs : 9285 -
912m
89km 558sh
331vw
835vs v(BeD Be) (a)
792w 200sh
672m 667w
657ms 6 56mw
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Table XVI.

Infrared spectrum of the o0il of avncroximate compvosition

Me4Be H2.OEt exazmined az a contact Tilm.

3 2

1555w
1479sh
1468m
1449m
1387s
1372sh
1295w
1261s
1240mw
1212s
119Sm
1156m
108%9nm
1035vs
1002sh
9625
917s
8L4ls
800s
784m

676w

A63w




Table XVII.

s
&)
ha)
Uel
Ly ]
o]
¥
B
=
&)
s
@®

Infrared specira of beryllium hydride o

compositions shown below examined as Mujol mulls.

£§§E2134Eg§ (BeHZqu(NaH)6 Assignment.
17508 (broad) 17711
1£27s
1263vs 125%vs v(BeH, Be) (t)
1217 vw )
1090m 10881
1047m

a1 Y (4
1616vs 1013vs § (se-1) (1)

799s 795vs
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