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Summary. 

Mixed methyl- and e t h y l - b e r y l l i u m hydrides have 

been prepared i n ether s o l u t i o n by r e a c t i o n between the 

sodium h y d r i d o d i a l k y l b e r y l l a t e s Ha(E,,HBe), and bery l l i u m 

c h l o r i d e . Ether can be removed from the product which has 

the o v e r a l l composition Ri,Be_H_ (R= -CE_, -C...H,-). A f t e r 

evaporation of ether from s o l u t i o n s of 1 we^Be.j.H^' which 

probably contains many complex s p e c i e s i n e q u i l i b r i u m , h e a t i n 

a t low pressure causes d i s p r o p o r t i o n a t i o n into v o l a t i l e 

d imethylberyllium and i n v o l a t i l e b e r y l l i u m hydride s t i l l 

c o n t a i n i n g some methyl groups. A s i m i l a r d i s p r o p o r t i o n a t i o n 

occurs more r e a d i l y when the e t h y l analogue i s heated and the 

i n f l u e n c e of excess sodium h y d r i d o d i e t h y l b e r y l l a t e and 

be r y l l i u m c h l o r i d e on t h i s r e a c t i o n has been s t u d i e d . 

E t h e r e a l s o l u t i o n s containing ' Et^Se-^':^1 have been 

shown to r e a c t with sodium hydride to form sodium hydrido

d i e t h y l b e r y l l a t e and a sodium h y d r i d o b e r y l l a t e which has not 

been c h a r a c t e r i s e d . 

Although a pure a l k y l b e r y l l i u m hydride (RBeH) 

could not be obtained from the above mixed hydride ('R.Be-H-1 

coordination compounds of meth.ylberyllium hydride have, 

however, been i s o l a t e d . Reaction between trimethylamine and 

'MeiBe-H-' H'ives a mixture of the known compound Me_Be.NMe_. 



and (MeKBe.NMe-)p which have been separated and the vapour 

press u r e and vapour phase a s s o c i a t i o n of t h i s l a t t e r complex 

have been s t u d i e d . The diamine (He_,NCH_-)„ gives the p r e v i o u s l y 

described compound ^^NCH-,-^BeMe.^ together with an i n s o l u b l e , 

i n v o l a t i l e and probably polymeric complex ^(Me^iCH,,- ) 2(3eMeH ) J 

The analogous ether (MeOCH,,-)^ r e a c t s i n a s i m i l a r way 

forming the p r e v i o u s l y described compound (i-!eOCH.3-) ̂ BeMe^ and 

a c o l o u r l e s s viscous o i l KKieOCR' - ) (BeMeH)_J A 2 ,2 ' - b i p j r r i d y l 

complex of methylberyllium hydride could not be i s o l a t e d s i n c e 

t h i s red complex decomposes i n s o l u t i o n to form a brown 

t a r r y m a t e r i a l . 

Reaction between trimethylamine hydrochloride and sodium 

h y d r i d o d i e t h y l b e r y l i a t e i n ether r e s u l t e d i n the evolution of 

both hydrogen and ethane and t h i s was therefore not a s a t i s 

f a c t o r y method f or the preparation of an e t h y l b e r y l l i u m hydride-

trimethylamine complex. However, r e a c t i o n between t r i e t h y l -

stannane and d i e t h y l b e r y l l i u m r e s u l t e d i n the formation of 

e t h y l b e r y l l i u m hydride which was c h a r a c t e r i s e d by conversion 

i n t o i t s trimethylamine complex. 

Hydride ion has been shown to d i s p l a c e trimethylamine 

from the l i q u i d complex die t h y l b e r y l l i u m - t r i m e t h y l a m i n e i n 

b o i l i n g ether, with formation of the h y d r i d o d i e t h y l b e r y l i a t e 

s a l t . 



The i n f r a r e d spectrum of dimethylberyllium i n the 

gas phase and the s p e c t r a of organo'beryllium and organo-

ber y l l i u r a hydride coordination complexes have been studied 

and c o r r e l a t i o n s e s t a b l i s h e d for these compounds, with 

p a r t i c u l a r respect to beryllium-hydrogen f r e q u e n c i e s . 

i 
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INTRODUCTION 



INTRODUCTION. 

The work described i n t h i s t h e s i s i s concerned 

with the preparation of organo-beryllium hydrides, t h e i r 

r e a c t i o n s with donor molecules, and an infra.red s p e c t r o s c o p i c 

study of these and other b e r y l l i u m compounds. 

In t h i s i n t r o d u c t i o n , the chemistry of compounds 

r e l e v a n t to these t o p i c s i s d i s c u s s e d . F i r s t , the preparation, 

p r o p e r t i e s , and coordination compounds of organo-beryllium 

compounds are considered, i n c l u d i n g a review of the b i p y r i d y l 

complexes of b e r y l l i u m which are covered s e p a r a t e l y . 

P r e p a r a t i v e methods for and r e a c t i o n s of b e r y l l i u m hydride 

are included, together with the r e l e v a n t hydride chemistry 

of other Group I I and Group I I I elements. F i n a l l y 

s p e c t r o s c o p i c data, r e l e v a n t to the compounds studied, 

are d e s c r i b e d . 

B e r y l l i u m , having the e l e c t r o n i c c o n f i g u r a t i o n 
2 2 

1 s 2s , almost e x c l u s i v e l y forms covalent compounds due 

to the small s i z e and therefore high p o l a r i s i n g power of 

the d i p o s i t i v e c a t i o n Be^ + . The atomic radius of b e r y l l i u m 

i s 0 . 8 9 ° and the c a l c u l a t e d i o n i c r a d i u s of 3e ^ + i s 0.3^2. . 
The high i o n i s a t i o n p o t e n t i a l s of b e r y l l i u m , the f i r s t 

being 2 1 5 and the second ^-20 kcal./mole, would suggest 

that f r e e d i v a l e n t ions of be r y l l i u m i n i t s compounds do 
( 1 3 AUG 1964 ) 
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not e x i s t . B e r y l l i u m f l u o r i d e , which might be expected 

to be the most i o n i c compound of beryllium, i s a poor 

conductor of e l e c t r i c i t y i n the fused s t a t e and b e r y l l i u m 

oxide has only about -+0 per cent i o n i c c h a r a c t e r . 

Compounds of be r y l l i u m have co v a l e n c i e s of two, 

three or four f o r the metal atom but there are no known 

compounds with a coordination number greater than four, 

s i n c e the atomic o r b i t a l s of p r i n c i p a l quantum number 

three are of too high an energy to p a r t i c i p a t e i n bond 

formation and no hybrid o r b i t a l s i n v o l v i n g d - o r b i t a l s 

can be expected f o r b e r y l l i u m . The coordination number 

of two a r i s e s from the use of sp hybrid o r b i t a l s by the 

be r y l l i u m to give a l i n e a r molecule as i s found i n the 

case of ber y l l i u m c h l o r i d e a t high temperature when i t 
k 

e x i s t s as a monomer and, beyond reasonable doubt, i n 

monomeric d i - t e r t i a r y b u t y l b e r y l l i u m The r a t h e r unusual 

coordination number of three i s found, f o r example, i n 

dimethylberyllium-trimethylamine't' i n which the b e r y l l i u m 
2 

atom must make use of sp hybrid o r b i t a l s . E e r y l l i u r n , 

however, has a strong tendency to form four covalent 

compounds using sp"^ o r b i t a l s to give t e t r a h e d r a l bonding. 

The v i s c o s i t i e s , c o n d u c t i v i t i e s and f r e e z i n g points of 
63 

s o l u t i o n s of b e r y l l i u m s a l t s show that the b e r y l l i u m 

ion i s more st r o n g l y hydrated than any other d i v a l e n t 
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e a t i o n and i t s s a l t s always have four molecules of water 

of c r y s t a l l i s a t i o n f o r each b e r y l l i u m atom. The i o n i c 

m o b i l i t i e s a t 25°C are : 

Be Mg Ca Sr Ba Ra 
3 0 5 5 - 5 5 9 - 8 5 9 . 8 6k.2 67 

'The phthalocyanine complex of be r y l l i u m i s exceptional 

i n that i t has a square-planar c o n f i g u r a t i o n due to the 

shape of the phthalocyanine molecule^* 

Organo-Beryllium Compounds. 

Be r y l l i u m d i a l k y l s and d i a r y l s have been prepared 

i n small q u a n t i t i e s by the a c t i o n of b e r y l l i u m metal on 

the d i a l k y l or d i a r y l d e r i v a t i v e s of mercury a t elevated 

temperatures, often with t r a c e s of mercuric c h l o r i d e as 

c a t a l y s t . ^ ^>» 2 1 » 2 2 , 2 3• ^ l a r g e r s c a l e s , the r e a c t i o n 
13 "1 ^ 37 • 

between b e r y l l i u m c h l o r i d e and a Grignard ' ' " o r 

l i t h i u m reagent i n ether i s b e t t e r : 
3eCl_2Et : 30 + 2RMgX > BeR_ + MgCl 2 + MgX 

or BeCl_2Et„0 + 2RLi \ BeR_ + 2L1C1. 
c. d. c. 

When prepared by t h i s method, complete separation 

of the b e r y l l i u m compound from t r a c e s of ether i s u s u a l l y 

d i f f i c u l t . 

D i a l k y l b e r y l l i u n i compounds are a l s o formed when 
8 

a l k y l b e r y l l i u m h a l i d e s are c a u t i o u s l y heated and by the 
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r e a c t i o n of free methyl or e t h y l r a d i c a l s with m e t a l l i c 
16 

b e r y l l i u m .' Some a l k y l - and a r y l - b e r y l l i u m h a l i d e s 

have been prepared by heating b e r y l l i u m meta.l with the 

appropriate a l k y l h a l i d e . ' ' 

A l l the organo-beryllium compounds must be prepared 

and handled i n the absence of oxygen, moisture and i n 

some i n s t a n c e s carbon dioxide, with which they r e a c t 

r a p i d l y . 

D i a l k y l b e r y l l i u m compounds r e a c t with hydrogen 
18 

peroxide i n ether s o l u t i o n producing b e r y l l i u m peroxide 
and with phenyl isocyanate to form the corresponding 

1 

a n i l i d e . ^* 

A l k y l b e r y l l i u m compounds have been used for the 

polymerisation of alkenes, and as intermediates as 

exemplified by :-

E t 2 B e + MePr nC=CK ? > MeEtPr nCCE 2BeEt. 1 9 " 

They r e a c t with ethylene stepwise, i n a s i m i l a r manner 

to aluminium and l i t h i u m a l k y l s , and Z i e g l e r has reviewed 
20. 

t h i s c l a s s of r e a c t i o n thoroughly. 

The e l e c t r o n i c u nsaturation of b e r y l l i u m a l k y l s 

l e a d s to the formation of coordination compounds with 

donor molecules. 

i 



Dimethylberyllium. 

Small q u a n t i t i e s of dimethylberyllium are most 

conveniently prepared by the r e a c t i o n of dimethylmercury 
j i T i -. i • J _ -, , . . o „ 1 1 , 1 2 , 2 1 , 2 2 , 2 3 . and excess powdered b e r y l l i u m metal a t 100 C. 

The product can be sublimed from the r e a c t i o n mixture 

under high vacuum, and t r a c e s of mercury can be removed 
21 

witn gold f o i l . 

P reparation from the Grignard or l i t h i u m reagent 

presents some d i f f i c u l t i e s . The product of t h i s r e a c t i o n 

can be i s o l a t e d f r e e from d i s s o l v e d s a l t s by a process 
13 15 2h. 

of 'ether d i s t i l l a t i o n ' a t atmospheric p r e s s u r e , ' ' 

but complete s e p a r a t i o n from ether i s d i f f i c u l t . The use 

of dimethyl sulphide as a solve n t has been suggested,' s i n c e dimethyl sulphide does not coordinate to dimethyl-

b e r y l l i u m ^ , but the method has not been examined 

experimentally. 

S o l i d dimethylberyllium has a polymeric s t r u c t u r e 
26 

s i m i l a r to s i l i c o n d i s u l p h i d e . X-ray d i f f r a c t i o n methods 

have shown that there i s an approximate t e t r a h e d r a l d i s t r i b u t i o n 

of methyl groups round ea.ch b e r y l l i u m atom with a l l the 

be r y l l i u m - carbon bonds equivalent and of length 1 .92 S . , 

the Be-C-Be angle being- 6 6 ° : 

.̂Me.., y .--Me,, 
'Be:;*' *"*:Be.'" 'Be:'*"" ***;Be;" 

"Me-- X . -Me-' 
'•'Me-*' 
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The e x t r a p o l a t e d s u b l i m a t i o n t e m p e r a t u r e , 2'17°C , and 

the i n t e r c h a i n d i s t a n c e s i n the polymer, exclude an i o n i c 

s t r u c t u r e . Both b e r y l l i u m and carbon atoms make use o f 

f o u r t e t r a h e d r a l ( sp"^ ) atomic o r b i t a l s and i t i s 

p r o b a b l e t h a t t h r e e - c e n t r e m o l e c u l a r o r b i t a l s BeCsp"^) + 

CCsp-5) + Be(sp^) are formed from t h e s e . 

D i m e t h y l b e r y l l i u m forms c o l o u r l e s s needles when 

condensed from the vapour phase b u t has n o t been observed 

t o m e l t . The vapour p r e s s u r e o f the s o l i d i s g i v e n by 
27 

the e q u a t i o n s : 

100-150°C : log 1 0P(mm.) = 12-530 - ^771/T. 

155-180°C : log 1 0P(mm.) = 13-292 - 5100/T. 

Vapour d e n s i t y measurements have been made between 1o0 

and 200°C and from a s t u d y o f the p r e s s u r e - dependence 

o f the vapour d e n s i t y , i t was shown t h a t the vapour c o n s i s t s 

o f monomer, dimer and t r i r n e r m o l e c u l e s , t o g e t h e r w i t h 

h i g h e r polymers which o n l y become i m p o r t a n t a t near-

s a t u r a t i o n c o n d i t i o n s . Heat and e n t r o p y terms have been 

o b t a i n e d f o r the monomer-dimer and monomer-trimer e q u i l i b r i a 

and s t r u c t u r e s have been proposed f o r the monomer, dimer 
27 

and t r i m e r " : 
monomer : Me - Be - Me. 

dimer : Me - Be;*" ""Be - Me. 
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t r i r a e r : Me - Eê *' !Ee;'' *Be - Me. 

'•Me' 

I n these f o r m u l a e , d o t t e d l i n e s r e p r e s e n t h a l f bonds. 

Thermal d e c o m p o s i t i o n s t a r t s t o occur a t 202°C 

w i t h the f o r m a t i o n o f (BeCE^) as int e r m e d i s . t e -product 
2 n 

and a t 220-230°C b e r y l l i u m c a r b i d e i s formed as end 

p r o d u c t : 
n(CH-,)_Be 2 0 2 > nCH, + (BeCH-) , 2 2 0 > n Be 0C + n CH, 2 9 

j d. •+ c. n 

B e r y l l i u m m e t a l can be d e p o s i t e d by the e l e c t r o l y s i s 

o f a m i x t u r e o f d i m e t h y l b e r y l l i u m and b e r y l l i u m c h l o r i d e 
1 5. 

i n e t h e r e a l s o l u t i o n . 
D i m e t h y l b e r y l l i u m r e a c t s w i t h d i b o r a n e above room 

7. 

t e m p e r a t u r e , the r e a c t i o n t a k i n g p l a c e i n s e v e r a l s t a g e s . 

T r i m e t h y l b o r a n e , methyl b e r y l l i u m b o r o h y d r i d e (MeBeBH^)_n 

as an intermedia.te p r o d u c t , b e r y l l i u m b o r o h y d r i d e and an 

i n v o l a t i l e substance which i s r j r o b a b l y (BeBH,.) n are formed 

d u r i n g the r e a c t i o n . 

D i m e t h y l b e r y l l i u m w i l l o n l y c o o r d i n a t e w i t h molecules 

which are s t r o n g enough t o break down i t s p o l y m e r i c s t r u c t u r e . 

I t forms c o o r d i n a t i o n compounds w i t h t r i r n e t h y l a m i n e , 

t r i m e t h y l p h o s p h i n e , d i m e t h y l - and d i e t h y l - e t h e r , b u t n o t 

w i t h t r i m e t h y l a r s i n e o r d i m e t h y l s u l p h i d e and the p r o p e r t i e s 

o f these compounds i n d i c a t e t h a t the o r d e r o f heat o f 
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c o o r d i n a t i o n i s N > F > 0 > A s , S '. ' T h i s same o r d e r i s 
30 31 • 

found w i t h t r i m e t h y l a l i i m i n i u m ' ̂  ' and t r i m e t h y l g a l l i u m 

when the a c c e p t o r atom i s o f the type t h a t forms s i m p l e 

c o o r d i n a t i o n l i n k s w i t h o u t c o m p l i c a t i o n s due: t o double 

bonding o r any s i m i l a r i n f l u e n c e o f d - o r b i t a l s . 

D i m e t h y l b e r y l l i u m forms a 1:1 compound (Me^Bef-NMe^) 

m e l t i n g a t 36°C , w i t h t r i m e t h y l a m i n e . This i s s t a b l e t o 

180°C and i s monomeric i n the gas phase'' , a l t h o u g h s l i g h t l y 

a s s o c i a t e d i n benzene s o l u t i o n ^ ' Below 9-10°C, a compound 

(Me_BeK(KMe,)_ can be o b t a i n e d b u t t h i s begins to d i s s o c i a t e 

on warming 

I n the r e a c t i o n o f d i m e t h y l b e r y l l i u m w i t h t r i m e t h y l -

p hosphine, complex e q u i l i b r i a r e s u l t from the s i m i l a r i t i e s 

between the a f f i n i t i e s o f d i m e t h y l b e r y l l i u m molecules f o r 

t r i m e t h y l p h o s p h i n e and f o r each o t h e r . A c o n s i d e r a b l e 

range o f compounds (He_P) (Me„,Ee) where x= 2,3>1»2,2,2 
_/ x n. y 

ana y= 1,2,1,3,^»5- r e s p e c t i v e l y are formed, each being-

s t a b l e i n a c e r t a i n range o f temperature and p r e s s u r e o f 

t r i m e t h y l p h o s p h i n e . A l l the t r i m e t h y l p h o s p h i n e can be 

removed i n vacuo a t room t e m p e r a t u r e . One p e c u l i a r i t y i s 

t h a t two molecules o f phosjihine can c o o r d i n a t e t o one 

m o lecule o f d i m e t h y l b e r y l l i u m , whereas the analogous 

t r i m e t h y l a m i n e complex i s unknown even though n i t r o g e n i s 

a s t r o n g e r donor t o b e r y l l i u m than i s phosphorus, as shown 
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by the d i s s o c i a t i o n p r e s s u r e s o f these compounds. The 

n o n - f o r m a t i o n o f Me_Be(NMe-)_ must be due t o an e n t r o p y 
2 ;> 2 

r a t h e r than a s t e r i c e f f e c t s i n c e the phosphine analogue 

would be more s t e r i c a l l y h i n d e r e d and the compound 

Me 2 

N—CH. 
Me Be" I " forms 

Me 2
 2 

W i t h d i m e t h y l e t h e r , the compounds Me,,Be.0Me2 , 

( M e 2 B e ) 2 ( 0 M e 2 ) , , (Me^e^COMe.,^ and (Me 23e) 20Me ? have 

been observed b u t a l l are l e s s s t a b l e than the phosphine 

complexes. 

W i t h d i e t h y l e t h e r , t h e r e was no i n d i c a t i o n o f a 

compound o f d e f i n i t e c o m p o s i t i o n b e i n g formed. 

C o l o u r l e s s c r y s t a l l i n e n e e d l e s , m.p. 31-92°C ,of 

d i m e t h y l d i p y r i d i n e b e r y l l i u m were i s o l a t e d from the r e a c t i o n 

o f p y r i d i n e w i t h d i m e t h y l b e r y l l i u m i n e t h e r . ^ " 

B i d e n t a t e l i g a n d s form v e r y s t a b l e 1:1 c h e l a t e 

complexes w i t h d i m e t h y l b e r y l l i u m . ' ' N,N,N* ,N' ,- t e t r a -

m e t h y l e t h y l e n e d i a m i n e and the c h e l a t i n g d i e t l i e r 'Monoglyme 1 

b o t h f o r m w e l l - d e f i n e d complexes w i t h d i m e t h y l b e r y l l i u m 
Me T)* 

o f the type ^ E e j r " | where D i s the donor atom. 

Both compounds must have very s m a l l d i s s o c i a t i o n p r e s s u r e s 

s i n c e t h e y can be sublimed unchanged i n vacuo. I n benzene 
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s o l u t i o n s , the e t h e r complex i s monomeric b u t the amine 

i s about t e n per c e n t a s s o c i a t e d . 

Donor molecules c o n t a i n i n g r e a c t i v e hydrogen atoms 

a l s o r e a c t r e a d i l y w i t h d i m e t h y l b e r y l l i u m w i t h the e l i m i n a t i o n 

o f methane and f o r m a t i o n o f d i - , t r i - , o r p o l y m e r i c 

p r o d u c t s . D i m e t h y l amine forms the adduct I^^Be Ir-lTEite^ 

which m e l t s a t kk°C w i t h the e v o l u t i o n o f methane, l e a v i n g 

t h e w h i t e c r y s t a l l i n e t r i m e r i c compound (MeBeN!'^)- t o 

wh i c h a c y c l i c s t r u c t u r e has been assigned ( I ) and which 

does n o t r e a c t w i t h t r i m e t h y l a m i n e below 50 CC. 

He 'v'e 
.N—Be 

Me - Be^ Me ? Me 

2 Me Me - Be^f ,Be - Me 

Me 
( I ) m.p. 55-56°C ( I I ) 

Methanol and d i m e t h y l b e r y l l i u m r e a c t w i t h the 

immediate e v o l u t i o n o f methane f o r m i n g a d i m e r i c p r o d u c t ( I I ) 

which d i s p r o p o r t i o n a t e s t o d i m e t h y l b e r y l l i u m and b e r y l l i u m 
o V~ 

methoxide ( B e ( 0 K e ) 2 ) above 120 C,, > " 

D i i s o p r o ;:• y I amine" and d i m e t h y l b e r y l l i u m form a 

f a i r l y s t a b l e monomeric adduct (j>Je2Be f- NEPr^j which s t a r t s 

t o l o s e methane s l o w l y a t about 100°C i n the presence 

o f excess amine. Loss of" methane- was n o t q u a n t i t a t i v e 
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however, even a f t e r r e f l u x i n g w i t h excess amine f o r s e v e r a l 
days, and t h i s i s p r o b a b l y due t o s t e r i c h i n d / r a n c e by 
the i s o p r o p y l groups. 

Methylamine and m e t h a n e t h i o l w i l l a l s o l i b e r a t e 

methane from d i m e t h y l b e r y i l i u m b u t the o t h e r p r o d u c t o f 

the r e a c t i o n were n o t c h a r a c t e r i s e d . J ' Methylamine 

appears t o d i s p l a c e t r i m e t h y l a m i n e from d i m e t h y l b e r y l l i u m -

t r i m e t h y l a m i n e and t h e r e f o r e the r e a c t i o n f o l l o w s a s i m i l a r 

course t o the r e a c t i o n o f d i m e t h y l b e r y l l i u m and m e t h y l a m i n e , J 

N- methyl s u b s t i t u t e d p r i m a r y and secondary diamines 

a l s o y i e l d p r o d u c t s i n which the c o o r d i n a t i v e u n s a t u r a t i o n 
33 • 

o f b e r y l l i u m i s r e l i e v e d by a s s o c i a t i o n o r p o l y m e r i s a t i o n . 

N,K,N'- T r i m e t h y l e t h y l e n e d i a m i n e l o s e s a mol. o f 

methane a t room temp e r a t u r e w i t h d i m e t h y l b e r y l l i u m , f o r m i n g 

the d i m e r i c p r o d u c t ( I I I ) which m e l t s a t 116-118°C. 

One mol. o f methane i s a l s o l i b e r a t e d from N,K' -

dime t h y l e t h y l enediamine and d i m e t h y l b e r y l l i u r a i n e t h e r 

as soon as the m i x t u r e m e l t s . The p r o d u c t , which i s 

b e l i e v e d t o have the s t r u c t u r e ( I V ) , sublimes s l o w l y a t 

90°C. and a t 1^5°C about e i g h t y per cent o f the r e m a i n i n g 

m e t h y l bound t o b e r y l l i u m i s e v o l v e d as methane. When ( I V ) 

i s heated i n t e t r a l i n s o l u t i o n , methane i s evolved 

q u a n t i t a t i v e l y a t 1 zfO-150°C. and an i n s o l u b l e p o l y m e r i c 

p r o d u c t (V) i s formed. 



" 1 2" c / ^ — c«x c ^ j | 

( I I I ) ( I V ) (V) 

Unsymmetrical N,N- d i m e t h y l e t h y l e n e d i a m i n e l i b e r a t e s 

one mol. o f methane from d i m e t h y l b e r y l l i u m i n e t h e r j u s t 

below room te m p e r a t u r e , g i v i n g a p r o d u c t analogous t o 

( I V ) . T h i s p r o d u c t sublimes a t 115°C, and at 170°C i t 

m e l t s w i t h a v i g o r o u s e v o l u t i o n o f methane and, on c o o l i n g ; 

a h a r d g l a s s i s produced. 

E t h y l e n e d i a m i n e l i b e r a t e s about e i g h t y per cent o f 

the m e t h y l from d i m e t h y l b e r y l l i u m a t room tem p e r a t u r e 

w i t h the f o r m a t i o n o f a w h i t e , amorphous, e v i d e n t l y p o l y m e r i c 

m a t e r i a l . Even a f t e r h e a t i n g t o k^°C, about s i x per cent 

o f the met h y l groups i s r e t a i n e d b u t t h i s i s r e l e a s e d on 

h y d r o l y s i s . 

The r e a c t i o n between hydrogen cyanide and d i m e t h y l -

b e r y l l i u m has a l s o been i n v e s t i g a t e d . " '.3eryllium 

d i c y a n i d e i s p r e c i p i t a t e d when e t h e r e a l d i m e t h y l b e r y l l i u m 

i s added s l o w l y t o excess hydrogen cyanide In benzene and 

t h i s does n o t r e a c t with, t r i m e t h y l a m i n e nor d i s s o l v e i n 

s o l v e n t s w i t h which i t does n o t r e a c t , s i n c e i t no doubt 

has a c r o s s - l i n k e d p o l y m e r i c s t r u c t u r e . Equimolar amounts o f 
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t h e above r e a c t a n t s form methane and the s o l u b l e m e t h y l -

b e r y l l i u m cyanide from which the e t h e r can be removed by 

pumping a t 70°C bu t t h e r e s i d u e does n o t r e d i s s o l v e and 

i s no.doubt p o l y m e r i c . No method f o r p u r i f y i n g t h i s compound 

was found b u t i t s c o o r d i n a t i o n complex w i t h t r i m e t h y l a m i n e 

was i s o l a t e d as an i n v o l a t i l e amorphous p r o d u c t from the 

r e a c t i o n o f d i m e t h y l b e r y l l i u m - t r i m e t h y l a m i n e and hydrogen 

c y a n i d e . 

T 
M 

Me - Be - C^SN — * Be 4— NMe_ 

D i e i t i i y l b e r y l l i u m . 

T h is compound cannot be p r e p a r e d from d i e t h y l m e r c u r y 
13 23» 

and b e r y l l i u m m e t a l b u t i s c o n v e n i e n t l y o b t a i n e d 
f r o m the r e a c t i o n o f ethylmagnesium bromide and b e r y l l i u m 

13 37. 

c h l o r i d e i n e t h e r . * S e p a r a t i o n from e t h e r i s d i f f i c u l t 

b u t p r o l o n g e d pumping, f o l l o w e d by vacuum d i s t i l l a t i o n 

g i v e s a c o l o u r l e s s p r o d u c t b o i l i n g a t 63°C/0.3®w-Hg., 

c o n t a i n i n g about two per cent ether."^''" Some o f the p u r e s t 

m a t e r i a l s o l i d i f i e s as w h i t e c r y s t a l s m e l t i n g between -13°C 

and -12°C.''^" D i e t h y l b e r y l l i u m has r e c e n t l y been p r e p a r e d 0 ^ " 

by t r e a t i n g b e r y l l i u m c h l o r i d e w i t h t r i e t h y l a l u m i n i u m a t 
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100°C f o r one hour. The b e r y l l i u m compound i s sep a r a t e d 

f r o m the l a t t e r by d i s t i l l a t i o n a f t e r the a d d i t i o n o f an 

e l e c t r o n - d o n o r complexing agent f o r the aluminium compound. 

The vapour p r e s s u r e i s g i v e n a p p r o x i m a t e l y by the 

e q u a t i o n : 

l o g 1 Q p (mm.) = 7-59 - 2200/T. 
• o 37. 

whence the e x t r a p o l a t e d b o i l i n g p o i n t i s 19^ C. 

D i e t h y l b e r y l l i u m i s monomeric i n d i o x a n , b u t i s 

a s s o c i a t e d i n cyclohexane and benzene, i t s m o l e c u l a r w e i g h t 

b e i n g t i m e dependent (160 and 14-0 r e s p e c t i v e l y two days 

a f t e r the p r e p a r a t i o n o f the s o l u t i o n and 212 and 224 
28 

r e s p e c t i v e l y a f t e r 24-0 d a y s ) . 

The apparent d i p o l e moment o f d i e t h y l b e r y l l i u m i n 

v a r i o u s s o l v e n t s i s i n t e r m e d i a t e between those o f d i e t h y l -

magnesium and - z i n c . I t s moment i s 1.0D i n heptane, 1.69D 

i n benzene, i n b o t h o f which i t i s a s s o c i a t e d , and 4.3D i n 
,. 39,^0. d i o x a n . 

D i e t h y l b e r y i i i u m decomposes s l o w l y a t 85°C and 

r a p i d l y a t 190-200°C. r e s u l t i n g i n the f o r m a t i o n o f ethane, 

e t h y l e n e , and butene, t o g e t h e r w i t h s m a l l amounts o f 3-

hexene, 1-3-cyclohexadiene and benzene. The r e s i d u e i s a 

m i x t u r e o f an o i l , which can be d i s t i l l e d a t 95-100°C/0.1-0.2mm. 

h a v i n g the approximate f o r m u l a ( (H * Be - GR^ ~^ 2 ' 
T O and a c r y s t a l l i n e s o l i d ( Be(CE-,)-, ) J 

j 2 3 n. 
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Methanol, i s o p r o p a n o l and hydrogen c h l o r i d e , a l l 

r e a c t e x p l o s i v e l y w i t h • d i e t h y l b e r y l l i u m . " 
L i t t l e study o f the c o o r d i n a t i o n compounds o f 

d i e t h y l b e r y l l i u m has been made. I t forms an orange c r y s t a l l i n e 

; 2BeFy 2! 33 
complex ( E t 5 B e F y 5 ) w i t h p y r i d i n e ^ " and diphenylarnine 
forms t h e p o l y m e r i c compound ( B e ( H P h 2 ) 2 ) n and ethane. 

The r e a c t i o n s between d i e t h y l b e r y l l i u m and a l s o between 

i t s t r i m e t h y l a m i n e complex and the meth y l h y d r a z i n e s have 

been i n v e s t i g a t e d . I n g e n e r a l , l i b e r a t i o n o f ethane was 

n o t q u a n t i t a t i v e and p o l y m e r i c m a t e r i a l s were formed, 

a l t h o u g h a 1:1 adduct (Me 2NNMeH.BeEt 2) was formed w i t h 

t r i m e t h y l h y d r a z i n e and a 2:1 adduct (Et 2Be) 2Me 2K TNMe 2 

w i t h t e t r a m e t h y l h y d r a z i n e . ~ > " 

S t r o h m e i e r and co-workers 1 * have prepared 

i n r e c e n t years a s e r i e s o f e t h e r - f r e e s a l t s o f d i e t h y l 

b e r y l l i u m o f the type MXCBeEt,,) where M r e p r e s e n t s an 

a l k a l i m e t a l , X r e p r e s e n t s h a l i d e o r cyanide and n = 1,2,or k. 

Potassium f l u o r i d e d i s s o l v e s i n e t h e r e a l d i e t h y l 

b e r y l l i u m a t 65°C over t h r e e hours and the c r y s t a l l i n e 

m a t e r i a l KF(3eEt,,)~ can be i s o l a t e d . At 70°8 i n benzene 
2 eL 

t h i s compound decomposes t o form the i n s o l u b l e m a t e r i a l 

KFBeEt, and p u r e , e t h e r - f r e e d i e t h y l b e r y l l i u m which can 
be d i s t i l l e d o u t . E t h e r - f r e e d i e t h y l b e r y l l i u m can a l s o 

:,)2 be o b t a i n e d by h e a t i n g KFCBeEt-)^ a t 100-130°C. Rubidium 
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and caesium f l u o r i d e s a l s o form s i m i l a r compounds bu t 

o i i h nr sodium c y a n i d e , sodium f l u o r i d e , l i t h i u m f l u o r i d e , 

caesium c h l o r i d e and potassium c h l o r i d e e i t h e r do n o t 

appear t o r e a c t o r , a t l e a s t , no pure compound c o u l d be 

i s o l a t e d from t h e i r r e a c t i o n . Potassium cyanide forms 

the p r o d u c t KCN.(BeEt^)^ which l o s e s pure d i e t h y l b e r y l l i u m 

a t 100-150°C i n vacuo and tetra-ethylammonium c h l o r i d e 

forms a v i s c o u s l i q u i d p r o d u c t a t room temp e r a t u r e o f the 

type E t , N C I . ( B e E t p ) ^ The tendency f o r complex f o r m a t i o n 

has been i n v e s t i g a t e d , and the o r d e r o f r e a c t i v i t y appears 

t o be CsF > RbF > KF > NaF. 

A c r y s t a l l i n e p y r o p h o r i c m a t e r i a l (NaBeEt_H) 
~ d. n 

m e l t i n g a t 198°C, has been i s o l a t e d from the r e a c t i o n o f 

d i e t h y l b e r y l l i u m and sodium h y d r i d e i n ether.. L i t h i u m 

h y d r i d e r e a c t s w i t h d i e t h y l b e r y l l i u m a t 110°C but a pure 

p r o d u c t was n o t i s o l a t e d and magnesium h y d r i d e does n o t 

appear t o r e a c t . 

Di-isopropylberyllium.^°" 

T h i s m a t e r i a l has been pr e p a r e d by the r e a c t i o n 

between isopropylmagnesiurn bromide and be r y l l i a i m o . c h l o r i d e 

i n e t h e r . An e t h e r - f r e e p r o d u c t can be o b t a i n e d by r e f l u x i n g 

w i t h c o n t i n u o u s pumping f o r a l o n g t i m e . The e t h e r - f r e e 

p r o d u c t which i s a c o l o u r l e s s , s l i g h t l y v i s c o u s l i q u i d , 



-17-

f r e e z e s a t -9.5°C and i s s o l u b l e i n benzene i n which i t 

i s d i m e r i c . I t s vapour p r e s s u r e , (0.17™n. a t 20°C and 

0.53mm- a t if0 OC) and e x t r a p o l a t e d b o i l i n g p o i n t (280°C) 

are c o n s i s t e n t w i t h a d i m e r i c s t r u c t u r e . 

Propene i s s l o w l y e v o l v ed f r o m d i - i s o p r o p y l b e r y l l i u m 

a t 50°C and r a p i d l y a t 200°C w i t h the f o r m a t i o n o f a v i s c o u s , 

n o n - v o l a t i l e polymer o f i s o p r o p y l b e r y l l i u m h y d r i d e , which 

r e a c t s w i t h d i m e t h y l a m i n e a t room temperature l i b e r a t i n g 

propane and hydrogen i n the r a t i o 2.5 : 1» and which 

decomposes a t 220-250°C f o r m i n g propane, propene, hydrogen, 

b e r y l l i u m and an orange r e s i d u e . The l i q u i d adduct (Pr^Be^-NMe^) 

i s formed w i t h t r i m e t h y l a m i n e and t h i s i s monomeric i n 

benzene s o l u t i o n . At 200°C d i - i s o p r o p y l b e r y l l i u m - t r i m e t h y l -

amine l o s e s a mol. o f propene f o r m i n g f e a t h e r y needles o f 

(Pr1BeH.NMe-.) bu t t h i s p r o d u c t has n o t y e t been f u r t h e r 3 n ^ 

s t u d i e d . 

D i - i s o p r o p y l b e r y l l i u m r e a c t s w i t h methanol g i v i n g 

propane and ( P r 1 B e .OMe) m.p. 1 3 3 ° C 

W i t h one mol. o f d i m e t h y l a m i n e , d i - i s o p r o p y l b e r y l l i u m 

forms a mol. o f propane and the l i q u i d d i m e t h y l a m i n o i s o p r o p y l -

b e r y l l i u m ( P r 1 B e .BV.e^ ) n which a t 100°C ev o l v e s propene 

l e a v i n g the g l a s s y p r o d u c t d i m e t h y l a m i n o b e r y l l i u m h y d r i d e 

(HBe.NMe,) . 
2 n 

A d d i t i o n o f two mols. o f d i m e t h y l a m i n e t c d i - i s o p r o p y l -
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b e r y l l i u m a t j u s t above room temperature a f f o r d s two mols. 

o f propane and b i s d i m e t h y l a m i n o b e r y l l i u m which i s t r i m e r i c 

i n b o t h benzene s o l u t i o n and the vapour phase and p r o b a b l y 

has the c y c l i c s t r u c t u r e as shown below: 

Me 2 

A 
Me_NBe 3eNMe-

I t £ 

Me~N NMe _ 
y 
he 
NMe^ m.p. 9k°C. 

P i - t e r t i a r y - b u t y l b e r y l l i u m 

T h i s was prepared from e t h e r e a l s o l u t i o n s o f t e r t . -

butylmagnesium c h l o r i d e and b e r y l l i u m c h l o r i d e . I t decomposes 

s l o w l y a t room temperature w i t h the e v o l u t i o n o f i s o b u t e n e 

and i s t h e r e f o r e b e s t k e p t a t low t e m p e r a t u r e . I t has 

beer, o b t a i n e d e t h e r - f r e e by t r e a t i n g the p r o d u c t o f the 

above r e a c t i o n w i t h b e r y l l i u m c h l o r i d e which has a h i g h e r 

a f f i n i t y f o r e t h e r , f o l l o w e d by d i s t i l l a t i o n o f the d i -

t e r t . - b u t y l b e r y l l i u m . " T h i s l a t t e r p r o d u c t i s more v o l a t i l e 

than the e t h e r complex: i t f r e e z e s a t -16°C, has a vapour 

p r e s s u r e o f 35^™. a t 25°C and i s t h e r e f o r e p r o b a b l y monomeric, 

D i - t e r t . - b u t y l b e r y l l i u m r e a c t s w i t h t r i m e t h y l a m i n e 

b u t the p r o d u c t has n o t been w e l l c h a r a c t e r i s e d and no 

o t h e r c o o r d i n a t i o n compounds have been s t u d i e d . 
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D i p h e n y l b e r y l l i u m . 

T h i s has been o b t a i n e d by h e a t i n g d i p h e n y l m e r c u r y 

and b e r y l l i u m metal f o r one t o two hours a t 210-220°C 

f o l l o w e d by r e c r y s t a l l i s a t i o n f r o m benzene, ' and by 

h e a t i n g the same two reag e n t s i n d r y x y l e n e i n a se a l e d 

tube f o r t h r e e days a t 150°C. 9" I t m e l t s a t 244-24S°C w i t h 

d e c o m p o s i t i o n and i t s d i p o l e moment i s 1.64D i n benzene, 

^•33D i n d i o x a n and zero i n h e p t a n e J ^ O . 

A c r y s t a l l i n e d i e t h e r a t e m.p. 28-32°C has been 

i s o l a t e d from an e t h e r e a l s o l u t i o n o f d i p h e n y l b e r y l l i u m , 

and t h i s compound l o s e s e t h e r i n vacuo a t 1 3 0 ° C . ^ " 

The complex s a l t Li(BePh-,) can be i s o l a t e d from the 

r e a c t i o n o f p h e n y l - l i t h i u m and d i p h e n y l b e r y l l i u m i n e t h e r 

a t room t e m p e r a t u r e , f o l l o w e d by r e c r y s t a l l i s a t i o n from 

x y l e n e . C r y s t a l l i s a t i o n from d i o x a n y i e l d s a p r o d u c t 

( L i ( B e P h ^ ) ( d i o x a n ) ^ ) c o n t a i n i n g f o u r molecules o f s o l v e n t . 

D i p h e n y l -magnesium, -cadmium, and - z i n c a l s o f o r m s i m i l a r 

compounds.^" 

A complex h y d r i d e , LiCBeFlr^iOOEt., has been formed 

by the r e a c t i o n o f d i p h e n y l b e r y l l i u m e t h e r a t e and l i t h i u m 

h y d r i d e a t 1 5 0 - 1 6 5 ° C . 5 0 " 

Dessy' has shown t h a t t h e r e i s no exchange between 

d i p h e n y l b e r y l l i u m and i s o t o p i c a l l y l a b e l l e d b e r y l l i u m bromide 

i n e t h e r s o l u t i o n and suggests t h a t the complex formed may 
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be f o r m u l a t e d as PhpBe .BeBr-j Since s i m i l a r c l a i m s were 

made i n r e s p e c t o f phenylmagnesium bromide, now known t o 
61 

e x i s t as monomer P h M g B r ( 0 E t 2 ) 2 by X-ray d i f f r a c t i o n , 

t h e r e i s now some doubt about the i s o t o p i c exchange r e s u l t s 

f o r b o t h b e r y l l i u m and magnesium compounds. 

B e r y l l i u m B o r o h y d r i d e . 

The most c o n v e n i e n t p r e p a r a t i o n o f b e r y l l i u m b o r o h y d r i d e 

i s from the r e a c t i o n o f l i t h i u m , o r sodium b o r o h y d r i d e 

w i t h b e r y l l i u m h a l i d e s a t e l e v a t e d t e m p e r a t u r e s . 

I t i s a w h i t e , v o l a t i l e s o l i d , monomeric i n the 

vapour phase, m e l t i n g a t 123°C and i t s vapour p r e s s u r e i s 

760mm.Hg a t 91.3°C. 7" 

B e r y l l i u m b o r o h y d r i d e undergoes r e a c t i o n w i t h 

t r i m e t h y l a m i n e i n s e v e r a l s t a g e s . I t absorbs the amine a t 

-S0°C f o r m i n g the 1 : 1 complex, which i s monomeric i n the 

gas phase and does n o t r e a c t w i t h d i b o r a n e a t 70°C. At 100°C 

i n the presence o f the amine, i t r e a c t s f u r t h e r f o r m i n g 

BH-,.NMe, and BeBHcNMe_, Th i s l a t t e r p r o d u c t l o s e s the amine :> 3 5 3- * 
r e v e r s i b l y above room temperature b u t n o t a l l the amine 

7 
can be removed. 
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3 i p y r i d y l Complexes. 

A remarkable s e r i e s o f c o l o u r e d b i p y r i d y l complexes 

o f the orga.no and h a l i d e compounds o f b e r y l l i u m has been 

p r e p a r e d . These compounds, t h e i r c o l o u r s , t h e i r l o n g -

w a v e l e n g t h a b s o r p t i o n bands ( A max.), and molar e x t i n c t i o n 

c o e f f i c i e n t s are l i s t e d below. 

. Molar e x t i n c t i o n _, 
X i n X b i p y Be. C o l o u r . A max(ma). c o e f f i c i e n t , x l Q ^ . 

C I White 352 i n f l . 1.2 

Br F a l e cream 364 2.4 

I Y e l l o w 368 7.0 

Ph. Yellow 353 i n f l . 0.5 

Me. Yel l o w 395 2.7 

E t . Red 461 3-7 

The b i p j r i d y l complexes o f d i - i s o p r o p y l b e r y l 1 i u m , 

i s o p r o p y l b e r y l l i u m h y d r i d e and d i - n - b u t y l b e r y l l i u m decomposed 

r e a d i l y t o brown t a r s . 
n 

The i n c r e a s e i n molar e x t i j C t i o n c o e f f i c i e n t as the 

e l e c t r o n e g a t i v i t y o f X decreases and t h e i r c o l o u r s are 

e x p l a i n e d by e l e c t r o n - t r a n s f e r from the Be-X bonds t o the 

l o w e s t unoccupied m o l e c u l a r o r b i t a l of the b i p y r i d y l . 

Two b l a c k c r y s t a l l i n e complexes o f b e r y l l i u m have a l s o 

http://orga.no
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been p r e p a r e d , - b i s b i p y r i d y l b e r y l l i u m ( b i p y _ B e ) from t h e 

d i l i t h i u m adduct o f b i p y r i d y l and d i c h l o r o ( b i p y r i d y l ) b e r y l l i u i n 

i n 'monoglyme* and c r y s t a l l i s e d from benzene; l i t h i u m 

b i s b i p y r i d y l b e r y l l a t e from l i t h i u m b i p y r i d y l and d i c h l o r o -

( b i p y r i d y l ) b e r y l l i u m i n e t h e r . T h i s l a t t e r p r o d u c t r e a c t s 

w i t h bromine t o form d i b r o i a o ( b i p y r i d y l ) b e r y l l i u m . 

The magnetic p r o p e r t i e s o f ( b i j j y ^ B e ) and i t s deep 

c o l o u r are c o n s i s t e n t w i t h i t s f o r m u l a t i o n as a c o o r d i n a t i o n 

complex o f the b i p y r i d y l a n i o n ( ( b i p y ~ ) ̂ Be^ ). 

B e r y l l i u m H y d r i d e . 

Many methods f o r p r e p a r i n g b e r y l l i u m h y d r i d e have 

been i n v e s t i g a t e d , and v a r y i n g degrees o f p u r i t y have been 

o b t a i n e d . 
52. 

I t was f i r s t r e p o r t e d by S c h l e s i n g e r and co-workers 

f r o m t h e r e a c t i o n between l i t h i u m aluminium h y d r i d e and 

d i m e t h y l b e r y l l i u m i n e t h e r . The w h i t e , i n s o l u b l e , i n v o l a t i l e 

m a t e r i a l which c o n t a i n s e t h e r , decomposed t o b e r y l l i u m and 

hydrogen a t 125^C and r e a c t e d v i g o r o u s l y w i t h w a t e r , b u t n o t 

w i t h d r y a i r . L a t e r workers however, showed t h i s p r o d u c t t o 

be i n s e p a r a b l y contaminated w i t h aluminium and l i t h i u m . ~ T ' ~ " 

Coates and G l o c k l i n g " found t h a t 63mole per cent 

d i - t e r t - b u t y l b e r y l l i u m , the r e s t b e i n g e t h e r which c o u l d n o t 

be removed, s t a r t s t o decompose a t 100°C and a t 150°C a 
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w h i t e , a p p a r e n t l y n o n - c r y s t a l l i n e s o l i d formed. The v o l a t i l e 

p r o d u c t s , e t h e r and i s o b u t e n e were removed and the r e s i d u e 

was shown by h y d r o l y s i s t o be 89mole per ce n t b e r y l l i u m h y d r i d e . 

P y r o l y s i s a t 210°C, d u r i n g which time a l i t t l e hydrogen was 

formed, y i e l d e d 96-3 mole per cent b e r y l l i u m h y d r i d e , the r e s t 

b e i n g t e r t i a r y b u t y l groups. B e r y l l i u m h y d r i d e prepared by 

t h i s method was remarkably r e s i s t a n t t o w a t e r , even a t room 

temperature and a c i d was r e q u i r e d to complete the h y d r o l y s i s . 

P y r o l y s i s a t 2^0-290°C caused i n c r e a s i n g l i b e r a t i o n o f 
o 

hydrogen which became r a p i d a t 300 C. 
-8. 

P y r o l y s i s o f e t h e r - f r e e d i - t e r t - b u t y l b e r y l l i u m ' * a t 

200°C a f f o r d e d 97 mole per cent b e r y l l i u m h y d r i d e which has 

a d e n s i t y o f 0.57 gms/cc, and an X-ray powder photograph 

showed no l i n e s a t t r i b u t a b l e t o the h y d r i d e . 

The d i r e c t s y n t h e s i s from b e r y l l i u m and both m o l e c u l a r 

and atomic hydrogen a t h i g h t e m p e r a t u r e and p r e s s u r e has 
53 . 

been t r i e d u n s u c c e s s f u l l y . , y 

A s u r f a c e r e a c t i o n between l i t h i u m h y d r i d e and 

b e r y l l i u m c h l o r i d e has been n o t i c e d b u t no p r o d u c t was 

i s o l a t e d . * 

D i m e t h y l b e r y l l i u m r e a c t s w i t h d i m e t h y l alumiiniuni h y d r i d e 
52. 

i n the absence o f s o l v e n t . " Although t r i m e t h y l a l u m i n i u m 

was formed as i n d i c a t e d by the e q u a t i o n below, a p r o d u c t f r e e 

f r o m m e t h y l groups c o u l d not be o b t a i n e d : 
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2Me_AlH + Me_Be ^ 2Me„Al + BeH_. 

d. 2 7 y 2 

Th i s may be due t o the i n t e r m e d i a t e occurrence o f a r e v e r s i b l e 

r e a c t i o n : 

Me 2AlH + Me 2Be } Me^Al + MeBeE. 

No b e t t e r r e s u l t s than the above c o u l d be o b t a i n e d i n 

is o p e n t a n e s o l u t i o n . 
47. 

B e r y l l i u m h y d r i d e * r e a c t s w i t h two c o l s , d i m e t h y l a m i n e 

a t 1faO°C l i b e r a t i n g hydrogen and f o r m i n g b i s d i m e t h y l a m i n o -

b e r y l l i u m ; w i t h d i b o r a n e a t 95°C f o r m i n g b e r y l l i u m b o r o h y d r i d e , 

b u t f a i l s t o r e a c t w i t h t r i m e t h y l a m i n e even a t 210°C. 

Hydride Chemistry o f o t h e r Group I I elements. 

A l k y l - h y d r o g e n exchange r e a c t i o n s f o r the p r e p a r a t i o n 

o f Group I I metal h y d r i d e s have been i n v e s t i g a t e d b u t a 

h i g h degree o f p u r i t y was never o b t a i n e d . 

L i t h i u m aluminium h y d r i d e r e a c t s w i t h some d i a l k y l 

d e r i v a t i v e s o f magnesium, z i n c , and cadmium i n e t h e r s o l u t i o n s 

i n a somewhat s i m i l a r , b u t a p p a r e n t l y r a t h e r more s t r a i g h t 

f o r w a r d way t o the r e a c t i o n w i t h d i m e t h y l b e r y l l i u m , f o r m i n g 

t h e m e t a l h y d r i d e s as w h i t e , i n v o l a t i l e , i n s o l u b l e powders. " 

Zinc and cadmium h y d r i d e s are o b t a i n e d e t h e r - f r e e by t h i s 

method b u t c o n t a i n s m a l l amounts o f o t h e r i m p u r i t i e s . The 
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f o r m e r decomposes a t room temperature and the: l a t t e r at^*C. 

i n t o the c o r r e s p o n d i n g metal and hydrogen, w h i l s t d i m e t h y l -

mercury r e a c t s w i t h l i t h i u m a l uminium h y d r i d e a t -80°C. 

f o r m i n g mercury and l i b e r a t i n g hydrogen. Zinc h y d r i d e i s 

i n s o l u b l e i n pure e t h e r b u t d i s s o l v e s i n e t h e r c o n t a i n i n g 

a l a r g e excess o f d i m e t h y l a i n c presumably w i t h the f o r m a t i o n 

o f a. m e t h y l z i n c h y d r i d e . Zinc h y d r i d e can a l s o be o b t a i n e d i n 

a s i m i l a r degree o f p u r i t y t o the above from d i m e t h y l a l u m i n i u m 

h y d r i d e and d i m e t h y l z i n c . 

Magnesium h y d r i d e as p r e c i p i t a t e d from t h e r e a c t i o n o f 

d iethylmagnesiurn and e t h e r e a l l i t h i u m aluminium h y d r i d e , 

c o n t a i n s e t h e r and o f t e n aluminium, depending on the p r o p o r t i o n 

o f r e a c t a n t s , o r d e r o f a d d i t i o n , and c o n c e n t r a t i o n o f s o l u t i o n s . 

I t i s o f i n t e r e s t to note t h a t the d e c o m p o s i t i o n 

t e m p e r a t u r e s , and t h e r e f o r e the p u r i t y o f the Group I I metal 

h y d r i d e s , v a r i e s c o n s i d e r a b l y depending on the method o f 

p r e p a r a t i o n (compare above method o f p r e p a r a t i o n o f b e r 3 r l l i u m 
hi. 

h y d r i d e w i t h Coates and G l o c k l i n g ' s p r e p a r a t i o n ' ) . I t 

seems p r o b a b l e t h a t these e l e c t r o n - d e f i c i e n t h y d r i d e s 

p r e p a r e d as above, are contaminated t o v a r i o u s e x t e n t s w i t h 

o t h e r e l e c t r o n - d e f i c i e n t molecules such as a luminium h y d r i d e , 

o r w i t h l i t h i u m h y d r i d e , o r t h e i r m e t h y l analogues, a l l o f 

which may be formed d u r i n g the r e a c t i o n . 
„ . 6 5 . . 6 6 . , / __ v66. . , . , , Zinc , cadmium , ana mercury t i l ; l o d i a e s as w a l l 
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as d i p h e n y l m e r c u r y " are reduced by l i t h i u m aluminium h y d r i d e 

b u t pure h y d r i d e s were n o t o b t a i n e d . A t h i r d b u t l e s s 

s a t i s f a c t o r y p r e p a r a t i o n o f z i n c h y d r i d e i n v o l v e s the use 
6 '-i 

o f z i n c c h l o r i d e and a luminium c h l o r o h y d r i d e . . 

A l k y l - h y d r o g e n exchange r e a c t i o n s between the d i e t h y l 

d e r i v a t i v e s o f magnesium, z i n c , cadmium and mercury and 

d i e t h y l a l u m i n i u m h y d r i d e i n the absence o f s o l v e n t , have 
67 

been i n v e s t i g a t e d . ' Although t r i e t h y l a l u m i n i u m was i s o l a t e d 

i n every case, the o n l y h y d r i d e i s o l a t e d was t h a t o f magnesium 

i n a p u r i t y o f 97%. ( No mention o f the i m p u r i t y was made). 

The z i n c and cadmium compounds decomposed l i b e r a t i n g hydrogen 

and d e p o s i t i n g the m e t a l under the r e a c t i o n c o n d i t i o n s used 

( t e m p e r a t u r e s i n the range 25-50°C). D i e t h y l r n e r c u r y r e a c t s 

w i t h d i e t h y l a l u m i n i u m h y d r i d e w i t h t h e f o r m a t i o n o f ethane , 

hydrogen and mercury. The presence o f ethane i n the r e a c t i o n 

p r o d u c t s r e f l e c t s the i n t e r m e d i a t e f o r m a t i o n o f e t h y l m e r c u r y 

h y d r i d e and t h i s m a i n l y breaks down t o ethane and mercury o r 

r e a c t s w i t h d i e t h y l a l u m i n i u m h y d r i d e t o g i v e mercury h y d r i d e 

w h ich s u b s e q u e n t l y breaks down to mercury and hydrogen. 

An a p p a r e n t l y p o l y m e r i c mixed h y d r i d e - b o r o h y d r i d e 
68. ( HZnBH, ) i s formed from d i m e t h y l z i n c and d l b o r a n e . n. 

Organo-zinc compounds a l s o f o r m a n i o n i c h y d r i d e 

complexes. D i p h e n y l z i n c > " forms an e t h e r complexLi(ZnPh K)OEt. 
c t 

w i t h l i t h i u m h y d r i d e i n a s i m i l a r way to the analogous 

b e r y l l i u m compound. R e c e n t l y the compound (NaH(Et_Zn)„) 
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has been formed by the r e a c t i o n o f sodium h y d r i d e w i t h 

d i e t h y l z i n c i n 'monoglyme' or 'diglyme' b u t a t t e m p t s t o 

i s o l a t e i t r e s u l t e d i n i t s d e c o m p o s i t i o n . No r e a c t i o n was 

observed i n e t h e r , t e t r a h y d r o f u r a n , a r o m a t i c o r a l i p h a t i c 

h y d r ocarbons. Sodium h y d r i d e a l s o r e a c t s with, z i n c c h l o r i d e 

i n g l y c o l e t h e r s f o r m i n g ( N a H(ZnCl^)^) which c o u l d n o t be 

i s o l a t e d , b u t two competing r e a c t i o n s appear t o take p l a c e 

s i n c e sodium c h l o r i d e and z i n c metal are d e p o s i t e d t o g e t h e r 

w i t h some gas e v o l u t i o n which i s more r a p i d a t e l e v a t e d 

t e m p e r a t u r e s ' 

The G r i g n a r d r e a g e n t (HHgX ) d e r i v e d f r o m hydrogen-

has been o b t a i n e d as b i s - t e t r a h y d r o f u r a n and e t h e r c r y s t a l l i n e -

complexes from t h e r e a c t i o n s o f ethylmagnesium h a l i d e s w i t h 

d i b o r a n e i n the a p p r o p r i a t e s o l v e n t a t -25°C.^' 

B 2Hg + 6EtMgX V&EMgX + 2Et.^B. 

Analogous s o l v e n t - f r e e p r o d u c t s have been o b t a i n e d from 
71 72. 

the p y r o l y s i s o f G r i g n a r d r e a g e n t s . ' 
C^H^MgBr ~ 2 ° °> C 2H Z f + EMgBr. 

73 • 

L a t e r workers have d e s c r i b e d t h i s compound, 

p o s s i b l y i n c o r r e c t l y , as an eq u i m o l a r m i x t u r e o f magnesium 

h y d r i d e and bromide s i n c e a t 300-350°C. i t decomposes i n t o 

magnesium, hydrogen and magnesium bromide. 

Some d i a l k y l m a g n e s i u m compounds decompose a t e l e v a t e d 

temperatures e v o l v i n g o l e f i n and l e a v i n g magnesium h y d r i d e as 



r e s i d u e , a l t h o u g h s i d e r e a c t i o n s a l s o take p l a c e r e s u l t i n g 
75 7^ • 

i n the f o r m a t i o n o f some p a r a f f i n . '' " Magnesium h y d r i d e 

p r e p a r e d by t h i s method decomposes i n t o i t s elements a t 280-

300°C. 

The r e a c t i o n s between d i b o r a n e and diethylmagnesium 
•74 111 112 113. appear t o be r e l a t i v e l y complex.' ' ' ' I n e t h e r 

s o l u t i o n and w i t h excess di e t h y l m a g n e s i u m , magnesium h y d r i d e 

i s formed; w i t h excess d i b o r a n e , magnesium b o r o h y d r i d e i s 
1-

formed, s u r p r i s i n g l y as a w h i t e m i c r o c r y s t a l l i n e p r e c i p i t a t e ' 

but the r e a c t i o n s appear t o go t h r o u g h s e v e r a l i n t e r m e d i a t e 

s t a g e s . 

Pure diethylmagnesium ( c o n t a i n i n g no aluminium ) 

absorbs d i b o r a n e v / i t h the f o r m a t i o n o f MgH_(BEtH_)_ ( I ) 
d d d 

which r e a c t s w i t h more MgEt^ f o r m i n g EtMgH._,BEtH ( I I ) and 

t h i s r e v e r t s t o I on r e a c t i o n w i t h d i b o r a n e . Both I and I I 

are c o l o u r l e s s a i r - s e n s i t i v e v i s c o u s and t h e r e f o r e p o s s i b l y 

p o l y m e r i c l i q u i d s a t room temperature which decompose 

above 80°C, i n t o magnesium h y d r i d e and EtBK„ and Et^BH 

r e s p e c t i v e l y . The mixed boron-magnesium compounds I and I I 
111. 

are f u r t h e r d e - a l k y l a t e d by r e a c t i o n w i t h Et^BH; 
M g H 2 ( B E t H 2 ) 2 + Et.BH >Mg(BH i f) 2 +• 2Et_B. 

2EtMgH2BHH + 6Et,,BH > 2MgH 2(BRH 2) 2 + *fEt B. 

When aluminium i s p r e s e n t ( as t r i e t h y l a l u m i n i u m ) , 

more complete d i s p r o p o r t i o n s t i o n i s c a t a l y s e d , p r o d u c i n g 
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e t h e r - i n s o l u b l e EtMgBH^ and MgK-.BEt^. The former i s s t a b l e 

i n the presence o f t r i - e t h y l a l u m i n i u m and diethylmagnesium 

b u t decomposes above 100°C. p r o d u c i n g MgCEH^}^ and Et^Mg 

which recombine f o r m i n g 2MgH,, + 2EtBH 2 or i f s u f f i c i e n t 

EtpMg i s p r e s e n t : 

Mg(BKi,)- + JEt-Mg > 4MgH_, + 2Et-JB. 

The l a t t e r (MgH-^BEt-^) decomposes above 80°C. i n t o 

HgH„, and Et-,B. I n the presence o f aluminium, EtMgH^BEtH and 

HMgH 2BEt 2 recombine t o form MgR^BEt^ and EtMgBH^. A d d i t i o n 

o f t r i - e t h y l a l u m i n i u m t o a s t a b l e s o l u t i o n o f EtMgH 0BEtH 

i n i t i a t e s the r e a c t i o n and the same p r o d u c t s are o b t a i n e d as 

i f a l u minium were p r e s e n t d u r i n g the r e a c t i o n o f Et 2Mg and 
„ .. 112. B^h^ c o . 

i n the presence o f aluminium a l k y l s , MgCBH^)-, i s 

formed by the r e a c t i o n o f Et-^Mg and 3.pHg a t room t e m p e r a t u r e , 

b u t when aluminium i s absent, a s e r i e s o f complex i n t e r m e d i a t e s 

i s formed which r e q u i r e h e a t i n g t o 100°C. t o decompose the 
113. 

i n t e r m e d i a t e s i n o r d e r t o g i v e the b o r o h y d r i d e . 

The h i g h p r e s s u r e and temp e r a t u r e r e a c t i o n o f magnesium 

and hydrogen i n the presence o f magnesium i o d i d e a l s o 
75 • 

r e s u l t s i n the f o r m a t i o n o f magnesium hydride.. 

A slow r e a c t i o n between diethylmagnesium and s i l a n e 

i n e t h e r r e s u l t s i n the g r a d u a l d e p o s i t i o n o f c r y s t a l l i n e 
(HMgOEt) which i s s t a b l e t o 200°C. 7 6' n 
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A comparison o f d e c o m p o s i t i o n temperatures o f these 

h y d r i d e s , whatever t h e i r method o f p r e p a r a t i o n , shows t h a t 

t h e i r s t a b i l i t y decreases c o n s i d e r a b l y w i t h i n c r e a s i n g 

atomic w e i g h t o f the metal atom. However, i t i s apparent 

t h a t t h e i n v e s t i g a t i o n o f the Group I I metal h y d r i d e s has 

been somewhat i n a d e q u a t e , and t h a t t h e r e i s much scope f o r 

f u r t h e r s t u d y i n t h i s a r e a . 

H y d r i d e Chemistry o f the Group I I I elements. 

Much work has been done on the h y d r i d e s and on r e a c t i o n s 

o f a l k a l i metal h y d r i d e complexes o f the organo compounds 

o f boron and aluminium, v e r y much l e s s h a v i n g been r e p o r t e d 

c o n c e r n i n g the r e m a i n i n g Group I I I elements. 

L i t h i u m h y d r i d e and t r i p h e n y l b o r a n e form a 1:1 complex 

a t 180°C, the p r o d u c t r e t a i n i n g f i v e mols. o f d i o x a n when 

r e c r y s t a l l i s e d from t h a t s o l v e n t b u t l o s i n g t h r e e mols. 
o 78 when heated t o 100 C. in_ vacuo. u " S i m i l a r compounds are 

formed from sodium h y d r i d e and t r i p h e n y l b o r a n e i n e t h e r "', 

and from sodium h y d r i d e and t r i e t h y l b o r a n e i n e t h e r , 'diglyme' 
80 

o r hexane, " b u t these l a s t two p r o d u c t s r e t a i n no s o l v e n t 

o f c r y s t a l l i s a t i o n . The l a t t e r p r o d u c t , NaBEt.,H, which i s 

a c o l o u r l e s s v i s c o u s o i l , decomposes a t 135°0. i n vacuo. i n t o 

sodium h y d r i d e and t r i e t h y l b o r a n e , and d i s p r o p o r t i o n a t e s i n 

'diglyme •' a t 170°C. i n t o sodium b o r o h y d r i d e and sodium 



t e t r a - e t h y l b o r a t e . T r i a r y l b o r a n e - a l k a l i metal compounds 

r e a c t w i t h methanol a l s o f o r m i n g an a n i o n i c boron h y d r i d e 
• 79. d e r i v a t i v e . 

2Ph„B' Ha + + MeOE » Na + (Ph,B. OMe ) ~ + l!a +(?h_BH)~ 
y y y 

The r e s t o f the v e r y e x t e n s i v e h y d r i d e c h e m i s t r y 

o f boron i s l e s s r e l e v a n t t o t h i s t h e s i s , and i s n o t di s c u s s e d 

f u r t h e r . 

A l k a l i m etal h y d r i d e s r e a c t w i t h organo-aluminium 

compounds i n a s i m i l a r way t o those o f boron and b e r y l l i u m . 

Sodium h y d r i d e r e a c t s w i t h both t r i e t h y l a l u m i n i u m and 
o 81 . 

d i e t h y l a l u m i n i u m h y d r i d e i n heptane a t 80 C. ' and l i t h i u m 
o 82 

h y d r i d e r e a c t s w i t h t r i p h e n y l a l u m i n i u m a t 250-260 C. ", 

f o r m i n g 1:1 complexes. Two p r o d u c t s , however, can be o b t a i n e d 

from the r e a c t i o n o f t r i e t h y l a l u m i n i u m and l i t h i u m h y d r i d e . ^ " 

The l i q u i d 1:1 complex i s formed by h e a t i n g t h i s m i x t u r e 

a t 1j50°C. and when t h i s p r o d u c t i s mixed w i t h t r i e t h y l -

a l u m i n i u m , two phases are formed, the l o w e r l a y e r h a v i n g 

t h e c o i r u j o s i t i o n L i K ( A l E t _ ) - , H y dride complexes NaAl-Et_.H, 
y <^ • y 

NaAlEt-jE^ b u t n o t NaAlEtH- can be prepared by h e a t i n g sodium 

t e t r a - e t h y l a l u m i n a t e and sodium aluminium h y d r i d e t o g e t h e r 

i n the r i g h t p r o p o r t i o n s a t b0-1C0 C. 

The r e a c t i o n s between a l k a l i m etal h y d r i d e s and 

a l k y l a l u m i n i u m h a l i d e s have been used f o r the p r e p a r a t i o n 

o f a l k y l a l u m i n i u m h y d r i d e s and t h e i r a l k a l i m e t a l h y d r i d e 



. 85,86,37,88. a d d u c t s . 

MH + R 2A1C1—> MCI «f R2A1H I f E»ME 2AlH 2 > 

( M r e p r e s e n t s an a l k a l i m etal ) 

3 E t A l C l ? + 7NaH > E t 2 A l H + EtAlF_ 2 + NaAlH,.+- 6NaCl 

D i m e t h y l a l u m i n i u m h y d r i d e i s o b t a i n e d from the 

r e a c t i o n between l i t h i u m aluminium h y d r i d e and the t r i m e t h y l 
89. 

d e r i v a t i v e s o f boron, aluminium and g a l l i u m . " I t i s 

t r i m e r i c i n hydrocarbon s o l v e n t s , b u t i t s vapour c o n s i s t s 

o f a m i x t u r e o f dimer and t r i m e r m o l e c u l e s . Amines and 

e t h e r s d i s s o c i a t e the t r i m e r s w i t h the f o r m a t i o n o f c o o r d i n a t i o n 

complexes and an i n f r a r e d s p e c t r o s c o p i c i n v e s t i g a t i o n o f 

these compounds haS? l e d t o the s u g g e s t i o n t h a t the t r i m e r s 

a r e a s s o c i a t e d by means o f hydrogen b r i d g e s and the heat o f 

d i s s o c i a t i o n i s e s t i m a t e d as 15-20 k c a l s . p e r hydrogen bond 
39 90. 

as compared w i t h 10 k c a l s . f o r a methyl b r i d g e . ' 

Re c e n t l y d i a l k y l a l u m i n i u m h y d r i d e s have been prepared 

from t r i a l k y l a l u m i n i u r a compounds and t r i - a l k y l . t i n h y d r i d e s 

a t 80°C. E t h e r s and t e r t i a r y amines i n h i b i t the r e a c t i o n 

and thus the e l e c t r o n - d e f i c i e n t s t a t e o f the aluminium 

i s i m p o r t a n t s i n c e a t r a n s i t i o n s t a t e i n v o l v i n g the t i n 
108 

and aluminium compounds i s p r o b a b l y f i r s t formed. J * 

A l k y l a l u m i n i u m h y d r i d e t r i m e t h y l a m i n e -complexes 

can a l s o be prepared by the a l k y l a t i o n o f t r i m e t h y l a m i n e -

a l ane w i t h d i a l k y l r a e r c u r y compounds o r the e q u i l i b r a t i o n o f 
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t r i m e t h y l a m i n e - a l a n e w i t h organo-aluminium t r i m e t h y i a m i n e 
91 

complexes. 
The c o o r d i n a t i o n compounds o f als.ne ( a l u m i n i u m h y d r i d e ) 

e s p e c i a l l y the t r i m e t h y i a m i n e complexes have been the 

s u b j e c t o f s e v e r a l s t u d i e s i n r e c e n t y e a r s . S p e c t r o s c o p i c 

i n v e s t i g a t i o n o f the mono- and b i s - t r i m e t h y i a m i n e complexes 

has shown t h a t both compounds are monomeric i n the gas phase 
93 • 

and the b i s compound a l s o i n the s o l i d s t a t e , " i n which 

t h e f i v e c o - o r d i n a t e t r i g o n a l b i p r i s m a t i c s t r u c t u r e has 

been c o n f i r m e d by X-ray a n a l y s i s . The mono-amine complex i s 

prepared from l i t h i u m aluminium h y d r i d e and t r i m e t h y i a m i n e 

h y d r o c h l o r i d e i n e t h e r below room temperature and t h i s 

r e a c t s r e v e r s i b l y w i t h t r i m e t h y i a m i n e f o r m i n g the b i s 

c ompound. 

t e t r a m e t h y l e t h y l e n e d i a m i n e from the diamine d i h y d r o c n l o r i d e 

i n the amine as s o l v e n t and l i t h i u m aluminium h y d r i d e ; or 

from the diamine and b i s - 1 r i m e t h y l a m i n e ..alane. This compound 

i s d i m e r i c i n the gas phase, a s s o c i a t i o n p r o b a b l y o c c u r i n g 

by means o i hydrogen b r i d g e s . 

t e r t i a r y amino-alanes , i-eact w i t h metal h y d r i d e s (Li,Ma, 

he_N + L i C l + Ne-EA1H L i A l H e^KHCl 
j ' d 3 3 T 

S i m i l a r l y a 1:1 complex i s formed w i t h N,N,NJN|-

(Me-jOpAlK 

Dialkylammonium h a l i d e s r e a c t w i t h l i t h i u m aluminium 
95 y d r i d e f o r m i n g N , - d i a l k y l a m i n o - a l ^ n e s which l i k e the 

9S 
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96. Ca, b u t n o t Mg.) f o r m i n g metal aluminium h y d r i d e s . 

Me,NAlH-, + NaH > NaAlH.. + Me,N 

2AlH„NMe„ + NaH » NaAlH. + HAl(NMe„)_ 
d cL * H- £ 2 . 

S o l u b l e aluminium h y d r i d e i s prepared from t h r e e 

mols. o f l i t h i u m aluminium h y d r i d e and one mol. o f aluminium 

c h l o r i d e i n e t h e r , b u t q u i c k l y p o l y m e r i s e s i n t o an i n s o l u b l e 
97 

p r o d u c t . When the above r e a c t i o n i s c a r r i e s o u t i n the • 

presence o f donor m o l e c u l e s , such as d i o x a n , t e t r a h y d r o f u r a n 

o r amines, the c o r r e s p o n d i n g c o o r d i n a t i o n compounds o f alane 
Q V. j 9 8 , 9 9 i 1 0 0 , 1 0 1 . a r e formed. ' ' 

C o o r d i n a t i o n compounds o f aluminium a l k y l s , a r y l s , and 

h a l i d e s can be prepared froir- the c o o r d i n a t i o n compounds o f 
102. 

alane and an o r g a n o m e t a l l i c compound. 

H_AlNMe 3 + 3 / 2 R ?Hg > R_AlNMe_ + 3 / 2 Kg + 3 / 2 H 2 

R r e p r e s e n t s a r y l , a l k y l o r halogen. 

3H 2AlNMe ? + 6BuLi } ( 3 u ? A l N M e p ) , + 6LiH 

L i t h i u m aluminium h y d r i d e r e a c t s w i t h the h y d r i d e s 

o f the f i f t h group o f elements, l i b e r a t i n g hydrogen and 

f o r m i n g L i A l ( E H 2 ) ^ (where E = N.P o r As) but core hydrogen 

atoms can be r e p l a c e d , depending on the r a t i o o f the r e a c t a n t s . 

The above compounds r e a c t w i t h w a t e r r e l e a s i n g 'the f i f t h 
, j . * 107 . group h y d r i d e s . 
Mono- and b i s - t r i m e t b y l a m i n e g a l l a n e s are prepared 

10* 104 
from l i t h i u m g a l l i u m h y d r i d e i n a s i m i l a r way t o t h e a l a n e s . ^' 
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Boron t r i f l u o r i d e a c t s as a s t r o n g e r a c c e p t o r t o t r i m e t h y l -

amine and removes i t from t r i m e t h y l a m i n e - g a l l a n e l e a v i n g 

g a l l i u m h y d r i d e which decomposes i n t o i t s elements a t 

room t e m p e r a t u r e . When t h i s r e a c t i o n i s c a r r i e d o ut i n 

th e presence o f o t h e r donors, d i f f e r e n t c o o r d i n a t i o n compounds 
f- n ! . 1 0 5 , 1 0 6 . 01 g a l l a n e can be p r e p a r e d . 

S p e c t r o s c o p i c Background. 

The i n f r a r e d s p e c t r a o f b e r y l l i u m compounds have 

n o t been s t u d i e d t o any g r e a t e x t e n t . The i n f r a r e d and Raman 

s p e c t r a o f s o l i d d i m e t h y l - b e r y l l i u m have shown, t h a t t h i s 

p o l y m e r i c m a t e r i a l has symmetry w i t h s i x v i b r a t i o n s 

a c t i v e i n the i n f r a r e d and s i x i n the Raman spectrum. The 

assignment o f f r e q u e n c i e s f o r t h i s m a t e r i a l and i t s t h e r m a l 

d e c o m p o s i t i o n p r o d u c t , b e r y l l i u m c a r b i d e , are l i s t e d i n 

Table I . S i g n i f i c a n t l y , t h e r e was no a b s o r p t i o n i n the 

14-00-1500 cm" r e g i o n where most compounds c o n t a i n i n g m e t h y l 

groups absorb s t r o n g l y on account o f the methy l asymmetric 

d e f o r m a t i o n (S^ CE, ) b u t t h e r e were two ve r y s t r o n g bands 
1 — 1 — 1 

a t 124-3 cm" and 1255 cm ( Raman 1255 cm ) which are due 

t o d e f o r m a t i o n s o f the b r i d g i n g m e t h y l groups. I n r e l a t e d 

compounds , M e 2 Z n 1 1 6 , Me^B 1 1 7, Me^Al^ and Me^Al-.Cl^ 1 8 ' 1 1 9 ' , 

a b s o r p t i o n s due t o o CH-, are much weaker than those due 
asym. 3 
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t o O CH,. 
sym. ? 

The s p e c t r a o f orgeuio-aluminium compounds have been 
*i i 3 "11Q 

e x t e n s i v e l y s t u d i e d . ' I n t r i m e t h y l a l u m i n i u m the methyl-

m e t a l s t r e t c h i n g v i b r a t i o n does n o t d i f f e r g r e a t l y i n 

fr e q u e n c y from the methyl r o c k i n g v i b r a t i o n , and t h i s has 

made the i n t e r p r e t a t i o n o f s p e c t r a more d i f f i c u l t than might 
have been expected. The r e l a t i v e weakness o f & CH-, a t 1 a sym. y *\kkO cm"' i n (CH_)/-A1., and 11;+0 cm - 1 i n (CD_).A1_ c o n t r a s t s 5 o d 5> 'o 2 

w i t h the s t r o n g a b s o r p t i o n due toS m CH^ a t 1255 cm ^ 
- 1 - 1 

( b r i d g i n g ) and 1208 cm ( t e r m i n a l ) which move to 1036 cm 

and 955 cm r e s p e c t i v e l y on d e u t e r a t i o n . 'This r e s u l t s i n 

p a r t from the symmetric d e f o r m a t i o n h a v i n g some o f the 

c h a r a c t e r o f the aluminium-carbon s t r e t c h i n g v i b r a t i o n s which 

a r e s t r o n g and are l i s t e d below: V ( c m ~ ' ̂  V = ™ ( c m - 1 ) * asym. v sym. 
C C E 3 ) g A l 2 772 616 

(CD,)^A1- 677 570 
3 o 2 

( C H 5 ) 4 A 1 2 C 1 2 720 585 

( C D ^ A l g C l g 664 530 

/ v ^ v N 

A4m 
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J1 

\ \ T 
,_ O > o O « 

9 0 

Modes e x h i b i t i n g s h i f t s on d e u t e r a t i o n i n the range 1 . 2 - 1 . 3 

were c o n s i d e r e d t o be p r i m a r i l y a s s o c i a t e d w i t h v i b r a t i o n s 

o f the methyl group i t s e l f . S t r e t c h i n g v i b r a t i o n s v(Afc-Me) 

i n which the methyl group moves as a u n i t s h o u l d change 

much l e s s on d e u t e r a t i o n . I f the CH^ and CD_ groups are 

regarded as atoms o f atomic w e i g h t 15 and 18 r e s p e c t i v e l y , 

then Vg/vp shoul d be /1 8 / 1 5 = 1.096 i f the mass o f the 

alu m i n i u m i s regarded as i n f i n i t e o r 1.06* i f i t i s taken as 

27- Thus a r e l a t i v e l y low value o f v g / v j - , ma-J be taken t o 

i n d i c a t e a m e t a l - m e t h y l s t r e t c h i n g v i b r a t i o n , and h i g h e r 

v a l u e s 1 . 2 - 1 . 3 may be taken t o i n d i c a t e r o c k i n g o r d e f o r m a t i o n 

modes o f the methyl groups. 
1 

* x 2? - 15 x 27 \ 2 = 1.059 
I18 + 27 15 + 27 / 

Monomeric d i m e t h y l b e r y l l i u m , which presumably i s 

l i n e a r , w i l l no doubt have a s i m i l a r spectrum t o d i m e t h y l -

z i n c and d i m e t h y l m e r c u r y which b o t h have , symmetry w i t h 

e s s e n t i a l l y f r e e r o t a t i o n o f m e t h y l groups. The assignments 

f o r these two compounds are l i s t e d i n Table I I and the C-Hg 

and C-Zn s t r e t c h i n g f o r c e c o n s t a n t s have been c a l c u l a t e d t o be 

2.4-5 x 10^ and 2 .39 x 10""1 dynes/cm. r e s p e c t i v e l y . 

The a b s o r p t i o n band a t 83O cm i n b e r y l l i u m a c e t y l -
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a c e t o n a t e and s u b s t i t u t e d d e r i v a t i v e s has been assigned t o 

t h e s t r e t c h i n g v i b r a t i o n o f the b e r y l l i u m - o x y g e n bond, w i t h 

a f o r c e c o n s t a n t o f 2 . 3 x 10^ dynes/cm. a s t u d y o f the 

e'ther complexes o f b e r y l l i u m c h l o r i d e from 1SOO-650 cm 

i n c l u d e s the range ( 7 5 0 - 9 0 0 cm ) i n which the s t r e t c h i n g 

v i b r a t i o n s o f the b e r y l l i u m - o x y g e n bond are s t a t e d t o be 
121 . found and these f r e q u e n c i e s are l i s t e d below 

- 2 B e ( 0 M e 2 ) P Cl-,Be(0Me-,)o 888 s s = s t r o n g 
m=medium 

C l 2 B e ( 0 H t 2 ) 2 8 6 0 ra 

Cl_,Be( t e t r a h y d r o f u r a n ) 2 8 8 7 s 

C l 2 B e ( t e t r a h y d r o p y r a n ) 2 864 s 

C l 2 B e ( d i o x a n ) 2 906 s 

C l 2 B e ( 0 H 2 ) Z f 8 9 0 , 9 0 5 , 9 2 7 -

— 1 — 1 
The v e r y s t r o n g bands a t 8 0 0 cm and 1090 cm i n b e r y l l i u m 

9 
h y d r o x i d e have been a s s a y e d as v(Be-OH) and £(0H) 

122 
r e s p e c t i v e l y . 

No b e r y l l i u m - n i t r o g e n f r e q u e n c i e s have been assigned 
- 1 

b u t these are s t a t e d t o occur below 65O cm i n C l 2 B e ( K N M e p ) 2 

123 
and CI 2Be(NMe-j) 2 I n boron c o o r d i n a t i o n compounds o f 
the type R^E.NR,, the 3-N s t r e t c h i n g frequency u s u a l l y occurs 

i n the 7 0 0 - 8 0 0 cm" r e g i o n b u t i n compounds o f the type FLjB.NK 
the 3-N freq u e n c y i s found a t c o n s i d e r a b l y h i g h e r wavelengths 

— 1 124 
( 1 3 3 0 - 1 5 3 0 cm ) . " The v a r i a t i o n i n these f r e q u e n c i e s has 



g e n e r a l l y been i n t e r p r e t e d as b e i n g m a i n l y due t o a change 

i n the m u l t i p l i c i t y o f the B-N bond so the h i g h frequency 

1552 era observed i n the case o f the d i m e r i c compound 

Ph^B.NH2 i n which the B-N bond must s u r e l y be s i n g l e , seems 

remarkably h i g h . However v i b r a t i o n a l modes due t o the 

s t r e t c h i n g o f b o r o n - n i t r o g e n bonds i n a r i n g can s c a r c e l y be 

expected t o be c l o s e l y comparable t o those due t o an i s o l a t e d 
1 2 ^ . 

B-N bond i n a monomeric compound. " B e r y l l i u m - n i t r o g e n 

s t r e t c h i n g f r e q u e n c i e s would p r o b a b l y n o t be f a r d i s p l a c e d 

t o l o w e r wavelengths from b o r o n - n i t r o g e n f r e q u e n c i e s i n 

s i m i l a r t ypes o f compounds. 

Four bands were observed i n the a b s o r p t i o n spectrum a t 

5 0 0 ° o f b e r y l l i u m c h l o r i d e ( m o s t l y d i m e r ) o f which o n l y two 
were observed i n the emis s i o n spectrum a t 1 0 0 0 ° . These two 

— 1 - 1 

bands a t 1113 cm and k&2 cm were assigned t o the asymmetric 

s t r e t c h i n g and bending modes r e s p e c t i v e l y i n monomeric 

b e r y l l i u m c h l o r i d e , b u t i t i s p o s s i b l e t h a t o t h e r polymer 

bands are masked by the monomer band a t 482 err.. and 
- 1 126 . 

p a r t i c u l a r l y by the 111 j j cm band. 

Examination o f the s p e c t r a o f b e r y l l i u m s a l t s c o n t a i n i n g 

f l u o r i n e has l e d t o the c o n c l u s i o n t h a t v(Be-F) occurs i n 

the 8 0 0 - 1 0 0 0 cm - 1 r e g i o n . 1 2 ^ " 

The i n f r a r e d spectrum o f magnesium h y d r i d e c o n t a i n s 
- 1 — 1 a broad band ( 9 0 0 - 1 6 0 0 cm ) w i t h a maximum a t 1160 cm 



which has been i n t e r p r e t e d as b e i n g due t o hydrogen b r i d g i n g 
1 2 7 - LI 

i.n tne convcouna: 1.1 
" M * ' 

The p r i m a r y f e a t u r e o f the a b s o r p t i o n s p e c t r a o f t h i n 

f i l m s o f l i t h i u m h y d r i d e and d e u t e r i d e a t room temperature i s 

a broad a b s o r p t i o n c e n t r e d on 588cm f o r the h y d r i d e and 446cm 

f o r the d e u t e r i d e , and these are p r o b a b l y due t o l a t t i c e 
128 

v i b r a t i o n s . " The i n f r a r e d spectrum o f l i t h i u m h y d r i d e vapour 

a t 1 0 0 0 ° c o n s i s t s o f r o t a t i o n a l f i n e s t r u c t u r e e x t e n d i n g from 

1 6 0 0 - 1 'lOOcrrT ' . The p o s i t i o n o f the n o n - e x i s t e n t Q branch i n 

t h i s spectrum has been c a l c u l a t e d (from, d a t a on the P and R 

branches) as 1406cm ' . 

The i n f r a r e d s p e c t r a o f t r i m e t h y l a m i n e complexes have 

been q u i t e e x t e n s i v e l y s t u d i e d ; the f r e q u e n c i e s observed and 

the assignments made both f o r the f r e e base 'l-->(->' ^ 1 • a n c , £ o r 

t r i m e t h y l a m i n e - b o r a n e " are l i s t e d i n Tables I I I and IV 

r e s p e c t i v e l y . 

I n t h i s work, assignments o f the b e r y l l i u m - m e t h y l and 

- h y d r i d e i n f r a r e d f r e q u e n c i e s have been made. An a guide t o 

the r e g i o n s where these f r e q u e n c i e s may be expected t o be 

found the two graphs shown i n F i g u r e I have been drawn. The 

graph o f the s t r e t c h i n g f r e q u e n c i e s d e r i v e d from the e l e c t r o n i c 

s-pectra f o r the mono-hydrides o f the f i r s t o e r i c d 



FIGURE I, 

Mono-hydrides of the first period elements. 

Atomic No. Freouencv(cm~!) 
Atomic 

Number. 

m 

6(q-
5(B)-

3fLi) 

3 1406 
4 2059 
5 2366 
6 2861 
7 3300 
8 3735 
9 4138 

IOOO 2 0 0 0 3 0 0 0 
Frequency (cm'') 

4 0 0 0 

Methyl compounds of the first period e/ements. 
Stretching 

Atomic Atomic No. Force x 10s {dynes/cm) 
Constant Number. 

9(F) 
8(0H 
7H 
6fc) 
5(&)1 

3(Li)-

5 
6 
7 
8 
9 

- 1 
7 I 2 3 4 5 6 

Stretching Force Constant (dynes/cm) xto* 
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elements approximates c l o s e l y t o a s t r a i g h t l i n e f r o m 

which the e x t r a p o l a t e d b e r y l l i u m - h y d r o g e n s t r e t c h i n g f r e q u e n c y 

i s 188O cm-'' a l t h o u g h the c a l c u l a t e d value i s 2 0 5 9 cm"^ . ^ ' 

Thus the t e r m i n a l b e r y l l i u m - h y d r o g e n s t r e t c h i n g frequency 

i s expected i n the range 18S0-2100 cm . A s s o c i a t i o n 

i n v o l v i n g hydrogen b r i d g e s would cause the b e r y l l i u m - h y d r o g e n 

f r e q u e n c i e s t o occur a t ' l o w e r frequency as i s found i n the 
1 3 ^ . 

Doron h y d r i d e s : 

v 1,(cm~' 1) v ^ v c m ) 

B 2 H 6 

M e ^ B 2 H 2 

.3 ^ .5 

E t 4 B 2 H 2 

1915 

1972 

1880 

1850 

1606 

1605 

1 6 0 5 

1582 

where v ^ and v^^, are the symmetric out o f phase and the 

asymmetric i n phase r i n g s t r e t c h e s r e s p e c t i v e l y . 

13 

The t e r m i n a l boron-hydrogen s t r e t c h i n g frequency u s u a l l y 

occurs a t about 2 5 0 0 cm 

From the graph o f the f o r c e c o n s t a n t s o f the methyl 



d e r i v a t i v e s o f the f i r s t p e r i o d o f elements, ( i n f u l l y -

m e t h y l a t e d compounds) the e x t r a p o l a t e d b e r y l l i u m - m e t h y l 

f o r c e c o n s t a n t i s 3 » 0 dynes/cm. from which the approximate 

s t r e t c h i n g f r e q u e n c y i s c a l c u l a t e d to be 9 5 0 cm ( t h e 

me t h y l group i s c o n s i d e r e d as an atom o f mass 1 5 ) • 



TABLE I . 

INFRARED (cm" ) RAMAN (cm ) ASSIGNMENTS 

DIMETHYLBERYLLIUM. 2 9 . 

s 
455") 
510 , 

5 3 5 s J 5 6 7 m J 
8 3 5 vs \ 

923J 
1 2 ^ 3 vs } 
1255 vs J 
2 8 8 5 s 
2 9 1 2 vs 2912 

BERYLLIUM CARBIDE 

A-30 vs 
5 5 5 s 
1 1 2 5 vs 

g3e nC 
V Be ?C 

P C H 3 

S CH 3 

v CH, 
v a S^ i : i-CH^ sym. 3 

c o m b i n a t i o n 
band ( 2 x 5 5 5 ) 
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TABLE I I . 

DIMETKYLMERCURY 

I.R.(cm ) Raman(cm ) 
2 9 1 0 
1182 
515 

2 8 8 0 
1205 
5 5 9 
2966 

1475 

7 8 7 
156 
2869 
1443 
7 0 0 

DIMETHYLZINC ASSIGNMENTS1.16' 

I.E.(cm" 1) 

2 8 7 0 
1185 
6 1 5 
2940 
1444 

707 

Raman(eg ) 
2898 
1158 
504 

144 
2833 
1388 
6 2 0 

v G-H 
CH., bending 
v C-M-C 
v C-H 
8 CH, 
v e-M-c-^ 
v C-H 
"asym j> 
p CH_ 
C-M-C bending 
v C-H 
« CHj 

3 
p CH 

TABLE I I I , 

TRIMETHYL AMINE 1 3 0 , 1 3 1 

INFRARED (cm" 1) 
2 9 6 7 , 2 7 7 7 , 2 8 2 2 
1466,1402 
1 2 7 2 , 1 1 8 3,1104 
1043 

826 

ASSIGNMENT, 
v C-H 
CH., bend i n <r 
? 6 h 3 
v C-N asym. 
v C-N sy:?i. 

c f . I n dirnethylamine v C-N occurs a t 1024 C-TI and 
asym. 

V B T B . C - N ^ 9 3 0 C E 

-1 
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TABLE IV. 

Me,N.BH~ Me_N.BD, ASSIGNMENT 1 3 2' 
, .? 'J • 3 3 • 

2270 s 1656 m v B-E(D) 
1340 vs 1355 si S CEj 
1255 m 1248 m v B-N 
1117 m 840 s S BH-.CD-.) 
850 s 850 s p CH_ 
2372 s 1780 vs v B-H(D) 
1480 ms 1480 ms 6 C H 

1450 ms 1460 ms 
1402 m 1402 w $ CH^ 
1169 vs 860 s $ BE_(D 3) 
1115 m 1115 w p CH 
1005 s 995 s w CH, 
1005 s 995 s v CN 
913 m 720 ('Raman ) p EH (D_) 

3 
Oil-, 

I n the above Ta b l e s , the f o l l o w i n g a b b r e v i a t i o n s have 

been used. 

$ = d e f o r m a t i o n vs = v e r y s t r o n g 

p = r o c k i n g s = s t r o n g 

v = i s t r e t c h i n g ms = medium s t r o n g 

v; = wagging m = medium 

w = weak. 
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O b j e c t o f the I n v e s t i g a t i o n . 

T h i s was p r i n c i p a l l y t o e x p l o r e the p o t e n t i a l i t y 

o f the r e c e n t l y prepared compound, sodium h y d r i d o d i e t h y l -
45 

b e r y l l a t e and i t s analogues, as i n t e r m e d i a t e s f o r the 

p r e p a r a t i o n o f some a l k y i b e r y l l i u m h y d r i d e s , b e r y l l i u m 

h y d r i d e and t h e i r c o o r d i n a t i o n compounds. 

As t h e r e was a p a u c i t y o f i n f r a r e d d a t a a p p e r t a i n i n 

t o o r g a n o - b e r y l l i u m compounds, i t was hoped t h a t the 

e s t a b l i s h m e n t o f such c o r r e l a t i o n s would be d e r i v e d from 

the p r e s e n t work. 



I 

EXPERIMENTAL 
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Apparatus and Techniques. 

N i t r o g e n s u p p l y . 

As most o f the compounds s t u d i e d r e a c t r a p i d l y w i t h 

oxygen and m o i s t u r e , almost a l l the work was c a r r i e d out i n 

an atmosphere o f d r y , oxygen-free n i t r o g e n . 

The n i t r o g e n used f o r t h i s work was f i r s t f r e e j f r o m 

oxygen by passage t h r o u g h a column c o n t a i n i n g copper a t 

350°) prepared by r e d u c i n g copper o x i d e w i t h a stream o f 

hydrogen gas, and t i i e n t h rough a column packed w i t h m o l e c u l a r 

s i e v e t o d r y the gas. The m o l e c u l a r s i e v e was r e g e n e r a t e d 
o 

p e r i o d i c a l l y by pumping a t 200 . 

Techniques f o r h a n d l i n g b e r y l l i u m compounds. 

As b e r y l l i u m o x i d e i s v e r y t o x i c , b e r y l l i u m 

compounds must be handled w i t h g r e a t c a r e , p a r t i c u l a r l y 

when fumes o f b e r y l l i u m o x i d e are formed on exposure t o 

the a i r . Many r e a c t i o n s were t h e r e f o r e c a r r i e d o u t i n a 

fume cupboard, and v o l a t i l e compounds were handled i n the 

vacuum system. Compounds were u s u a l l y t r a n s f e r r e d from one 

v e s s e l t o a n o t h e r i n a g l o v e box f i l l e d w i t h d r y n i t r o g e n . 
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S t a r t i n g m a t e r i a l s such as d i m e t h y l - and d i e t h y l -

b e r y l l i u m were s t o r e d as e t h e r s o l u t i o n s i n two-necked 

f l a s k s f i t t e d w i t h a n i t r o g e n l e a d and serum cap. These 

s o l u t i o n s c o u l d then be c o n v e n i e n t l y t r a n s f e r r e d u s i n g a 

hypodermic s y r i n g e and need l e , thus p r e v e n t i n g any exposure 

t o the a i r . 

Many r e a c t i o n s were c a r r i e d o u t i n which e t h e r e a l 

o r g a n o b e r y l l i u m compounds r e q u i r e d r e f l u x i n g f o r many h o u r s . 

As greases w i l l d i s s o l v e under such c o n d i t i o n s , ' T e f l o n ' 

s l e e v e s were used a t the ground g l a s s j o i n t s but these 

were never used whenever vacuum work was i n v o l v e d . 

Glove Box. 

The glove box ( L i n t o t t I I I E) was s e t up i n such 

a way t h a t a f t e r p u r g i n g the t r a n s f e r tube and i n t r o d u c i n g 

t h e m a t e r i a l s r e q u i r e d i n t o the box, the n i t r o g e n c o u l d be 

r e c y c l e d f o r s e v e r a l hours ( o r days i f n ecessary) through 

t h e n i t r o g e n p u r i f i c a t i o n system. T h i s i n v o l v e d the use o f 

a s m a l l pump f i t t e d i n s i d e the box, thus removing s r r.all 

t r a c e s o f oxygen and m o i s t u r e which may have been i n t r o d u c e d 

from the t r a n s f e r tube. 

The box was found t o be contaminated w i t h an a p p r e c i a b l e 

amount o f w a t e r , so a l i q u i d a i r t r a p was f i t t e d i n the 



r e c y c l i n g system b e f o r e the n i t r o g e n p u r i f i e r t o remove 

t h i s w a t e r (and on some occasions o r g a n i c vapours) which 

may have desorbed from f l a s k s i n s i d e the box. A second 

l i q u i d a i r t r a p was i n s e r t e d a f t e r the p u r i f i e r as the 

m o l e c u l a r s i e v e d i d n o t appear t o be e f f i c i e n t a t the h i g h 

f l o w r a t e s r e q u i r e d f o r p u r g i n g the t r a n s f e r t u b e . 

Vacuum Apparatus. 

Many r e a c t i o n s were c a r r i e d o u t i n a vacuum apparatus 

which was a l s o designed t o be used f o r gas a n a l y s e s . 

The apparatus had a s e c t i o n t o -which a r e a c t i o n 

f l a s k c o u l d be a t t a c h e d and t h i s was connected t o the r e s t 

o f the l i n e t h r o u g h t h r e e t r a p s . A THpler pump and gas 

b u r e t t e were a l s o i n c l u d e d so t h a t gases ( n o r m a l l y methane 

and hydrogen) n o t c o m p l e t e l y condensed by l i q u i d n i t r o g e n 

c o u l d be measured. Two c a l i b r a t e d b u l b s a t t a c h e d t o a 

manometer were i n c l u d e d f o r the measurement o f condensable 

gases, - the s m a l l e r one f o r volumes up t o about 100N-cc. 

and the l a r g e r one f o r volumes g r e a t e r than t h i s , (a normal 

c . c , w r i t t e n as N - c c , i s one c.c. a t N.T.F.). An i n f r a r e d 

s p e c t r o m e t e r c e l l o r a combustion b u l b f o r analyses o f gas 

m i x t u r e s ( n o r m a l l y methane and hydrogen) c o u l d be a t t a c h e d 

t o the apparatus as r e q u i r e d . The whole apparatus c o u l d be 



GQS measurement bulbs. 

Q bulb 

f 
f loat f loat valve N valve 
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f i l l e d w i t h n i t r o g e n l e t i n t h r o u g h a needle v a l v e . 

I n f r a r e d Spectroscopy. 

I n f r a r e d s p e c t r a were recorded u s i n g a Grubb-Parson 1s 

GS 2 A p r i s m - g r a t i n g s p e c t r o p h o t o m e t e r h a v i n g a range o f 2-

2 5 ^ 

Specimens o f a i r - s e n s i t i v e compounds were prepared 

f o r s p e c t r o s c o p i c e x a m i n a t i o n i n the g l o v e box. The s p e c t r a 

o f i n v o l a t i l e compounds a t room temperature but s u f f i c i e n t l y 

v o l a t i l e below 200° were recorded u s i n g a Perkin-Elmer G....3.H. 

heated gas c e l l , h a v i n g sodium c h l o r i d e windows w i t h a 

range 2-V-jyi. or potassium bromide windows, 2-25yU . 

Analyses. 

B e r y l l i u m a n a l y s e s . 

B e r y l l i u m was e s t i m a t e d by t r e a t i n g an aqueous a c i d 

s o l u t i o n o f each compound w i t h excess ammonium h y d r o x i d e . 

The w h i t e g e l a t i n o u s p r e c i p i t a t e o f b e r y l l i u m h y d r o x i d e was 

s e p a r a t e d by f i l t r a t i o n u s i n g a 'Whatman 5^1' f i l t e r paper, 

and i g n i t e d t o b e r y l l i u m o x i d e i n a weighed c r u c i b l e w i t h 

pumice u n t i l a c o n s t a n t w e i g h t was achieved. The purpose o f 
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t h e p u m i c e was t o r e t a i n t h e v e r y f i n e l y d i v i d e d o x i d e 

p r o d u c e d i n t h e c r u c i b l e d u r i n g t h e i g n i t i o n . 

Gas a n a l y s e s . 

Compounds e v o l v i n g g a s e s o n h y d r o l y s i s w e r e a n a l y s e d 

b y r u n n i n g d e g a s s e d 2 - m e t h o x y e t h a n o l on t o a w e i g h e d s a m p l e 

w h i c h was c o o l e d i n l i q u i d a i r . The m i x t u r e was a l l o w e d t o 

warm s l o w l y t o r o o m t e m p e r a t u r e d u r i n g w h i c h t i m e gas 

e v o l u t i o n o c c u r e d . S o m e t i m e s c o o l i n g was r e q u i r e d t o p r e v e n t 

v i g o r o u s gas e v o l u t i o n , as s i d e r e a c t i o n s c a n t a k e p l a c e 

u n d e r t h e s e c o n d i t i o n s . The h y d r o l y s i s was c o m p l e t e d w i t h 

d i l u t e s u l p h u r i c a c i d a n d t h e l i b e r a t e d g a s e s w e r e f r a c t i o n a t e d 

m e a s u r e d i n t h e vacuum l i n e , a n d i d e n t i f i e d b y t h e i r 

i n f r a r e d s p e c t r a . 

M i x t u r e s o f m e t h a n e and h y d r o g e n c a n n o t be s e p a r a t e d 

i n t h e v a c u u m l i n e as n e i t h e r i s c o m p l e t e l y c o n d e n s a b l e i n 

l i q u i d n i t r o g e n . ( B o t h t h e s e g a s e s a r e h e r e a f t e r d e s c r i b e d 

a s u n c o n d e n s a b l e a l t h o u g h t h i s i s n o t s t r i c t l y c o r r e c t ) The 

f o l l o w i n g p r o c e d u r e was t h e r e f o r e a d o p t e d . A m e a s u r e d 

v o l u m e o f gas was m i x e d w i t h e x c e s s o x y g e n i n s i d e t h e 

c o m b u s t i o n b u l b a n d i g n i t e d by p a s s i n g a n e l e c t r i c c u r r e n t 

t h r o u g h t h e p l a t i n u m f i l a m e n t i n s i d e t h e b u l b . The c o m b u s t i o n 

p r o d u c t s , c a r b o n d i o x i d e and w a t e r , w e r e s e p a r a t e d and t h e 
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c a r b o n d i o x i d e m e a s u r e d . The w a t e r p r o d u c e d i n t h e c o m b u s t i o 

was e s t i m a t e d by c o n d e n s i n g i t on t o l i t h i u m a l u m i n i u m 

h y d r i d e a n d m e a s u r i n g t h e h y d r o g e n p r o d u c e d . 

Amine a n a l y s e s . 

T h e s e w e r e e s t i m a t e d by s t e a m d i s t i l l a t i o n o f an 

a l k a l i n e s o l u t i o n c o n t a i n i n g t h e a m i n e i n t o e x c e s s s t a n d a r d 

a c i d . The e x c e s s a c i d was d e t e r m i n e d by b a c k - t i t r a t i o n 

w i t h s t a n d a r d a l k a l i . 

S o d i u m . 

E s t i m a t i o n o f s o d i u m was c s _ r r i e d o u t u s i n g a n ' E E L ' 

f l a m e p h o t o m e t e r w h i c h h a d b e e n c a l i b r a t e d w i t h s t a n d a r d 

s o d i u m s u l p h a t e s o l u t i o n s , and t h e u n k n o w n s o l u t i o n was 

c o m p a r e d w i t h a s t a n d a r d s o l u t i o n o f a p p r o x i m a t e l y e q u a l 

s t r e n g t h . 

C r y o s c o p i c m o l e c u l a r w e i g h t m e a s u r e m e n t s . 

' A n a l a r ' b e n z e n e , d r i e d w i t h s o d i u m w i r e f o r s e v e r a l 

d a y s , was u s e d as s o & . v e n t . C r y o s c o p i c c o n s t a n t s f o r t h e 

b e n z e n e w e r e d e t e r m i n e d u s i n g b i p h e n y l w h i c h h a d b e e n 

r e c r y s t a l l i s e d f r o m e t h a n o l a n d d r i e d . 
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i - r e p a r a t i o n And P u r i f i c a t i o n Of S t a r t i n g M a t e r i a l s And S o l v e n t s 

A l l s o l v e n t s w e r e p u r i f i e d and s t o r e d u n d e r an 

a t m o s p h e r e o f n i t r o g e n . 

D i e t h y l E t h e r . 

• A n h y d r o u s M e t h y l a t e d E t h e r ' was d r i e d o v e r s o d i u m 

v / i r e f o r s e v e r a l d a y s , a n d was d i s t i l l e d f r o m l i t h i u m 

a l u m i n i u m h y d r i d e j u s t b e f o r e u s e . 

' M o n o g l y m e ' ( 1 , 2 - D i m e t h o : - : y e t h a n e o r E t h y l e n e G l y c o l D i m e t h y l 

E t h e r . ) 

T h i s was p u r i f i e d b y r e f l u x i n g i t w i t h p o t a s s i u m 

f o r s e v e r a l h o u r s , f o l l o w e d b y d i s t i l l a t i o n . The p r o c e s s 

was r e p e a t e d a s e c o n d t i m e and t h e d i s t i l l a t e s t o r e d . 

F i n a l p u r i f i c a t i o n was c a r r i e d o u t j u s t b e f o r e u s e by 

r e f l u x i n g w i t h , and d i s t i l l a t i o n f r o m , l i t h i u m a l u m i n i u m 

h y d r i d e . 

' D i g l y m e ' ( D i e t h y l e n e G l y c o l D i m e t h y l E t h e r o r 2 , 5 , 0 5 -

T r i o x a n o n a n e . ) 

T h i s was p u r i f i e d i n a s i m i l a r way t o 1 M o n o g l y / n e 1 

u s i n g s o d i u m i n s t e a d o f p o t a s s i u m . 



B e n z e n e . 

' A n a l a r * b e n z e n e was d r i e d by a l l o w i n g i t t o s t a n d 

o v e r s o d i u m w i r e f o r s e v e r a l d a y s . 

P e n t a n e . 

D r y i n g was c a r r i e d o u t i n e x a c t l y t h e same way as 

d i e t h y l e t h e r . 

T r i m e t h y l a m i n e . 

T r i i a e t h y l a m i n e was d r i e d w i t h p h o s p h o r u s ; p e n t o x i d e 

and s u b s e q u e n t l y s t o r e d o v e r t h i s d r y i n g a g e n t a n d d i s t i l l e d 

o f f as r e q u i r e d . The v e s s e l u s e d f o r s t o r a g e was f i t t e d 

w i t h a ' T e f l o n ' t a p a n d w o u l d w i t h s t a n d p r e s s u r e s s l i g h t l y 

g r e a t e r t h a n a t m o s p h e r i c . 

N i N , M ' , H ' , - T e t r a m e t h y l e t h y l e n e d i a m i i i 8 . 

T h i s a m i n e was p u r i f i e d b y r e f l u x i n g w i t h s o d i u m , 

f o l l o w e d by f r a c t i o n a l d i s t i l l a t i o n . 
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D i r n e t h y l a m i n e . 

M e _ i T H 0 C l + NaNO- W K a C l + Ke-NKO + H . O . 

D i m e t h y l a m i n e h y d r o c h l o r i d e u s u a l l y c o n t a i n s t r a c e s 

o f ammonium c h l o r i d e , m e t h y l a m i n e h y d r o c h l o r i d e , a n d 

t r i r a e t h y l a m i n e h y d r o c h l o r i d e , so p u r e d i m e t h y l a m i n e was 

o b t a i n e d b y t h e f o l l o w i n g m e t h o d . 3 ^ " 

An a q u e o u s a c i d s o l u t i o n o f t h e s a l t was h e a t e d a t 

7 5 - 8 0 ° w i t h e x c e s s s o d i u m n i t r i t e f o r two h o u r s . . The s o l u t i o n 

was t h e n s a t u r a t e d w i t h s o d i u m c a r b o n a t e : t h e p a l e y e l l o w 

o i l w h i c h s e p a r a t e d was i s o l a t e d and t h e a q u e o u s s o l u t i o n 

e x t r a c t e d w i t h e t h e r . The e t h e r e a l e x t r a c t s and t h e o i l 

w e r e c o m b i n e d and d r i e d w i t h p o t a s s i u m c a r b o n a t e . S u b s e q u e n t 

f r a c t i o n a l d i s t i l l a t i o n gave a 96% y i e l d o f t h e p a l e y e l l o w 

N , - d i m e t h y l n i t r o s a m i n e . b . p . 1 4 8 - 1 5 0 ° -

i-le 2NNO + 2HC1 ^ K0C1 + " . ' I e 2 N E ? C l . 

T h i s n i t r o s a m i n e was r e f l u x e d w i t h two m o l e s o f -H'l h y d r o c h l o r i c 

a c i d u n t i l t h e s o l u t i o n became v e r y p a l e c o l o u r e d . The a m i n e 

was l i b e r a t e d by t r e a t m e n t w i t h a q u e o u s p o t a s s i u m h y d r o x i d e 

s o l u t i o n , d r i e d by p a s s a g e t h r o u g h a c o l u m n p a c k e d w i t h 

p o t a s s i u m h y d r o x i d e p e l l e t s and s t o r e d i n a vacuum a p p a r a t u s . 
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2 S 2 ' - B i p y r i d y l . 

As b i p y r i d y l g o e s b r o w n i n a i r and l i g h t o v e r a 

p e r i o d o f t i m e , p u r i f i c a t i o n was e f f e c t e d b y vacuum s u b l i m a t i o n 

j u s t b e f o r e use t o o b t a i n a w h i t e c r y s t a l l i n e s o l i d m e l t i n g 

a t 7 0 - 7 1 ° . 

N , H , N ' , N f , - T e t r a m e t h y l - o - p h e n y l e n e d i a m i n e . 

o - P h e n y l e n e d i a m i n e was b o i l e d w i t h a m i x t u r e o f 

c o n c e n t r a t e d h y d r o c h l o r i c a c i d , a n a q u e o u s s o l u t i o n o f 

s t a n n o u s c h l o r i d e and a n i m a l c h a r c o a l a n d t h e n f i l t e r e d 

w h i l s t h o t . C o n c e n t r a t i o n o f t h e f i l t r a t e was b r o u g h t a b o u t 

b y d i s t i l l a t i o n a n d t h i s was f o l l o w e d b y c o o l i g g i n i c e t o 

f o r m c o l o u r l e s s c r y s t a l s o f o - p h e n y l e n e d i a m i n e d i h y d r o c h l o r i d e 

i n a b o u t 90% y i e l d , w h i c h w e r e f i l t e r e d o f f and pumped 

d r y i n v a c u o t " 

The a m i n e d i h y d r o c h l o r i d e was h e a t e d w i t h e x c e s s 

m e t h a n o l i n a bomb a t 1 7 5 - 1 8 5 ° f o r e i g h t h o u r s . The m i x t u r e 

was r e m o v e d f r o m t h e bomb, pumped d r y i n v a c u o and s u b s e 

q u e n t l y t r e a t e d w i t h e x c e s s a q u e o u s s o d i u m h y d r o x i d e 

s o l u t i o n . A f t e r e x t r a c t i n g t h e p r o d u c t w i t h e t h e r and d r y i n g 

w i t h p o t a s s i u m h y d r o x i d e , a c o l o u r l e s s o i l was i s o l a t e d w h i c h 
, o 57 . 

b o i l e d o v e r a r a n g e o f 215 -256 a n d w h x c h s l o w l y w e n t b l a c k . 
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T h i s m i x t u r e o f N - m e t h y l a t e d o - p h e n y l e n e d i a r a i n e s was 

f u r t h e r t r e a t e d w i t h e q u a l v o l u m e s o f m e t h a n o l a n d m e t h y l 

i o d i d e a t 1 8 0 - 1 S 5 ° f o r t e n h o u r s a n d t h e p r o d u c t ( B . p . 2 1 8 -

220 ) i s o l a t e d as a b o v e . ' 

I n f r a r e d e x a m i n a t i o n o f t h i s p r o d u c t showed t h e 

p r e s e n c e o f a s m a l l a m o u n t o f f r e e N - H , w h i c h was r e m o v e d 

b y h e a t i n g t h e a m i n e t o 5 0 - 6 0 ° w i t h p - t o l u e n e s u l p h o n y l 

c h l o r i d e , f o l l o w e d by vacuum d i s t i l l a t i o n . The d i s t i l l a t e 

was t r e a t e d w i t h c a u s t i c s o d a s o l u t i o n and a f t e r e x t r a c t i o n 

w i t h e t h e r , t h e p u r e c o l o u r l e s s o i l w h i c h b o i l e d a t 3 6 ° / l O ^'-M?- H g . 

was i s o l a t e d i n 50% y i e l d . As N , N , N 1 , N ' , - t e t r a m e t h y l 

o - p h e n y l e n e d i a m i n e t e n d s t o go d a r k - c o l o u r e d i n a i r and 

l i g h t , i t was s t o r e d u n d e r vacuum a t - 2 0 ° i n t h e a b s e n c e 

o f l i g h t . 

T r i m e t h y l a m i n e H y d r o c h l o r i d e . 

E q u a l v o l u m e s o f t r i m e t h y l a m i n e and h y d r o g e n c h l o r i d e 

w e r e c o n d e n s e d i n t o an e v a c u a t e d f l a s k , c o n t a i n i n g a l i t t l e 

e t h e r , w h i c h was c o o l e d i n l i q u i d a i r . The m i x t u r e was 

a l l o w e d t o warm s l o w l y t o r o o m t e m p e r a t u r e , c a r e b e i n g 

t a k e n t o e n s u r e t h a t t h e p r e s s u r e i n s i d e t h e f l a s k was k e p t 

b e l o w a t m o s p h e r i c p r e s s u r e . The e t h e r was r e m o v e d u n d e r 

v a c u u m and t h e w h i t e , c r y s t a l l i n e , h y g r o s c o p i c a m i n e h y d r o c h l o r i d e 
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w h i c h r e m a i n e d was s t o r e d u n d e r n i t r o g e n . 

S o d i u m H y d r i d e . 

T h i s was o b t a i n e d f r o m L . L i g h t & C o . L t d . , a s a 

50% s l u r r y i n o i l a n d t h e o i l was r e m o v e d b y r e p e a t e d l y 

w a s h i n g t h e h y d r i d e w i t h d r y p e n t a n e u n d e r n i t r o g e n i n a 

d o u b l e S c h l e n k t u b e . The g r e y h y d r i d e was pumped d r y , s t o r e d 

u n d e r n i t r o g e n and t r a n s f e r r e d , when r e q u i r e d , i n a g l o v e b o x . 

S o d i u m D e u t e r i d e . 

S o d i u m d e u t e r i d e was o b t a i n e d as one g r a m s a m p l e s 

97 a t o m % d e u t e r a t e d , i n o i l f r o m ' M e t a l K y d r i d . e s I n c o r p o r a t e d 1 

a n d p u r i f i e d i n t h e same way as s o d i u m h y d r i d e . Mass 

s p e c t r o m e t r y i n v e s t i g a t i o n o f t h e g a s e o u s h y d r o l y s i s p r o d u c t s 

f r o m a s a m p l e o f s o d i u m d e u t e r i d e , showed t h a t i t was 

a c t u a l l y 96 a t o m % d e u t e r a t e d . 

O i l f o r L i t h i u m S h o t P r e p a r a t i o n . 

A 2 0 0 - 2 ^ 0 ° p e t r o l e u m f r a c t i o n was w a s h e d s e v e r a l 

t i m e s w i t h c o n c e n t r a t e d s u l p h u r i c a c i d t o r e m o v e u n s a t u r a t e d 

h y d r o c a r b o n s t h e n t w i c e w i t h w a t e r , f o l l o w e d by d r y i n g w i t h 

http://Kydrid.es


p o t a s s i u m h y d r o x i d e . On d i s t i l l a t i o n , t h e f r a c t i o n b o i l i n g 

b e t w e e n 2 0 0 ° and 2 ^ 0 ° was c o l l e c t e d . 

1 
P r e p a r a t i o n o f L i t h i u m S h o t . 

W e i g h e d p i e c e s o f l i t h i u m m e t a l w e r e p l a c e d i n t h e 

a p p a r a t u s shown i n F i g u r e I I w h i c h was a l m o s t h a l f - f i l l e d 

w i t h t h e o i l d e s c r i b e d a b o v e , u n d e r an a t m o s p h e r e o f n i t r o g e n 

The o i l was h e a t e d w i t h a r i n g b u r n e r u n t i l i t was r e f l u x i n g 

w e l l when t h e l i t h i u m w i l l h a v e m e l t e d (m."D. 1 8 0 U ) . The 

h e a . t i n g was s t o p p e d and t h e o i l s t i r r e d v i g o r o u s l y t o c a u s e 

t h e l i t h i u m m e t a l t o b r e a k down i n t o t i n y g l o b u l e s . S t i r r i n g 

was c o n t i n u e d u n t i l t h e s h o t s o l i d i f i e d . The o i l t o g e t h e r 

w i t h d i r t and c o r r o s i o n p r o d u c t s w h i c h s i n k t o t h e b o t t o m o f 

t h e o i l , w e r e r u n o f f . The l i t h i u m s h o t w h i c h f l o a t s on 

a l l s o l v e n t s , was w a s h e d w i t h t h e s o l v e n t t o be u s e d i n t h e 

r e a c t i o n and t h e n r i n s e d i n t o t h e r e a c t i o n f l a s k a g a i n s t a 

c o u n t e r c u r r e n t o f n i t r o g e n . 

D u r i n g t h e p r e p a r a t i o n t h e n i t r o g e n f l o w m u s t be 

k e p t as s l o w as p o s s i b l e s i n c e m o l t e n l i t h i u m i s a t t a c k e d 

a p p r e c i a b l y by n i t r o g e n ; c o n s e q u e n t l y an a r g o n a t m o s p h e r e 

i s p r e f e r a b l e . 



' Lithium shot apparatus. FigureR 
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L i t h i u m K e a g e n t s . 

M e t h y l - , e t h y l - , and p h e n y l - l i t h i u m w e r e p r e p a r e d 

i n 80-90% y i e l d s f r o m t h e c o r r e s p o n d i n g a l k y l o r a r y l h a l i d e 

a n d l i t h i u m s h o t i n e t h e r . 

G r i g n a r d R e a g e n t s . 

T h e s e w e r e p r e p a r e d f r o m t h e r e a c t i o n o f a l k y l b r o m i d e s 

w i t h m a g n e s i u m i n a b o u t 90% y i e l d i n e t h e r . 

B e r y l l i u m C h l o r i d e . ^ ' 3 7 ^ 2 ' 

T h i s was p r e p a r e d i n 90-95?<' y i e l d b y h e a t i n g b e r y l l i u m , 

f l a k e s i n a s t r e a m o f d r y h y d r o g e n c h l o r i d e gas i n t h e 

a p p a r a t u s shown i n F i g u r e I I I . The p r o d u c t was s u b l i m e d o f f 

a n d c o l l e c t e d as w h i t e n e e d l e s i n t h e f l a s k w h i c h was t h e n 

s e a l e d o f f f r o m t h e r e a c t i o n t u b e . 

The h y d r o g e n c h l o r i d e was s u p p l i e d f r o m a K i p p ' s 

a p p a r a t u s c o n t a i n i n g aiTimonium c h l o r i d e and c o n c e n t r a t e d 

s u l p h u r i c a c i d and was d r i e d by p a s s a g e o f t h e gas t h r o u g h 

g l a s s w o o l on w h i c h some a n h y d r o u s a l u m i n i u m c h l o r i d e h a d 

b e e n s u b l i m e d . 



Beryllium chloride apparatus. Figure M 
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D i m e t h y 1 b 6 r y l 1 i u m . 

E t h e r e a l s o l u t i o n s o f d i m e t h y l b e r y l l i u m w e r e p r e p a r e d 

i n 70-80% y i e l d b o t h by t h e a d d i t i o n o f two r n o l s . o f rnethyl-

l i ' t h i u m t o one m o l . o f b e r y l l i u m c h l o r i d e a n d b y t h e 

a d d i t i o n o f t w o m o l s . o f m e t h y l m a g n e s i u m b r o m i d e t o one 

m o l . o f b e r y l l i u m c h l o r i d e i n e t h e r . The s o l u t i o n was 

d e c a n t e d f r o m p r e c i p i t a t e d s a l t s , w h i c h w e r e washed w i t h 

e t h e r a n d m o s t o f t h e e t h e r r e m o v e d by d i s t i l l a t i o n . P u r i f i c a t i o n 

o f t h e d i m e t h y l b e r y l l i u m was a c h i e v e d by a p r o c e s s o f 

c o n t i n u o u s ' e t h e r d i s t i l l a t i o n 1 a t 2 0 0 ° f o r many h o u r s , 

( a b o u t 25 h o u r s f o r h a l f a m o l e o f d i m e t h y l b e r y l l i u m ) , t o 

s e p a r a t e i t f r o m d i s s o l v e d s a l t s . The s o l u t i o n was 

a n a l y s e d b y h y d r o l y s i s f o r m e t h a n e a n d b e r y l l i u m . 

D i e t h y l b e r y l l i u m . " 

T h i s was p r e p a r e d i n 70-809: : y i e l d b o t h by t h e a d d i t i o n 

o f t w o m o l s . o f e t h y l - l i t h i u m t o one m o l . o f b e r y l l i u m 

c h l o r i d e and b y t h e a d d i t i o n o f t w o m o l s . o f e t j y l m a g n e s i u m 

b r o m i d e t o one m o l . o f b e r y l l i u m c h l o r i d e i n e t h e r . The 

s o l u t i o n was d e c a n t e d f r o m p r e c i p i t a t e d s a l t s w h i c h w e r e 

w a s h e d w i t h e t h e r a n d d i s t i l l e d down t o s m a l l v o l u m e . The 

r e m a i n i n g e t h e r was r e m o v e d u n d e r vacuum f o l l o w e d b y d i s t i l l a t i o n 
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o f t h e d i e t h y l b e r y l l i u m a t 6 0 - 5 5 / 0 . 3mm. HE . The s o l u t i o n 

was a n a l y s e d by h y d r o l y s i s f o r e t h a n e a n d b e r y l l i u m . 

T h e r e was l i t t l e d i f f e r e n c e i n y i e l d when a G r i g n a r d 

o r l i t h i u m r e a g e n t was u s e d . H o w e v e r t h e l i t h i u m r e a g e n t 

i s p r e f e r a b l e as t h e p r e c i p i t a t e d s a l t s s e t t l e b e t t e r t h a n 

i n t h e p r e p a r a t i o n s i n v o l v i n g G r i g n a r d r e a g e n t s . 

D i p h e n y l m e r c u r y . 

A g o o d y i e l d o f d i p h e n y l m e r c u r y was o b t a i n e d b y t h e 

r e d u c t i o n o f p h e n y l m e r c u r i c c h l o r i d e w i t h h y d r a z i n e h y d r a t e 

i n b o i l i n g e t h a n o l f o r one h o u r , f o l l o w e d b y f i l t r a t i o n 

59 

f r o m m e r c u r y and s u b s e q u e n t c r y s t a l l i s a t i o n and s u b l i m a t i o n . ' 

B i i ^ h e n y l b e r y l l i u m . 

I t was f o u n d i m p o s s i b l e t o i s o l a t e a c r y s t a l l i n e 

p r o d u c t o f d i p h e n y l b e r y l l i u n i e t h e r a t e f r o m t h e r e a c t i o n 

i n e t h e r o f two m o l s o f p h e n y l - l i t h i u m w i t h one ; ; o l . o f 

b e r y l l i u m c h l o r i d e . H o w e v e r a c r y s t a l l i n e p r o d u c t was o b t a i n e d 
''' '-3 

b y a m o d i f i c a t i o n o f W i t t i g ' s m e t h o d . ' ' 

B e r y l l i u m p o w d e r was a c t i v a t e d i n a d o u b l e S c h l e n k 

t u b e by a l l o w i n g i t t o s t a n d i n an e t h e r e a l s o l u t i o n o f 



d i e t h y l b e r y l l i u m f o r a w h i l e . The d i e t h y l b e r y l l i u m s o l u t i o n -

was r e m o v e d and t h e p o w d e r w a s h e d w i t h e t h e r a n d pumped 

d r y . D i p h e n y i m e r c u r y was a d d e d t o t h e b e r y l l i u m p o w d e r 

u n d e r n i t r o g e n and h e a t e d a t 2 0 0 ° f o r one h o u r , d u r i n g 

w h i c h t i m e d r o p l e t s o f m e r c u r y f o r m e d on t h e b e r y l l i u m . 

U n r e a c t e d d i p h e n y i m e r c u r y was r e m o v e d by s u b l i m a t i o n i n 

v a c u o and t h e d i p h e n y l b e r y l l i u m p u r i f i e d by c r y s t a l l i s a t i o n 

f r o m b e n z e n e . D i p h e n y l b e r y l l i u m d i e t h e r a t e was i s o l a t e d as 

a v / h i t e c r y s t a l l i n e s o l i d ( m . p . 3 2 ° ) by c r y s t a l l i s a t i o n o f 

d i p h e n y l b e r y l l i u m f r o m e t h e r s o l u t i o n . 

T r i - e t h y l s t a n n a n e . 

^ E t M g B r + S n C l ^ > E t ^ S n -r M g B r C l . 

A n h y d r o u s s t a n n i c c h l o r i d e ( I 2 5 g - , 0.07& m o l e . ) was 

a d d e d d r o p w i s e t o a n i c e - c o l d e t h e r s o l u t i o n o f e t h y l m a g n e s i u m 

b r o m i d e , w h i c h had b e e n p r e p a r e d f r o m 3 7 5 g - ( 3 - ^ m o l e . ) o f 

e t h y l b r o m i d e and 7 5 g - ( 3 - 0 9 m o l e . ) o f m a g n e s i u m . When t h e 

a d d i t i o n was c o m p l e t e , t h e e t h e r was d i s t i l l e d o f f t o 

c o n c e n t r a t e t h e r e a c t a n t s , a n d a f t e r r e t u r n i n g t h e e t h e r t o 

t h e f l a s k ( w h i c h was t h e n c o o l e d i n i c e ) t h e e x c e s s G r i g n a r d 

r e a g e n t was decomposed w i t h 1 2 5 c . c . o f i c e - c o l d w a t e r 

f o l l o w e d b y bOOcc . o f i c e - c o l d 10% h y d r o c h l o r i c a c i d . When 

t h e s o l u t i o n s became c l e a r , t h e e t h e r l a y e r was s e p a r a t e d , t h e 
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a q u e o u s l a y e r e x t r a c t e d t w i c e w i t h 150cc . o f e t h e r and t h e 

c o m b i n e d e x t r a c t s d r i e d o v e r c a l c i u m c h l o r i d e , b e f o r e 

r e m o v a l o f t h e e t h e r by d i s t i l l a t i o n . 'The t e t r a - e t h y l t i n 

t h u s p r e p a r e d was d i s t i l l e d u n d e r r e d u c e d p r e s s u r e ( b . p . 55-

5 7 ° / l 1 a i m . H g . ) a n d t h e n s h a k e n i n t u r n w i t h 3% s o d i u m h y d r o x i d e 

s o l u t i o n a n d 5% h y d r o c h l o r i c a c i d t o c o n v e r t a n y t r a c e s o f 

b r o m i d e i n t o t h e c o r r e s p o n d i n g c h l o r i d e , b e f o r e b e i n g 

11 4 . 

e x t r a c t e d , d r i e d , and d i s t i l l e d as b e f o r e i n c1% y i e l d . 

3Et , ,Sn + S n C l , * 4 E t - . S n C l . 
H- -+ _p 

A m i x t u r e o f 3 5 ' 6 g . ( 0 . 1 3 m o l e . ) f r e s h l y d i s t i l l e d 

s t a n n i c c h l o r i d e a n d 9 1 g - ( 0 . 3 9 m o l e . ) o f t e t r a - e t h y l t i n w e r e 

h e a t e d i n a f l a s k f i t t e d w i t h a n a i r - c o n d e n s e r f o r one h o u r 

a t 1 0 0 ° , f o l l o w e d b y t w o h o u r s a t 2 0 0 ° . The p r o d u c t , t r i -

e t h y l t i n c h l o r i d e , was d i s t i l l e d t h r o u g h a s h o r t c o l u m n 

p a c k e d w i t h g l a s s h e l i c e s a t 82 . 0 - 8 2 . J ' 0 /" 'Omni. a n d c o l l e c t e d 
11 4 . 

a s a c o l o u r l e s s l i q u i d i n S0% y i e l d . 
4 E U S n C l + L i A l H . 9> 4-Et ,SnH + L i C l + A1C1-. 

T r i - e t h y l t i n c h l o r i d e ( I 0 2 g . , 0 . 4 2 3 m o l e . ) i n 200cc . 

o f e t h e r was a d d e d d r o p v / i s e t o a n i c e - c o o l e d s u s p e n s i o n o f 

l i t h i u m a l u m i n i u m h y d r i d e ( I 0 g . , 0 .264 m o l e . ) i n 300cc . o f 

e t h ^ - r . T h i s m i x t u r e was s t i r r e d f o r t h r e e h o u r s a t r o o m 

t e m p e r a t u r e and t h e n m o s t o f t h e e t h e r r e m o v e d by d i s t i l l a t i o n 

t h r o u g h a s h o r t c o l u m n , t h e r e s t b e i n g r emoved u n d e r r e d u c e d 
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p r e s s u r e b e f o r e d i s t i l l a t i o n o f t h e p r o d u c t a t 23 /2.5nim. 

The t r i - e t h y l s t a n n a n e was r e d i s t i l l e d a t 44° / ' l6mm. and 

c o l l e c t e d i n an i c e - b a t h as a c o l o u r l e s s l i q u i d i n 66% y i e l d . 

I t was t h o u g h t t h a t t h i s compound m i g h t d e p o s i t m e t a l l i c t i n -

o v e r a l o n g p e r i o d o f t i m e , c o n s e q u e n t l y i t we.s s t o r e d 
o 11 c-u n d e r n i t r o g e n a t -20 . 



Compounds p r e p a r e d m a i n l y w i t h a v i e w t o S p e c t r o s c o p i c S t u d i e s • 

The f i r s t few compounds d e s c r i b e d , and t h e d e u t e r i d e s 
w h i c h a r e d e s c r i b e d i m m e d i a t e l y i j . f t e r t h e a n a l o g o u s h y d r i d e s , 
w e r e p r e p a r e d w i t h a v i e w t o e s t a b l i s h i n g i n f r a r e d c o r r e l a t i o n s 
f o r o r g a n i c and h y d r i d e compounds o f b e r y l l i u m . 

N e a r l y a l l t h e b e r y l l i u m compounds i n v o l v e d i n t h i s 

v/ork a r e s e n s i t i v e t o a i r and m o i s t u r e , so p r e p a r a t i o n s 

were c a r r i e d o u t i n a n i t r o g e n a t m o s p h e r e , and c a r e was t a k e n 

t o e x c l u d e a i r and m o i s t u r e a t a l l s t a g e s . 

D i e t h y l b e r y l 1 i u m - 1 r i m e t h y 1 a m i n e , E t pBe.Uhe_ 

D i e t h y l b e r y l l i u m (0 .0273 m o l e , 10cc . o f a 2 . 7 c H . e t h e r e a l 

s o l u t i o n . ) was p l a c e d i n a f l a s k a t t a c h e d t o t h e vacuum 

a p p a r a t u s . The s o l u t i o n was pumped f o r a b o u t f i f t e e n m i n u t e s 

t o remove as much e t h e r as p o s s i b l e , and t h e n t r i m e t b y l a m i n e 

(0 .030 m o l e . , 672 N-cc.) was co n d e n s e d on t o t h e compound 

c o o l e d i n l i q u i d a i r . The m i x t u r e was a l l o w e d t o warm s l o w l y 

t o room t e m p e r a t u r e and a l t h o u g h no v i s i b l e r e a c t i o n c o u l d 

be s e e n , t h e p r e s s u r e i n t h e a p p a r a t u s d i d n o t i n c r e a s e 

a p p r e c i a b l y . The f l a s k was a g a i n c o o l e d and t h e n a l l o w e d t o 

warm up t o e n s u r e c o m p l e t e r e a c t i o n . E t h e r and e x c e s s amine 

w e r e removed u n d e r r e d u c e d p r e s s u r e a f t e r p a s s a g e t h r o u g h a 
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r e c e i v i n g f l a s k a t - 4 0 . The c o l o u r l e s s l i q u i d r e m a i n i n g 

d i s t i l l e d s l o w l y a t room t e m p e r a t u r e i n t o t h i s r e c e i v e r . 

The c o m p l e x fumes s t r o n g l y when e x p o s e d t o t r a c e s o f 

a i r , m e l t s b e l o w - 4 0 ° and r e a c t s v i g o r o u s l y w i t h w a t e r 

w i t h e f f e r v e s c e n c e . 

Found: Be, 7 -25 , 7 - 2 3 ; Me.JM, 4 5 . 8 ; h y d r o l y s a b l e e t h y l , 4 5 . 5 , 

4 5 . 1 . C 7H 1gBeN (EtpBe.NMe_) r e q u i r e s Be, 7-15; Me N, 4 6 - 5 ; 

h y d r o l y z a b l e e t h y l , k^.S%. 

c y c l o - ^ i j * J * " ~ T r i s d i m e t h y l a m i n o t r i m e t h y l t r i b e r y l l i u m . ^ ' 

D i m e t h y l b e r y l l i u m ( 9 6 . 3 TT-cc . , 0 . 0 0 4 3 m o l e . , 4 . 6 c c . o f 

a 0 . 9 2 9 i v i - s o l u t i o n i n e t h e r . ) was t r a n s f e r r e d by s y r i n g e t o 

one l i n a b o f a d o u b l e S c h l e n k t u b e and t h e e t h e r was then-

r e moved u n d e r vacuum. D i m e t h y l a m i n e ( 166 . 5 N - c c , 0 . 0 0 7 4 2 

m o l e . ) was c o n d e n s e d on t o t h e b e r y l l i u m compound, c o o l e d i n 

l i q u i d a i r . The m i x t u r e was a l l o w e d t o warm t o room t e m p e r a t u r e 

and t h e n t h e e x c e s s amine ( 71 -2 N-cc.) was removed. Some 

methane was e v o l v e d a t room t e m p e r a t u r e and a t 4 4 ° t h e 

compound m e l t e d and more gas was e v o l v e d ( t o t a l v o l u m e o f 

methane c o l l e c t e d , 9 0 . 5 N - c c ) . The t e m p e r a t u r e was m a i n t a i n e d 

a t bO u n t i l gas e v o l u t i o n c e a s e d and t h e n t h e compound was 

s u b l i m e d i n vacuum a t 4 5 - 5 0 ° as w h i t e c r y s t a l s m e l t i n g a t 

55" ' - ( l i t e r a t u r e v a l u e , 5 5 - 5 6 ° ) • 
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L i t h i u m h y d r i d o d i p h e n y l b e r y l l i u m e t h e r a t e , LiBePi^H.OEt-, 

D i p h e n y l b e r y l l i u m d i e t h e r a t e ( 5 . 1 g . , 0 . 0 1 m o l e . ) was 

i n t i m a t e l y m i x e d i n a d o u b l e S c h l e n k t u b e w i t h l i t h i u m 

h y d r i d e ( 0 . 8 g . , 0.1 m o l e . ) w h i c h had been g r o u n d t o a powder 

w i t h a. p e r c u s s i o n m o r t a r i n s i d e a g l o v e b o x . The m i x t u r e was 

h e a t e d a t 160-165" / u n t i l t h e l i q u i d mass became a h a r d c a k e . 

The m i x t u r e was a l l o w e d t o c o o l and s e v e r a l e x t r a c t i o n s 

w i t h e t h e r y i e l d e d c o l o u r l e s s r h o m b i c c r y s t a l s , w h i c h were 

f i l t e r e d on t h e s i n t e r e d d i s c c o n n e c t i n g t h e two l i m b s o f 

t h e S c h l e n k t u b e and pumped d r y . 

r 

A t t e m p t e d r e a c t i o n o f s o d i u m h y d r i d e w i t h d i p h & n y l b e r y l l i u m 

ctie t h e r a t e . 

E x c e s s s o d i u m h y d r i d e d i d n o t r e a c t w i t h d i p h e n y l -

b e r y l l i u m d i e t h e r a t e e i t h e r when b o i l e d w i t h r e f l u x i n e t h e r 

f o r two da y s o r when t h e two w e r e h e a t e d i n t h e a b s e n c e o f 

s o l v e n t a t 1 6 5 ° f o r two h o u r s , ( t h e s u p e r n a t a n t s o l u t i o n o f 

t h e p r o d u c t s i n e t h e r d i d n o t e v o l v e h y d r o g e n on h y d r o l y s i s ) . 

45 
R e a c t i o n o f s o d i u m h y d r i d e w i t h d i e t h y l b e r y l l i u m . ^ 

NaH + E t Be ^NaBeEt K. 

D i e t h y l b e r y l l i u m ( 0 . 0 4 1 7 mole . , 1 5 c c . o f a 2 .?S M . . j ^ s o l u t i o n ) 
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was t r a n s f e r r e d by s y r i n g e t o a f l a s k c o n t a i n i n g a s u s p e n s i o n 

o f 2.1g. (0.0875 m o l e . ) o f s o d i u m h y d r i d e i n 7 0 c c . o f e t h e r . 

The m i x t u r e was s t i r r e d v i g o r o u s l y u n d e r r e f l u x f o r e i g h t 

h o u r s d u r i n g w h i c h t i m e a c o l o u r l e s s c r y s t a l l i n e d e p o s i t 

f o r m e d . The m i x t u r e was t r a n s f e r r e d u n d e r n i t r o g e n t o one 

l i m b o f a d o u b l e S c h l e n k t u b e and t h e c r y s t a l l i n e m a t e r i a l 

e x t r a c t e d f r o m e x c e s s s o d i u m h y d r i d e i n t o t h e o t h e r l i m b w i t h 

h o t e t h e r ( t h e same e t h e r was used f o r each e x t r a c t i o n and 

was r e c o v e r e d by d i s t i l l a t i o n f r o m one l i m b t o t h e o t h e r 

u n d e r r e d u c e d p r e s s u r e ) . The s o l u t i o n was puiirped down t o 

s m a l l v o l u m e ( a b o u t 1 0 c c ) , c o o l e d t o a b o u t -50°(acetone-C0_,) 

and t h e c r y s t a l l i n e m a t e r i a l s e p a r a t e d b y f i l t r a t i o n on t h e 

s i n t e r e d d i s c c o n n e c t i n g t h e two l i m b s o f t h e f j c h l e n k t u b e 

t o remove any u n r e a c t e d d i e t h y l b e r y l l i u m , and f i n a l l y pumped 

d r y . The c o m p l e x , s o d i u m h y d r i d o d i e t h y l b e r y l l a t e , was 

o b t a i n e d i n 90?* y i e l d as c o l o u r l e s s , p y r o p h o r i c , c r y s t a l l i n e 

n e e d l e s m e l t i n g a t 1970° w i t h o u t d e c o m p o s i t i o n i n a s e a l e d 

t u b e u n d e r vacuum. The c o m p l e x i s o n l y s l i g h t l y s o l u b l e i n 

benzen e and r e a c t s e x p l o s i v e l y w i t h w a t e r . 

F ound: Be, 9-86: h y d r o l y z a b i e - e t h y l , 62.5; - h y d r i d e , 1.08, 

no e t h e r was d e t e c t e d i n t h e compound. S o l u b i l i t y , 0.25mole/litf.t-

a t 20°. C / fH 1 1BeNa (NaBeEt.,H) r e q u i r e s Be, 9-90; K y d r o l y z a b l e 

e t h y l , 63.7; - h y d r i d e , 1.10-%. 
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Sodium d e u t e r o d i e t h y l b e r y l l a t e . 

NaD + E t 2 B e > N a B e E t 2 D . 

Sodium d e u t e r o d i e t h y l b e r y l l a t e was o b t a i n e d as c o l o u r l e s s 

n e e d l e s , m e l t i n g a t 200-201° i n a s e a l e d t u b e u n d e r vacuum, 

i n a s i m i l a r way t o t h e a n a l o g o u s h y d r i d e compound, u s i n g 

0.2655g.(0.010b m o l e . ) o f s o d i u m d e u t e r i d e and 7.0cc. o f 

a 1 , 5 M . s o l u t i o n o f e t h e r e a l d i e t h y l b e r y l l i u m (0.0105 m o l e . ) 

i n bOcc. o f e t h e r . 

Found: H y d r o l y z a b l e - e t h y l , 63.1j - d e u t e r i d e , 2.19. The 

h y d r o g e n d e u t e r i d e e v o l v e d on h y d r o l y s i s was shown by mass 

s p e c t r o m e t r y t o be 4 8 . k atom % d e u t e r a t e d ( r e q u i r e d , 48.0 

on t h e b a s i s o f t h e s o d i u m d e u t e r i d e u s e d i n t h e r e a c t i o n 

b e i n g 96.0 atom % d e u t e r a t e d ) . C^E^BeDNa (NaBeEt^D) 

r e q u i r e s h y d r o l y z a b l e - e t h y l , 63.0; - d e u t e r i d e , 2.17%. 

R e a c t i o n o f s o d i u m h y d r i d e w i t h d i e t h y l b e r y l l i u m - t r i m e t h y l a r n i n e . 

Et 0Be.NMe_, + NaH * N a B e E t _ H + NMe, 

D i e t h y l b e r y l l i u m - t r i m e t h y l a m i n e ( l . 6 g . , 0.013 m o l e . ) and 

s o d i u m h y d r i d e (2.0g., O.O83 m o l e . ) were b o i l e d i n 100cc. 

o f e t h e r f o r t w e l v e h o u r s . The s u p e r n a t a n t l i q u i d was shown 

by h y d r o l y s i s o f a s m a l l sample t o c o n t a i n h y d r i d e and 

e t h y l i n t h e r a t i o 1:2.9» The e t h e r e a l s o l u t i o n v/as t r a n s f e r r e d 
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t o a d o u b l e S c h l e n k t u b e , and s o d i u m h y d r i d o d i e t h y l b e r y l l a t e 

( i d e n t i f i e d by i n f r a r e d s p e c t r u m and m e l t i n g p o i n t ) was 

i s o l a t e d by e t h e r e x t r a c t i o n f r o m e x c e s s s o d i u m h y d r i d e and 

c r y s t a l l i s a t i o n f r o m e t h e r s o l u t i o n . Gases e v o l v e d d u r i n g 

t h e p r e p a r a t i o n w e r e pasBed t h r o u g h d i l u t e h y d r o c h l o r i c a c i d 

w h i c h on e v a p o r a t i o n y i e l d e d 0.456* , ( 0 . 0 0 4 7 m o l e . ) o f 

t r i m e t h y l a m i n e h y d r o c h l o r i d e ( i d e n t i f i e d by i n f r a r e d s p e c t r u m ) . 

R e a c t i o n o f s o d i u m h y d r i d e w i t h d i m e t h y l b e r y l l i u m . 

D i m e t h y l b e r y l l i u m (0 .0352 m o l e . , 2 0 c c . o f a 1.76M. s o l u t i o n 

i n e t h e r ) was t r a n s f e r r e d by s y r i n g e t o a f l a s k c o n t a i n i n g 

1 . 2 g.,(o . o 5 m o l e . ) o f s o d i u m h y d r i d e and 3 0 c c . o f e t h e r . 

H e a t i n g t h i s m i x t u r e u n d e r r e f l u x w i t h v i g o r o u s s t i r r i n g f o r 

a b o u t e i g h t h o u r s r e s u l t e d i n t h e d e p o s i t i o n o f a w h i t e 

i n s o l u b l e m a t e r i a l . The c o m p l e x was l e s s s o l u b l e t h a n t h e 

a n a l o g o u s e t h y l compound, and e x t r a c t i o n i n a d o u b l e S c h l e n k 

t u b e p r o v e d t o be l a b o r i o u s . 

The compound was t h e r e f o r e e x t r a c t e d f r o m e x c e s s s o d i u m 

h y d r i d e w i t h b o i l i n g e t h e r f o r s e v e r a l d a y s u s i n g a s i n t e r e d 

d i s c S o x h l e t e x t r a c t o r . The compound, s o d i u m h y d r i d o d i m e t h y l -

b e r y l l a t e , c r y s t a l l i s e d as t i n y n e e d l e s i n t h e e t h e r s o l u t i o n 

d u r i n g t h e e x t r a c t i o n . When s u f f i c i e n t m a t e r i a l was o b t a i n e d . 

NaH + Me_Be NaBel H beM 



t h e m i x t u r e was t r a n s f e r r e d t o a d o u b l e Schle r . k t u b e and t h e 

compound f i l t e r e d o f f and pumped d r y on t h e s i n t e r e d d i s c 

c o n n e c t i n g t h e two l i m b s . 

The compound i s p y r o p h o r i c , r e a c t s e x p l o s i v e l y w i t h 

w a t e r and m e l t s a t 1 9 5 - 1 9 6 ° i n a s e a l e d t u b e u n d e r vacuum. 

O t h e r e x p e r i m e n t s showed t h a t two t o t h r e e d a y s 

r e f l u x i n g w e r e r e q u i r e d f o r c o m p l e t e r e a c t i o n , and t h e use 

o f t e t r a h y d i r o f u r a n a s s o l v e n t r e s u l t e d i n no a p p a r e n t 

i n c r e a s e i n t h e r a t e o f r e a c t i o n . 

F ound: Be, 14 .98 , 14 .80; h y d r o l y z a b l e - m e t h y l , 4 ? .8, 46.S; 

- h y d r i d e , 1 .59 , 1 .62 . No e t h e r was d e t e c t e d i n t h e p r o d u c t s 

o f h y d r o l y s i s . CpK^BeMa (NaBeMe 2H) r e q u i r e s Be, 1 4 . 3 ; 

h y d r o l y z a b l e - m e t h y l 4 7 . 5 ; - h y d r i d e 1.60%. 

Sodium d e u t e r o d i m e t h y l b e r y l l a t e . 

NaD + Me 2Be y rJaBeMe^D . 

T h i s c o l o u r l e s s c r y s t a l l i n e compound, m e l t i n g a t 19o i n a 

s e a l e d t u b e u n d e r vacuum, was p r e p a r e d i n a s i m i l a r way t o 

t h e a n a l o g o u s h y d r i d e compound f r o m 0 . 1 3 8 9 g «(O . 0 0 5 6 m o l e . ) 

o f s o d i u m d e u t e r i d e and 7 « 0 c c . o f a 0.929M- s o l u t i o n o f 

e t h e r e a l d i m e t h y l b e r y l l i u m (0 .0065 m o l e . ) . 

Found: K y d r o l y z a b l e - m e t h y l , 46 . 9 ; - d e u t e r i d e , 3'«1« 

C^HgBeDNa (NaBeMe^D) r e q u i r e s h y d r o l y z a b l e - m e t h y l 46 . 9 ; 

- d e u t e r i d e , 3«1%-
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R e a c t i o n o f s o d i u m h y d r i d o d i e t h y l b e r y l l a t e w i t h t r i m e t h y l a m i n e 

h y d r o c h l o r i d e • 

NaBeEtpH + Me^NECl 

Me,N. B e E t ^ + NaCl + P" 
3 ^ 2 

..N . BeHEt + NaCl + C_H r 5 2 6, 

2 . 2 g . ( 0 . 0 2 3 m o l e . ) o f t r i m e t h y l a m i n e h y d r o c h l o r i d e , t r a n s f e r r e d 

i n a g l o v e b o x , was added i n s m a l l q u a n t i t i e s t o 1 .'9858g. 

(0 .022 m o l e . ) o f s o d i u m h y d r i d o - d i e t h y l b e r y l l a t e i n 50cc . 

o f e t h e r a t - 78°(acetone-C0 ; : ) ) . A f t e r each a d d i t i o n t h e 

m i x t u r e was a l l o w e d t o warm s l o w l y t o room t e m p e r a t u r e u n t i l 

gas e v o l u t i o n c e a s e d , t h e n a f u r t h e r q u a n t i t y o f t h e a mine 

h y d r o c h l o r i d e was a d d e d . A t room t e m p e r a t u r e , s l o w e v o l u t i o n 

o f gas o c c u r r e d and t h e s o l u t i o n became c l o u d y due t o t h e 

f o r m a t i o n o f s o d i u m c h l o r i d e . The gas e v o l v e d c o n s i s t e d o f 

168.7 N-cc. o f h y d r o g e n and 196.0 N-cc. o f e t h a n e . Thus t h e 

r e a c t i o n must have p r o d u c e d a t l e a s t two p r o d u c t s , d i e t h y l -

b e r y l l i u m - and e t h y l b e r y l l i u m h y d r i d e - t r i m e t h y l a m i n e c o m p l e x e s , 

w h i c h w e r e c o n s i d e r e d d i f f i c u l t t o s e p a r a t e . H y d r o l y s i s o f 

t h e r e s i d u a l s o l u t i o n y i e l d e d 318.1 IC-cc. o f h y d r o g e n and 

774.0 N-cc. o f e t h a n e . 

T h i s t y p e o f r e a c t i o n i s t h e r e f o r e n o t a s a t i s f a c t o r y 

m e t hod f o r t h e p r e p a r a t i o n o f e t h y l b e r y l l i u m h y d r i d e c o m p l e x e s . 

A s u c c e s s f u l p r e p a r a t i o n o f t h e e t h y l b e r y l l i u m h y d r i d e -

t r i m e t h y l a m i n e c o m p l e x by a n o t h e r m ethod i s d e s c r i b e d l a t e r . 
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R e a c t i o n o f Sodium H y d r i d o d i m e t h y l b e r y l l a t e w i t h B e r y l l i u m 

C h l o r i d e and t h e T h e r m a l D e c o m p o s i t i o n o f 'Me LBe^K^' 

F o r m o s t r e a c t i o n s between t h e h y d r i d o d i m e t h y l b e r y l l a t e s 

and b e r y l l i u m c h l o r i d e i t was f o u n d u n n e c e s s a r y t o u n d e r t a k e 

t h e t i m e - c o n s u m i n g o p e r a t i o n o f i s o l a t i n g t h e h y d r i d o d i m e t h y l -

b e r y l l a t e f r e e f r o m e x c e s s s o d i u m h y d r i d e as t h i s l a t t e r 

compound d i d n o t i n t e r f e r e w i t h t h e r e a c t i o n . 

D i m e t h y l b e r y l l i u m (0.0352 m o l e . , 20cc. o f a 1.76M. 

s o l u t i o n i n e t h e r ) was r e f l u x e d w i t h 1 .Og. (0.0-+17 m o l e . ) o f 

s o d i u m h y d r i d e i n 100cc. o f e t h e r f o r two days.. The s o l u t i o n 

was a l l o w e d t o c o o l t o room t e m p e r a t u r e , and h y d r o l y s i s o f 

a s a m p l e o f t h e s u p e r n a t a n t l i q u i d showed t h a t most o f t h e 

d i m e t h y l b e r y l l i u m had r e a c t e d t o f o r m an e v i d e n t l y v e r y 
-2 

s p a r i n g l y s o l u b l e compound ( s o l u b i l i t y 2 . 6 4 x 10 m o l e / l i t r e 

a t 20°). B e r y l l i u m c h l o r i d e ( l . 5 g . , 0.0817 m o l e . ) d i s s o l v e d 

i n 50cc. o f e t h e r was s l o w l y added t o t h e r e f l u x i n g r e a c t i o n 

m i x t u r e w i t h r a p i d s t i r r i n g . An e x o t h e r m i c r e a c t i o n a p p e a r e d 

t o t a k e p l a c e and a w h i t e p r e c i p i t a t e o f s o d i u m c h l o r i d e 

i m m e d i a t e l y f o r m e d . The m i x t u r e was r e f l u x e d o v e r n i g h t , t h e n 

c o o l e d t o room t e m p e r a t u r e and t h e p r e c i p i t a t e a l l o w e d t o 

s e t t l e . A s ample o f t h e s u p e r n a t a n t l i q u i d was t h e n removed 

by s y r i n g e and a n a l y s e d . Found: 0-7cc. gave 3*0 K-cc. o f 

h y d r o g e n , 5«8 M-cc. o f methane on h y d r o l y s i s ; Be, O.OOlSg. 
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Th e r a t i o m e t h y l : h y d r o g e n : b e r y l l i u m = 3 .89^ : 2 .. 003 :3 • 000 , 

and t h e r e f o r e t h e r e a c t i o n a p p e a r e d t o have gone a c c o r d i n g 

t o t h e e q u a t i o n : 
i 

2nNaBeMe^H + n B e C l - > 2nNaCl + (Me,,Ee„H_) 

a 2 '+ 3 2 n . 

As no c h l o r i d e was f o u n d i n t h e s o l u t i o n a f t e r 

h y d r o l y s i s , a l l t h e b e r y l l i u m c h l o r i d e must have r e a c t e d and 

t h e s o d i u m c h l o r i d e f o r m e d has a n e g l i g i b l e s o l u b i l i t y i n 

e t h e r . 

'The p r o d u c t w h i c h h e r e a f t e r w i l l be d e n o t e d by 

'Me^Be^Hj 1, a l t h o u g h p r o b a b l y c o n s i s t i n g o f many c o m p l e x 

s p e c i e s c o m b i n e d w i t h e t h e r i n e q u i l i b r i u m , i s c o m p l e t e l y 

s o l u b l e i n e t h e r ; t h u s i n s o l u b l e m a t e r i a l ( s o d i u m h y d r i d e 

and s o d i u m c h l o r i d e ) can be removed by f i l t r a t i o n . 

M o st o f t h e e t h e r was d i s t i l l e d o f f u n d e r a t m o s p h e r i c 

p r e s s u r e u n t i l o n l y a b o u t 3 0 c c . r e m a i n e d . The r e s t o f t h e 

e t h e r was c o n d e n s e d , u n d e r r e d u c e d p r e s s u r e , i n t o a r e c e i v e r 

c o o l e d i n l i q u i d a i r , l e a v i n g a c o l o u r l e s s v i s c o u s o i l , 

w h i c h s l o w l y f o r m s s o l i d m a t e r i a l on i t s s u r f a c e on p u m p i n g 

f o r many h o u r s . No b e r y l l i u m c o u l d be d e t e c t e d i n t h e 

d i s t i l l a t e b u t t h e c o n d e n s a t e c o n s i s t e d o f e t h e r t o g e t h e r 

w i t h a n e g l i g i b l e amount ( a b o u t 0.00024 m o l e . ) o f d i m e t h y l -

b e r y l l i u m measured by h y d r o l y s i s and a l s o i d e n t i f i e d by t h e 

f o r m a t i o n o f a s m a l l amount o f t h e c h a r a c t e r i s t i c y e l l o w 

b i p y r i d y l complex.' 5^" H y d r o l y s i s o f a s a m p l e o f t h e o i l 
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y i e l d e d 12 .7 N-cc. o f met h a n e , 5.8 N-cc. o f h y d r o g e n ; 

Be, 0 .00396g. and t h u s t h e r a t i o m e t h y l : h y d r o g e n : b e r y l l i u m 

= 4 . 00 :1.84 :3 .10 . 

A c t i o n o f h e a t on 1 Me^Be^H., * . 

A b o u t 1 .1g. o f t h e v i s c o u s o i l was h e a t e d u n d e r vacuum 

and a t 5 1 ° t h e o i l s t a r t e d t o b u b b l e and 153*3 N-cc. ( 0 . 5 0 5 g . ) 

o f e t h e r were e v o l v e d , l e a v i n g a w h i t e s o l i d ( a b o u t 0 . 6 g . ) 

w h i c h e v o l v e d no more e t h e r a t h i g h e r t e m p e r a t u r e s a l t h o u g h a 

w h i t e s o l i d s t a r t e d t o s u b l i m e a t 6 0 ° . A s s u m i n g t h e s o l i a 

r e s i d u e was e n t i r e l y 'Me^Be-H.,1 , t h e o i l c o n s i s t e d o f 

a p p r o x i m a t e l y 0 .007 m o l e , o f ;Me^Ee_H_' and 0 .007 m o l e , o f 

e t h e r , c o r r e s p o n d i n g t o t h e c o m p o s i t i o n Me^Be,E„.OEt^ 

The s o l i d r e s i d u e was t r a n s f e r r e d t o a s u b l i m a t i o n 

a p p a r a t u s and t h e n h e a t e d u n d e r vacuum. A t 6 0 ° a w h i t e 

p y r o p h o r i c s o l i d s t a r t e d t o s u b l i m e and t h e s u b l i m a t i o n was 

c o n t i n u e d a t 1 2 0 ° f o r t e n d a y s , a f t e r w h i c h b o t h s u b l i m a t e 

and t h e w h i t e r e s i d u e o f amorphous a p p e a r a n c e w h i c h n e i t h e r 

c a u g h t f i r e n o r fumed i n t h e a i r , were a n a l y s e d . 

S u b l i m a t e : Be, 2 2 . 5 ; h y d r o l y z a b l e m e t h y l , 7 7 - 2 . C E,Be 
_ _ _ _ _ C w 

(Me Be) r e q u i r e s Be, 2 3 . 1 ; h y d r o l y z a b l e m e t h y l , 11.0%. 

H y d r o l y s i s was r a p i d w i t h 2 - m e t h o x y e t h a n o l a t l o w t e m p e r a t u r e 

R e s i d u e ; Samples e v o l v e d 5-2 N - c c , 5-7 N-cc. o f methane and 
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1 1 . J N - c c , 12.3 N-cc. o f h y d r o g e n r e s p e c t i v e l y on h y d r o l y s i s 

w h i c h was s l o w w i t h 2 - m e t h o x y e t h a n o l even a t room t e m p e r a t u r e 

a l t h o u g h r a p i d w i t h a c i d . M e t h y l : h y d r o g e n = 0 . 4 6 1,0 . 4 6 3 : 1 . 

N , N , N ' j N ' - t e t r a r a e t h y l e t h y l e n e d i a m i n e ( 7 8 . 0 N-cc.) 

was c o n d e n s e d on t o 0 . 0584g . o f t h i s r e s i d u e , c o o l e d i n l i q u i d 

a i r , and t h e m i x t u r e was a l l o w e d t o warm t o room t e m p e r a t u r e . 

E x c e s s amine ( 3 8 .0 N-cc.) was re m o v e d , and t h e r e s i d u e 

h e a t e d u n d e r vacuum. A t 5 0 - 6 0 ° , a c o l o u r l e s s c r y s t a l l i n e 

compound s u b l i m e d b u t i n s u f f i c i e n t was o b t a i n e d f o r i d e n t i f i 

c a t i o n . The w h i t e a m o r p h o u s - l o o k i n g r e s i d u e was-, shown by 

h y d r o l y s i s t o have a m e t h y l : h y d r o g e n r a t i o o f 0 . 4 3 : 1 . 

A l t h o u g h t h i s r e a c t i o n h as removed some m e t h y l g r o u p s 

f r o m t h e r e s i d u e , p r o b a b l y as t h e known compound, 
33 Me_Be(Me.,NCHr-. )_. i n s u f f i c i e n t r e a c t i o n had o c c u r r e d t o 

d d d d 

w a r r a n t f u r t h e r i n v e s t i g a t i o n . 

As 'Me.Be^H ' was a p p a r e n t l y d i s p r o p o r t i o n a t i n e i n t o 
"r y d. 

v o l a t i l e d i m e t h y l b e r y l l i u m and i n v o l a t i l e b e r y l l i u m h y d r i d e , 

s t i l l c o n t a i n i n g some m e t h y l g r o u p s , f u r t h e r e x p e r i m e n t s w e r e 

u n d e r t a k e n t o d e t e r m i n e how h i g h t h e h y d r i d e c o n t e n t o f t h e 

r e s i d u e c o u l d be r a i s e d by pyrol2/'S.is. 

A s o l u t i o n c o n t a i n i n g 'Me^Be^E^ 11 p r e p a r e d f r o m 6 0 c c . 

o f a I . 7 6 H . s o l u t i o n o f e t h e r e a l d i m e t h y l b e r y l H u m (0.106mole. ) , 

3 . 5 g . ( 0 . 1 4 5 m o l e . ) o f s o d i u m h y d r i d e and 4 . 2 g .(0 . 0 5 2 6 m o l e . ) 

o f b e r y l l i u m c h l o r i d e i n 4 0 0 c c . o f e t h e r , was pumped a t room 
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t e m p e r a t u r e t o remove e t h e r . The c o l o u r l e s s o i l w h i c h 

r e m a i n e d l i b e r a t e d more e t h e r a t 51° i u n d e r vacuum, l e a v i n g 

a w h i t e s o l i d . T h i s l a t t e r was h e a t e d a t 170-180° u n d e r 

vacuum f o r t h r e e d a y s d u r i n g w h i c h t i m e a w h i t e s o l i d 

s u b l i m e d l e a v i n g a w h i t e r e s i d u e as b e f o r e . 

R e s i d u e ; Samples on h y d r o l y s i s , w h i c h was v e r y s l o w w i t h 2-

m . e t h o x y e t h a n o l , l i b e r a t e d 1.8 N-cc., 1.0 N-cc. o f methane and 

18.6 N - c c , 10.5 N-cc. o f h y d r o g e n r e s p e c t i v e l y , T h e r e f o r e 

t h e h y d r o g e n : m e t h y l r a t i o i s 1 0 . 3 0 , 1 0 . 2 5 : 1 . 

A f u r t h e r s a m p l e o f t h e same s o l u t i o n , a f t e r r e m o v a l 

o f t h e s o l v e n t was h e a t e d a t 200-210° f o r e i g h t h o u r s 

u n d e r vacuum. 

R e s i d u e : A sample on h y d r o l y s i s gave 1.2 N-cc. o f methane and 

13-0 N-cc. o f h y d r o g e n , t h e r e f o r e t h e h y d r o g e n : m e t h y l r a t i o 

was 1 0 . 4 : 1 . 

I n one e x p e r i m e n t , 2.5 N-cc. o f u n c o n d e n s a b l e gas 

were e v o l v e d d u r i n g t h e p y r o l y s i s . T h i s v o l u m e i s q u i t e 

s m a l l and was p r o b a b l y due t o t h e p r e s e n c e o f s m a l l amounts 

o f m o i s t u r e i n o r on t h e g l a s s . 

The l i m i t o f t h e h y d r o g e n : m e t h y l r a t i o i n t h e r e s i d u e 

a p p e a r s t o be a b o u t 1 0 : 1 . T h i s c o r r e s p o n d s t o t h e r e s i d u e 

b e i n g 91 mole p e r c e n t b e r y l l i u m h y d r i d e i f t h e r e m a i n d e r i s 

assumed t o be d i m e t h y l b e r y l l i u m . 
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P r e p a r a t i o n o f H e t h y l b e r y i l i u m H y d r i d e C o o r d i n a t i o n Corn-pounds 

The r e a c t i o n s o f s o l u t i o n s o f 1 Me^Be^H.,' i n e t h e r 

w i t h d o n o r m o l e c u l e s p r o v e d t o be a r o u t e f o r t h e p r e p a r a t i o n 

o f m e t h y l b e r y l l i u m h y d r i d e c o o r d i n a t i o n compounds. 

N,N,N',N'-Te t r a a e t h y l e t h y l e n e d i a m l n e. 

An e t h e r e a l s o l u t i o n ( 1 0 C C . ) c o n t a i n i n g 'Me.Be^H^1 

p r e p a r e d f r o m 3«5g»(0 . l45 m o l e . ) o f s o d i u m h y d r i d e , &Occ. o f 

a I . 7 6 M . s o l u t i o n o f e t h e r e a l d i m e t h y l b e r y l l i u m ( 0 . 1 0 b m o l e . ) 

and 4 .2g. (0 .0326 m o l e . ) o f b e r y l l i u m c h l o r i d e i n 4 0 0 c c . o f 

e t h e r and c o n c e n t r a t e d by d i s t i l l a t i o n t o a b o u t 1 0 0 c c . was 

t r a n s f e r r e d by s y r i n g e i n t o one l i m b o f a d o u b l e S c h l e n k t u b e 

E x c e s s o f t h e d i a m i n e was co n d e n s e d on t o t h e s o l u t i o n , 

c o o l e d i n l i q u i d a i r , and on a l l o w i n g t h e m i x t u r e t o warm t o 

room t e m p e r a t u r e an i n s o l u b l e w h i t e m a t e r i a l was d e p o s i t e d . 

The m i x t u r e was s h a k e n f o r a few m i n u t e s t o e n s u r e c o m p l e t e 

m i x i n g , t h e n t h e s o l i d m a t e r i a l was s e p a r a t e d by f i l t r a t i o n , 

b e i n g c o l l e c t e d on t h e s i n t e r e d d i s c c o n n e c t i n g t h e two l i m b s 

o f t h e S c h l e n k t u b e . E t h e r was d i s t i l l e d b a c k u n d e r vacuum 

t h r o u g h t h e s i n t e r e d d i s c , and t h i s a l l o w e d t h e s o l i d t o be 

washed w i t h e t h e r b y r e p e t i t i o n o f t h e above p r o c e s s . T h i s 

w a s h i n g o p e r a t i o n was r e p e a t e d once more, and t h e n t h e e t h e r 
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and e x c e s s amine were removed under vacuum. C o l o u r l e s s 

c r y s t a l s remained when the f i l t r a t e was e v a p o r a t e d and t h e s e 

were s u b l i m e d a t 3 0 - 4 0 ° under vacuum. T h i s m a t e r i a l was 

shown by i t s m e l t i n g p o i n t 81°(literature v a l u e 8 1 - 8 2 ° ) and 

i t s i n f r a r e d s p e c t r u m to be the known compound d i m e t h y l -

(N,N,N 1 , N 1 -1 e trame t h y l e t h y l en e d i a r n i n e ) - b e r y l 1 ium , 
33-

Me 2Be(Me 2.NCH-. ) 2 

The i n s o l u b l e m a t e r i a l was an a p p a r e n t l y amorphous 

w h i t e powder w h i c h h y d r o l y s e d m o d e r a t e l y r a p i d l y w i t h 2 -

m e t h o x y e t h a n o l and n e i t h e r fumed n o r caught f i r e i n a i r . 

The compound was i n v o l a t i l e , i n s o l u b l e i n c a r b o n 

d i s u l p h i d e , c a r b o n t e t r a c h l o r i d e and benzene. At 248° a s m a l l 

sample under vacuum i n a s e a l e d tube became s e m i - l i q u i d and 

a t 2 8 0 - 2 9 0 ° , a c o l o u r l e s s c r y s t a l l i n e s o l i d s u b l i m e d , l e a v i n g 

a b r o wn-yellow r e s i d u e . 

Found: Be, 1 1 . 0 ; d i a m i n e , 6 9 .k: h y d r o l y z a b l e - m e t h y l , 1 7 - 9 ; 

- h y d r i d e , 1 .20 . CpK^Be^^JCMeBeH)2(He2NCH-)2"J r e q u i r e s 

Be, 1 0 . 8 5 ; d i a m i n e , 6 9 . 9 ; h y d r o l y z a b l e - m e t h y l , " .8.05; 

- h y d r i d e , 1 .21%. 

1 , 2-pimethoxyethane. ('monoglyme 1) 

An e t h e r e a l s o l u t i o n ( 6 0 c c . ) c o n t a i n i n g 'Me^Be-H^ 

p r e p a r e d from 1 . 6 g . ( 0 . 0 6 7 7 mole.) o f sodium h y d r i d e , 6 0 c c . of 
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a 0 . 9 2 9 M . s o l u t i o n o f e t h e r e a l d i r n e t h y i b e r y l l i u i n ( 0 . 0 5 5 8 m o l e , 

and 2 . 2 g . , ( 0 . 0 2 7 5 m o l e . ) o f b e r y l l i u m c h l o r i d e i n 1 5 0 c c . o f 

e t h e r , was t r a n s f e r r e d by s y r i n g e on t o e x c e s s 'monoglyme' 

( a b o u t 1 0 g . ) . The c l e a r s o l u t i o n was s w i r l e d f o r a few 

m i n u t e s and t h e n t h e e t h e r removed u n d e r vacuum, l e a v i n g an 

o i l and a w h i t e s o l i d . The w h i t e s o l i d s l o w l y w e n t o i l y on 

p u m p i n g and a t 4 8 - 5 0 ° a c o l o u r l e s s c r y s t a l l i n e s o l i d s u b l i m e d . 

T & i s t e m p e r a t u r e was m a i n t a i n e d u n t i l no f u r t h e r m a t e r i a l 

a p p e a r e d t o s u b l i m e . The c r y s t a l l i n e s o l i d was i d e n t i f i e d as 

( 1 , 2 - d i m e t h o x y e t h a n e ) d i m e t h y l b e r y l l i u m , m . p . 1 0 1 ° , ( l i t e r a t u r e 

v a l u e 1 0 0 - 1 0 1 ° ) ^ ' 

The v i s c o u s o i l y r e s i d u e was i n v o l a t i l e and i n s o l u b l e 

i n b e n z e n e , a n d no method f o r i t s p u r i f i c a t i o n c o u l d be f o u n d . 

F ound: Be, 1 . 3 - 1 , 1 3 - 2 : h y d r o l y z a b l e - m e t h y l , 2 1 . 6 , 2 1 . 5 ; 

- h y d r i d e , 1 . 3 3 , 1 - 3 7 - C g H ^ g B e ^ £ ( M e B e H ) 2 ( C H ^ O C H ^ ) ^ 

r e q u i r e s Be, 12.9; h y d r o l y z a b l e - m e t h y l , 2 1 . h ; - h y d r i d e , 1.44% 

The c o u r s e o f t h e r e a c t i o n d i d n o t d i f f e r when 

'monoglyme' was added t o t h e b e r y l l i u m compound. 

2 , 2 ' - B i p y r i d y l . 

The a d d i t i o n o f e x c e s s 2 , 2 ' - b i p y r i d y l i n e t h e r t o an 

e t h e r e a l s o l u t i o n o f 1 file.Be-H- ' r e s u l t e d i n t h e i m m e d i a t e 
4 3 £ 

d e p o s i t i o n o f a y e l l o i - v s o l i d ( b i p y r i d y l d i m e t h y l b e r y l l i u m ) and 
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t h e f o r m a t i o n o f a deep r e d s o l u t i o n . C o m p l e t e s e p a r a t i o n o f 

t h e s e two m a t e r i a l s c o u l d n o t be e f f e c t e d as " o i p y r i d y l d i m e t h y l -

b e r y l l i u m i s s l i g h t l y s o l u b l e i n e t h e r and a f i ; e r a s h o r t 

w h i l e t h e d e e p - r e d c o l o u r o f t h e s u p e r n a t a n t l i q u i d d i s 

a p p e a r e d l e a v i n g a d a r k - b r o w n t a r r y m a t e r i a l . 

T r i m e t h y l a m i n e . 

T r i m e t h y l a m i n e (31- ! - N-cc., an e x c e s s ) was c o n d e n s e d on 

t o 1 5 c c . o f an e t h e r e a l s o l u t i o n o f 1Me^Be^H^', c o o l e d i n 

l i q u i d a i r i n one l i m b o f a d o u b l e S c h l e n k t u b e , w h i c h had 

b e e n p r e p a r e d f r o m 3 « 5 g « ( 0 . 1 z f 5 m o l e . ) o f s o d i u m h y d r i d e , 

6 0 c c . o f a 1 . 7 6 M . s o l u t i o n o f e t h e r e a l d i m e t h y l b e r y l l i u r n 

( 0 . 1 0 6 m o l e . ) and T . 2 g . ( 0 . 0 5 2 6 m o l e . ) o f b e r y l l i u m c h l o r i d e i n 

^OOcc. o f e t h e r and c o n c e n t r a t e d by d i s t i l l a t i o n t o 1 0 0 c c . 

The m i x t u r e was a l l o w e d t o warm t o room t e m p e r a t u r e , t h e n 

c o o l e d and a l l o w e d t o warm, up a g a i n t o e n s u r e c o m p l e t e 

r e a c t i o n . The e t h e r and e x c e s s amine were removed f r o m t h e 

c l e a r s o l u t i o n u n d e r vacuum, l e a v i n g c o l o u r l e s s c r y s t a l s . On 

p u m p i n g c o n t i n u o u s l y t h r o u g h a l i q u i d a i r t r a p , c o l o u r l e s s 

c r y s t a l s s u b l i m e d i n t o t h e t r a p . T h i s compound m e l t e d a t 

3 6 ° and was t h e known compound d i m e t h y l b e r y l l i u i r . . - t r i m e t h y l 

a mine ( l i t e r a t u r e v a l u e 3 6 ° ) . " ' " The r e s i d u e was h e a t e d a t 

40-^5° w i t h c o n t i n u o u s p u m p i n g t h r o u g h t h e l i q u i d a i r t r a p 
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when c o l o u r l e s s c r y s t a l s ( p r i s m s ) s u b l i m e d up t h e w a l l s o f 

t h e S c h l e n k t i i b e , c o n d e n s i n g on t h e c o o l e r p a r t s . 

Found: Be, 10.8; Me_N, 70.5; h y d r o l y z a b l e - m e t h y l , 17.5,17-7; 

- h y d r i d e , 1.20, 1.20; M, c r y o s c o p i c a l l y i n b e n z e n e , 166,15^ 

i n 0.if,0.2 w e i g h t % s o l u t i o n s . Cg.H 2gBe 2N 2 (MeHBe.NMe ) 2 

r e q u i r e s Be, 10.7; Me^N, 70-3; h y d r o l y z a b l e - m e t h y l , 17.8; 

- h y d r i d e , 1.20; M, 168. 

The m o l e c u l a r w e i g h t measurements c o r r e s p o n d t o d e g r e e s 

o f a s s o c i a t i o n o f 1.97 and 1.83 r e s p e c t i v e l y i n t h e two 

s o l u t i o n s m e a s u r e d . 

When l a r g e r s a m p l e s o f t h i s amine c o m p l e x were 

p r e p a r e d f o r f u r t h e r e x p e r i m e n t s , t h i s method o f f r a c t i o n a l 

s u b l i m a t i o n f o r p u r i f i c a t i o n was n o t s a t i s f a c t o r y as t h e 

s u b l i m a t e had a m e t h y l : h y d r o g e n r a t i o g r e a t e r t h a n o ne, and 

a s e c o n d s u b l i m a t i o n d i d n o t p r o d u c e a p u r e compound., i e . t h e 

s u b l i m a t e was c o n t a m i n a t e d w i t h s m a l l amounts o f d i m e t h y l -

b e r y l l i u m - t r i m e t h y l a m i n e and i t m e l t e d o v e r t h e r a n g e o0-80°. 

C o n s e q u e n t l y f r a c t i o n a l c o n d e n s a t i o n methods w e r e u s e d f o r 

t h e i s o l a t i o n o f a p u r e compound. 

The a p p a r a t u s shown i n F i g u r e I V . was us e d and i t was 

d e s i g n e d so t h a t t r a p - t o - t r a p f r a c t i o n a t i o n s u n d e r vacuum, 

c o u l d be c a r r i e d o u t w i t h o u t v a p o u r s c o m i n g i n t o c o n t a c t w i t h 

g r e a s e d j o i n t s o r t a p s . The a p p a r a t u s was a t t a c h e d t o t h e 

vacuum s y s t e m i n w h i c h t r i m e t h y l a m i n e had been s t o r e d ; i t was 
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t h e n e v a c u a t e d and f i n a l l y f i l l e d w i t h n i t r o g e n . 

A 0.929M. s o l u t i o n o f e t h e r e a l d i m e t h y l b e r y l l i u m 

(60cc. 0.0557 m o l e . ) was h e a t e d u n d e r r e f l u x w i t h 1 .6g. 

(O.O667 m o l e . ) o f s o d i u m h y d r i d e s u s p e n d e d i n '100cc. o f e t h e r 

f o r two days w i t h c o n t i n u o u s s t i r r i n g . R e a c t i o n was presumed 

t o be c o m p l e t e s i n c e h y d r o l y s i s o f 2cc. o f t h e s u p e r n a t a n t 

l i q u i d e v o l v e d o n l y 2.5 N-cc. o f u n c o n d e n s a b l e g a s , w h e r e a s 

t h e o r i g i n a l d i m e t h y l b e r y l l i u m p r e s e n t w o u l d h a v e g i v e n 

31.2 N-cc. p e r 2cc. on h y d r o l y s i s . B e r y l l i u m c h l o r i d e (2.2g., 

0.0275 m o l e . ) i n 50cc. o f e t h e r was added t o t h e r e f l u x i n g 

r e a c t i o n m i x t u r e w i t h t h e i m m e d i a t e f o r m a t i o n o f a w h i t e 

p r e c i p i t a t e . The m i x t u r e was b o i l e d w i t h r e f l u x o v e r n i g h t 

and t h e n t h e s o l u t i o n a l l o w e d t o c o o l b e f o r e b e i n g f i l t e r e d . 

No c h l o r i d e c o u l d be d e t e c t e d a f t e r t h e h y d r o l y s i s o f a 2cc. 

s a m p l e o f t h e c l e a r f i l t r a t e w h i c h e v o l v e d 26.0 N-cc. o f 

u n c o n d e n s a b l e g a s . The v o l u m e o f t h e s o l u t i o n was r e d u c e d t o 

a b o u t 80cc. by d i s t i l l a t i o n , and t h e s o l u t i o n was t h e n 

t r a n s f e r r e d by s y r i n g e t h r o u g h t h e serum cap and t a p 'H' 

i n t o t r a p 'A' ( F i g u r e I V ) . The c o n s t r i c t i o n b e l o w *H' was 

s e a l e d o f f and w i t h * A' f r o z e n i n l i q u i d a i r , t h e a p p a r a t u s 

was e v a c u a t e d . E x c e s s t r i m e t h y l a m i n e (1000 N-cc.) was 

c o n d e n s e d i n t o 'A' and t h e m i x t u r e warmed t o room t e m p e r a t u r e 

and f r o s e n a g a i n two o r t h r e e t i m e s t o e n s u r e c o m p l e t e 

r e a c t i o n . E t h e r and e x c e s s amine w e r e removed u n d e r vacuum, 
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l e a v i n g a c o l o u r l e s s c r y s t a l l i n e s o l i d . W i t h f l o a t v a l v e s 

'J' 1 s h u t , 'K' and 'L' o p e n , t r a p s 'B' c o o l e d t o 0 ° i n i c e -

w a t e r and : C c o o l e d i n l i q u i d a i r , t h e compound, was s u b l i m e d 

w i t h c o n t i n u o u s p u m p i n g a t 2 0 - 3 0 ° • When a l l t h e m a t e r i a l had 

s u b l i m e d f r o m t r a p 'A', t h e m e l t i n g p o i n t o f t h e c o l o u r l e s s 

c r e t a i l i n e s o l i d i n 'C was 36 ( i . e . d i m e t h y l b e r y l l i u r a -

t r i m e t h y l a m i n e " ' ' ) , and t h a t o f t h e c o l o u r l e s s c r y s t a l l i n e 

s o l i d i n '3' was 7 3 - 7 ^ ° • As t h e m a t e r i a l i n '3' had a s h a r p 

m e l t i n g p o i n t , i t was presumed, t o be p u r e and was t h e r e f o r e 

s u b l i m e d f r o m 'B' i n t o 'D' w i t h ' J ' open and fK' a n d ' L 1 s h u t and 

f i n a l l y t h e a p p a r a t u s was s e a l e d u n d e r n i t r o g e n a t 'E' and ' F 1 . 

V a p o u r p r e s s u r e and v a p o u r d e n s i t y m e a s u r e m e n t s . 

The a p p a r a t u s was s e a l e d a t 'G' as c l o s e as p o s s i b l e 

t o t h e ' h i g h t e m p e r a t u r e b u l b 1 ( F i g u r e V) on t h e vacuum s y s t e m . 

The b r e a k - s e a l 'K' was b r o k e n by means o f a s m a l l b a l l 

b e a r i n g and a magnet and some o f t h e compound s u b l i m e d u n d e r 

vacuum i n t o b u l b 'A' w h i c h was c o o l e d i n l i q u i d a i r . The 

m e r c u r y c u t - o f f 'B' was r a i s e d and t h e b u l b i m m e r s e d i n an 

o i l t h e r m o s t a t . P r e s s u r e r e a d i n g s were t a k e n a b o u t e v e r y 1 0 ° 

b e t w e e n 2 0 ° and 1 7 0 ° and a r e l i s t e d i n T a b l e V. 

B e f o r e each r e a d i n g t h e m e r c u r y c u t - o f f 'B' was r a i s e d 

t o t h e s t a n d a r d mark ' C. T e m p e r a t u r e s were measured by a 
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s t a n d a r d i s e d m e r c u r y t h e r m o m e t e r r e a d i n g t o t e n t h s o f a 

d e g r e e . A t t h e end o f t h e e x p e r i m e n t , t h e q u a n t i t y o f compound 

p r e s e n t was d e t e r m i n e d by h y d r o l y s i s o f t h e m a t e r i a l and 

measurement o f t h e u n c o n d e n s a b l e gas l i b e r a t e d . 

V a p o u r P r e s s u r e - o v e r t h e t e m p e r a t u r e r a n g e i n w h i c h t h e 

m a t e r i a l was n o t a l l p r e s e n t i n t h e gas phase ( 5 6 - 1 1 5 ° ) a 

- p l o t o f l o g p a g a i n s t t e m p e r a t u r e ''(0.K) was l i n e a r and ° - mm. & 1 

the. o b s e r v e d v a p o u r p r e s s u r e s f o r t h e l i q u i d f r o m 7 3 - 1 1 5 ° a r e 

c l o s e l y r e p r e s e n t e d by t h e l i n e a r e q u a t i o n : 

7 3 - 1 1 5 ° : l o g r 0 P m m . = ~ ^ 3 9 

O b s e r v e d v a p o u r p r e s s u r e s a r e compared i n T a b l e V 

w i t h t h o s e c a l c u l a t e d f r o m t h e above e q u a t i o n . 

The e x t r a p o l a t e d b o i l i n g p o i n t i s 2 5 7 ° j t h e l a t e n t 

h e a t o f v a p o u r i s a t i o n 1 1 . 2 k c a l . p e r m o l e . , and t h e T r o u t o n 

c o n s t a n t 2 1 . 1 . 

V a p o u r - p h a s e a s s o c i a t i o n . 

The v a p o u r d e n s i t y m easurements when a l l t h e m a t e r i a l 

was p r e s e n t i n t h e gaseous phase o v e r t h e r a n g e 1 4 4 - 1 7 2 ° 

i n d i c a t e t h a t t h e compound i s inonomeric b u t shows s i g n s o f 

a s s o c i a t i o n . 

Temp(°C) 1 4 4 . 2 1 5 6 . 2 1 6 5 - 3 1 7 2 . 3 

M o l e c u l a r W e i g h t 1 0 1 . 6 9 5 - 1 9 0 . 8 8 2 - 5 

D e g r e e o f A s s o c i a t i o n 1 . 2 1 1 . 1 3 1 -08 0.?S. 
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T a b l e V. 

V a p o u r p r e s s u r e o f t r i m e t h y l a m i n e - m e t h y l b e r y l l i u m h y d r i d e . 

Ob's.press. (mm.) Vap.press.(mm.) Temp.(°C) G a l e . ] 

0 . 2 6 0.2.6 2 3 . 0 

0.42 0.42 3 0 . 6 

0 . 4 4 0 . 4 3 3 9 . 4 

0 . 8 0 0 . 7 9 4 7 . 0 

1 . 1 5 1 . 1 3 5 5 - 8 1 . 1 7 0 

1 . 9 8 1 . 9 4 6 5 . 9 1 . 9 4 1 

3 - 0 9 3 . 0 2 7 5 . 2 3 . 0 2 5 

4 . 9 6 4.84 8 5 . 6 4.849 

7 . 9 7 7 - 7 5 9 6 . 0 7 . 5 1 3 

1 1 . 3 1 1 0 . 9 6 1 0 4 . 8 1 0.64 

1 5 . 9 6 1 5 . 3 8 1 1 4 . 7 1 5 . 5 8 

2 1 . 9 2 2 0 . 9 ^ 1 2 5 . 8 

2 5 . 9 0 2 4 . 4 3 1 3 4 . 8 

3 0 . 0 0 2 7 . 8 1 1 4 4 . 2 

3 4 . 1 6 3 0 . 5 7 1 5 6 . 2 

3 7 . 8 2 3 2 . 7 0 1 6 5 . 3 

4 3 . 2 0 3 6 . 5 6 172.6 
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R e a c t i o n o f (MeBeHNHe^) ~, w i t h 2 , 2 ' - b i p y r i d y l . 

E x c e s s b i p y r i d y l i n e t h e r was added t o a s m a l l s a m p l e 

o f t r i m e t h y l a m i n e - m e t h y l b e r y l l i u m h y d r i d e d i s s o l v e d i n e t h e r . 

I m m e d i a t e l y a deep r e d s o l u t i o n f o r m e d w h i c h decomposed 

e i t h e r when p r e c i p i t a t e d by t h e a d d i t i o n o f h e x a n e , o r on 

a l l o w i n g t h e s o l u t i o n t o s t a n d f o r a few h o u r s , o r on 

p u m p i n g down t h e s o l u t i o n t o s m a l l v o l u m e , t o f o r m a d a r k -

b r o w n t a r r y m a t e r i a l . 

R e a c t i o n o f (MeBeH.NMe^,)^ w i t h d i m e t h y l a m i n e . 

2 0 * 9 N-cc. o f d i m e t h y l a m i n e w e r e c o n d e n s e d on t o 

0 . 0 7 8 3 g . ( 2 0 . 8 N-cc. o f monomer) o f t r i m e t h y l a m i n e - r n e t h y l -

b e r y l l i u m h y d r i d e c o o l e d i n l i q u i d a i r . A t room t e m p e r a t u r e 

s l o w e v o l u t i o n o f gas o c c u r r e d and t h e m i x t u r e was l e f t u n t i l 

gas e v o l u t i o n c e a s e d . 2 0 . 8 N-cc. o f a m i x t u r e o f methane and 

h y d r o g e n w e r e e v o l v e d and t h u s a m i x t u r e o f compounds was 

f o r m e d w h i c h was n o t f u r t h e r i n v e s t i g a t e d . 

T r i m e t h y l a r n i n e - r n e t h y l b e r y l l i u m d e u t e r i d e . 

S o d ium d e u t e r i d e ( O . ^ i ' g - j 0 . 0 2 1 m o l e . ) ar.d See. o f a 

2.^2M. s o l u t i o n o f e t h e r e a l d i m e t h y l b e r y l l i u m ( C . 0 1 9 ^ m o l e . ) 
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w e r e b o i l e d i n 2 0 0 c c . o:f e t h e r f o r two d a y s . H y d r o l y s i s o f 

a 2 c c . s a m p l e o f t h e s u p e r n a t a n t l i q u i d y i e l d e - d o n l y 2 . 1 N-cc. 

o f u n c o n d e n s a b l e g a s . B e r y l l i u m c h l o r i d e ( O . b j g - , 0 . 0 0 8 m o l e . ) 

i n 5 0 c c . o f e t h e r was added t o t h e r e f l u x i n g r e a c t i o n 

m i x t u r e and b o i l i n g c o n t i n u e d f o r a f u r t h e r h o u r and t h e n t h e 

s o l u t i o n was f i l t e r e d . The f i l t r a t e , w h i c h d i d n o t c o n t a i n 

c h l o r i d e was t r a n s f e r r e d t o t h e a p p a r a t u s d e s c r i b e d f o r t h e 

i s o l a t i o n o f t h e a n a l o g o u s h y d r i d e ( F i g u r e I V . ) and 1100 N-cc. 

o f t r i m e t h y l a m i n e c o n d e n s e d on t o i t . M e t h y l b e r y l l i u m d e u t e r i d 

t r i m e t h y l a m i n e was t h e n i s o l a t e d as c o l o u r l e s s c r y s t a l s 

m e l t i n g a t 7 5 - 7 6 ° i n t h e same way as i t s h y d r i d e a n a l o g u e . 

Found: E y d r o l y z a b l e - m e t h y l . 1 7 * 6 ; - d e u t e r i d e , 2 . 2 9 -

C i fH 1 2BeDN (MeDBe.NMe^) r e q u i r e s h y d r o l y z a b l e - m e t h y l , 1 7 - 6 ; 

- d e u t e r i d e , 2 - 3 5 % -

N e i t h e r N , N , N ' . N 1 - t e t r a m e t h y l e t h y l e n e d i a m i n e n o r 

1 , 2 - d i m e t h o x y e t h a n e a p p e a r s t o f o r m a c h e l a t e c o m p l e x w i t h 

raethylberylliura h y d r i d e , i n w h i c h a t e r m i n a l b e r y l l i u m -

h y d r o g e n bond m i g h t be e x p e c t e d t o be p r e s e n t . I t was t h o u g h t 

t h a t N , N , N ' , N ' - t e t r a m e t h y l o - p h e n y l e n e d i a m i n e , b e c a u s e o f i t s 

s t e r i c c o n f i g u r a t i o n , m i g h t i n d u c e m e t h y l b e r y l l i u m h y d r i d e 

t o f o r m a c h e l a t e c o m p l e x w h i c h w o u l d t h u s h a v e a t e r m i n a l 

b e r y l l i u m - h y d r o g e n b o n d . S i n c e t h e p r e p a r a t i v e method w o u l d 

a l s o h a v e r e s u l t e d i n t h e f o r m a t i o n o f t h e d i m e t h y l b e r y l l i u m 

c o m p l e x , t h e l a t t e r was f i r s t -preoared. and c h a r a c t e r i z e d . 
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R e a c t i o n o f d i m e t h y l b e r y l l i u m w i t h N , N , N ' , N ' - t e t r a m e t h y l -

o - p h e n y l e n e d i a m i n e • 

N,N,N' ,N' - t e t r a m e t h y l o-phenylen.edia.mine ( 2 . 0 g . , 

0.0122 m o l e . ) was added by s y r i n g e t o 1 0 c c . o f a 0.929M. 

s o l u t i o n o f e t h e r e a l d i m e t h y l b e r y l l i u m ( 0 . 0 0 9 2 9 m o l e . ) , 

c o n t a i n e d i n one l i m b o f a d o u b l e S c h l e n k t u b e . A s l i g h t l y 

e x o t h e r m i c r e a c t i o n t o o k p l a i c e and t h e m i x t u r e was s w i r l e d 

f o r a few m i n u t e s t o e n s u r e c o m p l e t e m i x i n g . The c l e a r 

s o l u t i o n was pumped down and a t l o w volume c o l o u r l e s s 

c r y s t a l s a p p e a r e d . These were pumped d r y u n d e r good vacuum 

f o r one h o u r t o remove e x c e s s amine and t h e n vacuum s u b l i m e d 

( a t 8 0 - 9 0 /I0~~mm.) UD t h e t u b e as c o l o u r l e s s -prisms, 

m e l t i n g a t 103-104° i n a s e a l e d t u b e u n d e r vacuum. The 

compound fumes s l o w l y i n t h e a i r b u t does n o t c a t c h f i r e 

a n d r e a c t s v i g o r o u s l y w i t h w a t e r . 

F ound: Be, 4.52, 4 . 2 9 ; h y d r o l y z a b l e - m e t h y l , 1 4 . 6 : M, 

c r y o s c o p i c a l l y i n b e n z e n e , 2 1 5 , 2 1 1 , 20b i n 0 . 9 2 , O . 6 5 , 

0 . 4 2 w e i g h t % s o l u t i o n s r e s p e c t i v e l y . C ̂  ^Be¥> r e q u i r e s 

Be, 4.42; h y d r o l y z a b l e - m e t h y l , 1 4 . 8 % , M, 203-

The m o l e c u l a r w e i g h t m e a s u r e m e n t s c o r r e s p o n d t o 

d e g r e e s o f a s s o c i a t i o n o f 1 . 0 5 , 1 * 0 3 , 1.01 r e s p e c t i v e l y . 

http://o-phenylen.edia.mine


I 

_ 9 1 _ 

R e a c t i o n o f Sodium P l y d r i d o d i e t h y l b e r y l l a t e w i t h 
B e , r y l l i u m C h l o r i d e and t h e T h e r m a l D e c o m p o s i t i o n o f 'Et (.Be^E^, 1 

D i e t h y l b e r y l l i u r n ( 0 . 0 3 m o l e , 2 0 c c . o f 1 .pM. s o l u t i o n 

i n e t h e r ) was h e a t e d u n d e r r e f l u x f o r one day w i t h 1.Og., 

(0 . 0 * + m o l e . ) o f s o d i u m h y d r i d e i n 1 0 0 c c . o f e t h e r . 1.2g., 

( 0 . 0 1 5 m o l e . ) o f b e r y l l i u m c h l o r i d e i n 5 0 c c . o f e t h e r was 

added s l o w l y t o t h e r e f l u x i n g r e a c t i o n m i x t u r e , w h i c h was 

t h e n b o i l e d w i t h r e f l u x f o r a f u r t h e r h o u r b e f o r e being-

a l l o w e d t o c o o l t o room t e m p e r a t u r e . A 2 c c . s a m p l e o f t h e 

s u p e r n a t a n t l i q u i d was removed by s y r i n g e and L y d r o l y s e d , a n d 

gave 9 - 1 N-cc. o f h y d r o g e n and TB.2 N-cc o f e t h a n e , as w o u l d 

be e x p e c t e d a c c o r d i n g t o t h e o v e r a l l e q u a t i o n : 

2NaH + 2Et_Be + 3eCl_, * 2NaCl + 'Et.Be^H ' 
2 2 ' '+ y 2 

A c t i o n o f h e a t on 'Et.Be,?!-' 
; 4. 

The s o l u t i o n was f i l t e r e d and 2 0 c c . o f t h e c l e a r 

f i l t r a t e was t r a n s f e r r e d by s y r i n g e t o a f l a s k j o i n e d by 

a d i s t i l l a t i o n arm t o a r e c e i v i n g f l a s k a t t a c h e d t o t h e 

vacuum s y s t e m . The e t h e r was removed u n d e r vacuum i n t o t h e 

r e c e i v e r w h i c h was c o o l e d i n l i q u i d a i r , l e a v i n g a c o l o u r l e s s 

o i l and t h i s l a t t e r e v o l v e d e t h e r a t a b o u t 5 0 ° u n d e r vacuum 

l e a v i n g - a v i s c o u s g l a s s y r e s i d u e . T h i s r e s i d u e was h e a t e d t o 
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5 0 - 6 0 , t h e minimum t e m p e r a t u r e a t w h i c h d i e t h y l b e r y l l i u m 

d i s t i l s , when a c o l o u r l e s s l i q u i d d i s t i l l e d i n t o t h e r e c e i v e r 

l e a v i n g a c o l o u r l e s s g l a s s y - l i t e r e s i d u e . The e t h e r e a l 

d i s t i l l a t e e v o l v e d o n l y e t h a n e on h y d r o l y s i s and e v i d e n t l y 

c o n s i s t e d o f d i e t h y l b e r y l l i u m . 

A s a m p l e o f t h e s o l i d r e s i d u e on h y d r o l y s i s e v o l v e d 

1 3 - ^ N-cc. o f h y d r o g e n and 1 ? . ? N-cc. o f e t h a n e . 

I n a n o t h e r e x p e r i m e n t u s i n g a f u r t h e r 1 0 c c . o f t h e 

a b o v e s o l u t i o n o f 'Et^Be^H^ 1 and h e a t i n g a t 70 - -80° f o r e i g h t 

h o u r s , a s a m p l e o f t h e r e s i d u e e v o l v e d 1 0 . 1 N-cc. o f h y d r o g e n 

and 1 1 . 6 N-cc. o f e t h a n e . 

A s m a l l s a m p l e o f t h i s s o l i d r e s i d u e was h e a t e d t o 

1 1 0 ° u n d e r vacuum i n one l i m b o f a d o u b l e S c h l e n k t u b e . A 

c o l o u r l e s s l i q u i d d i s t i l l e d up t h e w a l l s o f t h e t u b e , 

l e a v i n g a w h i t e r e s i d u e and a f t e r h a l f an h o u r , h e a t i n g was 

s t o p p e d . The r e s i d u e was washed t w i c e w i t h e t h e r r e m o v i n g t h e 

l i q u i d p r o d u c t , and pumped d r y . H y d r o l y s i s o f t h i s w h i t e , 

a p p a r e n t l y n o n - c r y s t a l l i n e r e s i d u e , was r e m a r k a b l y s l o w w i t h 

2 - m e t h o x y e t h a n o l a l t h o u g h q u i t e r a p i d w i t h a c i d , 1 6 . 7 N-cc. 

o f h y d r o g e n and 0 - 3 5 N-cc. o f e t h a n e w e r e e v o l v e d and t h u s 

t h e h y d r o g e n : e t h y l r a t i o i s * f ? . 7 : 1 . I f t h e p r o d u c t w e r e a 

m i x t u r e o f b e r y l l i u m h y d r i d e and d i e t h y l b e r y l l i u m o n l y , t h e n 

t h i s c o r r e s p o n d s t o 9 8 . 0 mole % b e r y l l i u m h y d r i d e . 

A f u r t h e r e x p e r i m e n t u s i n a - 2 0 c c . o f t h e s o l u t i o n o f 
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'Et,Be.,H ' was c a r r i e d o u t u s i n g s i m i l a r a p p a r a t u s . The 4- } 2 

e t h e r was removed u n d e r vacuum, f o l l o w e d by h e a t i n g t o 6 0 ° 

f o r f o u r h o u r s and s u b s e q u e n t l y h e a t i n g t o 1 1 0 - 1 2 0 ° f o r two 

h o u r s . D u r i n g t h i s p e r i o d no p e r m a n e n t gas was e v o l v e d . 

R e s i d u e Found: Be, 79 •~'}%\ 0 . 0 0 9 0 g . gave 3 5 - 7 N-cc. o f 

h y d r o g e n and 0 . 9 N-cc. o f e t h a n e on h y d r o l y s i s . BeH^ r e q u i r e s 

Be, 81 .856 : 3 6 . 6 N-cc. o f h y d r o g e n . 

( a ) . A d d i t i o n o f b e r y l l i u m c h l o r i d e t o s o d i u m h y d r i d o -

d i e t h y l b e r y l l a t e w i t h o u t p r i o r f i l t r a t i o n f r o m s o d i u m h y d r i d e . 

The a p p a r a t u s , shown i n P h o t o g r a p h I . was d e s i g n e d 

s u c h t h a t q u a n t i t a t i v e i s o l a t i o n and a n a l y s i s o f b o t h 

p r o d u c t s c o u l d be o b t a i n e d . I t a l s o e n a b l e d the: r e s i d u e t o 

be v/ashed w i t h e t h e r w i t h o u t r e m o v a l f r o m t h e a p p a r a t u s . 

1 ^ 0 ° 
1 Et;,Be-.H_ ' - — * 2Et_Be + BeH_ 

*T J> d. T d d . 

D i e t h y l b e r y l l i u m ( 0 . 0 6 m o l e , M-Occ. o f a 1 s o l u t i o n 

i n e t h e r ) was t r a n s f e r r e d by s y r i n g e i n t o a s u s p e n s i o n o f 

2 . 0 g . (O . O 8 3 m o l e . ) o f s o d i u m h y d r i d e i n 1 0 0 c c . o f e t h e r . 

A f t e r t h e r e a c t i o n m i x t u r e had been b o i l e d w i t h r e f l u x f o r 

2k h o u r s , 2 . 4 g . ( 0 . 0 3 m o l e . ) o f b e r y l l i u m c h l o r i d e , d i s s o l v e d 

i n 5 0 c c . o f e t h e r w e r e added and b o i l i n g c o n t i n u e d f o r a 

f u r t h e r h o u r . The r e a c t i o n m i x t u r e was a l l o w e d t o c o o l and 

t h e n f i l t e r e d . . Two 3 « 0 c c . s a m p l e s o f t h e f i l t r a t e w e r e 
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h y d r o l y s e d and y i e l d e d 23-2, 2J.1 N-cc. o f hydrogen and 

4-6.6, 4-6.5 N-cc. o f ethane. 

Another sample (31«3 cc.) o f the same f i l t r a t e was 

t r a n s f e r r e d through 'b' t o b u l b 'A' o f the apparatus 

i l l u s t r a t e d i n Photograph I . T h i s apparatus was connected 

t o the vacuum l i n e by b a l l - j o i n t 'e'. Bulb 'A' was cooled 

(acetone-CC^)• the appar a t u s evacuated, and as 'A' was 

a l l o w e d t o warm t o room temperature the e t h e r which 

evaporated was condensed i n the vacuum apparatus and s t o r e d 

Bulb 'B' was then cooled i n l i q u i d n i t r o g e n , the 

g l a s s between the t o p o f 'A1, the j o i n t ' b 1, and e x t e n d i n g 

down t o b u l b 'C was wound w i t h h e a t i n g tape k e p t a t 60-70° 

and b u l b 'A' was s l o w l y warmed t o 70° and m a i n t a i n e d a t 

o r near t h a t t emperature f o r 2k h o u r s . D u r i n g t h i s time 

d i e t h y l b e r y l l i u m , p r o b a b l y accompanied by some e t h e r , 

condensed i n 'B'. 

The temperature o f the o i l bath s u r r o u n d i n g 'A' was 

then r a i s e d t o 120° f o r a f u r t h e r 2k hours, d u r i n g which 

t i m e the c o n t e n t s o f 'A' p a r t i a l l y l i q u e f i e d and t h e n 

s o l i d i f i e d as a w h i t e m a t e r i a l . At the end o f t h i s p e r i o d , 

a s m a l l amount o f c o l o u r l e s s c r y s t a l l i n e m a t e r i a l had 

condensed j u s t above the l e v e l o f the o i l b a t h , b u t t h i s 

was removed by r a i s i n g the l e v e l o f the l a t t e r about an 

i n c h . F i n a l l y the o i l b a t h was heated t o 180° f o r 8 h o u r s . 
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Bulb 'B' was a l l o w e d t o warm t o -9b°(CEUClp b a t h ) 

and 1A-.0 N-cc. o f e t h y l e n e ( i d e n t i f i e d by i n f r a r e d spectrum) 

was c o l l e c t e d i n a t r a p a t -196°. No gas t h a t c o u l d n o t be 

condensed a t -196° ws-s produced d u r i n g the r e a c t i o n . 

The apparatus was then f i l l e d w i t h n i t r o g e n , and, 

a g a i n s t a c o u n t e r c u r r e n t o f n i t r o g e n cap 'c' was r e p l a c e d 

by a n i t r o g e n l e a d . The l e f t hand s i d e o f the apparatus was 

then s e p a r a t e d from 'B' by s e a l i n g o f f a t ' f . 

A n a l y s i s o f the d i e t h y l b e r y l l i u r a . 

Cap 'd' was removed a g a i n s t a c o u n t e r c u r r e n t o f 

n i t r o g e n and r e p l a c e d by a d r o p p i n g f u n n e l c o n t a i n i n g 

de-gasseefc- 2-methoxyethanol. A f t e r the n i t r o g e n had been 

pumped o u t , a d d i t i o n o f 2-rnethoxyethanol t o 'B' ( i n i t i a l l y 

a t -196°, then a l l o w e d s l o w l y t o warm t o room t e m p e r a t u r e ) 

f o l l o w e d by wat e r and f i n a l l y d i l u t e s u l p h u r i c a c i d y i e l d e d 

M-76.5 N-cc. (0.02126 mole.) o f ethane ( i d e n t i f i e d by i n f r a r e d 

s p e c t r u m ) , a l i t t l e e t h e r ( a l s o i d e n t i f i e d by i t s i n f r a r e d 

spectrum) and no gas t h a t was n o t condensed by l i q u i d 

n i t r o g e n ( e . g . no h y d r o g e n ) . Bulb 'B1 was detached from, 

the vacuum l i n e and i t s c o n t e n t s washed i n t o a s t a n d a r d 

v o l u m e t r i c f l a s k and made up t o 250cc. Two 50cc. a l i q u o t s 

y i e l d e d 0.0536 and 0.0539g- o f BeO. so b u l b 'B' had c o n t a i n e d 

0.0107^ mole, b e r y l l i u m and 0.02126 mole, h y d r o l y z a b l e 

e t h y l , Et:Be = 1-977:1. 
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A n a l y s i s o f the i n v o l a t i l e r e s i d u e . 

A g a i n s t a c o u n t e r c u r r e n t o f n i t r o g e n e n t e r i n g t h r o u g h 

the gas l e a d a t t a c h e d a t 'c', cap 1 b 1 was r e p l a c e d by an 

a d a p t o r which connected the apparatus t o the vacuum l i n e 

v i a a s t o p c o c k . When the n i t r o g e n had been pumped o u t , d r y 

e t h e r (about 1 0 c c , s t o r e d from an e a r l i e r stage o f the 

p r e p a r a t i o n ) was condensed on the w h i t e r e s i d u e i n 'A'. 

The a p p a r a t u s was separated from the vacuum l i n e , b u l b 'A' 

s w i r l e d a few times and the e t h e r f i l t e r e d i n t o the side-ann 

'C. E t h e r was then condensed back i n 'A' and the o p e r a t i o n 

r e p e a t e d t w i c e more- The apparatus was then re-connected t o 

the vacuum l i n e and t h e e t h e r removed; no r e s i d u e c o u l d be 

observed i n 'C', which was s e a l e d o f f a t 'a' a f t e r n i t r o g e n 

had been l e t i n . 

Cap 'c' v/as r e p l a c e d by a d r o p p i n g f u n n e l c o n t a i n i n g 

de-gassed 2-methoxyethanol, the n i t r o g e n pumped away, b u l b 

'A* was c o o l e d t o -1^/6° and 2-r.iethoxyethanol s l o w l y run i n . 

As b u l b 'A' was a l l o w e d to warm to room temperature a very 

slow gas e v o l u t i o n was seer., and the h y d r o l y s i s was m a i n l y 

accomplished by the subsequent a d d i t i o n o f w a t e r and f i n a l l y 

d i l u t e s u l p h u r i c a c i d a t room t e m p e r a t u r e . The gases evolved 

d u r i n g h y d r o l y s i s were pumped through t r a p s a t -128°(pentane) 

and -196° (two i n s e r i e s ) by means o f a TOpler pump. 2̂ -2 N-cc. 

(0.01080 mole.) o f hydrogen and 1.80 N-cc.(0.0000803 mole, 
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i d e n t i f i e d by i n f r a r e d spectrum) o f ethane were c o l l e c t e d ; 

no e t h e r was d e t e c t e d . The s o l u t i o n r e m a i n i n g i n 'A* was 

washed i n t o a s t a n d a r d v o l u m e t r i c f l a s k and made up t o 

250cc. Two 50cc. a l i q u o t s y i e l d e d 0.0272 and 0.0279g. BeO, 

so 'A' had c o n t a i n e d 0.00550 mole, b e r y l l i u m , so the r a t i o 

H:Be i n t h e h y d r i d e was 1.965:1• 

From the volumes o f hydrogen and ethane the mole.^o 

h y d r i d e would be ZkZ.Q x 100 = 99.3% o r 95-9 w e i g h t % 

BeE^, on the assumption (soon shown t o be i n c o r r e c t ) t h a t 

the o n l y o t h e r component was d i e t h y l b e r y l l i u r a . 

The remainder o f the e t h e r s o l u t i o n c o n t a i n i n g 

'Et.Be-.H-,' was t r e a t e d i n e x a c t l y the same way and the 

f o l l o w i n g r e a c t i o n s c a r r i e d out on the i n v o l a t i l e r e s i d u e 

l e f t a f t e r p y r o l y s i s . 

( 1 ) . A f t e r removal o f most o f the h y d r i d e from b u l b 'A' 

the apparatus was r e - a t t a c h e d t o the vacuum system and pumped 

o u t . W i t h the apparatus shut o f f from the pump b u t open t o 

a manometer, the b u l b and i t s c o n t e n t s were heated s l o w l y 

i n a s i l i c o n e o i l b a t h . At 280° slow e v o l u t i o n o f hydrogen 

o c c u r r e d and the w h i t e s o l i d s t a r t e d to t u r n b l a c k . At 300° 

15*5 N-cc. o f hydrogen were evolved over a p e r i o d o f 7-8 

m i n u t e s . The b l a c k powder r e m a i n i n g d i d n o t c a t c h f i r e i n 

a i r . 

http://'Et.Be-.H-,'
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(2) . The h y d r i d e d i d n o t c a t c h f i r e nor fume i n a i r . 

A f t e r two hours i n a i r , s m a l l samples o f the h y d r i d e l i b e r a t e d 

hydrogen "when wat e r was added t o them but a f t e r t h r e e hours 

no e v o l u t i o n o f gas was n o t i c e a b l e even when a c i d was added. 

(3) - The i n f r a r e d spectrum recorded as a m u l l i n p e r f l u o r o -

raethyldecalin showed the absence o f C-H v i b r a t i o n s i n the 3jJL 

r e g i o n . (The spectrum recorded as a n u j o l m u l l i s d i s c u s s e d 

e l s e w h e r e ) . 

(4) . D i e t h y l b e r y l l i u n (0.006 mole, kcc. o f a. 1.5M. s o l u t i o n 

i n e t h e r ) was added t o 0.0647g.(0.0059 mole.) o f the h y d r i d e . 

The h y d r i d e d i d n o t d i s s o l v e a f t e r two hours a t room temperature 

n o r a t 90° over k hours a f t e r removal o f the s o l v e n t by 

d i s t i l l a t i o n . The h y d r i d e d i d n o t d i s s o l v e on the f u r t h e r 

a d d i t i o n o f 10cc. o f the s o l u t i o n o f d i e t h y l b e r y l l i u i n 

f o l l o w e d by r e f l u x i n g f o r s e v e r a l hours. 

(5) . A l i s t o f the i n t e r p l a n a r spacings ( d ) and t h e i r 

r e l a t i v e i n t e n s i t i e s ( I ) from the 3C-ray powder photograph o f 

a sample o f t h i s h y d r i d e u s i n g copper r a d i a t i o n i s shown 

o v e r l e a f i n Table V I . 
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Table V I . 

X-ray Powder Data f o r the P y r o l y s i s P r o d u c t . 

I n t e r p l a n a r spacings (A°) are r e p r e s e n t e d by 6.. 

R e l a t i v e i n t e n s i t i e s o f the l i n e s i s r e p r e s e n t e d by I . 

(maximum 200.) 

_d I d 1 d I 

6.178 18 1 .852 8 
4.538 20 1.799 18 1 .035 5 
3.765 15 1 .767 13 1 .068 5 
3.228 200 1.717 > 1 .024 10 
3.108 8 1 .652 3 0.992 5 
3.038 8 1.602 18 0.941 
2.990 3 1 .568 5 0.901 1t 
2.913 150 1-553 10 0.888 3 
2.731 3 1 .488 13 0.879 3 
2.661 120 1.457 1£ 0.855 1* 
2.499 5 1 .439 1* 0 . 8 0 4 

2.441 120 1 . 384 18 
2 . 3 4 1 20 1 -553 1£ 
2.263 5 1.327 1£ 
2.168 5 1.296 5 
2.078 3 1.252 5 
2 . 049 18 1.230 10 
1 .991 3 1.217 5 
1 .934 1.189 3 
1 .881 35 1.164 3 
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( 6 ) . A s m a l l sample o f the h y d r i d e was t r a n s f e r r e d i n 

a glove box t o a s m a l l w e i g h i n g capsule f i t t e d w i t h B14. 

ground g l a s s j o i n t s . The capsule was opened i n s i d e ' a f l a s k 

f i l l e d w i t h n i t r o g e n and the c o n t e n t s h y d r o l y s e d w i t h 

d i s t i l l e d w a t e r f o l l o w e d by d i l u t e s u l p h u r i c a c i d . The 

h y d r o l y s i s o f 0.024°Ag. gave 44.5 N-cc. o f hydrogen, and 

0.5 N-cc. o f ethane. 

Found: Na, 43; Be, 30.9; h y d r o l y z a b l e - h y d r i d e , 8.72; 

- e t h y l , 2.6%. n e i t h e r c h l o r i d e n o r e t h e r c o u l d be d e t e c t e d . 

T h i s a n a l y s i s accounts f o r o n l y 855i o f the t o t a l w e i g h t so 

some oxygen may have been p r e s e n t , p o s s i b l y as b e r y l l i u m 

o x i d e . EeH^ Requires Be, 81.7; H, 13.3%- A m i x t u r e o f 

3Na Be 2Hg + 5BeK 2 r e q u i r e s Na, 52; Be,37-3; H, 10.6%. 

( b ) M o d i f i e d procedure f o r 'Etj.Be-H^' p y r o l y s i s . , w i t h 

c o n t r o l o f the sodium c o n t e n t . 

A s o l u t i o n o f a p p r o x i m a t e l y 3«3g- o f b e r y l l i u m 

c h l o r i d e i n 250cc. o f e t h e r was made up s h o r t l y b e f o r e use 

( t h e s o l u t i o n t u r n s y e l l o w a f t e r 3-^ days) such t h a t o n l y 

one phase was p r e s e n t . The s o l u t i o n was s t a n d a r d i s e d by 

removing an a l i q u o t w i t h a p i p e t t e , h y d r o l y s i s w i t h w a t e r and 

t i t r a t i o n o f the f r e e a c i d w i t h s t a n d a r d sodium h y d r o x i d e 

s o l u t i o n . 
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Sodium h y d r i d e ( 2 . 0 g . , 0.08.33 mole.) and 3 0 c c - °f 

a 1.57K. s o l u t i o n o f e t h e r e a l d i e t h y l b e r y l l i u r n (O.C)V?1 mole.) 

were r e f l u x e d i n 2 5 0 c c . o f e t h e r w i t h s t i r r i n g 1 f o r t h r e e 

days. The m i x t u r e was poured i n t o l i m b 'A' o f the t r i p l e 

Schlenk tube ( F i g u r e V I ) and the sodium h y d r i d o d i e t h y l -

b e r y l l a t e e x t r a c t e d w i t h e t h e r from excess sodium h y d r i d e 

i n t o l i m b 'B 1. Most o f the e t h e r was then d i s t i l l e d under 

vacuum i n t o *A' ( c o o l e j t o - 1 9 6 ° ) and the r e s i d u a l s o l u t i o n 

c o o l e d t o -60°(acetone-C02). The mother l i q u o r was decanted 

i n t o 'A', l e a v i n g the c r y s t a l l i n e h y d r i d o d i e t h y l b e r y l l a t e i n 

•B 1. E t h e r was d i s t i l l e d back from 'A' i n t o *E' ( c o o l e d t o 

- 1 9 6 ° ) under vacuum up t o a s t a n d a r d mark (l80c:c. a t room 

t e m p e r a t u r e ) and t h e s a l t d i s s o l v e d by g e n t l y s w i r l i n g and 

warming the s o l u t i o n . Two 0.7cc. samples were removed by 

s y r i n g e , h y d r o l y s e d w i t h d i s t i l l e d w a t e r and a c i d and made 

up t o s t a n d a r d volume w i t h d i s t i l l e d water. A n a l y s i s o f 

these s o l u t i o n s f o r sodium showed t h a t the e t h e r s o l u t i o n i n 

'B' c o n t a i n e d 0.842g.(O .O366 mole.) o f sodium. 1 0 8 . 5 c c . o f 

the 0.167.5M. s o l u t i o n o f e t h e r e a l " b e r y l l i u m c h l o r i d e (O.OI818 

mole.) were added by p i p e t t e to the s o l u t i o n i n 'B' and an 

immediate w h i t e p r e c i p i t a t e formed. The m i x t u r e was g e n t l y 

s w i r l e d t o ensure complete m i x i n g and then the p r e c i p i t a t e 

a l l o w e d t o s e t t l e . A n a l y s i s o f a sample o f the s u p e r n a t a n t 

l i q u i d showed t h a t o n l y a s m a l l amount o f soaium was p r e s e n t 

AUG 1964 
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i n s o l u t i o n and. c h l o r i d e c o u l d n o t be d e t e c t e d . The s o l u t i o n 

was f i l t e r e d i n t o l i m b *C and the c l e a r s o l u t i o n was 

d i s t i l l e d down t o about 70-S0cc. The s o l u t i o n was t r a n s f e r r e d 

by s y r i n g e i n t o the p y r o l y s i s a p p a r a t u s , p r e v i o u s l y d e s c r i b e d , 

and the p y r o l y s i s was c a r r i e d o u t as d e s c r i b e d i n the 

p r e v i o u s e x p e r i m e n t . ?6-2 N-cc. o f e t h y l e n e ( i d e n t i f i e d by 

i t s i n f r a r e d spectrum.) were evolved d u r i n g the p y r o l y s i s and 

the r e s i d u e was washed f o u r times w i t h e t h e r and pumped d r y . 

The h y d r o l y s i s was c a r r i e d o u t as p r e v i o u s l y d e s c r i b e d , 

u s i n g a s m a l l capsule f i t t e d w i t h ground j o i n t s i n which 

t o weigh the h y d r i d e . 

H y d r o l y s i s o f O.Ol85g. produced 70.4- N-cc. o f hydrogen 

and 0.3 N-cc. o f ethane. C h l o r i d e c o u l d n ot be d e t e c t e d i n 

the p r o d u c t . Found: Na. 5-7; Be, 81; h y d r o l y s a b l e - H , 17.1%. 

BeH_ r e q u i r e s Be, 81 .7 ; H, 18.3"/°- A c o m p o s i t i o n Na_Be^H^- + 

65BeH 2 o r Na^BeH^ + 66BeH 2 r e q u i r e s Na, 5-8; Be, 77; H, 1 7-^i. 

The X-ray powder photograph showed t h a t t h i s p r o d u c t 

v/ a s amo rph o u s . 

( c ) . E f f e c t o f c h l o r i d e on the p r e p a r a t i o n o f b e r y l l i u m h y d r i d e . 

I n o r d e r to dete r m i n e the e f f e c t o f c h l o r i d e on the 

p y r o l y s i s , a f u r t h e r experiment was t r i e d u s i n g I.Og. 

(0.0417 mole.) sodium h y d r i d e and 20cc. o f a 1.57M. s o l u t i o n 

o f e t h e r e a l d i e t h y l b e r y l l i u m (0.0314 mole.) i n lOOcc. o f 
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e t h e r . A f t e r the h y d r i d o d i e t h y l b e r y l l a t e had been e x t r a c t e d 

and d i s s o l v e d i n e t h e r i n the t r i p l e Schlenk tube as b e f o r e , 

a n a l y s i s o f a sample o f the s o l u t i o n showed t h a t the t o t a l 

s o l u t i o n (80cc.) c o n t a i n e d 0.26?3g-(0.0116 mole.) o f sodium. 

29.0cc. o f a 0.2003M. s o l u t i o n o f b e r y l l i u m c h l o r i d e (O.OO581 

mole.) i n e t h e r was added, and a f t e r m i x i n g , the s u p e r n a t a n t 

l i q u i d shown t o c o n t a i n no sodium b u t a s m a l l amount o f 

c h l o r i d e . The s o l u t i o n was t r e a t e d as i n the p r e v i o u s 

e x p e r i m e n t s , b u t a t 120°, the c o n t e n t s o f the p y r o l y s i s 

v e s s e l became l i q u i d and d i d n o t s o l i d i f y below 140° even 

a f t e r s e v e r a l hours a t t h i s t e m p e r a t u r e . At 180 , the s o l i d 

began to darken a f t e r about an hour so the v e s s e l was a l l o w e d 

t o c o o l and the r e s i d u e washed f o u r times w i t h e t h e r . D u r i n g 

the p y r o l y s i s , 25.0 N-cc. o f a m i x t u r e (shown by i n f r a r e d 

spectrum) o f ethane and e t h y l e n e were formed. 

Found: 0.024l6g. on h y d r o l y s i s produced 17*6 N-cc. o f 

hydrogen and 6.9 N-cc. o f ethane on h y d r o l y s i s . The r e s i d u a l 

s o l u t i o n a f t e r h y d r o l y s i s c o n t a i n e d c h l o r i d e b u t no sodium. 

I n one experiment o n l y ( o u t o f about s i x o r seven) 

aimed a t the p r e p a r a t i o n o f b e r y l l i u m h y d r i d e by the p y r o l y s i s 

p r o c e s s , h y d r o l y s i s o f the r e s i d u e produced a r e l a t i v e l y 

s m a l l amount (30.2 N-cc.) o f i s o b u t a n e ( i d e n t i f i e d by i t s 

i n f r a r e d s p e c t r u m ) . 
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Reactions between 'Et,,Be-H~ * and Sodium H y d r i d e . 1 — < _ 

Methods f o r i n c r e a s i n g the h y d r o g e n : e t h y l r a t i o by 

r e a c t i o n o f 'EtiBe-,H_' w i t h sodium h y d r i d e , w i t h a view t o 

o b t a i n i n g e t h y l b e r y l l i u m h y d r i d e o r i t s sodium h y d r i d e 

complex are now d e s c r i b e d . 

Sodium h y d r i d e (2 .J;g. , 0.0958 mole.) and 20cc. o f a 

2.78M. s o l u t i o n o f e t h e r e a l d i e t h y l b e r y l l i u m (0.0556 mole.) 

were r e f l u x e d i n 100cc. o f e t h e r f o r 24 hours. 2.2g.(0.0275 

mole.) o f b e r y l l i u m c h l o r i d e i n oOcc. o f e t h e r were added 

and a f t e r r e f l u x i n g f o r 1 hour, the m i x t u r e was f i l t e r e d . 

H y d r o l y s i s o f a 1.0cc. sample o f f i l t r a t e d s o l u t i o n l i b e r a t e d 

6.5 N-cc. o f hydrogen and 15-7 N-cc. o f ethane. The e t h y l : 

hydrogen r a t i o i s 2 . 1 : 1 , thus 1Et^Be^H^ 1 has been formed. 

2.5g- (0.0104 mole.) o f sodium h y d r i d e was added t o 

the above f i l t r a t e and the m i x t u r e r e f l u x e d with, s t i r r i n g 

f o r s e v e r a l h o u r s . 2 .0cc . samples o f the superna.tant l i q u i d 

were removed a t v a r i o u s i n t e r v a l s and analysed by h y d r o l y s i s . 

23 h o u r s . 9-^ N-cc. o f hydrogen and 23-0 N-cc. o f ethane, 

e t h y l : h y d r o g e n = 2.44. 

52 h o u r s . 8.8 N-cc. o f hydrogen and 22.6 N-cc. o f ethane, 

e t h y l : h y d r o g e n = 2-58. 

100 h o u r s . 8.9 N-cc. o f hydrogen and 24.4 N-cc. o f ethane, 

e t h y l : h y d r o g e n = 2.73-
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Th e e t h e r was d i s t i l l e d o f f , the m i x t u r e heated a t 

75-S0 u f o r 24 ho u r s and then the e t h e r r e p l a c e d and the 

m i x t u r e r e f l u x e d f o r 1 hour. 

124 h o u r s . 6.5 N-cc. o f hydrogen and 13-0 N-cc. o f ethane, 

e t h y l : h y d r o g e n = 1 .99-

The s o l u t i o n was poured i i i t o a double Schlenk tube 

and a. c r y s t a l l i n e s o l i d was e x t r a c t e d w i t h e t h e r from excess 

sodium h y d r i d e . The s o l u t i o n was d i s t i l l e d dowr. t o s m a l l 

volume, coole d t o -40° and the c o l o u r l e s s needles f i l t e r e d 

o f f on the s i n t e r e d d i s c c o n n e c t i n g the two l i m b s o f the 

Schlenk tube and pumped d r y . 

Found: Be, 9-34; h y d r o l y z a b l e - e t h y l , 63 .7 : - h y d r i d e , 1.1: 

C^H^BeNa (NaBeEt 2H) r e q u i r e s Be, 9-9; h y d r o l y s a b l e - e t h y l , 

63 .7 ; - h y d r i d e , 1.1%. 

Sodium h y d r i d o d i e t h y l b e r y l l a t e was o b t a i n e d i n '̂\% 

y i e l d on the b a s i s o f the e q u a t i o n shown below: 

'Et^Be^ELj' + Nal-I y NaBeEt^H + an i n s o l u b l e p r o d u c t 

i n s e p a r a b l e from sodium h y d r i d e (as dis c u s s e d on p. 

I n a s i m i l a r e x p e r i m e n t , the e t h e r e a l s o l u t i o n o f 
1 Et^Be,!-^' was added t o sodium h y d r i d e i n 'd i g l y r n e ' , d i e t h y l -

e t h e r d i s t i l l e d o f f and the m i x t u r e heated t o 8 0 - 8 5 ° f o r 

36 h o u r s . At the end o f t h i s p e r i o d , the gaseous h y d r o l y s i s 

p r o d u c t s from a sample o f the s o l u t i o n which was dark-brown, 

were v e r y s m a l l , c o n s e q u e n t l y d e c o m p o s i t i o n has taken p l a c e . 
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As 'Et^Be^H^' r e a c t s w i t h sodium h y d r i d e as though i t 

c o n t a i n s d i e t h y l b e r y l l i u m , i t was though t t h a t r e a c t i o n o f 

t h i s p r o d u c t w i t h b e r y l l i u m c h l o r i d e would produce more 

'Et^Be^H^' and so on. The o v e r a l l r e a c t i o n can be r e p r e s e n t e d 

by the e q u a t i o n below: 

2NaH + Et„Be + EeCl- » 2JMaCl + 2Et3eH. 

d. 2 * 

D i e t h y l b e r y l l i u m (0 . 0 3 mole, 20cc. o f a 1.5M. s o l u t i o n 

i n e t h e r ) was r e f l u x e d w i t h 1-5g.(0 .0625 mole.) o f sodium 

h y d r i d e i n 400cc. o f e t h e r f o r 1 day. 2.5g-(0.051 mole.) 

o f b e r y l l i u m c h l o r i d e i n 50cc. o f e t h e r was added over two 

hours t o the r e f l u x i n g r e a c t i o n m i x t u r e which was r a p i d l y 

s t i r r e d and r e f l u x e d f o r s e v e r a l days. 5cc. samples o f the 

s u p e r n a t a n t l i q u i d were removed by s y r i n g e a t v a r i o u s 

i n t e r v a l s and h y d r o l y s e d . 

1 day. 8-5 N-cc. o f hydrogen and 15*2 N-cc. o f ethane 

3 days. 9-1 N-cc. o f hydrogen and 19-9 N-cc. o f ethane. 

The s o l u t i o n was then f i l t e r e d on t o 0«9g«(0 .0375 

mole.) o f sodium h y d r i d e and a g a i n r e f l u x e d . 

1 day. 8.5 N-cc. o f hydrogen and 18.2 N-cc. o f ethane 

7 days. 15»0 N-cc. o f hydrogen and 27»5 N-cc. o f ethane. 

T h i s type o f r e a c t i o n i s t h e r e f o r e u n s a t i s f a c t o r y f o r 

t h e p r e p a r a t i o n o f e t h y l b e r y l l i u m h y d r i d e , p r o b a b l y due to 

c o a t i n g o f sodium h y d r i d e by c h l o r i d e . 
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R e a c t i o n between ' T r i - e t h y l s t a n n a n e and D i e t h y l b e r y l l i u m . 

Et,SnH + Et„Be b Et.Sn + EtBeH. 
3 CL hr 

T r i - e t h y l s t a n n a n e ( 5 - 2 g . , 0.0252 mole.) and lo.Occ. 

o f a 1.57K. s o l u t i o n o f e t h e r e a l d i e t h y l b e r y l l i u m (0.0251 mole.) 

were t r a n s f e r r e d by s y r i n g e i n t o the r e a c t i o n f l a s k 'A' ( F i g u r e 

V I I ) and heated a t 4-0° f o r 2 h o u r s , ( t h e apparatus being-

a t t a c h e d t o the vacuum system v i a b a l l - j o i n t £ and j o i n t s D and 

E b e i n g c l o s e d w i t h c a p s ) . The temperature was then r a i s e d t o 

75° d u r i n g which time e t h e r d i s t i l l e d i n t o the r e c e i v e r 'B1 

and t h i s t e mperature was m a i n t a i n e d f o r 2 h o u r s . The f l a s k was 

a l l o w e d t o c o o l t o room t e m p e r a t u r e , 'B' cooled i n l i q u i d 

a i r a.nd the system evacuated, so t h a t a l l v o l a t i l e m a t t e r was 

c o l l e c t e d i n *B' over 14 h o u r s . A f t e r c o n t i n u o u s pumping a t 

35° f o r 2 h o u r s , the f l a s k * A' c o n t a i n e d a v i s c o u s g l a s s y 

r e s i d u e , which became a w h i t e s o l i d a f t e r p r o l o n g e d pumping. 

The d i s t i l l a t e was removed by s y r i n g e , the r e c e i v e r '3' 

washed w i t h more e t h e r , and these were combined and made up t o 

st a n d a r d volume (25cc . ) w i t h e t h e r . 

A p p r o x i m a t e l y 20cc. o f e t h e r was condensed on t o the 

c o n t e n t s o f 'A' and the c l e a t s o l u t i o n removed by s y r i n g e and 

s t o r e d i n a f l a s k under n i t r o g e n . 

D i s t i l l a t e . Two 5cc. a l i q u o t s were removed by p i p e t t e and 



FIGURE W 

EtaSnH-Et^Bg apparatus. 

B 

V 



-108-

f r a c t i o n a t e d through a t r a p a t -50 which' c o l l e c t e d 0 .82g . , 

0 .80g. of t e t r a - e t h y l t i n c o n t a i n i n g a t r a c e of t r i - e t h y l s t a n n a n e 

(shown by i n f r a r e d s p e c t r u m ) . The t o t a l q u a n t i t y of t e t r a -

e t h y l t i n i s o l a t e d was 4 . 0 5 g.(?1% of the t h e o r e t i c a l , the 

r e m a i n d e r may have been t r a p p e d i n the r e s i d u e ) . 

R e s i d u e . H y d r o l y s i s of 2cc. o f the e t h e r e a l s o l u t i o n 

gave 31-0 N-cc. of hydrogen, 31-5 N-cc. of ethane and 0.0155s-

o f b e r y l 1 i u m (38.5 N-cc.) 

The r e m a i n i n g s o l u t i o n o f the b e r y l l i u m compound was 

t r a n s f e r r e d by s y r i n g e to one l i m b of a double S c h l e n k tube, 

and 500 N - c c . ( e x c e s s ) of t r i m e t h y l a m i n e were condensed on to 

t h e s o l u t i o n w h ich was c o o l e d i n l i q u i d a i r . The m i x t u r e was 

a l l o w e d to r e a c t a t room t e m p e r a t u r e and then e t h e r and e x c e s s 

amine removed under vacuum. The c o l o u r l e s s c r y s t a l l i n e 

m a t e r i a l which remained, was s u b l i m e d up the w a l l s of the S c h l e n k 

tube a s p r i s m s a t ^ 0 - ^ 5 ° • The compound m e l t s a t 90-91° i n a 

s e a l e d tube under vacuum, fumes i n a i r , and r e a c t s v i g o r o u s l y 

w i t h w a t e r w i t h e f f e r v e s c e n c e . 

Found: 3e, 9-3; h y d r o l y z a b l e - e t h y l , 29-0; - h y d r i d e , 1 .0>i: 

M, c r y o s c o p i c a l l y i n benzene, 193: 200, 202, i n O .36 . 0.55) 

O.78 w e i g h t % s o l u t i o n s . C 1 (.H_ 0Be pN o (EtHBe .NMe_ r e q u i r e s 

Be, 9-2; h y d r o l y z a b l e - e t h y l , 29 . 6 ; - h y d r i d e , 1.035=: K,19o. 

The m o l e c u l a r weig;ht measurements c o r r e s p o n d to d e g r e e s of 

a s s o c i a t i o n of 1.97? 2 .0^ , 2.06 r e s p e c t i v e l y . 
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D i s c u s s i o n . 

I n c o n t r a s t to sodxum h y d r i d o d i e t h y l b e r y l l a t e , 

w h i c h may r e a d i l y c r y s t a l l i s e d from d i e t h y l e t h e r i n u n s o l -

v a t e d forra ( s o l u b i l i t y about 3 0 g / l i t r e a t 2 0 ° ) , the a n a l o g o u s 

m e t h y l compound i s o n l y s p a r i n g l y s o l u b l e ( a b o u t 1 . 6 g / l i t r e 

a t 20° ) and may be c r y s t a l l i s e d o n l y v e r y s l o w l y by the use 

o f a S o x h l e t e x t r a c t o r . The l o w e r s o l u b i l i t y o f the inet h v l 

compound i s e x p e c t e d i n view o f i t s p r o b a b l y gr£;ater m o l e c u l a r 

symmetry. No e v i d e n c e has been o b t a i n e d f o r the degree o f 

a s s o c i a t i o n o f t h e s e s a l t s but X - r a y d a t a f o r sodium h y d r i d o 

d i e t h y l b e r y l l a t e , a t p r e s e n t b e i n g s t u d i e d , have shown t h a t 

t h i s m a t e r i a l i s m o n o c l i n i c w i t h s p a c e group F2^/c (No . 1 4 ) . 
o 

The u n i t c e l l d i m e n s i o n s a r e , a=5»0'+, b=11.2 , c=20.9A and the 

m o n o c l i n i c a n g l e (£) i s 101° 1 5 ' . 

F o r the p r e p a r a t i o n of many d e r i v a t i v e s , i s o l a t i o n o f 

the s a l t , NaBeMe^H, i s f o r t u n a t e l y n o t n e c e s s a r y . When a 

s u s p e n s i o n o f sodium h y d r i d e ( i n e x c e s s ) i n e t h e r e a l d i m e t h y l -

b e r y l l i u m i s b o i l e d , the c o n c e n t r a t i o n of the l a t t e r g r a d u a l l y 

f a l l s , a s i n d i c a t e d by the amount o f methane e v o l v e d when 

s a m p l e s o f s u p e r n a t a n t l i q u i d a r e h y d r o l y s e d . No f u r t h e r -

change a p p e a r s to t a k e p l a c e a f t e r about 48 h o u r s , but a d d i t i o n 

of h a l f a mol. e t h e r e a l b e r y l l i u m c h l o r i d e then c a u s e s 
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p r e c i p i t a t i o n o f sodium c h l o r i d e and a l l the b e r y l l i u m 

t o g e t h e r w i t h h y d r o l y z a b l e methyl and hydrogen to r e a p p e a r 

i n s o l u t i o n i n molar r a t i o J>:k:2. F i l t r a t i o n from sodium 

c h l o r i d e and e x c e s s sodium h y d r i d e y i e l d s a s o l u t i o n c o n t a i n i n g 

'Me^Be-^Hj ' • Sodium h y d r i d o d i e t h y l b e r y l l a t e ' , p r e p a r e d from 

sodium h y d r i d e and d i e t h y l b e r y l l i u m i n e t h e r r e a c t s i n a 

s i m i l a r way w i t h b e r y l l i u m c h l o r i d e , 

NaH + E t 2 B e $> NaBeEt ?H 

2NaBeEt_H + B e C l _ > 2NaCl + 'Et,Be_H ' 
2 2 r 4 j> 2 

T h ere i s l i t t l e e v i d e n c e about the c o n s t i t u t i o n o f t h e s e 

s o l u t i o n s and the p r o d u c t 'Hei,Be,H n
 1 c o u l d be a 2:1 m i x t u r e o f 

m e t h y l b e r y l l i u m h y d r i d e (MeBeK) and d i m e t h y l b e r y l l i u m , o r a 

1:2 m i x t u r e o f b e r y l l i u m h y d r i d e ( B e ^ ) and dime t h y l b e r y l l i u m . 
52. 

However, s i n c e b e r y l l i u m h y d r i d e i s i n s o l u b l e i n e t h e r " the 

l a t t e r p o s s i b i l i t y seems u n l i k e l y . On the b a s i s of t h e i r 

r e a c t i o n w i t h t e r t i a r y amines, i t i s r e a s o n a b l e to b e l i e v e the 

main s o l u t e s p e c i e s a r e s o l v a t e d d i m e t h y l b e r y l l i u m and 

s o l v a t e d m e t h y l b e r y l l i u m h y d r i d e though s i g n i f i c a n t c o n c e n t r a t i o n s 

o f t r i n u c l e a r ( e . g . 'Me.Be-,!! ') o r more conralex s p e c i e s c o u l d 
H 5 2 * 

be p r e s e n t . The c o l o u r l e s s v i s c o u s o i l y r e s i d u e o b t a i n e d when 
s o l v e n t i s removed from e t h e r e a l 'Ke. Be_.H • a t room t e m p e r a t u r e , 

H j> 2 
h a s the a p n r o x i m a t e c o m p o s i t i o n Me. 3e_H„0Et_ Mos-'; o f the 

H j> c. 2. 
e t h e r i s l o s t when t h i s o i l y m a t e r i a l i s h e a t e d to about 30° 
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under vacuum. S i n c e d i i n e t h y l b e r y l l i u m i s an e l e c t r o n - d e f i c i e n t 
2o" 

p o l y m e r i n s o l u b l e o r a t l e a s t v e r y s p a r i n g l y s o l u b l e i n 
27. 

s o l v e n t s w i t h w hich i t does n o t r e a c t ", the v i s c o u s o i l 

• c o u l d be re g a r d e d a s some k i n d o f e l e c t r o n - d e f i c i e n t complex 

between d i m e t h y l b e r y l l i u m and m e t h y l b e r y l l i u m h y d r i d e s u c h a s , 
nA ^ Me 

c o n t a i n i n g an element o f the d i m e t h y l b e r y l l i u m polymer c h a i n . 

R e a c t i o n s w i t h donor m o l e c u l e s . 

A d d i t i o n o f t r i m e t h v l a m i n e to e t h e r e a l 'Me,,Be_H 

y i e l d s a m i x t u r e o f th e d i m e t h y l b e r y l l i u r a complex He Be.NMe. 

and the t r i m e t h y l a m i n e complex ( I ) o f m e t h y l b e r y l l i u m h y d r i d e . 

The complex ( I ) , a.p. 73-0-73-2°, i s d i m e r i c i n benzene and i s 

c o n s i d e r a b l y l e s s v o l a t i l e than Me-Be.NMe,. 'Whereas the 

vapour p r e s s u r e o f Me_Be.NMe_ i s 1.8mm. a t 30°, t h a t o f ( I ) 
2 j> 

i s 1.8mm. a t 6^° (log„_p 7.V38 - 2*+39 , f o r the l i o u i d 
0Krmm. T 

from 73-115°)» and the two complexes may be s e p a r a t e d by 

f r a c t i o n a l c o n d e n s a t i o n . The h y d r i d e ( I ) i s f o r m u l a t e d w i t h a 

hydrogen r a t h e r than a methyl b r i d g e b e c a u s e the complex i s 

n o t decomposed by e x c e s s of t r i m e t h y l a m i n e whereas the methyl 

b r i d g e s between b e r y l l i u m atoms i n the d i m e t h y l b e r y l l i u m polymer 



-112-

a r e c l e a v e d by t r i m e t h y l a m i n e . 

\ 
Be 

/ Me. 

/ 
\ 

3e 

S t u d i e s on r e a c t i o n s between d i a l k y l a l u m i n i u m h y d r i d e s and 

donor m o l e c u l e s have shown t h a t the hydrogen b r i d g e s i n t h e s e 

compounds a r e l e s s r e a d i l y c l e a v e d than a r e the methyl b r i d g e 
Q 0 9 q. 

m t r i m e t h y l a l u m i n i u m . 

From t h e vapour p r e s s u r e e q u a t i o n , the l a t e n t h e a t o f 

v a p o r i z a t i o n i s 11.2 k c a l . mole , the e x t r a p o l a t e d b o i l i n g -

p o i n t 257° and the Tr o u t o n c o n s t a n t 21.1. 'The normal Trou t o n 

c o n s t a n t s u g g e s t s t h e r e i s no change i n the degree o f 

a s s o c i a t i o n d u r i n g the p r o c e s s o f v a p o r i z a t i o n , t h u s i t i s 

l i k e l y t h a t the vapour, a t l e a s t up to about 110°, c o n s i s t s 

m a i n l y o f di m e r . An a t t e m p t to measure the m o l e c u l a r w e i g h t o 

( I ) a s vapour a t h i g h e r t e m p e r a t u r e s (1^5-175°) was n o t 

e n t i r e l y s u c c e s s f u l on a c c o u n t o f some d e c o m p o s i t i o n ; however 

the vapour appeared to be monomeric a t 175° and to become 

more a s s o c i a t e d a t l o w e r t e m p e r a t u r e s . 

o f m e t h y l b e r y l l i u m h y d r i d e by t h e use of donor s u b s t a n c e s 

w h i c h r e a d i l y form c h e l a t e complexes have n ot been s u c c e s s f u l 

A d d i t i o n o f b i p y r i d y l to e t h e r e a l 'Me^Be^Hp' r e s u l t s i n an 

immediate y e l l o w p r e c i p i t a t e o f bipy.BeHe^' the s o l u t i o n 

becoming deep r e d . 

Attempts to p r e p a r e monomeric complexes, L^BeMeE, 
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Though i t i s p o s s i b l e t h a t the r e d c o l o u r was due to bipy.BeMeH, 

the r e d soon tu r n e d to a d a r k brown and o n l y t a r r y m a t t e r 

c o u l d be o b t a i n e d on removal o f the s o l v e n t . When b i p y r i d y l 

was added to ( I ) , a r e d c o l o u r was produced w h i c h underwent 

a s i m i l a r d e c o m p o s i t i o n to t h a t d e s c r i b e d above,These o b s e r v a t i o n s 

may be e x p l a i n e d by a t t a c k o f the h y d r i d e a c r o s s the azo-methine 

bond o f the b i p y r i d y l a s o c c u r s w i t h o t h e r metal, h y d r i d e 
10 ° . 

complexes s u c h a s b i p y r i d y l aluminium h y d r i d e . 

R e a c t i o n w i t h N , H , N ' , N ' - t e t r a m e t h y l e t h y l e n e d i a m i n e 

r e s u l t s i n the f o r m a t i o n o f the known c h e l a t e complex o f 

d i m e t h y l b e r y l l i u m ' ^ * and the p r e c i p i t a t i o n o f a v/hite a p p a r e n t l y 

amorphous s u b s t a n c e , which i s i n s o l u b l e i n e t h e r , benzene, 

c a r b o n d i s u l p h i d e and carbo n t e t r a c h l o r i d e . S i n c e the a n a l y s i s 

o f the i n s o l u b l e p r o d u c t c o r r e s p o n d s to the f o r m u l a . 

^l^eBeB.) ̂ /SAe^C^E^¥.Ke^^ i t a p p e a r s t h a t the hydrogen b r i d g e 

i s p r e s e n t r e s u l t i n g i n a p o l y m e r i c c o n s t i t u t i o n a s shown 

below ( I I ) M 

rfea flu, 

H ,.-3e.<— A l — C « 2 — O k — N—>6e 

& fee y 
en*. 

r \ 
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T h i s i n v o l a t i l e complex ( I I ) i s n e i t h e r p y r o p h o r i c 

n o r does i t fume i n a i r . 

R e a c t i o n s -with 1,2-diraethoxyethane and sub s e q u e n t 

e v a p o r a t i o n o f e t h e r g i v e s a m i x t u r e o f s o l i d and l i q u i d 

p r o d u c t s . When t h i s i s h e a t e d to about 50° i n vacuum, the 

1 ,2-diinethoxyethane complex o f d i m e t h y l b e r y l l i u r . r ^ " s u b l i m e s 

from the r e a c t i o n v e s s e l , l e a v i n g a v e r y v i s c o u s o i l which i s 

i n s o l u b l e i n benzene. S i n c e the a n a l y s i s o f the o i l c o r r e s p o n d s 

to the f o r m u l a £(MeBeH) 2Ke0C ?H^0iyieJ n i t s c o n s t i t u t i o n i s 

p r o b a b l y s i m i l a r to t h a t o f the t e t r a m e t h y l e t h y l e n e d i a m i n e 

complex ( I I ) . 

R e a c t i o n s between a s e c o n d a r y amine o r a t e r t i a r y amine 

h y d r o c h l o r i d e and a b e r y l l i u m compound c o n t a i n i n g both 

a l k y ! and h y d r i d e groups, p r o d u c e s a m i x t u r e o f hydrogen and 

h y d r o c a r b o n a s gaseous p r o d u c t s . Dimethylamiine and c r i m e t h y l -

' a m i n e - m e t h y l b e r y l l i u m h y d r i d e r e a c t a t about room t e m p e r a t u r e 

l i b e r a t i n g a m i x t u r e o f methane and hydrogen. T h i s r e s e m b l e s 

t h e r e a c t i o n between, the s e c o n d a r y amine and i s o p r o p y l b e r y l 1 i u m 
hi 

h y d r i d e which e v o l v e d propane and hydrogen i n the r a t i o 2.5:1 

A m i x t u r e o f ethane and hydrogen i n the r a t i o 1.1b:1 was 

l i b e r a t e d from t r i m e t h y l a m i n e h y d r o c h l o r i d e and sodium 

h y d r i d o d i e t h y l b e r y l l a t e i n e t h e r s o l u t i o n a t room t e m p e r a t u r e . 

T h i s l a t t e r r e a c t i o n was not c o n s i d e r e d to be a good method 

f o r the p r e p a r a t i o n o f t r i m e t h y l a m i n e - e t h y l b e r y l l i u m h y d r i d e 
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s i n c e , no doubt, an a p p r o x i m a t e l y e q u i m o l a r amount of the 

d i e t h y l b e r y l l i u r n corrrplex i s a l s o formed. A s a t i s f a c t o r y 

method f o r the p r e p a r a t i o n of t r i m e t h y l a m i n e - e t h y l b e r y l l i u m 

h y d r i d e by a n o t h e r r o u t e i s d i s c u s s e d below. 

R e a c t i o n between d i e t h y l b e r y l l i u r n and t r i e t h y l s t a n n a n e 

i n e t h e r s o l u t i o n r e s u l t s i n the f o r m a t i o n of t e t r a - e t h y l t i n 

and e t h y l b e r y l l i u m h y d r i d e ; h y d r o l y s i s of the i n v o l a t i l e 

r e s i d u e l e f t a f t e r e v a p o r a t i o n of t h e t e t r a - e t h y l t i n y i e l d e d 

e thane and hydrogen i n the r a t i o 1 .016:1 . The h y d r o g e n - a l k y 1 

exchange w h i c h t a k e s p l a c e when t r i - e t h y l s t a n n a n e i s h e a t e d 

w i t h t r i - e t h y l a l u m i n i u m ( g i v i n g E t p A l H ) i s i n h i b i t e d by e t h e r s 
10^1 

o r t e r t i a r y a mines. " On the a s s u m p t i o n t h a t the exchange 

w i t h t r i - e t h y l a l u . m i n . i u m i n v o l v e s an e l e c t r o n - d e f i c i e n t 

i n t e r m e d i a t e , i t i s r e a s o n a b l e to e x p e c t t h a t exchange s h o u l d 

be i n h i b i t e d by r e a g e n t s which remove the e l e c t r o n - d e f i c i e n t 

c h a r a c t e r of the a l u m i n i u m a l k y l by f o r m i n g c o o r d i n a t i o n 

c o m p l e x e s . S i n c e t h e r e i s e v i d e n c e t h a t e l e c t r o n - d e f i c i e n t 

b r i d g e s p e r s i s t i n d i m e t h y l b e r y l l i u m i n the p r e s e n c e o f e t h e r s 

and t r i m s t h y l p h o s p h i n e , ^ " i t i s not s u r p r i s i n g t h a t the t i n 

h y d r i d e - a l k y l b e r y l l i u m exchange r e a c t i o n t a k e s p l a c e i n the 

p r e s e n c e of d i e t h y l e t h e r . E t h y l b e r y l l i u m h y d r i d e p r e p a r e d by 

t h i s method has been c h a r a c t e r i s e d by c o n v e r s i o n i n t o i t s 

t r i m e t h y l a m i n e complex (EtHBe .IfMe_)» which i s d i m e r i c i n 
i 2 

benzene s o l u t i o n l i k e i t s methyl a n a l o g u e ( I ) . I t i s p o s s i b l e 

http://tri-ethylalu.min.ium
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t h a t t h i s method c o u l d be used f o r the p r e p a r a t i o n of a wide 

r a n g e . o f o r g a n o b e r y l l i u m h y d r i d e c o o r d i n a t i o n c o m p l e x e s . 

D i e t h y l b e r y l l i u m forms a 1:1 l i q u i d complex w i t h 

t r i m e t h y l a m i n e ; i f more than one mol. o f amine c o o r d i n a t e s , i t 

can be removed by pumping a t -k0° w h e r e a s dimethylberyllium"''' 

forms a s t a b l e 1:1 complex w i t h t r i m e t h y l a t v i i n e and an u n s t a b l e 

2:J complex (Ke_.Be) (rIHe_) _ which r e a d i l y l o s e s a mol. of 
d d d j 

amine. 

N , N , W j N ' - t e t r a m e t h y l o - p h e n y l e n e d i a m i n e forms a 

c r y s t a l l i n e complex w i t h d i m e t h y l b e r y l l i u m i n a s i m i l a r way 

to t h e N,M ,N' , K ' - t e t r a m e t h y l e t h y l e n e d i a m i n e c o m p l e x . ^ "Both 

t h e s e c r y s t e - l l i n e compounds a r e monouieric i n benzene s o l u t i o n 

and can be s u b l i m e d unchanged i n vacuo. 

I n the p r e p a r a t i o n of the sodium h y d r i a o d i a l k y l -

b e r y l l a t e s , i t i s p r o b a b l e t h a t h y d r i d e i o n d i s p l a c e s co

o r d i n a t e d e t h e r ( u s e d a s s o l v e n t ) : 

H" + R-Be.OEt, k 1 ( R n B e H ) n ~ + O E t , 2 2 7 — 2 n 2 n 
H y d r i d e i o n a l s o d i s p l a c e s t r i m e t h y l a m i n e , 

NaH + Et„Be.NMe_ * NaBeEt-H + Me,N. 
d J> 7 2 -

i n a r e a c t i o n v e r y s i m i l a r to the f o r m a t i o n of sodium aluminium 
96. 

h y d r i d e from sodium h y d r i d e and t r i m e t h y l a m i n e - a l a n e . 
NaH + E_Al.NMe, kKaAlH, + Me,Is. 

5 t> ' ^ t> 

http://Ke_.Be
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Thermal d e c o m p o s i t i o n of a l k y l b e r y l l i u m h y d r i d e - d i a l k y l -

b e r y l l i u m m i x t u r e s . 

Attempts to p r e p a r e m e t h y l b e r y l l i u m h y d r i d e by 

s u b l i m a t i o n under reduced p r e s s u r e o f d i m e t h y l b e r y l l i u m 

from the s o l i d r e s i d u e o f amoroximate convoosition 'MeiBe-H- 1 

4- 'j 2 

(from 2NaBeMe 2H + B e C l g ) were n ot s u c c e s s f u l . At about 10~^mm. 

p r e s s u r e slow s u b l i m a t i o n of d i m e t h y l b e r y l l i u m i s a p p a r e n t 

from 60°, but no i n d i c a t i o n o f any pause i n the e v o l u t i o n 

o f d i m e t h y l b e r y l l i u m a t a s t a g e c o r r e s p o n d i n g to a r e s i d u e o f 

m e t h y l b e r y l l i u m h y d r i d e was o b t a i n e d . I n s e v e r a l e x p e r i m e n t s 

( d e t a i l e d b e l o w ) , s u b l i m a t i o n i n the range 170-210° r e s u l t e d 

i n e x t e n s i v e d i s p r o p o r t i o n a t i o n , 

Me Be H \ Me „Be .H -:- Me_Be . n n + m m w n-2 n + m -1 m 2 
2 2 2 2 

which c o n t i n u e d u n t i l the h y d r i d e : m e t h y l r a t i o i n the r e s i d u e 

(m:n-2) was a l i t t l e more than 10:1. Attempts to o b t a i n 

p r o d u c t s w i t h a g r e a t e r h y d r i d e : m e t h y l r a t i o by means of 

r e a c t i o n s a t h i g h e r t e m p e r a t u r e s were n ot s u c c e s s f u l on a c c o u n t 

o f t h e r m a l d e c o m p o s i t i o n of d i n e t h y l b e r y l l i u m , shown by the 

f o r m a t i o n o f some methane. 

D i e t h y l b e r y l l i u m s e p a r a t e s r a t h e r more e a s i l y -when 

the v i s c o u s r e s i d u e , l e f t a f t e r the e v a p o r a t i o n of e t h e r from 

s o l u t i o n s o f approximate c o m p o s i t i o n ' Et^Be-.Hp 1 , i s h e a t e d . 
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F o r example, a g l a s s y r e s i d u e e v i d e n t l y c o n s i s t i n g m a i n l y o f 

e t h y l b e r y l l i u m h y d r i d e was o b t a i n e d a f t e r 8hours h e a t i n g a t 

7 0 - 8 0 ° . The c o u r s e of f u r t h e r r e a c t i o n a t h i g h e r t e m p e r a t u r e 

i s g r e a t l y a f f e c t e d by the c o m p o s i t i o n of the d i e t h y l b e r y l l i u m -

e t h y l b e r y l l i u m h y d r i d e s o l u t i o n . 

I n some e a r l y e x p e r i m e n t s , s o l u t i o n s o f sodium 

h y d r i d o d i e t h y l b e r y l l a t e were p r e p a r e d by s t i r r i n g sodium l i y d r i d 

i n e x c e s s w i t h b o i l i n g s o l u t i o n s of d i e t h y l b e r y l l i u m i n e t h e r . 

The NaBeEtpH c o n t e n t of the s u p e r n a t a n t l i q u i d was then 

d e t e r m i n e d by h y d r o l y s i s of a s m a l l sample and e x a c t l y one 

h a l f mol. o f b e r y l l i u m c h l o r i d e i n e t h e r was added, w i t h o u t 

p r e v i o u s f i l t r a t i o n from u n r e a c t e d sodium h y d r i d e . F i l t r a t i o n 

from the m i x t u r e of sodium h y d r i d e and p r e c i p i t a t e d sodium 

c h l o r i d e gave s o l u t i o n s o r i g i n a l l y b e l i e v e d to be of the 

c o m p o s i t i o n 1 E t ^ B e - H ^ 1 , who.se p y r o l y s i s was s t u d i e d . I n one 

e x p e r i m e n t , i n w h i c h the r e s i d u e a f t e r e v a p o r a t i s n o f e t h e r 

from a s o l u t i o n p r e p a r e d i n t h i s way, was h e a t e d i n vacuo a t 

6 0 ° f o r k h o u r s and then a t 1 1 0 - 1 2 0 ° f o r 2 h o u r s ; an i n v o l a t i l e 

r e s i d u e was o b t a i n e d which c o i i t a i n e d 17.8% h y d r i d e hydrogen. 

T h i s r e s u l t i n d i c a t e d t h a t the r e a c t i o n 

E t ^ B e ^ H p } 2 E t p B e + BeH 2 

had t a k e n p l a c e g i v i n g a p r o d u c t c o n s i s t i n g m a i n l y o f b e r y l l i u m 

h y d r i d e , s i n c e the hydrogen c o n t e n t of pure b e r y l l i u m h y d r i d e 

i s 18.3??- L a t e r work s u g g e s t e d t h i s was a m i s l e a d i n g r e s u l t 

http://who.se
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which i s now a t t r i b u t e d to the p r e s e n c e o f a v e r y s m a l l 

amount of 3\TaBeEt_H i n the 'Et,Be_K., *. F u r t h e r e x p e r i m e n t s £ -r _'; d 
showed t h a t s o l u t i o n s o f 1 E t i B e , H 0 ' d i s s o l v e more sodium h y d r i d e 

•t ? C 
and t h a t the p r e s e n c e o f soiiie a l k a l i m etal i s n e c e s s a r y f o r 

e x t e n s i v e d i s p r o p o r t i o n a t i o n to t a k e p l a c e - I n one e x p e r i m e n t 

d e s c r i b e d i n the E x p e r i m e n t a l s e c t i o n (p.93 ) , the r e s i d u e 

a f t e r p y r o l y s i s ( f i n a l l y 8 h o u r s a t 1 8 0 ° ) c o n t a i n e d ky-}i sodium 

a s w e l l a s 31% b e r y l l i u m , 8.7% h y d r i d e hydrogen, and 2.6% 

e t h y l . T h i s r e s i d u e was shown to be c r y s t a l l i n e o r m a i n l y 

c r y s t a l l i n e ( X - r a y pov/der p h o t o g r a p h ) ; i t decomposed a t about 

2 8 0 ° i n vacuo but f a i l e d to r e a c t w i t h d i e t h y l b e r y l l i u m . 

Though some oxygen was p r o b a b l y p r e s e n t , a s the a n a l y s i s 

a c c o u n t e d f o r o n l y S j / i o f the t o t a l w e i g h t , the c o m p o s i t i o n 

o f t h e r e s i d u e r o u g h l y c o r r e s p o n d e d to a m i x t u r e of drools. 
BeE_ + 3 mols. Na_Be_H r o r 8 mols. BeE_ + 3 mols. Na_BeH, 2 2 2 6 2 2 '4. 

As r e a c t i o n w i t h c o l d w a t e r was r e l a t i v e l y s l o w , the sodium 

i s p r o b a b l y p r e s e n t a s a complex sodium b e r y l l i u m h y d r i d e 

r a t h e r than a s f r e e sodium h y d r i d e . 

F u r t h e r e v i d e n c e f o r the e x i s t e n c e o f a sodium b e r y l l i u m 

h y d r i d e , e v i d e n t l y i n s o l u b l e i n e t h e r , was o b t a i n e d from 

e x p e r i m e n t s i n which s o l u t i o n s of 'Et^Be^H^' i n e t h e r were 

b o i l e d w i t h an e x c e s s o f sodium h y d r i d e f o r p e r i o d s up to 

s e v e r a l d a y s . The h y d r o l y s i s o f s a m p l e s o f s o l u t i o n showed t h a t 

t h e e t h y l : h y d r i d e r a t i o ( i n s o l u t i o n ) was a l w a y s a t l e a s t 2 : 1 , 
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but s i n c e c o n c e n t r a t i o n o f the f i l t e r e d s o l u t i o n y i e l d e d 

NaBeEt^H. showing t h a t sodium had e n t e r e d s o l u t i o n , i t i s 

e v i d e n t t h a t h y d r i d e must have l e f t s o l u t i o n a s some i n s o l u b l e 

complex h y d r i d e . The f o r m a t i o n o f e t h e r - i n s o l u b l e l i t h i u m 

s a l t s B e l i ^ n L i H h a s been r e p o r t e d i n a p r e l i m i n a r y communication 

H a v i n g found t h a t s o l u t i o n s o f ' EtiBe-.H ' r e a c t w i t h 

sodium h y d r i d e , the e x p e r i m e n t a l i ^ o c e d u r e f o r the p r e p a r a t i o n 

o f b e r y l l i u m h y d r i d e was m o d i f i e d to a l l o w the p r e p a r a t i o n o f 

e t h e r e a l NaBeEt^H of known c o n c e n t r a t i o n and f r e e from both 

d i e t h y l b e r y l l i u m and sodium h y d r i d e . The p r e s e n c e o f b e r y l l i u m 

o x i d e , and a l k o x i d e o r f a i l u r e to b a l a n c e e x a c t l y the sodium 

s a l t w i t h the b e r y l l i u m c h l o r i d e i s shown by the p r e s e n c e o f 

t h e s e i n v o l a t i l e , i n s o l u b l e m a t e r i a l s i n the r e s i d u e . Conse

q u e n t l y the f o l l o w i n g p r e c a u t i o n s were n e c e s s a r y f o r the 

p r e p a r a t i o n o f pure b e r y l l i u m h y d r i d e s i n c e no method of 

p u r i f i c a t i o n c o u l d be found; ( 1 ) the r i g o r o u s d r y i n g o f 

a p p a r a t u s b e f o r e u s e by w a s h i n g w i t h e t h e r e a l , d i e t h y l b e r y l l i u m 

( 2 ) i s o l a t i o n o f the h y d r i d o d i e t h y l b e r y l l a t e , t h u s removing 

e t h e r - s o l u b l e o x i d a t i o n o r h y d r o l y s i s p r o d u c t s formed i n the 

f i r s t s t e p of the p r e p a r a t i o n : O ) the a v o i d a n c e o f u n n e c e s s a r y 

t r a n s f e r e n c e s o f the h y d r i d o - d i e t h y l b e r y l l a t e once i t has 

been p r e p a r e d ; and f i n a l l y , {k) the r e - u s e of the same e t h e r 

t h r o u g h o u t the p r e p a r a t i o n w i t h o u t removal from the a p p a r a t u s . 

The t r i p l e S c h l e n k tube shown i n F i g u r e V I ( i n the E x p e r i m e n t a l 
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S e c t i o n ) f i t t e d the r e q u i r e m e n t s l i s t e d above. 

I n one s u c h e x p e r i m e n t an amount of b e r y l l i u m c h l o r i d e 

was added w h i c h r e s u l t e d i n the p r e s e n c e of 1 mol. c h l o r i d e i n 

e x c e s s f o r e v e r y 870 i n o l s . b e r y l l i u m . P y r o l y s i s ( 1 8 0 ° ) of the 

f i l t r a t e a f t e r s e p a r a t i o n o f sodium c h l o r i d e y i e l d e d a 

p r o d u c t i n w hich the H:Et r a t i o was o n l y 2 .55:1* A t r a c e of 

c h l o r i d e but no sodium was d e t e c t e d i n t h i s p r o d u c t . 

F i n a l l y , a d d i t i o n of about 1fb l e s s than the t h e o r e t i c a l 

amount o f b e r y l l i u m c h l o r i d e to a s o l u t i o n of NaBeEt^H, 

f o l l o w e d by f i l t r a t i o n from sodium c h l o r i d e , e v a p o r a t i o n o f 

e t h e r and p y r o l y s i s ( 1 8 0 ° ) gave an amorphous ( X - r a y powder 

p h o t o g r a p h ) p r o d u c t of a p p r o x i m a t e c o m p o s i t i o n Na^Se^^H^ + 

65 BePI,, ( o r Na^BeH^ *• 66 BeR^) e v i d e n t l y c o n s i s t i n g m a i n l y 

o f b e r y l l i u m h y d r i d e ( a p p r o x i m a t e l y 91 w t . % ) . The i n f r a r e d 

s p e c t r u m of t h i s p r o d u c t d i f f e r e d from t h a t of b e r y l l i u m h y d r i d e 

c o n t a i n i n g more sodium i n h a v i n g a r e l a t i v e l y broad and 

s t r o n g a b s o r p t i o n c e n t r e d on 175^ cm i n s t e a d of a b s o r p t i o n s 

a t 1760 and 1629 cm . The i n f r a r e d s p e c t r u m o f t h i s l a t t e r 

p r o d u c t showed no a p p a r e n t a b s o r p t i o n i n the 5jU, r e g i o n when 

examined a s a m u l l i n p e r f l u o r o m e t h y l d e c a l i n . 

A p u r e r h y d r i d e has been o b t a i n e d by t h i s method 

( a p p r o x i m a t e l y 91 wt.%) than by o t h e r known p r e p a r a t i o n s and 

t h e r e a p p e a r s to be no r e a s o n to doubt t h a t s t i l l s m a l l e r 

p r o p o r t i o n s of sodium ( o r b e t t e r s t i l l l i t h i u m ) i n e x c e s s of 
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the e x a c t s t o i c h i o m e t r i c p r o p o r t i o n would r e s u l t i n the 

f o r m a t i o n o f p y r o l y s i s p r o d u c t s more c l o s e l y a p p r o a c h i n g 

pure b e r y l l i u m h y d r i d e . P r e v i o u s l y o t h e r "workers had s t u d i e d 

the r e a c t i o n between l i t h i u m aluminium h y d r i d e and d i m e t h y l -

52 
b e r y l l i u m ' f o r m i n g a h y d r i d e w h i c h was c o n t a m i n a t e d to a 
l a r g e e x t e n t w i t h a l uminium h y d r i d e , l i t h i u m h y d r i d e and 

45 

e t h e r and t h i s was no doubt r e s p o n s i b l e f o r . i t s r e l a t i v e l y 

low d e c o m p o s i t i o n t e m p e r a t u r e ( 1 2 5 ° ) and i t s r e a c t i v i t y . The 

p y r o l y s i s o f d i - t e r t i a r y - b u t y l b e r y l l i u m e t h e r a t e y i e l d e d 9 c . 5 

mole % b e r y l l i u m h y d r i d e (71 wt.?:.-) ' " and p y r o l y s i s of the 

e t h e r - f r e e compound y i e l d e d 97 mole % b e r y l l i u m h y d r i d e 
43. 

(So \'it.%).~T ' R e c e n t l y a new s y n t h e s i s of b e r y l l i u m h y d r i d e 

h a s been e x t e n s i v e l y examined; t r i p h e n y l p h o s p h i n e and b e r y l l i u m 

b o r o h y d r i d e r e a c t i n x y l e n e a t 140° f o r m i n g t r i p h e n y l p h o s p h i n e -

borane ( s o l u b l e ) and p r e c i p i t a t i n g 99-1 mole %• b e r y l l i u m 
n 110 

h y d r i d e (S0 .7 wt.?<). " A n e g l i g i b l e amount of the i m p u r i t y , 

t r i p h e n y i p h o s p h i n e - b o r a n e , was removed by p r o l o n g e d s u b l i m a t i o n 

and by the use of b o i l i n g benzene and t h i s i m p u r i t y must 

t h e r e f o r e be o c c l u d e d o r bound i n some way i n the b e r y l l i u m 

h y d r i d e polymer c h a i n . 
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The I n t e r p r e t a t i o n and D i s c u s s i o n o f S p e c t r o s c o p i c Data. 

S e c t i o n I . 

D i m e t h y l b e r y l l i u m . 

The u n s a t u r a t e d and s a t u r a t e d vapour phase i n f r a r e d 

s p e c t r a o f t h i s compound were recorded between 100° and 200° 

u s i n g the heated gas c e l l . The f r e q u e n c i e s observed below 

2000cm i n t y p i c a l s p e c t r a are l i s t e d below i n Tables V I l 

and V I I I . I t i s perhaps o f i n t e r e s t t o note t h a t -whenever a 

band a t 1307cm , due t o methane (presumably formed by a c c i d e n t a l 

h y d r o l y s i s i n the c e l l ) was observed, a band a t 842-847cm 

was a l s o observed. The 3^2-8V7cm band i s t h e r e f o r e due t o 

h y d r o l y s i s or o x i d a t i o n p r o d u c t s and i s i n the expected r e g i o n 

f o r yBe-0. 

Table V I I 

D i m e t h y l b e r y l l i u m ( u n s a t u r a t e d vapour) 

Temperature 150° 175° 185° Assignment. 

Frequency(era ) 
1266mw 1266m 1266ms CE.„$sym. 
108>5mw 1086m 1087rns 
1062m CH,. p 
1033ms 1033s 1033s 
8l5mw 31om 816s VBeC^ 

The u n s a t u r a t e d vapour c o n s i s t s m a i n l y o f monomer and 

has a r e l a t i v e l y s i m p l e spectrum i n the 5-1S^.region. Beyond 
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reasonable doubt monomeric d i m e t h y l b e r y l l i u m has a l i n e a r 

s t r u c t u r e and w i l l t h e r e f o r e have symmetry D^^, and by 

analogy w i t h d i m e t h y l z i n c and d i m e t h y l m e r c u r y , the m e t h y l 
116. 

groups may be assumed t o r o t a t e f r e e l y . " The odd f e a t u r e 
o f t h i s spectrum i s the absence o f 0 CH_. i n the 1480cm 

vasyin 6 
m zne iH-C'Ucm ̂  

'J 
r e g i o n , and t h i s i s c o n s i s t e n t w i t h the spectrum o f s o l i d 

29. d i m e t h y l b e r y l l i u m i n which t h i s a b s o r p t i o n i s a l s o absent. 

Other m e t h y l - m e t a l compounds i n which. £ a s v r CH,. i s absent o r 

r e l a t i v e l y weak are d e s c r i b e d i n the s e c t i o n o f the i n t r o d u c t i o n 

d e a l i n g w i t h s p e c t r o s c o p y . 

The spectrum o f the s a t u r a t e d vapour o f d i m e t h y l -

b e r y l l i u m i s f a r more complex than t h a t o f the u n s a t u r a t e d 

vapour. T h i s i s t o be expected, s i n c e the s a t u r a t e d vapour 

c o n s i s t s o f monomer, dimer and t r i m e r m o l e c u l e s , but the 

p r o p o r t i o n o f monomer i n c r e a s e s as the temperature i n c r e a s e s 

a c c o r d i n g t o the e q u i l i b r i u m c o n s t a n t s K_ and ^ " I n the 

1 1 - 1 5 ^ r e g i o n , the spectrum became i n c r e a s i n g l y complex as 

the temperature was r a i s e d . The assignments o f CH_ft ( t e r m i n a l . ) 
•j> v sym 

t o the very s t r o n g band observed a t 1259-12'64cm and 

( b r i d g e ) to the medium s t r o n g band a t 1211-12l4cm~'1 

3 sym 

i s due t o the o b s e r v a t i o n t h a t as the temperature i n c r e a s e s , 

the r e l a t i v e i n t e n s i t y o f the 1259-1264cm band i n c r e a s e s 

and the 1211-12l4cm band decreases and the p r o p o r t i o n o f 

monomer ( i e . the number o f t e r m i n a l methyl groups) i n the 



Table V I I I . 

D i m e t h y l b e r y l 1 i u m ( s a t u r a t e d vapour) 

;mperature 120 

C a l c u l a t e d v.p.(mm) o f 
27. s a t u r a t e d vaioour. 

2.4 5 

150 

17.8 

180 1 

109.9 

Assignment. 

-1 frequency(cm ) 
1484m 1 484m 1479m 
1456m 1460m 1453m 
1304mv/ 1307mw 1305m 
1259a 1264ms 1259vs 
1211ras 1214ms 1212ms 

1182W 
1152w 

1096-w 
10?2w 

105';s 
980m 
957s 957vs 940vs 
861 B!S 864vs 870vs( 
790ms 790m 801ms 

758m 
719w 719w 

692w 690w 

CH, 8 
3 asym. 

CH,0 ( t e r m i n a l ) 3 sym 
CP" C ( b r i d g e ) 3 Osym 

v Be-CE. 

668 ow fa68w 
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vapour i n c r e a s e s as the temperature i n c r e a s e s ""'"(and s i m i l a r l y 

t h e p r o p o r t i o n o f b r i d g i n g methyl groups d e c r e a s e s ) . I n t h i s 

r e s p e c t , b e r y l l i u m appears t o d i f f e r from aluminium s i n c e 

Hoffmann " has assigned CH_A ( t e r m i n a l ) a t 1201cm~ 
J> sym 

and CE-.A ( b r i d g e ) a t 1255cm ^ i n Me £Al_ Goubeau c'•''" has 3 sym & v ^ o 2. 
-1 

a s s i g n e d the two s t r o n g a b s o r p t i o n s a t 1243 and 12;?5cm as 

£ c CH^ i n the spectrum o f s o l i d d i m e t h y l b e r y l l i u m (Table I ) 

and these must undoub t a b l y be b r i d g e v i b r a t i o n s as s o l i d 

d i m e t h y l b e r y l l i u m has a p o l y m e r i c s t r u c t u r e , a l l . the methyl 

groups o c c u p y i n g b r i d g i n g p o s i t i o n s . The s t r o n g a b s o r p t i o n s 

observed i n the 7'00-yOOcm. r e g i o n are p r o b a b l y m e t h y l 

r o c k i n g v i b r a t i o n s . 

A l t h o u g h the assignments l i s t e d f o r d i m e t h y l b e r y l l i u m 

a r e p u r e l y s p e c u l a t i v e , a s t u d y o f the de u t e r o analogue 

under s i m i l a r c o n d i t i o n s s h o u l d p r o v i d e c o n c l u s i v e evidence 

t o enable unambiguous assignments t o be made. 

S e c t i o n I I . 

I n t h i s s e c t i o n the i n f r a r e d s p e c t r a o f o r g a n o b e r y l l i u m 

and o r g a n o b e r y l l i u m h y d r i d e c o o r d i n a t i o n compounds, the 

sodium h y d r i d o d i a l k y l b e r y l l a t e s and t h e i r d e u t e r o analogues, 

and b e r y l l i u m h y d r i d e are d i s c u s s e d . I n Tables I X - X V I I are 

g i v e n suggested assignments o f the c h a r a c t e r i s t i c a b s o r p t i o n 

bands below 2500cm to the v a r i o u s s t r u c t u r a l f e a t u r e s o f 
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the compounds examined and photographs o f the i n f r a r e d 

s p e c t r a o f these compounds are shown a f t e r the Tables. 

B e r y l l i u m - h y d r o g e n v i b r a t i o n s . 

The 0*1 v i b r a t i o n a l t r a n s i t i o n o f the ground s t a t e 

o f the Be-H molecule d e r i v e d from band heads o f emis s i o n 
1 7 o . -1 

e l e c t r o n i c s p e c t r a and band o r i g i n s ^ " i s a t 2058.6cm 

and a t 2087-7cm f o r the f i r s t e x c i t e d s t a t e . A t e r m i n a l 

Be-H group c o u l d t h e r e f o r e be expected t o cause a b s o r p t i o n 

near 2100cm and a s i m i l a r c o n c l u s i o n i s reached by c o n s i d e r i n g 

the changes w i t h atomic number o f the s t r e t c h i n g ; f r e q u e n c i e s 

o f the h y d r i d e s o f the f i r s t s h o r t p e r i o d elements. The 

v i b r a t i o n a l modes, o f m a i n l y s t r e t c h i n g c h a r a c t e r o f the 

b r i d g i n g hydrogen atoms i n a BeK 0Be group shou l d cause 
-1 

a b s o r p t i o n a t f r e q u e n c i e s w e l l below 2100cm , by analogy 

w i t h the v i b r a t i o n a l modes o f the BH^B group i n d i b o r a n e 

and the v a r i o u s methyl and e t h y l d i b o r a n e s . Whereas t e r m i n a l 

B»H bonds u s u a l l y cause a b s o r p t i o n i n the 2200-2500cm 

r e g i o n , the two modes due t o the EH nB b r i d g e i n c.ibcrar.e 
-1 , _ i 

are a t 1915cm s y m m e t r i c a l o u t - o f - p h a s e ) and IcOocm 
13G ./r"*se 

( v , asymmetric i n phase) ' " ^ . ^ v i b r a t i o n a l modes are 

i l l u s t r a t e d on p-^1^ The a l k y l d i b o r a n e s p r o v i d e a c l o s e r 

analogy t o the b e r y l l i u m compounds f o r m u l a t e d as ( I ) and ( I I ) 

w i t h BeH_Be b r i d g e s . I n the fo r m e r , the weak a b s o r p t i o n s 
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c o r r e s p o n d i n g t o i s observed a t 1972 (Xe^3.,Hp) , 1880 

(Me^E^Hj) ond 1852cm (Et^B_,Hp) , vmereas the v e r y s t r o n g 

a b s o r p t i o n c o r r e s p o n d i n g t o i s observed a t 1b05, 1o05 5 

and 1p82cm ^ i n the t h r e e compounds, changing t o 1186, 1183, 
-1 1 3"T 

and 1166cm on d e u t e r a t i o n . ' The s p e c t r a o f (aeHBe.NMe 7)^, 

(MeDBe.NMe^),, and (EtHBe .NMe^)~ examine d i n cyclohexane 

s o l u t i o n are compared i n F i g u r e V I I I . The spectrum o f ( I ) , 
-1 

F i g u r e V i l l a , c o n t a i n s a strong- a b s o r p t i o n a t 1344cm shaded 

i n the F i g u r e , which i s c l e a r l y due t o one o f the Beh^Be 

s t r e t c h i n g modes, s i n c e i n the spectrum o f the d e u t e r o analogue 

(i-ieDBe.NKe,)-., F i g u r e V l l l b . i t moves to about 1020cm 

( a l s o shaded) and e v i d e n t l y o v e r l a p s the a b s o r p t i o n a t 1007cm 1 

o f ( I ) which i s almo s t c e r t a i n l y due to v (NC.,) o f the 
" asym 3 

t r i m e t h y l a m i n e , (see a l s o F i g u r e V I I I c . ) . A b s o r p t i o n due t o 
- - -1 v(jse-EpBe) i s c l e a r l y e v i d e n t a t 13̂ 3c:"» i n the spectrum o f 

the e t h y l d e r i v a t i v e , (EtHBe .NI-ie_. )„, F i g u r e V I I I c . I t i s 

q u i t e p o s s i b l e t h a t the band a t 948cir. i n (HeHBe .NMe,) _ 
j ^ 

-1 

(moving t o 710cm on d e u t e r a t i o n ) may a l s o be a. BeE„Be 

b r i d g e v i b r a t i o n a l t h o u g h i t i s n o t known whether 1 these 

a b s o r p t i o n s correspond to v ^ o r v ^ o f d i b o r a n e . 

The s p e c t r a o f the N ,N ,N ' , j i ' - t e t r a m e t h y l e t h y l e n e d i a m i n e 

complexes o f d i m e t h y l b e r y l l i u m and m e t h y l b e r y l l i u m h y d r i d e 

(Table X I I I ) examined as N u j o l m u l l s are very s i m i l a r b u t 

t h a t o f the h y d r i d e complex c o n t a i n s a very s t r o n g a b s o r p t i o n 
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a t 1331cm - , which i s almost c e r t a i n l y a v i b r a t i o n o f the 

BeH Be b r i d g e , and a weak one a t 1754cm ^ , b o t h absent from 

the spectrum o f the d i m e t h y l b e r y l l i u m complex. 

A comparison o f the s p e c t r a o f NaBei-je^H and NaBeMe^S, 

bo t h as K u j o l m u l l s (Table XIV) i n d i c a t e s t h a t a b s o r p t i o n s 

due t o Be-H b r i d g i n g modes are a t 1328 and 1165cm \ those 

due to.Be-D b r i d g e s b e i n g a t 917 and 869cm . The a b s o r p t i o n 

a t 1328cm i n the spectrum o f NaBeMepK i s somewhat obscured 

by the p a r a f f i n o i l , b u t i t i s s i g n i f i c a n t t h a t the spectrum 

o f t h i s compound c o n t a i n s no pronounced f e a t u r e s between 800 
— 1 -1 

and 1000cm so the v e r y s t r o i i g a b s o r p t i o n s a t 869 and 917cm 

i n the spectrum o f t h e d e u t e r o compound must be due t o a 

3e-D mode. The r a t i o s v p / v £ a r e 1.45 and 1.34, and though the 

fo r m e r i s un e x p e c t e d l y l a r g e , the s i g n i f i c a n c e o f t h i s i s 

d o u b t f u l on account o f the d i f f i c u l t y i n measuring the 
-1 

a b s o r p t i o n a t 1328cm . The s p e c t r a o f Na3eEt nH and Na3eEt ?D 

are more c o m p l i c a t e d , as expected, but a comparison o f the 

two shows V(Be-H) a t 1294s and 10o5vs. cm - 1 and v(Be-D) a t 
-1 931s and 835 vs. cm , v D/\' being 1 .36 and 1.28. The r e m a i n i n g n' D 

a b s o r p t i o n s are v e r y s i m i l a r f o r the two compounds except 

f o r a band a t 912cm ^ i n the spectrum o f the hydrogen compound 

The spectrum o f ( I ) as s a t u r a t e d vapour u s i n g a 

10cm. heated gas c e l l has a l s o been recorded and i s . v e r y 

s i m i l a r t o a s o l u t i o n i n cyclohexane (Table X I ) . I n the vapour 
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vCBeH^Be) i s a t 13^-2cm , very c l o s e t o the f r e q u e n c y recorded 

f o r a s o l u t i o n i n cyclohexane. At 50° (vapour p r e s s u r e 

ca.0.9mm.) t h e r e was no a p p r e c i a b l e a b s o r p t i o n between 1500 

and 2500cm-'', b u t a t 65° and p a r t i c u l a r l y a t S 0 C , a sharp 
_ i 

a b s o r p t i o n band a t 2141cm appeared. This a b s o r p t i o n a t 

21if'1cm~ i s b e l i e v e d t o be due t o t e r m i n a l v(Be-H) i n monomeric 

MeHBe. NMe., s i n c e vapour d e n s i t v measurements i n d i c a t e d 3 
e x t e n s i v e d i s s o c i a t i o n w i t h i n c r e a s i n g - temperature (1^5-175°) • 

Between 65° and 80°, the amount o f monomer i n s a t u r a t e d 

vapour c o u l d b e g i n t o be s i g n i f i c a n t . U n f o r t u n a t e l y the 

u n s a t u r a t e d vapour a t h i g h e r temperatures c o u l d n o t be s t u d i e d 

on account o f d e f e c t s i n the heated gas c e l l . 

The i n f r a r e d spectrum o f b e r y l l i u m h y d r i d e , examined 

as N u j o l m u l l i s shown i n F i g u r e V H I d . This p r o d u c t was o f 

a pproximate corn-position (BeH„)_, NaH. The most c h a r a c t e r i s t i c 

f e a t u r e o f the spectrum (Table X V I I I ) i s a r a t h e r broad 
_1 

a b s o r p t i o n c e n t r e d on 1750cm . The m a t e r i a l i s amorphous by 

X-ray d i f f r a c t i o n l i k e t h a t o b t a i n e d by the p y r o l y s i s o f 

d i t e r t i a r y - b u t y l b e r y l l i u m and has commonly been regarded as 

a c r o s s - l i n k e d d i s o r d e r e d polymer. The r e l a t i v e l y sharo 
-1 -1 

a b s o r p t i o n a t 12b3cm p o s s i b l y analogous to the 1333-13^cm 

bands i n ( I ) and s i m i l a r compounds i s n o t e w o r t h y . The o t h e r 

pronounced a b s o r p t i o n s are a t 1090, 1016, and 799cm and 

a r e p r o b a b l y a s s o c i a t e d w i t h b e r y l l i u m - h y d r o g e n d e f o r m a t i o n s . 
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The spectrum o f a p r o d u c t c o n t a i n i n g much sodium, ca. 

(BeH_)„ . (KaH),- (Table X V I i : ) i s very s i m i l a r b u t d i f f e r s 2 11 o 
_1 

i n t h a t the broad a b s o r p t i o n a t 1750cm i s r e p l a c e d by 
_ i 

two s h a r p e r a b s o r p t i o n s a t 1o37 and 1771 cm 

Methyl v i b r a t i o n s . 

I n the s n e c t r a o f Me_.3e.KKe-,, (MeHBe .NK'.ê ) _ , (MeDBe.NHe,) 
2 3' ;> 2' ;> 

the symmetric and asymmetric methyl d e f o r m a t i o n s v i b r a t i o n s 

can almost c e r t a i n l y be assigned to the a b s o r p t i o n s o c c u r i n g 

above 1200cm . Eov/ever, which a b s o r p t i o n s are due t o methyl 

groups a t t a c h e d t o b e r y l l i u m and which are due t o methyl groups 

a t t a c h e d t o n i t r o g e n w i l l o n l y be determined by s t u d y i n g the 

spectrum o f an i s o t o p i c a l l y s u b s t i t u t e d analogue o f one o f 

the above corn-pounds. The complex (CD_ )„Be .NMe,, w i l l be 

prep a r e d i n due course and e x a m i n a t i o n o f the spectrum o f 

t h i s compound should c l a r i f y o r make i t necessary t o r e v i s e 

the assignments d i s c u s s e d h e r e . The CH_ r o c k i n g v i b r a t i o n s 

o f the t r i m e t h y l a m i n e p a r t o f the molecule are found a t 1115 
— 1 1 32 and 850cm i n Me^N.BH- and the a b s o r p t i o n bands a t 

5 3 

1101m(35°) (1105m i n cyclohexane) and 840sh.(35°) (824sh.cm~' 1 

i n c yclohexane) i n Me^Be.NMe^ are assigned t o these modes o f 

v i b r a t i o n . The Be-CH_ r o c k i n g v i b r a t i o n i s more d i f f i c u l t 

t o a s s i g n b u t i t i s f e l t t h a t the band a t 941s(35°) (951 vs. 

c y c l o h e x a n e ) may be due t o t h i s v i b r a t i o n and i f t h i s i s a 

http://Me_.3e.KKe-
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c o r r e c t assignment, t h i s a b s o r p t i o n w i l l be found a t about 

660crn i n the spectrum o f the d e u t e r o compound. The spectrum 

o f (MeHBe.NMe^Jj ^ s r a t h e r c o m p l i c a t e d i n the 6-l4yU. r e g i o n 

b u t q u i t e a l o t o f i t i s common t o the spectrum o f he^Be.NMe_. 

Thus i t would appear t h a t the K-CE^ r o c k i n g v i b r a t i o n occurs 

a t 1107m and the Be-CH, v i b r a t i o n a t 922vs i n the h y d r i d e 
3 

_ i 

complex and 1104m and 928s cm r e s p e c t i v e l y i n the d e u t e r i d e 

coavplex • 
C a r b o n - n i t r o g e n v i b r a t i o n s , 

I n o t h e r t r i m e t h y l a m i n e c o o r d i n a t i o n complexes, 
-1 v G - IN i s always found i n the 1000cm region., o c c u r i n g asym 

a t 1005s i n Me-N.EH,, " 1003 i n Me_N.GaH„ and 955cm"'1 

.? 3 3 3 
137. i n the tetramethylammoniiium i o n . ' " Thus v C-K can be asym 

assigned f a i r l y c e r t a i n l y t o the bands o c c u r r i n g a t 1000s (35°) 

(1006 vs. cyclohexane) i n Me-Be.NMe-.. 100?vs i n (KeHBe .KMe,) „ 
2 p • _? 2 

( c y c l o h e x a n e ) , 101ovs i n (MeDBe.KMe_)_, 1001vs i n Et_Be.NMe_ 
3 2 2 j 

and 1007vs i n (EtHBe-HMe^) p. Other assignments f o r the s p e c t r a 

o f the e t h y l compounds have n o t been made s i n c e the s p e c t r a o f 

these compounds are c o m p l i c a t e d by -CH0- v i b r a t i o n a l modes. 

No d e f i n i t e assignments have been made f o r b e r y l l i u m -

carbon and b e r y l l i u m - n i t r o g e n a b s o r p t i o n s a l t h o u g h the 

b e r y l l i u m - c a r b o n s t r e t c h i n g v i b r a t i o n s p r o b a b l y occur about 

oOOcm 1 s i n c e the s t r o n g band a t 816cm ^ i n d i m e t h y l b e r y l l i u m 

( u n s a t u r a t e d vapour) has been assigned t o t h i s mode o f v i b r a t i o n . 
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Table IX. 

I n f r a r e d spectrum o f Me.jX'Ke_ as s a t u r a t e d vapour. 

21 
l 4 ? 5 v s 
1464vs 
1 4 o6w 
1302W 
1242ms 
1232ms 
118SVS 

1101m 
103?sh 
1000s 
941s 

840sh 
800vs 
709m 
671 vw 

Assignment. 

14?7VS 
1466vs 

12'+5vs 

1103m 
1041sh 
1000v 
=>40vs 
874vw 

?06!T1 

841 sh 
8o3vs 

714vs 

ouow 

50?w 

& (CH ) ( d ) 

p(N.C3 ) (1) 

v (CN) ( d ) asym 
p(Be-0H_) ( t ) 

p( MGR..) ( f ) 
v(Be-C) ( t ) 

I n these t a b l e s , the degree o f c e r t a i n t y o f these 

assignments i s shov/n by the f o l l o w i n g assignments: 

d = d e f i n i t e , f = f a i r l y c e r t a i n , t = t e n t a t i v e . 



Table X. 

I n f r a r e d spectrum o f Me_Be.NMe 

Contact f i l m (36 ) Cyclohexane s o l u t i o n Assignment, 

1464VS 
1443 s 
1405W 

1255s 
1219s 
1186s 
1100m 
103?vw 
995vs 

937w 

840m 

SOOvs 

730m(broad) 

S (CH„) ( d ) 

f(KCH 3) ( f ) 

v (CN) ( d ) asym 
p(Be-CH 7 )) ( t ) 

pCHCEj) (1) 
v(Be-C) ( t ) 

?13vs 
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Table X I 

I n f r a r e d s p e c t r a o f Q-ieHBe.NMe-,^ i n the gas phase, and i n 

cyclohexane s o l u t i o n and MeDBe.TTHein cyclohexane s o l u t i o n 

0 5 

2141 m 
148 Os 
1458 s 

1342 s 

1304s 
1286s 
1254s 

1200s 
1l87sh 

1104m 

1035vs 
1002s 

955s 
931 sh 

870s 

(MeHBe.MMe,)_ 
t)—<r-

S o l u t i o n 

1484s 
1470s.h 
1400m 

1344vs 

1299m 
1267m 
1255s 
1235m 
1214vs 
1200s 
1143VW 
1107m 
1o86vw 
1046vw 
1032vv; 
1007vs 

948s 
922vs 
896s 
875s 

(HeDBe.AThe_) 3-
Assignment. 
v(3e-H) ( f ) 

S(CH,) ( d ) 

v(BeH 2Be) ( d ) 

S o l u t i o n 

1481s A 

1466m 
140?vw 
1370vw -J 

1317vw ^ 

126?sh 
1256s 
1233m 
1215s 
1203vs J 

1104m 

1047sh 

1016 v(BeD_Be) & v ( N C ) 2 asym 3 

S(C (CH„) ( d ) 3 

(NCH.,) ( f ) 

9 6 5 m 

92os 
896m 
8?0s 

v(BeKpBe) ( f ) 
«CBe-CH^) ( t ) 
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Table X I c o n t d . 

65 c S o l u t i o n S o l u t i o n Assignment• 

848vs 84?vs 

826 vs 

667m 

820vs(broad) 
772vs 
747s 

722sh 
699sh 
676m 

o^ovs 
831 sh 
SlOvs 
?72s 
746m 
710ms 

v(Be-C) ( t ) 

v(BeD 2Be) ( f 
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Table X I I . 

I n f r a r e d s p e c t r a o f d i e t h y l b e r y l l i u m - t r i m e t h y l a m i n e and 

e t h y l b e r y l l i u i n h y d r i d e - t r i m e t h y l a m i n e examined as c o n t a c t 

f i l m and as a s o l u t i o n i n cyclohexane r e s p e c t i v e l y . 

Assignment. Et^Be.NMe v 

14?9VS 
1466s 
1451 m 
1409m 

1245m 
1236m 

1193ms 

1105mw 
10?6w 

1001vs 

954w 
919w 
uoOr.i 

822vs 
778m 
730s(broad) 
66 ?m 

621 vw 
571 vw 

(EtHBe . NMe_ )., 

1484s 
I468sh 

1372m 
I333vs 
1299s 
1250m 
1235m 
1206vw 
1190w 
1176sh 
1109m 
10o0m 
1050m 
1007vs 
981 s 
943vs 
917sh 
897s 
851 sh 
826vs 
79-4sh 
709m 

635m 

v(BeH„Be) ( d ) c 

v (CN) (d) asym 

v(Be-C) ( t ) 



Table X I I I . 

I n f r a r e d spectra of di m e t h y l b e r y l l i u m and me t h y l b e r y l l i u m 

hydride N,N,N;N'-tetraraethyletfiyIenediaraine complexes examined 

as Nujol mulls. 

He^Ee complex HeEeli complex 
— < —

 1 
17>4w 

1?42sh 
1361vs 
1331vs 

1289vs 1302s 

1263W 1264m I 
1247m 1236m 
1190sh 1200w * 

1 1 6SVS 1183s 

1122ms 1131m 

1098m 1099-TI 

1053-r" 1C86s 

1042vs 1038m 

102?vs 1020vs 

1006vs S95vs 

951 vs 961 vs 
856vs 902s 

8 l 4 v s 

799sh 

?6?vs 785m 
701 vs 694s 

66?w 659P-

assignment. 

8 

& (CH 

(CH,) (d) J? 
v(BeH Be) (d) 

(CH,) (d) 
3 



Table XIV. 

I n f r a r e d spectra of sodium h y d r i d o d i m e t h y l b e r y l l a t e and 

i t s deutero analogue examined as Nujol mulls. 

NaBeMe_,H 

1323s 

1255ms 
1189s 

1165s 

113Svs 
1O06s 
1 0 1 8VS 

7 8 9 V S 

75^??. 

612 vw 
557vw 

NaBeMe_D 
d — 

126lm 

1199ms 

11 V-i-s 
1075sh 

1015vs 
91?vs 
869vs 

797vs 
777s 
595vw 

Issignment, 

v(BeH 2Be) (d) 

v(3eH 0Be) (d) 

v(BeD pBe) (d) 
v(BeD 2Be) (d) 



Table XV. 

In f r a r e d spectra of sodium h y d r i d o d i e t h y i b e r y l l a t e and 

i t s deutero analogue examined as Nuiol mulls. 

NaBeEt, 
c 

1 6 o 5 w 

129^s 
1253s 

I235sh 

1178s 

1lV?sh 
1117sh 

1091vs 

1065vs 

1021vs 
978 vs 

956vs 

912m 

831 vw 

792w 

672m 

657ms 

UaBeEt_D 

1256ms 

1233vw 

117osh 

11o7ms 

1080ms 

lOl^s 
982vs 

951s 

928s 

358sh 

835vs 

SOOsh 
667w 

6i?6mv; 

Assignment. 

v(BeH 2Be) (d) 

v(BeK 2Be) (d) 

v(BeDpBe) (d) 

v(BeD Be) (d) 
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Table XVI. 

I n f r a r e d spectrum of the o i l of arjoroxi.mate comuosition 

i fBe^H 2.0"Et 2 Me;,Be^H„..OEt„ examined as a contact f i l m 

1555".' 

l 479sh 

1468 m 
1449m 
1337s 

1372sh 

1295* 

12o1s 

I 240inw 
1212s 

1199m 

I I ?6m 
1089m 

1033vs 

1002sh 

962s 

917s 

848s 
800s 

784m 

676w 

663w 
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Table XVII. 

I n f r a r e d spectra of b e r y l l i u m hydride of approximate 

compositions shown below examined as Mujol mulls. 

(BeH_)_,NaK (.ae'f-^)^ (NaH)^ As signment. 

1750s(broad) 

1263vs 

1090m 

10V7m 
1 0 1 6VS 

799s 

17?1m 
1c37s 
1259vs 

1211vw 

1086m 

1013vs 

886 (broad) 
795vs 

v(EeH 0Be) ( t ) 

s (Be-H) ( t ) 



M^Br (untotvrattd vapour 185'J M^B* (saturated vapour ISCT) 

i 
6 IO II 12 13 14 8 

(saturated vapour 120") <W#,f* ipoturottd vapour ISO ) 

AA 7 i 

v J 5 IO 12 13 



MtAtMMr, (crc*>Ac«mr toMnn) 

^ J; i j 
• 

V 3 

e « »o 12 | '4 

(vapour 36; 

17 6 14 3 a c 

• 

\ 

6 2C C 17 5 '3 5 



MtHBtf+Jtj {e/cHttrnxon* t&utton) 

I 
A 

L/' i 
10 13 

X 
8 II 12 13 14 

tB«fHM<, Ifyciohrmnt toJut/on) 

• 

II 

/Wt/rsv/VMe, [vapour 65'J 

n 
V 

hv7 
14 la ii 



5 6 7 • 9 K) I I 12 13 14 15 

3 6 7 8 9 IO II 12 13 14 15 

NoBtet^H (Mtfo/ mull) 

nfu/a 
Nu/Ol 

n 12 

NvBte^D pujol mull} 

'\ 

iO 12 13 



Mr/0/ 

Nujol 

0 
!5 

f^t^lCr\-^lu/ol mill) ip*H^Hot\ {Nujol mut) 

1 S 
i . . i • 

• 
• 

! 6 10 i? 14 19 I t 17 
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