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CONFIDENTIAL 

FOREWORD 

This report was prepared by the Research 
Division of U.S.  Industrial Chemicals Co., 
Division of National Distillers and Chemical 
Corporation, Cincinnati,  Ohio    under USAP 
Contract No. APOM611)-9700.    The Project 
Monitor Is 1st.  Lt.  J. Rombouts, Air Force 
Rocket Propulsion Laboratory, Research and 
Technology Division, Air Force Systems Com- 
mand, United States Air Force, Edwards. 
California. 

The report covers work performed during 
the period January 15,  1964 to October 31, 
1965 by Dr. Jawad H.  Murlb,  Senior Research 
Associate,  serving as principal Investigator, 
assisted by Mr.  C. A. Bonecutter, Chemist and 
Mr. B.  Seeskln, Assistant Chemist.    Dr.  D. 
Horvltz, Assistant Research Manager, acted as 
a consultant on the project. 

This effort Is being continued under 
Air Force Contract APO4(6ll)-ll402. 

This technical report has been reviewed 
and Is approved. 

QEORCJE F.  BABITS,   Lt.  Colonel,  USAF 
Chief,  Propellant Division 
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CONFIDENTIAL 

INTRODUCTION 

Considerable effort has been spent on the develop- 
ment of suitable processes for the manufacture of 
beryllium hydride of high purity and crystalllnity for 
use in chemical propellant systems. The most success- 
ful process to date was developed by Ethyl Corporation 
and based on the pyrolytlc method of Coates and co- 
workers utilizing di-t-butyl beryllium (prepared from 
Grignard reagents) as a starting material. 

(Me3C)2Be:2Et20  -> BeH2 + 2CH2=CMe2 + 2Et20 

This method yields amorphous solid with an absolute 
density of 0.65 g/cc. and an over-all purity of 93 wt.Jt. 
The amorphous product is converted to crystalline BeHo 
by compaction-fusion at an ultra high pressure of 
200,000 psi. and 200oC,  These methods are uneconomical 
and time consuming and thus impractical ^or large scale 
production of crystalline BeH2. 

The objective of developing an economical and 
convenient method for the production of high purity 
beryllluin hydride with high density and crystalllnity, 
therefore, remains to be accomplished. 

Investigation in this" laboratory revealed the 
existence of a new soluble hydride, cMoroberylllum 
hydride (CEH) which became the basis fv.r an applied 
research program of contract AP 04(611)-9700 to develop 
a process for the manufacture of high purity BeH2 from 
readilv available materials such as beryllium chloride 
(BeClp) and sodium hydride (NaH). 

.. k mmnn xr} ft« MTBMU 
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UIAKIÜENTUL 2 

OBJECTIVE 

The objective of this program Is  to develop a process 
for the manufacture of high purity beryllium hydride with 
a high degree of crystalllnlty and with a greater density 
them that obtained by pyrolytlc methods.    The proposed 
process for making BeHg, under the c  itract. Involves two 
steps: 

Step 1. Preparation of chloroberylllum hydride from the 
reaction of beryllium chloride with sodium hyd- 
ride In ethers or thloethers, 

BeCl2:2Z + NaH    -§2iYS!3t__>    BeHCl:2Z + NaCl (Eq.   1) 

Solution      Solid Solution      Solid 

Z = Ether or Thloether 

Step 2.    Dlsproportlonatlon of the soluble Intermediate CBH, 
In the absence of residual sodium hydride or by- 
product sodium chloride,  to give Insoluble beryl- 
lium hydride and soluble beryllium chloride. 

2BeHCl:2Z 

Solution 

BeH2 + ZtBeClg + 3Z 

Solid      Solution recycle 
to Step 1 

(Eq.   2) 

PROJECT STATUS 

Summary 

This report describes the progress made toward the 
synthesis of BeHa outlined below: 

Preparation of chloroberylllum hydride from beryllium 
chlorlde-etherate and sodium hydride was achieved In con- 
versions up to 95.3$^ based on beryllium chloride. 

CONFIDENTIAL 
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CüNPIDENTIAL 

Dlsproportlonatlon of the CHH intermediate was demon- 
strated to give beryllium hydride In purities up to 85.1 
wt. ?5.    The product was amorphous with residual Be-Cl bonds, 
retained ether, and Be-0 bonds as the wajor contaminants. 
The atomic ratio of active hydride to residual chloride 
(H"/C1-)  In the final product reached up to 142/1.     This 
was realized by treatment with LIAIH4. 

Although no crystalline beryllium hydride has been 
conclusively Isolated,  crystalline material was evident In 
samples obtained from the dlsproportlonatlon of CBH In 
1,2-ilchloroethane solvent.    Because BeH2 Is difficult to 
Identify by X-ray and since Impurities tend to "mask"  the 
desired product except In saüiples of high purity. It was 
not certain whether the observed diffraction lines ware 
related to crystalline BeH2 or to associated Impurities. 
A definite Judgment on  the crystallinity of the product 
awaits preparation of high purity BeH2. 

The CBH intermediate was isolated in essentially pure 
state with observed atomic ratios of Cl:Be:H of 1.02:1.00:0.98 
in good agreement with the theoretical value  1:1:1 for ClBeH. 

The reacf.lon time of Step 1 was decreased from 30 hrs., 
obtained in fjthor-kerosene at 250C.,using ball-milling to 
about 4 hrs.  in benzene at 80oC. and 2 hrs.  in toluene at 
1050C.  employing simple stirring. 

The amount of ether was decreased to only that required 
to  form the dletherate,  BeCl2:2StcO.    This is advantageous 
in  that it avoids recycle of large volume of ether solvent. 

Particle size of NaH was found to influence the re- 
action rate.    Use of NaH of average particle size of 
5 microns gave about 33-fold faster reaction rate than that 
obtained with an average size of 40 microns. 

The character of the CBH dlsproportlonatlon product 
was found to be highly dependent on the nature of solvents, 
temperature and type of dlsproportlonatlon, whether carried 
out under vacuum or in solution. 

Dlsproportlonatlon of CBH under vacuum gave gelatinous 
products difficult to filter and transfer, with extreme 
reactivity toward moisture.    However, when the dlspro- 
portlonatlon was carried out in different solvents the 
products exhibited various hydrolytic activities with 
different filtration and flow characteristics.    In aromatic 
solvents the dlsproportlonatlon products appeared to have 
larger particle size and lower hydrolytic activity than 
those obtained by vacuum dlsproportlonatlon.       ._ . 
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CONPfDBIVTIAL 
Complexlng agents with different coordination strength 

toward ClBeH were found to be capable of effecting great 
variation In the chemical and physical properties of CBH 
intermediate.    In the case of the adduct ClBeH:OEtp the dls- 
proportlonation under vacuum gave amorphous products with H" 
to residual Cl~ ratios of up to 137/1 and minor amounts of 
ether probably owing to terminal coordination.    Likewise dis- 
proportlonation of the dimethyl sulflde adduct ClBeHtSMeg 
led to an amorphous product retaining a large amount of 
residual chloride  (H~/C1" - 6.5/1) but no MeaS.    When di- 
methyl ether was used as the complexlng agent only a small 
amount of disproportionatlon product was obtained which was 
also amorphous to X-ray.    Displacement of ether from 
ClBeH:OEtg by trimethyl amine resulted in the formation of 
a benzene-soluble adduct probably ClBeH:NMe3 which appeared 
to be stable toward disproportionatlon.    Its characterlftics 
have not yet been determined. 

Reduction of the adduct, BeCl2:NMe3 with sodium hydride 
in a mixed ether-benzene solvent at room temperature led to 
a  soluble hydride presumably ClBeH:NMeo with conversions up 
to 40.7^ based on initial BeCl2:NMe3. 

Details 

Preparation of Chloroberylllum Hydride 

Nature of the Reaction of BeClg with NaH in Ethers 

In order to establish whether chloroberylllum hydride 
undergoes transformation to beryllium hydride in the course 
of step (l) a rate study of this reaction was undertaken. 
Diethyl ether was employed in view of its marked influence 
on the conversion 'in contrast to those obtained in other 
basic solvents (see Table I) . Kerosene was used as carrier 
for NaH. 

The study revealed that two consecutive reactions are 
occurring as represented by equation (l) and (2). The course 
of the reaction was followed by analyzing for CBH. Its con- 
centration rose to a maximum and then fell off, as shown In 
Pig. 1. The mole ratio of CBH to the total hydride in the 
reaction mixture is plotted against time. Curve 1 shows the 
change In content of CBH In Et20 with ball-mill attrition. 
A maximum conversion of 7^  occurred at 30 hrs. "nie concen- 
tration, then, diminished slowly via formation of Insoluble 
hydride leaving a soluble amount of 1558 of the total hydride 
at 110 hrs. The slow rate of diminution of soluble hydride 
permitted the isolation of CBH from the reaction mixture be- 
fore it had changed into insoluble hydride.  1*1!HriHIfKD 11 ]TOJlIWIIimii 
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CüNFIDKNTUL 5 

Pactors Influencing the Conversion 
of BeClp to CBH In Basic Solventa 

The converslop of BeClo to CBH at room temperature was 
found to depend one several factors:  (a) nature of basic sol- 
vent, (b) concentration of BeCl2, (c) type of nixing, 
(d) ratio of reactants and (e) catalysts. These factors are 
discussed below: 

Effect of Basic Solvents:  Several Lewis bases 
were tried such as dimethyl sulflde (Me2S), dlethyl ether 
(Et20), trlmethyl anlne (NMe3), tetrahydrofuran (THP) and 
dlglyne (see Table I). In Ne2S, formation of soluble CBH 
was accompanied by deposition of Insoluble beryllium-hydride 
bonds. This would lead to a product contaminated with sodium 
and chloride Ions. In dlethyl ether, however, the rate of 
reaction (l) was faster than that of reaction (2). Thus, It 
was possible to Isolate sodium-free, ether-soluble CBH In 
conversions up to 77.256 based on BeClg.  Poor results were 
obtained In active ethers such as THF, and dlglyme. The 
over-all results are shown In Table I. 

TABLE I 

Effect of Solvents on the Rate of CBH Production 
from Nag and BeClg at Room Temperature  

Solvent 

Et20 
NeaS 
0H-Et2O 
Te trahydrofuran 
Dlglyme 
Et20-BEt3 
Et20-AlEt3 
Me2S-BEt3 

Time, hrs. % Conversion 

31 77.2 
5 25.7 

17 13.0 
16 3.0 
54 0.0 
15.5 72.5 
20.0 33.0 
15.5 30.0 

Extensive side reactions Involving dlsproportlonatlon 
of CBH or further reaction with NaH appear to dominate in 
active ethers.    Table II shows the distribution of hydride 
content in both the liquid and solid phases of the re- 
action mixture. 
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CONFIDBNTIAL ' 
The data of Table II ahows that some of the hydride 

(column 9) waa unaccounted for and preoumably deposited as 
Insoluble beryllium hydride.    This was confirmed by pre- 
cipitation of a chloride-free, ether-Insoluble, white solid 
by allowing r  sodium-free,  clear    solution to stand at room 
temperature.    The solid product exhibited an Infrared 
absorption band at 5.8 u. In contrast to a Be-H absorption 
near 5.9^ .     The solid generated hydrogen on treatment with 
aqueous acids.    Since It is free of sodium the source of 
hydrogen must be BeHa.    It is important to note that In the 
EtgO experiments the unaccounted for hydride is much less 
than in DMS  (column 9), making EtgO the solvent of choice for 
carrying out step 1 at ambient temperature. 

Concentration of BeCl2:     The conversion of BeCl2 to 
CBH in ether solutions increased with increasing initial con- 
centration of BeCl2 as shown in Table III. 

TABLE III 

Effect of Concentration of BeClp In Ether on 
its Conversion to Chloroberyllium Hydride 

(Temperature " 25'C.,  Reaction Time » 17.5 hrs.. Ball-mill 
Attrition.) 

Expt. No. Concn. of BeCl2 
g. mole/1000 g. 
 Et20  

952-114     0.595 

946-28      0.650 

952-113     0.935 

These results (Table III) Indicate that the dlspro- 
portionatlon of CBH was repressed by increasing the concen- 
tration of BeCl2 in Et20. A decrease in the unaccounted for 
hydride, from 22.05< to 5.75^ (coluinn 5), reflected an increase 
in conversion to 77.2%  of soluble CBH. This is consistent with 
the reversal of the equilibrium reaction of Eq. 2. 

(1) CPIA, Specialized Fuel Meeting, (u) Sept. 17-18, 1963, 
page 6, Ethyl Corp., Baton Rouge, Louisiana. 

CONFIDENTIAL mxammaanm 
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Ratio 
NaH/ 
BeClg 

%  Conv. 
to ClBeH 

5< Hydride 
Unaccount 
ed for 

1.03 61.2 22.0 

0.93 68.5 - 

1.03 77-2 5.7 



CONFIDENTIAL ^ 
Molar Ratio NaH/SeClp;    The data presented in 

Table II (Bxpts.  952-71, and 952-67) »how that 69.W con- 
version to CBH was obtained at a molar ratio of NaH/BeClg- 
1.795 in contrast to 60.305< obtained at a ratio of O.987. 
Although higher conversions can be obtained by employing 
higher ratios of N^H/TäeClo, this would lead to coating of 
excess NaH by NaCl by-product.    Recycle of excess hydride 
would be cumbersome. 

Type of Mixing;    Magnetic stirring was found to 
be suitable In dilute ethereal solutions of BeCla.    In con- 
centrated solutions, however, BeCl2 forms  tWD phases of 

etherates.    The lower phase, being a heavy oil, prevents 
intimate mixing of reagents.    In such cases ball-milling is 
prteferred.    Ultrasonic agitation did not give faster re- 
action rates than ball-mill attrition. 

Catalysts;      Attempts to catalyze the reaction by 
using BEt3;  to solubilize NaH,  resulted only in a minor 
change in the conversion  (Table II).    Use of AlEt? (Fig.  1, 
Curve 3)  lowered both the rate of formation of CBH and its 
subsequent transformation to insoluble Be-H bonds.    Use of 
these alkyls was discouraged by the possibility of introduc- 
ing undesirable impurities to BeHp. 

Factors Affecting the Rate of Reduction of 
BeClg;2EtgO with NaH in Aromat.l.c Solvents 

Variables such as temperature, particle size of NaH, 
concentration, and type of coroplexlng ether were found to be 
the most important factors  Influencing   the rate of CBH 
formation.    These are discussed below: 

Effect of Temperature on the Reduction Rate;     It is 
known that aromatic solvents dissolve BeCla-etherates.    Con- 
sequently they were chosen as reaction media for the reduction 
of BeCls with NaH at above ambient temperatures. 

In toluene at 100-105° reaction  (l) yielded a solution 
in which the atomic ratio of H"76e"H" was 0.84 obtained in 
about 2 hours of reaction time  (see Pig.  2,  Curve l).     Irt 
benzene at 75-8o0C.    a ratio of 0.77 was obtained in 4.2 hrs. 
(Curve II).    However,  at room temperature in the ether- 
kerosene system a ratio of 0.66 was obtained In 19.7 hrs. end 
0.82 in 45.7 hrs.   (Curve III).    Thus,  reducing BeClo^Et^O 
with NaH in benzene and in toluene at reflux temperatures 
decreased the reaction time from days  to hours. 
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CONFiOBNTIAL n 

Effect of Particle Size of NaH on the Reaction Rate; 
Reduction of BeCl2:2Et20 with HaM of different particle elze 
was carried out under controlled conditions  (Table IV).    The 
results showed that using NaH of an average particle size of 
about 5.0^i gave 33-fold fastei  reaction rate than that 
obtained with 40/i.    The rate >-.-ta are shown In Pig 2 Curve IV 
for comparison. 

TABLE    IV 

Effect of Particle Size 
the Rate of Formation 

of NaH on 
of ClBeH 

NaH 
Particle 
Size,    ju 

Temp., 
0C. 

Solvent Reaction 
Time, 

hrs. 

Ratio      0 
H'/fce-H" 

40    a 

5    b 

80 

80 

Benzene 

Benzene 

7-5 

2.25 

0.07 

0.71 

a) Commercial sample obtained from Metal Hydrides  Inc. 
b) Made by US.   Industrial Chemicals Co. 
c) Ratio of hydride to beryllium In solution. 

Effect of BeClp Concentration on the Reaction Rate; 
The rate of formation of CBH from the reaction of BeCl2'2Et20 
with NaH In benzene was found to Increase with Increasing 
Initial concentration of the dletherate.    The trend Is shown 
In Pig. 3.    Aft-r 60-80^ completion,  the concentration of CBH 
did not Increase, presumably due to coating of NaH by solid 
by-product NaCl. 

Examination of the data of Fig. 3 Indicated that about 
80Jt conversion was obtained at 70-80oC. In 4 hrs. and 87.3% 
In 8 hrs. by employing an Initial concentration of BeC^^EtoO 
of 1.37 mmoles per 1000 grams of solution and a ratio of 
NaH/fieCl2 of 1/1.    At a concentration of O.85 molal the con- 
version was about 6558 in 2 hrs. and 735* m 7 hrs. at 65-700C. 
Decreasing the concentration to O.45molal,the conversion de- 
creased to 46.75* in 2 hrs. at 70-80oC.    In these experiments 
the concentration of soluble Be++ remained essentially constant 
indicating that the intermediate ClBeH:aEtgO was stable under 
the conditions of its formation. 
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Effect of Incremental Addition of M*H on th*  Atomla 
Ratio H /Be-*-*:    in order to Increase the ratio of H-/B9++  In 
solution, additional NaH was was added to the peaotloA »Ixture 
(Step 1) after the concentration of CBH reached a constant 
value. The results are shown In Klg. 4. Curve A describes 
the variation H-/Öe++ ratio with time. When the ratio reach- 
ed a constant level of 0.84, Introduction of 33£ additional 
NaH resulted In an Increase to 0.95 approaching the theo- 
retical value 1.00 to ClBeH. Curve B describes the results of 
a second experiment where an addition of 48£ excess of NaH In- 
creased the H-/Be++ ratio from 0.58 to 0.89. 

Effect of Complexlng Ether on the Reaction Rate; 
Comparative study of the reduction of BeCl2:2Et2Ö. BeCl2:2Me2S, 
BeCl2:2Me20 with NaH In benzene solution at 65-95*0.  showed 
that the use of Et20 gave soluble ratios of H:Be of up to 0.90. 
When Me2S or Me20 were used low values were obtained, 0.41 and 
0.44 respectively. The Intermediate HBeCl:2Et20 seemed to 
undergo little or no side reaction during its formation In 
benzene solution, shown by an Increase In the soluble hydride 
concentration with time while the beryllium content remained 
practically unchanged. The results of a typical experiment 
are plotted In Figure 5. 

However, the dimethyl sulflde adduct ClBeH:2Me2S, 
appeared to undergo side reaction as shown by simultaneous 
diminution of hydride and beryllium concentrations as shown 
In Fig. 6. The dimethyl sulflde probably promotes side re- 
actions which consume the hydride. 

In the case of dimethyl ether difficulties were encounter- 
ed due to the low solubility of BeCi2:20Me2 In benzene (about 
0.16^ at 25°C.).    Crystallization of the solute as It )ools 
upon sampling led to clogging of the passages result! « In 
unreliable analytical results. This difficulty was 0 jrcome 
by operating at 90-95oC. A ratio of H-ZBe-H" of 0.44 -ms 
obtained after 4 hours of reaction time. A decrease in the 
concentration of soluble hydride and of soluble beryllium 
was observed during the course of the reaction. This indicates 
the occurrence of side reactions by which soluble Be-H bonds' 
are rendered Insoluble. This was confirmed by the presence 
of beryllium in the solid phase.  This amount of the Insoluble 
beryllium was 26^ of the total. Thus, dimethyl ether appears 
to promote undesirable side reactions which consume CBH. 
This behavior is analogous to that of tetrahydrofuran and of 
dlglyme observed earlier (Table II). 
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Purification Methods of Chloroberylllua Hydride 

The Intermediate CBH Isolated from the reaction mixture 
of (Step 1) was always contaminated by small amounts of un- 
reacted BeCl2-etherate.  It can be upgraded by two methods: 

1. Fractional crystallization of unreacted BgCl2|0gtg; 
The liquid phase isolated from the reaction mixture (NaH + 
BeCl2) after vacuum removal of the solvent was seeded with 
preformed BeCl2:0Et2. This resulted In the deposition of 
a crystalline solid and a liquid having the following atomic 
ratios: 

Atomic Ratios 
Be-H"    H-       Cl- 

Found: 1.00   1.037    1.005 
1.00   0.978    1.015 

Theory for ClBeH:   1.00   1.00     1.00 

The solid phase was not analyzed. 

2. Reduction of Onreacted BeCl220Et2 with NaH:  Incre- 
mental addition of NaH to the reaction mixture of Step 1 
afforded a convenient route to upgraded CBH In one step. 
Reduction of beryllium chloride with 20-30$  excess sodium 
hydride over that required by Eq. 1 gave a product with an 
atomic ratio of Cl/Be of 1.04/1-00 approaching the theoretical 
values 1/1 for ClBeH. This result confirms other observations 
that Incremental addition of excess of NaH to the reaction 
mixture of step 1 afforded a soluble ratio of H"/tee++ of 
0.95/1.00 (Pig. 4). 

Properties of Purified CBH-Etherate 

Molecular weight of CBH:  Having Isolated CBH-0Et2 in 
essentially pure form, determination of its molecular weight 
was desirable. An attempt to determine its degree of 
association In benzene solution was hampered by the deposition 
of a white solid, presumably due to formation of BeH2 accord- 
ing to the equilibrium: 

2ClBeH:0Et  ^??????:—> BeH2 + BeCl2:2Et20     (Eq. 3) 

Solution Solid   Solution 

Other solvents such as dlchloromethane and chlorobenzene 
in which CBH does not undergo dlsproportionatlon should be 
used as media for molecular weight determination. 

CONFIDENTIAL ''JSSXXSZS? 
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Reaction of CBH with Iodine; Iodine (lo) reacted 

InatantaneouBiy and quantitatively with 2 moles of ehloro- 
berylllun hydride with release of one mole of gaseous 
hydrogen (H^) ao described below: 

2ClBeH + la  ■> 2ClBeI + H2    (Eq. 4) 

Theory (imnoles) 2.00  1.00 -     i.OG 

Found (imnoles) 2.04  1.00 -     0.97 

Oxidation of CBH with iodine* provides a convenient and 
rapid method for its quantitative determination. The pro- 
cedure is simple. It Involves titrating a solution of CBH 
in Et^O with a standard solution of I2 in toluene or other 
inert solvents. •Mie end point is taken when a yellow color 
persists due to slight excess of iodine. The accuracy of 
the method depends on absolute exclusion of moisture from 
reagents and equipment. 

Reaction of CM with Protonlc Hydrogen;  Like oUier 
active hydrides, CBH-Ptherates undergo protondysls generat- 
ing gaseous hydrogen and hydrogen chloride. 

ClBeH:0Et2 + 2H2O —■$>  H2 + Be(0H)2 + HC1 + Et20  (Eq. 5) 

This reaction is violent and accompanied by heat evolution. 

Etheratea of CBH:  Like beryllium chloride, ClBeH forms 
di- and monoetherates. The dietherate, ClBeH;20Et2 can be 
Isolated from its ether or benzene solution by pumping In 
high vacuum at 0oC. to remove unbound ether. The ratio of 
bound ether to beryllium was 2/1. The dietherate upon pump- 
ing at 250C. loses one mole of ether per mole of adduct to 
form the monoetherate according to the equation 

ClBeH;20Et2 v|l-.£i—> ClBeH;0Et2 + OEtp       (Eq. 6) 

We wish to thank Dr. D. Horvitz of this laboratory 
for suggesting use of iodine as an oxidizing agent 
for chloroberylllui? hydride. 
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nie dlmerlc nature of beryllium chloride monoetherate 8 

Cl       -Cl       jüEt2 
>Be     vBö' 

Et20      ^Cl '  VC1 

suggests a dlmerlc structure for ClBeHiOEtg 

H      .H        . OEto 
.Be     ^Be' 

EtgO'    "Cl''   v ci 

which accounts for the formation of BeH2 on dlsproportlonatlon. 

Behavior of CBH toward NaH;  Synthesis of CBH at room 
temperature In the presence of a large excess of NaH Indicated 
that this Intermediate undergoes little or no reaction with 
NaH. At a stoichlometry of 1.795 NaH to 1.0 BeClp, the 
conversion of BeCl2 to CBH was 69.W,  higher than the 60.35< 
obtained at the ratio of 0.98? to 1.0 (Table II), Expts. No. 
752-71, -67). 

The behavior of CBH^OEt? toward NaH was also examined 
In benzene solution at 70-80oC. (Figs. 3 and 4). Increasing 
the molar ratio of NaH/BeCl2 from 1.06 to 1.33 Increased the 
soluble ratio of H/Be from 0.84 to 0.95 without an observed 
diminution in the beryllium concentration. These observations 
indicate that even at these temperatures the CBH intermediate 
is remarkably stable toward NaH. 

Infrared Absorption of CBH;  An IR spectrum of ClBeH- 
etherate exhibited a band at 5.6 u, close to 5.63u observed 
for i-PrBeH 3. ' 

(2) NAWEPS Report No. 7227, page 6, 1962. nmMn..nri, „ .,.... 
(3) LPIA Abstracts, C61-403, 1961.       0OIWICW0CDATSflM 
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DlBproportlonatlon of Chloroberylllum Hydrid« 

Two methods for the preparation of beryllium hydride 
from CBH were Investigated:  (l] vacuum dlsproportlonation 
In the absence of solvents and (2) dlsproportlonation In 
various solvents at atmospheric pressure. Factors studied 
include: 

(1) Temperature of dlsproportlonation 

(2) Type of solvent useU for extracting BeCl2:0Et2 (Eq. 7) 

(3) Effect of temperature on removal of solvents from the 
final product. 

(4) Treatment of BeHg with hydride reagents to remove 
residual chloride and retained ether. 

(5) Nature of complexing agents for the CBH Intermediate, 
e.g., EtgO, Me2S, MegO and NMe3 

(6) Type  of dlsproportlonation media e.g., ether, dimethyl- 
suiflde, diphenyl aulfide, benzene, toluene, dlchloro- 
methane, 1,2-dlchloroethane, 1,1-dichloroethane, chloro- 
benzene, cyclohexane and kerosene. 

To date, all methods examined for the dlsproportlonation 
of CBH, except that in which 1,2-dlchloroethane was used as 
a solvent, gave products amorphous to X-ray with purities 
ranging from 23 to 85 wt. £ BeH2.  In the case of 1,2-dichloro- 
ethane the dlsproportlonation products exhibited crystalline 
structure to X-ray. However, the purity was 31 wt. J( BeHo 
(or 76.6 mole £ based on total Be). This result was somewhat 
encouraging in view of the fact that the other products with 
comparable purity were totally amorphous to X-ray. It is not 
certain whether the observed diffraction lines are ralated 
to crystalline species of BeH2 or to unknown impurities. 
Therefore, Judgement on the crystallinlty awaits preparation 
of pure BeH2. 

In order to establish the chemistry Involved In the dls- 
proportlonation step most of the work was carried out under 
vacuum in the absence of solvents to avoid possible 
complication by solvent effects. Uie details are described 
bölow: 

("  NCRACFO AT 3 YttM INTEt MUS 
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Vacuua DlBproportlonatlon of CBH 

Subjecting ClBeH:0Kt2 to yacui» heating with distillation 
of the ether as soon as formed yielded Beto In oonreralons uo 
to 63.991  based on Initial CBH: 

EtQ?    \l^Cl i"""^  ^2 + ^^g'OEta + Bt20 f  (Bq. 7) 

Benzene Solid   Benzene-  Vapor 
Soluble Solutle 

The beryllliim hydride produced was a white solid haying 
extreme sensitivity toward atmospheric conditions. When 
freshly Isolated, It sparked and glowed on exposure to moist) 
air with enormous evolution of heat. The major Impurities 
were attributed to Be-0 and residual Be-Cl bonds. The source 
of the oxide contaminant was most likely due to the Incomplete 
exclusion of air and moisture during handling of the solid. 

Ether cleavage was not observed during the dlsproportion- 
atlon of the CBH-etherate, Indicating that the oxide Impurity 
was not derived from ether cleavage. 

Evidence for BeClo;OEto as By-Product In the CBH 
Di*?Z°V0™l0™U?n:      »«iiie investigating the thermal stablllty 
of CBH-etherate In a closed system, a crystalline material 
sublimed and deposited above the heated zone. Beryllium and 
chlorine content In the sublimate corresponded closely to that 
of beryllium chlorlde-monoetherate, BeClo-EtgO. Anal« Calou- 

s/rS/ci ^S1^2^2' **' 5-85%i C1' 56-<*-   Pound: **> 
Pactors Qovernlng the Dlsproportlonatlon of CBH In 

Vacuum:      me aisproportiSnation o? CBH to Belfe and BeClo was 
found to depend on several factors:   (a) presence of excess 
ether,    (b)effect of tenperature, and (c) type of solvents. 

CONFIDENTIAL "SSSÄ^."Sr, 
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Effect of Ether on the Dlaproportlonation;    It 

was found that the dlsproportlonailon of 6fiR was retarded In 
dlethyl ether solvent, presumably due to the equlUbrlun re- 
action Indicated by(Eq. 7).    In the presence of excess ether, 
BeCl2:Et20 reacted reverslbly with BeH2 fornlng soluble CBH- 
etherate.    However, removal of the ether from the system 
shifted the equilibrium to the direction of BeH2 formation. 
Hydrogen bonds, being more stable than chlorine bonds provide 
a driving force for the formation of solid BeHo.    Liberation 
of the suible etherate BeCl2:Et20 further promotes production 
Of BeHg• 

Removal of the ether as a prerequisite for the dlspro- 
portlonatlon Is supported by the following observations: 

(1)    Addition of BeCl2 dissolved In dimethyl su i'lde to 
CBH-etherate resulted In Immediate precipitation of BeHo, In- 
dicating that Et20 forms a stronger coordination bond with 
BeCl2  than with ClBeH. 

21 

2ClBeH:2Et20 + BeClp -—2--» 
250C. 

Solution Solution 

. OEt. 
.Be        Be 

EtoO'    NC1-     N31 

i 
BeH„        + 2 

Solid 

+ BeClg^EtgO 

Solution 

BeCl2:2Et20 

Solution 
(Eq.  8) 

This reaction gave a solid product with an obst.-ved H/Be ratio 
of 2.16, in close agreement with the theoretical value 2.00 
for BeH2.    The purity was S^.OJt by weight.    Small amounts of 
dlethyl ether and dimethyl sulflde were detected in the 
products of hydrolysis. 

(2)    Removal of Et20 by complexlng with AlEto also led to 
precipitation of solid BeHU. J 

2ClBeH:2EtpO + 2AlEto IfilUfiOfi^ 
3    250C. 

Solution Solution 

Hs    ..Hx    .OEtpi 
Be        Be"       ^ 

Et20'-    NC1-''   xci 

OOMMMKOirtYbtlMIOMU 
OEOASaFlEDiinBttVEMI 

000 DM UOO.II 

BeH2 

Solid 

ci- 

I 
+    BeCl2:2Et20 

Solution 

+ 2AlEt3:Et20 

Solution 

(Eq.  9) 
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Use of AlEt3 as the ether acceptor was discouraged by the 
possibility of induolng ethyl-hydride exchange between 
aluminum and beryllium. 

Effect of Temperature on the Extent of Dlapror 
portlonatlon; Thermal dissociation of CfiH-etherate under 
vacuum also resulted In the dlsproportlonatlon to BeH2 and 
BeCl2 monoetherate. The dlsproportlonatlon product exhibited 
Improved H/Be ratio with Increasing temperature. The per- 
cent conversion of CBH to BeHg and the percent purity were 
Improved with higher temperatures. These trends are shown 
in Table V. 

TABLE V 

Effect of Temperature on 
of Dlsproportlonatlon of CBH 

the Extent 
Under Vacuum 

Expt. 
No. 

Temp, of 
Dlspro- 
portlon- 
atlon, 0C. 

Ratio a 
H/Be 

Ratio a 

H/Cl 
JS Conver- 
sion of 
CBH to 
BeHg 

Purity, 
Wt. % 
as BeH2 

952- 
164 25 1.52 - . 20.6 49.9 

237 55.5 1.68 6.75 31.4 -- 

238 80 1.74 14.25 58.2 — 

134 85 -- -- 63.9 69.2 

212 95 1.86 15.05 — -- 

(a) Aqueous acetic acid solutions were used 
in the hydrolysis. 

Formation of the monoetherate during the dlsproportlonatlon 
step Is consistent with previous findingsS describing the 
dissociation of beryllium chlorlde-dietherate to the mono- 
etherate and ether. 

BeC^^EtgO -<:iir~> BeCl2:0Et2 + Et20    (Eq. 10) 

CUAFillRN'1'iAI Mrill6RM)U)«riVMIMTBIMS 
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In order to extract the by-product BeCl^EtoO from 
BeHg (Eq. 7) several solvente were investigated such as 
benzene, dimethyl sulflde and dlethyl ether. It was found 
that removal of the monoetherate from BeHo was best 
accomplished by treating the dlsproportlonatlon reaction 
mixture with benzene first to extract most of the mono- 
etherate followed by extraction with Me2S to remove residual 
Be-Cl bonds. The effect of benzene and of dimethyl sulfide 
on the over-all conversions of CBH to BeHp and on the 
removal of residual Be-Cl bonds is presented in Table VI. 

TABLE VI 

Comparative Data on the Conversion of CBH to fleHa Using 
Benzene and Dimethyl Sulflde to Separate BeCl2;Et20 from BeHo 

Dlspr'n. a 
Temp., "C. 

85 

75 

Initial d 
Solvent 

Benzene 

Me2S 

Extraction 
Solvent 

Me2S 
Me2S 

Ratio       ^ Convn.  of 
H/Cl ^      CBH to BeH2 

25.6 
43.2 

63.9 
20.1 

b. 
c. 
d. 

Temperature at which EtoO was pumped from the reaction 
mixture. 
Based on initial CBH 
Atomic ratio of active hydride to residual chloride 
To extract BeCl2:0Et2 

The decrease in percent conversion may be attributed to 
a reversal of the dlsproportlonatlon reaction. In the 
presence of dimethyl sulfide and BeCl2, solid BeH2 undergoes 
dissolution to form a soluble CBH dlmer postulated with mixed 
hydride and chloride bridges. 

MepS 
BeH2 + BeClgiEtgO + MegS <. 

Sol¥ 

Solid      Solution 

?!? [ V 
olv. Ü^S      VC, 

v      . OEtg 
B<r 

Cl' NJI 

Solution 

(Eq.  11) 

This is analogous  to the solution of BeHo in the system 
BeCl2:0Et2-OEt2 , 

tUiNFiDfimiAL KciAsaFiE0Anai2ywB 
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EtoO   ^ r    Hv    -Hv     .0EtJ3 
BeH2 + BeCl2:Et20 + Et20 ^ZZZZZ^ , B<       p«        1        (Eq.  12) 

Solv. 
Solid Solution Solution 

In the absence of free EtoO or MegS using benzene as 
the extracting solvent, BeClg.'OEto can be mostly washed away 
from BeH2 without dissolution of the latter.    For this 
reason, the conversion of CBH to BeH2 Is higher than In di- 
methyl sulflde (Table VI).    'Hiese results showed that 
benzene Is preferred for the Initial removal of BeC^sOEtg 
from BeH2.    Residual Be-Cl bonds may be minimized by 
additional extraction with ether or thloether. 

Purity of the Dlsproportlonatlon Product:  The 
purity of the product appeared to depend on several factors: 
(a) Effect of solvent,     (b)  Inertness of atmosphere under 
which the product Is handled,     (c) Temperature of dlspro- 
portlonatlon. 

Effect of Solvent on the Purity of BeE,: 
Although BeCl2-monoetherate was extracted from SeHi by 
benzene,  some Be-Cl bonds were retained In the solid.    This 
Indicated that some residual Be-Cl bonds were either 
physically occluded In the solid or chemically bound In the 
structure, postulated as: 

HN_ ..•Hv_ ..'Hv     -H-v    ,- 
.Be      Be      Be      Be 

vH-%'   -"•H-"-   ^H"    SC1 

The effect of solvents on the removal of retained Be-Cl bonds 
and on the purity of produced BeH2 Is shown In Table VII. 

OOMNUMttD ATS YEAR MTEMNS 
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TABLE VII 

Analytical Data on the Effect of Solvents on the 
Removal of Realdual Be-Cl Bonds and on the Purltv of BaHj 

Extraction Sample   Composition, mmoles   Ratio  Purltv of 
Solvent    Wt^mg. -H-    ße-J-J-'   C1-—H-/C1- BeHg.Wt?* 

Benzene 

Et20 b 

2£ MeoS b 

Me2S »> 

Me2S + 
Benzene e 

Me2S b 

48.4 

187.0 

117.2 

56.4 

.4.5 

63.4 

1.42 

20.88 

12.9Ö 

7.66 

11.53 

8.33 

1.70 

11.59 

7.64 

4.25 

6.11 

4.67 

0.35 

O.85 

O.30 

0.15 

0.16 

0.12 

4.0 

25.2 

43.2 

51.2 

72.2 

69.4 

16.1 0 

61.4 0 

60.4 0 

74.7 d 

85.1 d 

72.3 d 

(a)    Washing with benzene until filtrate Is free 
of soluble chloride. 

!b)    Soxhlet extraction, 
c      Handled In a polyethylene bag filled with nitrogen, 
d)    Handled In a dry box filled with nitrogen, 
e)    Washed with Me2S followed by extraction with benzene. 

These results show that the observed beryllium content In 
the final product was always larger than that required to com- 

bine with total hydride and chloride Ions.    This Indicated the 
presence of beryllium compounds other than BeHo and BeClo. 
The major Impurity appeared to consist of beryllium oxide or 
Be(0H)2 resulting from exposure of the product to atmospheric 
conditions during handling.    This point was demonstrated by an 
observed decrease in the purity with continued manipulation of 
the product as shown below. 

Effect of Exposure to Atmospheric Conditions: 
Handling and weighing or the solid in a dry box. using nitrogen 
gave higher purities   (Table VII)    than obtained with plastic      ' 
bags filled with nitrogen.      Continued handling of the solid 
resulted in diminution of the active hydride and chloride 
content of the product with corresponding increase in Be(0H)o 
This trend is shown in Table VIII. d' 

O^NCMttO AT 3 VkA« MTIMMI 
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TABLE    VIII 

P»t» OH the Decrease In Purity of R^ w^h gurther BaPdling 

Extraction   Extraction        Dlatrlbution of Be Purity of BeHo 
Solvent Time, Mole % Wt    $ 
 hrs. BeH2     BeCl2    Be(OH)2 u    Calc.c—'öba. a 

16 90.10     3.65        6.25 63.5 61.4 

16 a - 54.1 

l6 a 82.60     3.20      14,20 50.8 50.3 

Duplicate samples analyzed 24 hra. apart. 
Obtained by difference from beryllium balance. 
Based on BeClp and Be(0H)2 as  the only impurities, 
Heated at lOO'C. with pumping (lO'S „,„,. Hg.) 
to remove residual solvents, 

The results presented in Table VIII show that further 
manipulation of the solid led to a decrease of 7.55< in the 
motor content of BeHg and a 0.455* decrease in BeClo with a 
corresponding increase of 7.95J* in Be(0H)2.      It Is signifi- 
cant to note that the percent purity calculated on the basis 
of BeCl2 and Be(0H)2, being the only contaminants, is in 
good agreement with the observed purity based on sample weight. 
This indicated that other impure "'a derived from ether 
cleavage or solvent retention w       negligible.    It is there- 
fore essential to maintain absolt.ely moisture- and dxygen- 
free conditions during handling (isolation,  transfer, and 
weighing) of the solid. 

Effect of Disproportionation Temperature on 
the Purity of BelGI     Tne possibiilty of ether cleavage under 
the conditions of CBH disproportionation was studied. 
Cleavage of Et20 was not observed when the disproportionation 
step was carried out at 750C.  for a period of 1 hr.    However 
when the reaction mixture was pumped at 850C for 20 hrs. ' 
ethyl chloride was detected  (Eq. 13).    Sublimation of BeCl0- 
monoetherate and generation of free ether were also observed 
No trace of ethane was found.    The latter substance would be' 
present if ether were cleaved by Be-H bonds. 

POD MR UM.10 
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The residual Cl- content In EeHo was found to be a 
function of dlsproportlonatlon temperature.    The results 
are compiled in Table IX. 

TABLE    IX 

Effect of Dlsproportlonatlon Temperature on the 
Purity of BeH2 and on the Retention of Residual Cl" Ions 

2HBeCl:0Et2    <:::::*   BGHQ + Be-Cl2:0Et2a + 3Et20b 

Purity of 
BeHg, Vt.fl 

Dlsproportlonatlon 
Temperature,   0C. 

Atomic 
H-/C1-C 

Ratlo^ 
H/Be"*4" 

125 /.   20.0 1.97 

80 39.5 1.88 

74 51.0 1.80 

60 107.5 1.94 

58 72.2 1.89 

45 37.6 1.91 

43.3 

70.9 

74.7 

77.8 

85.1 

61.7 

(a) Extracted with solvents such as toluene, benzene 
and/or dimethyl sulflde 
Removed by vacuum distillation. 
Atomic ratio of active H" to residual Cl" In 
final product. 

M 

These data  (Table IX)  show that the atomic ratio of 
active H" to residual Cl" increases with decreasing temper- 
ature reaching aroaxlmum value of 107.5 at 60oC.    At a 

lower dlsproportlonatlon temperature  (450C.) the ratio de- 
creased to 37.6.    These observations Indicate existence of 
an optimum temperature at which residual Be-Cl bonds are 
at minimum. 

In view of the Increase In residual chloride content 
at the high temperatures, and the report of    Turova    et al.^ 

(4) Turova et al., Russian J.  Inorg...Chem.  8, 275-7 (1963). 
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on the thermal decomposition of BeCl2:20Et2 to form 
polymeric ethoxyberylllum chloride, ethyl chloride,and 
ether 

BeCl2:2Et20    -55=2Üi!Q4_.> EtOBeCl + EtCl + Et20 (Bq.  13) 

without formation of BeClp-monoetherate, it was suspected 
that cleavage of ether might contribute to the chloride 
impurity.    Accordingly,  the thermal behavior of BeClo^EtoO 
was. investigated under the conditions of the disproportion- 
ation of CBH. 

Dissociation of BeCl2:2Et20 with removal of EtoO as 
soon as it is formed gave one mole of EtoO per mole of 
adduct according to  (Eq. 10) without formation of EtCl. 
However, when the decomposition was carried out in a closed 
system at,up to 113^. (without ether removal)  ethyl chloride 
formation was observed.    Consequently,  the decomposition 
was studied at various temperatures to determine the lowest 
temperature at which the roonoetherate can be formed without 
Inducing ether cleavage,    thus, the dletherate was heated 
at different temperatures, trapping the volatiles at -1960C., 
and examining the condensates for the presence of EtCl.    The 
results are shown in Table IX. 

TABLE IX 

Data on Thermal Stability of BeClo:20Eto 

(Initial BeCl2:20Et2 -12.5 mmoles) 

Heating 
Temp.,  0C. 

Heating 
Time, hrs. 

Et20 Evolved * 
mmoles 

Ratio b 

Et20/fieCl2 

25.8 1.00 3.54 1.72 

30.5 1.00 5.77 1.25 

49.0 1.16 2.85 1.03 

Isi No trace of EtCl    was found by mass spectra 
Molar ratio Et20/BeCl2 in the residue 
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niese data Indicate that even at 49*C. the adduot 
fleCl2:2Et20 readily loses ether to form the monoetherate 
without elimination of EtCl.    Additional heating of the 
residue  (BeCl2:Et20) at 7i»0C.  for 1.0 hr. gave no sign 
of cleavage.    However, continued Seating at 76*C. for long 
periods of time (24 hrs.)  resulted In considerable amounts 
of EtCl    elimination,    nils Is In agreement with the 
previous finding on the formation of ethyl chloride when 
CBH-etherate was heated at 85SC.   (p.28 ).    Thus,  the dls- 
proportlonatlon under vacuum should be conducted at 

temperatures lower than 750C. 

Dlsproportlonatlon of Chloroberylllum 
Hydride In Solution  

Solvent Effect on the Dlsproportlonatlon;  The study 
of the dlsproportlonatlon of CBH In solution was encouraging 
because  the product exhibited Improved properties over those 
obtained by vacuum-heating.    The dlsproportlonatlon In 
solution rendered the product BeH2 leas reactive, more com- 
pact and readily flltrable and hence easier to handle than 
observed previously. 

Etherates of ClBeH and BeCl2 dissolve In ether, dlphenyl- 
sulflde, benzene, toluene,  chlorobenzene, 1,2-dlchloroethane 
and dlchloromethane.    Consequently, the dlsproportlonatlon 
was carried out In these solvents with the objective of 
obtaining crystalline BeH2. 

Heating a solution of CBH In Et20 produced an ether- 
Insoluble white solid.    Infrared spectra of the solid In 
Nujol mulls exhibited a Be-H absorption band between 5.60 
and 5'75 p-    The dlsproportlonatlon product was found to be 
sensitive to atmospheric conditions.    An Infrared spectrum 
of Its KBr pellet made under atmospheric conditions resulted 
In disappearance of this band and appearance of an 0-H 
absorption band.    This spectrum was Identical to that of 
Be (OH) 2    Indicating that the solid hydride had hydrolyzed 
to hydroxide.    Dils was confirmed by evolution of gaseous 
hydrogen on treatment of the solid with dilute aqueous acids. 

Analysis of another sample, after Soxhlet extraction 
with ether, gave a product analyzing 71.3 wt.J* Belfa with a 
ratio of H" to residual Cl- of 90.5/1.0.    These results 
Indicate that  dlmerlc CBH   undergoes facile dlsproportlonatlon 
In liquid media which dissolve the by-product BeClo:0Eto. 
nie conversion of ClBeH:20Et2 to the dlncrlc form (ClBeB:0Et2)2 
was found to be a prerequisite for the dlsproportlonatlon 
(Bq. 7). 
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Wje dlaproportlonatlon reaction In BtoO Is slow.    Only 

9.5^ of the active soluble hydride was rendered Insoluble on 
heating at reflux for 16 hrs.    Chloride concentration remain- 
ed constant indicating that the dlaproportlonatlon step 
proceeded aa anticipated.    The product was X^ray amorphous. 

In dlphenylaulfide the dlaproportlonatlon gave gelatinous 
producta difficult to filter, waah and proceaa.    However, 
treatment with polar solvents auch as dlethyl ether and di- 
methyl sulflde reaulted In transformation from a gel to a 
powder with discrete particles which could be readily filter- 
ed, extracted and transferred.    Although,  the EtoO-treated 
producta had better flow characteristics than the gelatinous 
materials, they exhibited amorphous structure toward X-ray. 

Dlaproportlonatlon of CHH:0Et2 in benzene and toluene 
with or without amall amount of blphenyl alao produced 
amorphoua products. 

When the disproportionation was carried out in 1,2-di- 
chloroethane solvent the product exhibited considerable 
amount of crystallinity toward X-ray.    Analyala of a aample, 
kept for aeveral weeks in a glass container stoppered with a 
serum cap, gave a purity of 31wtv* BeH2.    It la not certain 
whether the X-ray linea are derived from cryatalline BeHo or 
from contaminants.    The role of 1,2-dichloroethane needs to be 
clarified. 

Use of 1,1-dichloroethane aa a dlaproportlonatlon medium 
waa explored and found to give a product totally amorphous 
to X-ray in contrast to the crystalline product obtained in 
1,2-dichloroethane. 

Other solvents tried were 4,^'-dichloroethyl ether and 
diiaopropyl ether.    In the former disproportionation of CBH 
could not be effected to give solid products even upon heat- 
ing at 1120C.      At this temperature darkening of solvent waa 
observed.    In the case of dlisopropyl ether the dispro- 
portionation of CBH gave a solid product highly rich in 
chloride content p* -sumably forming insoluble BeClo-isooroDyl 
etherates. ^ 

In chlorobenzene solvent, no evidence of CBH disprop- 
portlonation was observed aa shown by lack of solid formation 
even upon heating at TS'C. for 8 hrs.    At reflux temperature 
(132*0.) only an insignificant amount of solid was formed. 
This indicated that chlorobenzene is a good solvent for 
CBH:0Et2 and that it should provide a good medium for 

NO M 1200.11 



?fr .{',,: 

CONFIDENTIAL 31 

molecular weight determination of the adduct.    Another solvent 
in which the dlsproportionation could not be effected was found 

ito be dichloromethane which should also be a good medium for 
determining the degree of association of CBH:0Et2. 

| In non-solvent media such as cyclohexane and kerosene, 
the dlsproportionation led to solid products.    Soxhlet 

I extraction with benzene left insoluble amorphous BeH2 with 
I extreme reactivity toward moisture similar to that exhibited 

by the product obtained from vacuum-disproportionation. 

I These results point to the specific effects of various 
j solvents on the course of CBH dlsproportionation as well as 

the nature of product. 

80-83oC.  after 16.8 hrs.  of reaction time had a maximum purity 
of 75.3 wt. % BeH2, compared to 48.45< obtained in 0.9 hrs. 
By contrast the vacuum-disproportionation gave 70.99t at 80oC. 
and 85.l£ at 580C.      Attempts to increase the purity by con» 
ducting the dlsproportionation in benzene solution at a lower 
temperature, S't'C., under reduced pressure, gave 23.1 wt.S< 
BeH2 with a ratio of H/Cl" of 6.55. 

The data of Table X showed that the atomic beryllium 
distribution in the isolated products reached up to 96 mole £ 
BeH2,  3.22 mole ft BeCl2 and O.78 mole ft of Be++ bound to 
anions other than Cl~.      It was observed that the product 

retained EtgO as evidenced by mass spectral analysis conducted 
on the gaseous products resulting from hydrolysis.    Ethane 
was also detected indicating cleavage of the ether by the 
heat generated during acid hydrolysis.    This result implied 
that the ether underwent cleavage by Be-H bonds rather than 
by Be-Cl bonds.    Efforts were directed to remove the residual 
Be-Cl impurity which, most likely, provides the sites for 
ether coordination. 
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CONFIDENTIAL 33 
Removal of Retained Ether; The retained ether 

probably coordinates with thV hydride at terminal positions, 
thereby preventing build-up of long chains of polymeric 
beryllium hydride. 

>j ße     Be^ 
Et2Cr XH   B   H 

In view of the fact that linear high polymers are 
generally crystalline materials. It Is likely that long 
linear chains of (BeH2)n will assume crystalline structure. 
Accordingly methods were sought to remove the ether thereby 
permitting linear chain growth. 

Two methods for the removal of the ether were Investi- 
gated: (a) Thermal dissociation, and (b) Chemical displace- 
ment with hydride reagents. 

Thermal Dissociation;     In order to remove ether, 
the thermal behavior of the linkages   'B»H2:OEtp  (retained ether) 
and EtoO.'BeHCl  (residual Cl") was studied by subjecting the 
products to pumping at various temperatures   (97-177*0.)•    The 
study showed that the extent of ether removal depends on the 
temperature and time of heating.    The results are shown In 
Table XI. 

The data of Expt.  198 show that subjecting a sample of 
BeH2  to pumping at 100oC.  for k hrs.  left a hydride residue 
with 72 wt.ji BeHa, and an ether content of 4.47 wt. % Et20 
(evolved on hydrolysis).    Heating another sample at 97° for 
16 hrs, under vacuum  (Expt. 19^) removed considerable amount 
of the ether leaving a product with 1.46 wt. £ EtgO but de- 
creased the purity to 68.856 BeH2.    This result was traced to 
side reaction Involving ether-cleavage producing Involatlle 
Be-OEt bonds with liberation of ethane and small amount of 
ethyl chloride (Expt.  199).    These vapors Including ether and 
benzene were condensed    In traps cooled by liquid N2 and 
finally analyzed by mass spectra. 

In Expt. 201 a product obtained from CBH disproportion- 
atlon at 54SC. In benzene solution suffered considerable 
cleavage reaction when vacuum-heated for 47 hrs. at 104oC. as 
shown by an Increase In the percentage of ethane and ethyl 
chloride and a decrease In the purity to 23.1$( BeHo.    Thus, 
It Is evident that the product could not be freed from re- 
tained ether by thermal means, since the Involatlle cleavage 
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products, Be-OEt bond», render the hydride Impure.    Con- 
sequently chemical means were Investigated to displace the 
ether and residual chloride. 

Chemical Displacement of Ether with Hydride Re- 
agents ;        it Is known that hydride reagents displace llgands 
such as EtgO and NNe3 from their adducts.3 

H" + R2BeOEt2     >    RgBeH" + EtaO (Eq.  14) 

NaH + Et2BeNMe3     ->    NaEt2HBe + 1^3» (Bq.  15) 

Therefore, the action of hydride reagents was explored as a 
means to remove chloride and ether Impurities In accordance 
with the following equations: 

V      /H\     •Cl N      ^v-y'11 

L1H +        Be      Be  >        Be      Be. + L1C1 
H^   Nir       OEt H^   ^H-"    '0Et2 

(Eq.  16) 

L1H +      ^Be      Bev -—>       Be    ^e      I   L1+ + Eto0 / 
H       'H"   xOEt/- I iK   \u/  \uH c 

(Eq.   17) 

Reduction with ether-soluble hydrides such as LiBH/, and 
LIAIH4 was briefly examined 

(5)    Bell, N.A., and Coates, 0. E., J. Chem. See, 692  (1965) 
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Reaction with Lithium Borohydrlde;     Prellnlnary re- 
sults with LIBH4 indlcatea Incorporation of BHo group« to the 
BeH2 structure without retention of Ll+ ions.    Tre*t««nt of 
an Impure product, 55.2 wt. ft BeHo,wlth LIBHi. In BtoO. in- 
creased the purity to 80.0 *t.% based on BeHjJ (as lOQJt).    Its 
atomic ratio of H/fce was 2.28 Indicating a composition 
(BeH2)2l'B2H6.    The residual chloride content decreased from 
an Initial value of 26.7 to 12.9 wt. % Cl.    The retained 
eUier amounted to 0.3 wt.jJ (CoH_)o0. 

252 
The experimental results are presented in Table XI for 

comparison. Expt. 192 shows results obtained with a product 
treated with LIBH4 at 520C. followed by Soxhlet extraction 
with ether. Heating of the product at 177,r, in a closed 
system for 18.5 hrs. decomposed the hydride co metallic 
beryllium and gaseous hydrogen. The pyrolytlc Ho was 
measured and the solid was hydrolyzed to release hydrolytic 
Ha. About 46.55* of the Initial hydride underwent decompo- 
sition showing that hydride was unstable at 177,C. The data 
of Expt. 177 (Table XI) show results related to the reaction 
of LIBH4 with a aample of BeHg (prepared from CBH dlspro- 
portlonatlon In refluxlng benzene at 80-8l,C.)^ In this 
experiment the product was treated with an ether solution of 
LIBH4 at 25'C.,  Soxhlet-extracted with ether, pumped at 25*0. 
to remove most of the solvent and finally heated at l42*C. 
for 17.5 hra. The volatile gases were condensed at ^196'C. 
and measured. The -I96 condensate consisted of 59.0j< EtpO, 
32.056 Coüß and 0.2 C2H5CI pointing to ether cleavage 
at 1460C. forming EtO-Be bonds which account for the observed 
low purity of 46.2 wt.jt BeHo. The chloride and ether 
contents were 15.I vt.ft  Cl and 0.5 wt.Jt (C2H5)20. 

^      ^ yleü ?f incorporating BH3 groups as well as Imparting 
thermal Instability to the flnalJproduct, use of LlBOi as a 
reagent for removing ether and chloride Impurities was 
suspended. 

^ n^w ^  Action of Lithium Aluminum Hydride; Treatment of 
the CBH dlsproportlonatlon product with LiAlHii In ether 
solutions diminished both the residual chloride and ether 
with little or no retention of lithium and aluminum Ions 
This treatment led to an Increase In the atomic ratio H/Cl 
from 107/1 to 142/1 and a decrease In the ether content from 
9.16 to 0.86 wt.<C2H50. 

In this experiment, a product having a purity of 77 7 
wt.^ BeH2 was treated with LlAlHj. In ether solution In a 
sealed bulb at 54,C. (bath temperature) for 16 hrs.  The 
solid residue was extracted with ether to remove soluble 
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chloride. The ether solvent was vaouun-dlstllled at room 
temperature and the solid was finally heated under vacuum 
at 130*0. for 12 hours. The product waschen weighed in 
a dry box for analysis. Comparative results obtained with 
and without L1A1H4 are given In Table XII. 

TABLE XII 

Kxpt. 
No. 
IO54- 

Effect of LIAIH4 on the Residual Chloride Content 
In BeH2 Obtained from the Dlsproportlonatlon of CBH 

11 

12 

Sample 
Wt., 
mg. 

73.0 

35.0 

■BiBT 
Weight Percent 

BeCl2 fle(ÖH]2 E^ö 

77.70 

69.3e 

5.47  7.67 

3.44 27.10 

9.16C 

o.ae4 

Atomic Ratios 
H/Be |H/C1 |IH451)/Be 

1.94 107.5 

1.82 142.2 

1.96 

1.89 

Before treatment with LIAIH4. 
After treatment with L1A1H4 at 540C. 
Determined by difference. 
Determined by vapor phase chromatography 
on the hydrolysate. 
The solid contained undetectable amount of Li+ 

and small amount of Al+J (0.4 mg.) as shown by 
spectrographic analysis. 

Although a decrease in the ether and chloride was 
observed (Table XII), the purity suffered a decrease from 
77.7 to 69.3 wt. £ BeHo. This was attributed to possible 
attack by moisture during work-up, isolation and sampling 
of the final product as shown by a decrease In the atomic 
ratio of H/Be from 1.94 to 1.82 and of (H+Cl)/fie from I.96 
to I.89. This Is in contrast to the theoretical value 2.00 
for(H-fCl)/Be if exposure to moisture is avoided. Prom 
these observations it was not certain whether the decrease 
in ether content was related to displacement by hydride 
ions (H") or to hydrolysis. 
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i It was surprising to note that treatarant with LIAIH4 
led to diminution In both residual chloride and ether with- 
out retention of lithium Ions.    Displacement of ether fro* 
the BeHo product was expected to result In the Incorporation 
of lithium hydride as represented by Bq. 17.    The absence 
of lithium Ions In the product Indicates that the ether 
lost was not due to displacement by lithium hydride.    W.s- 
placement of the ether via formation of new hydrogen bonds 
with concomitant Increase In molecular weight of the (BeH2)n 
polymer provides an alternate explanation which fits the 
observations.    It might also be possible that the lithium 
content was too small to detect. 

It Is recommended that the action of LIAIH4 should be 
further Investigated toward obtaining chloride- and ether- 
free BeHg. 

Effect of 1.2-Dlchloroethane;     Of all the solvents 
tried (p. 3o-31^  for the dlsproportlonatlon of CBH only 
1,2-dlchloroethane gave a crystalline product toward X-ray. 
Initial experiments with 1,2-dlchloroethane gave a product 
containing high residual chloride content  (H/Cl ■ 8.6). 
This ratio was Improved to 51/1 by treating the product 
with LlAlHh In ether solvent at 55-60*0.      The purity how- 
ever, was 34.1 wt.£ BeHo.    Some of the Impurities were 
Identified to be EtgO    (by vapor phase chromatography) and 
L1C1 (by X-ray diffraction).    Retention of the latter In this 
sample may be due to Incomplete extraction with BtgO.    The 
X-ray diffraction pattern exhibited a number of lines In 
addition to those Attributed to L1C1.     In efforts to deter- 
mine the origin of these lines It was suspected that 
BeCl2:0Et2. a by-product In the CBH dlsproportlonatlon 

step (Eq. 2} could be Insoluble In 1,2-dlchloroethane and 
hence It would constitute a crystalline contaminant.    How- 
ever, It was found that BeCl2:0Et2 was completely soluble 
In 1,2-dlchloroethane under the conditions of CBH dlspro- 

' portlonatlon and that the X-ray pattern of the product 
excludes presence of BeCl^OEtg.    Other suspected Impurities 

!   \ such as BeCl2:2Et20, Be(OH)  , BeC03:4H20 and BeO have been 
excluded from the X-ray lines.    These observations are 

i encouraging In that the observed X-ray lines might be relat- 
ed to crystalline BeH2. 

It Is also possible that the observed X-ray diffraction 
might be related to residual Be-Cl bonds Incorporated In a 
crystalline structure: 

H^    J31     /H        Hv    ^H.    s 
1 JÜ6    vBe   ^Be      Be      be 

^   ^H^    ^  ^H-"   VHX  VH 
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It was hoped that treatment with LIAIH4 night trmnsfom 
the residual Be-Cl bonds to the corresponding Be-H bonds 
without alteration In the basic structure of the polymer. 
Thus, It was observed that treatment of the product result- 
ing from CBH dlsproportlonatlon In 1,2-dlchloroethane with 
LIAIH4 gave a different X-ray diffraction pattern than 
that obtained without LIAIH4. 

Further work Is necessary to determine the effect of 
1,2-dlchloroethane on the course of dlsproportlonatlon and 
of LIAIH4 on the nature of the final product. 

Effect of Nucleatlon with Crystalline BeHg on the 
Mature of the CBH Dlsproportlonatlon Product 

CBH dlsproportlonatlon was carried out In benzene, 
toluene, dlphenyl sulflde, chlorobenzene, chloromethane, 
1,2-dlchloroe thane In the presence of a few nuclei of 
crystalline BeHg (obtained from Ethyl Corporation).    Thus 
far, the dlsproportlonatlon In the presence of a few seeds 
of phase 378 gave amorphous products with the exception of 
1,2-dlchloroethane.    In this solvent with or without seeding 
the products had similar X-ray dlf^raitlon patterns.    It 
seems that seeding had no effect on the nature of the 
product. 

Nature of Cemplexlng Agents for CBH;      A study of 
coroplexlng GlBeH with Lewis bases of different coordination 
strength toward the central Be atom might lead to a dls- 
proportlonatlon system to produce crystalline beryllium 
hydride. 

Hv   .-H^     .2 
.Be      Be        <_::::::->    BeHo + zzBecio + z      (gq. 18) 

Benzene Benzene-   Benzene- 
Soluble Insoluble   Soluble 

where Z - Et20, Me2S, He20, ttojH. 

The products obtained from '■he dlsproportlonatlon of 
ClBeH:0Et2, ClBeH:SMeo, and ClBeH:ONeo under vacuum were all 
amorphous to X-ray. This Indicated that coordination of ClBeH 
with different llgands such as Et20, NSoS, and lle90 did not 
alter the nature of the dlsproportlonatlon product. 

WXFIUEISTIAL KCUSSfED AFTER U«B 
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The behavior of ClBeHsOEt^ toward trlaathylaalna waa 
Investigated in benzene solution with the hope of displacing 
ether by the anlne with slBultaneous dlsproportlonatlon to 
soluble 3eH2:NMe3 and slightly soluble BeCl2:im«3.

6 

ClBeH:0Et2 + ***3    ""J??????-0, ClBeH:Mlto3 + EI^O   (Eq. 19) 

2ClBeH:IIHe3 -zzzzzzzz-*  BeH2:NMe3 + BeCl2:Nlle3    (Eq. 20) 

Soluble Soluble   Insoluble 

To test this hypothesis, a benzene uolutlon containing 
ClBeH:0Et2 In adnixture with some BeCl2:0Et2 was treated 
with trlmethyl amlne. In a preliminary experiment the dis- 
placement proceeded at room temperature to the extent of &T% 
based on the ether evolved. After removal of the ether and 
cooling of the benzene solution to 10oC. a small amount of a 
crystalline solid deposited which gave no hydrogen on 
hydrolysis, but the hydrolysate contained Be++ and Cl" Ions. 
The benzene solution contained both Be-H and Be-Cl bonds 
Indicating that the Intermediate, ClBeH:M»le3, If formed, did 
not undergo dlsproportlonatlon as expected, 

Attempted transformation of Amorphous to Crystalline BgHo 

Other areas related to possible transformation of 
amorphous BeH2 to crystalline product were briefly examined. 
These are: 

(1) Solublllzlng agents for BeH2, e.g., BeCl«:20Eto, 
ClBeH:20Et2, ClBeH:2SMe2 and Bel^KMeß. 

(2) Dissociation of BeH2:NMe3 In the presence of 
sodium hydride. 

(3) High shear extrusion of amorphous BeH2 suspended 
In molten polystyrene. 

Effect of Solublllzlng Agents;  Digestion of 
amorphous BeH2 In mixed benzene-ether solvents containing 

(6) Ethyl Corp., Quarterly Progress Report Mo. 2, contract 
AP 04(6ll)-9888, p. 5, August-October 1964. 
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■mil Mount« of solublllslng agnnta'suob as BeClosOBto. 
HBeCl:Slte2f HBeCl:0St2 or BeHg^Jtoß did not eff«ot a 
noticeable change even after heating at lOO'C. for eereral 
weeks. 

Dleaoclatlon of BeH28llMe^ In the Preeence of 
Hydride Reagenta;      Uaaociatlon o^ S^IIICn Is known to 
proceed according to the equlllbrlua,' 

BeH2:Mlle3    -^zzZZZZZ-> BeH2 + NMe3 (Bq. 21) 

and since hydride reagenta are known to displace Uganda 
such aa Nlfeß and Et20 from their adducts e.g., 

NaH + »le3K:AlH3     ^> HaAlH4 + Nlfeß 8 (Eq.  £2) 

NaH + Et2Be:NMe3 ->  NaBt2HBe + »163» 5       (Bq.  23) 

it was hoped that use of catalytic amounts of NaH or LlAlHiJ 
as initiators for the displacement of 10163 fro" the »dduot 
Me3N:BeH2 might produce ionic sites which might polymerize 

MegN.    ylL     Jl ++ -H 
n     -"    Be     "Be. + 2KaH —-> Mag 

H/ " H"^    '^»163 ^     „ 
W   ^Be^ 1   + 2nllMe, t 

Hi ^H/   \HJ 3 

{aq.24) 

It is hoped that the ionic sites could propagate linear 
polymerization of BeHg chalna with cryatalline atructure. 
Thus, the dissociation of BeH2:NNe3 (obtained from Ethyl 
Corporation) waa studied In benzene solution in the 

(7) Bthyl Corporation, Annual Technical Summery Report No. 2 
Contract AF 04(611)9376, page 44, June 1965. 

(8) J. K. Ruff and N. F. Hawthorne, J. Amer. Chem. Soc. 83. 
535 (1961). -** 
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preeence of NaH. Only small amounts of solid wer« obtained 
at room temperature. However, carrying out the dissociation 
at reflux temperatures Increased the amount of «olid. 
Unfortunately, the product was amorphous to X-ray except for 
diffraction lines attributed to ppsslble Impurities In the 
hydride reagent used. It Is of Interest to note that 
BeH2:HMe^ underwent dissociation Into Its components In 
ether solution at reflux even In the absence of hydride re- 
agents.  The latter type of reaction to produce amorphous 
BeH2 may have proceeded Instead of the desired ionic growth 
reaction. 

High Shear Extrusion 

The amorphous nature of the hydride polymer may be due 
to the short chain lengths or to branching. Since linear 
high polymers are generally crystalline materials, it is 
likely that linear chains of (BeH2)n »ill assume crystalline 
structure. Accordingly, an attempt was made to linearize 
the hydride product by stretching it through a small orifice 
at ISO'C, hoping to attain a crystalline structure. At 
this temperature crystallization of the hydride was not 
realized. High shear extrusion at. higher temperatures may 
be required to effect the desired transformation. 

STATUS 

This effort is being continued under Air Force Contract 
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EXFBRINDim 

Mate rial a;  Two sources of BeCl2 were used: (a) BeClg- 
etherate prepared by reacting metallic berylllu» with 
hydrogen chloride In anhydrous ether according to the known 
reaction. 

Be + 2HC1 + KtgO > BeC^EtaO) + H2   (Bq. ) 

The product had a ratio of Cl/Be - 1.955•  (b) Berylllua 
chloride obtained from Brush Beryllium with 99.Qj* purity. 
Sodium hydride suspensions In heptane or In kerosene (l8.15)t 
NaH) was prepared In this laboratory with ratios of H/tta 
of 0.95 to 1.00. 

Synthesis of CBH In Dlethyl Bther Solvent:  In a typical 
experiment, a solution of 49.4 mmoles of BeCIjj In 106.6 g. of 
ether was treated with a suspension of 47.3 mmoles of NaH In 
kerosene. The reaction mixture was stirred with a magnetic 
stlrrer at room temperature for 15.75 hrs. It was then 
filtered, and the solid phase was washed twice with fresh 
ether, and the filtered washings combined with the main 
filtrate. The volatile materials were distilled off under 
high vacuum leaving a clear residue, consisting of two color- 
less liquid layers with the upper layer being kerosene. 
Hydrolytlc analysis of the bottom layer gave 32.58 mmoles 
of hydrogen,* 44.70 mmoles Be, 58.67 mmoles cr and no sodium. 
These data show that the ether solution consisted of 32.58 
mmoles CBH and 6.07 mmoles of unchanged BeClg. Thus, the 
conversion to CBH was 68.90 based on Initial NaH. The ratio 
of (Cl + H)/Be was 2.04 In close agreement with the 
theoretical value 2.00 for a mixture of ClBeU afid BeC^. 

Analysis of the solid phase disclosed presence of 9.59 
mmoles of unreacted NaH and 40.10 mmoles of NaCl. The 
hydride balance showed that 5.13 mmoles of hydride (or 
10.80 of total hydride) was unaccounted for and presumably 
deposited as BeHg during step 1. 

• Passed through 4 U-tubes held In liquid Ng, collected by 
a Toepler pump Into a flask of calibrated volume and 
measured. The Hg was Identified by combustion with CuO 
at 275-300oC. to give HgO. 

MWMMKB«"YEMIMIEnMI 
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R*te of^pBH Formation froa the Reaction of MftH with 

BeClg m uietnyi Bther;      In this eiudy a ilHüri of sodiuB 
hyaride ana Deryiiiu» chloride in ethei- was attrited with 
steel balls in a glass reactor for specified intervals of 
tine.    The reaction mixture «as allowed to stand for a few 
minutes to permit settling of the solid phase.     A saaple 
of the clear liquid phase was withdrawn periodically for 
analysis of soluble active hydride and chloride.    After all 
cfthe liquid fractions were withdrawn, the solid phase was 
filtered and extracted with fresh ether.    The ether extract 
was also analyzed.    The results of a typical experiment are 
presented in Table XIII. 

TABLE XIII 

Rate Study of the Formation of Chloroberylliuai Hydride 
from the Reaction of Beryllium Chloride with Sodium Hydride 
in Diethyl Ether at Room Temperature.     (Initial amounts: 
BeClg, 66.7 mmoles,    MaH, 62.8 mmoles.    Solvent: BtoO. 
104.1 g.; kerosene, 6.8 g.) 

44 

Time, 
hrs. 

Wt. of Filtrate 
grams  H 

.  maisA tU 
cr 

3.75 19.09 3.87 
7.48 19.75 18.80 

45.42 29.13 13.50 
62.42 19.17 8.60 

110.42 Ether extract 9.86 

14.12 
14.07 
19.64 
12.96 
15.14 

Atomic Ratio 
H-/C1- 

0.203 
0.532 
0.693 
0.664 
0.652 

The ratio H /Cl      in solution increased with time reach- 
ing a maximum value of 0.693 at an interval of 45.4 hr». 
The ratio decreased to 0.652 after an interval of 1 T. ; hrs. 
It Is evident that CBH undergoes very slow change ovc:  ex- 
tended periods of time at room temperature in diethyl ether. 

Composition of the Solid Phase:      Hydrolytio analysis 
showed that the ether-insoluble solid contained 8.88 moles 
of unreacted NaH (14.1J* of initial MaH), 54.33 msioles of 
MaCl and 6.64 mmoles of Be.    The ratio of undetected hydride 
(11.61 mmoles by total hydride balance) to the Be was 1.75, 
indicating, again, formation of BeHg during step (l). 
Infrared spectra on the solid before hydrolysis had a Be-H 
absorption of 5.8 ji. 

MMtMKOXriVEMMIEmMt 
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R*te of gornatlon of CBH fro» the Reaction of M«H with 
BeCl2:zQBt2 m Arometlc aolvente;      Arc types of «pperehu 
were used -   a;    A 253 »i. 4-neck Mopton flask proTided with 
an electric stirrer fitted with a Teflon sleeve, a water 
cooled condenser, a themooeter, and a serua cap for saaple 
withdrawal,    (b)    A 2-liter stainless steel reactor (Parr 
bomb) equipped with 2-inch diameter Oowles dispersator, a 
dip tube for sample removal, a tlwraotfoarfLewell and a heat- 
ing mantle. 

In this study a suspension of sodium hydride in kero- 
sene was added to a stirred solution of BeCl2-etherete in 
benzene,  toluene or ether at a certain temperature. 
Samples of the reaction mixture were withdrawn periodically, 
weighed, filtered, and the clear filtrates analyzed for 
soluble active hydride and beryllium.    The hydride content 
was determined by iodimetrlc tltrat!on   and the beryllium by 
the conventional precipitation as Be(0H)2 and ignited to the 
oxide.    The ratios of soluble hydride to beryllium were then 
plotted vs. time  (Fig. 2).    Experimental details are given 
in Table XIV. 

Rate of Formation of CBH in Me2S! In this study a 
mixture or NaH and BeCl2 was stirred with steel balls in a 
glass reactor for specified Intervals of time. Samples of 
the reaction mixture were withdrawn periodically, filtered 
and the clear liquid phase was analyzed for soluble active 
hydride content. The data of a typical experiment is shown 
in Table XV. 

TABLE XV 

Rate of Formation of CBH in Dimethyl Sulfide 

BeCl2 + NaH ——§?—> HBeCl + HaCl 

Time, hrs. 3.^2        4.25       5.42       7.08       12.58   25,80   50.33 

% Conversion   17.80     25.50     25.20     24.15       23.00   21.10   20.15 
to HBeCl 

These data are plotted in Fig. 1.    The shape of the 
curve obtained from plotting % conversion vs. time indicates 
occurence    of two consecutive reactions.    The first portion 
of the curve represents rate of formation of CBH, and the 
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last represents rate of consunptlon of CBH due to either dls- 
proportlonatlon to Insoluble BeHa or further reaction of CBH 
with NaH.    A similar peaked curve occurs when BtaO. Is the 
solvent although at higher conversion level.    In Ne9S the 
maxlnun conversion of NaH to CBH Is 25.5% at 4.25 hours. In 
contrast to Jkfi obtained In Bt20at 30 hours.      This Indicates 
that Ma2S solvent Is unsuitable for CBH production but It 
would be more suitable for extracting BeClgtO^. 

Preparation of ClBeH;0Et9;    Solutions of ClBeH:20Bt2 
were prepared routinely froa the reaction of NaH (suspended 
In benzene) with solution of BeCl2:2QBt2 (l molal) In 
benzene at 50-6O*C.    The reaction mixture was filtered and 
the clear filtrate vacuum-dlstllled at room temperature to 
strip the solvent and any ether of dissociation.    This leaves 
a slightly viscous liquid consisting of ClBeH:0Et2 with small 
amounts of unconverted BeCl2:0Et2,as shown below. 

Evidence for the Existence of CBH-Dletherate;    An ether 
solution, '♦g g., containing 31.3 mmoles of chloroberylllum 
hydride and 16.0 mmoles of beryllium chloride, was cooled to 
-78"C. and pumped for 17 hrs. to remove unbound ether.    The 
residue was then pumped at O'C./IO'? mm.Hg. for 1.0 hr.    The 
weight of the final residue was 9.72 g. In close agreement 
with 9.44 g. calculated for 31.3 mmoles ClfieH:2Et20 arid 
16 mmoles BeCl2:2Et20, 

Evidence for the Existence of ClBeH-Monoetherate; 
Evidence for the existence of ClBeH-monoetherate has similarly 
been substantiated.    A benzene solution containing known 
amounts of ClBeH:2Et20 (23.25 mmoles) and BeCl2:2St20    (5.65 
mmoles) was slowly pumped at 25*0. under lilgh vacuum (10-4 m 
Hg)  to remove the solvent and any ether or dissociation. 
The weight of the residue was found to be (3.68 g.) In good 
agreement with the total weight calculated (3.65 g.) for the 
monoetheretes, i.e., 23.25 mmoles of ClBeH:0Bto and 5.65 
mmoles of fieCl2:0Et2.    The molar ratio of Et^O/Öe was 1.02 
in contrast to the theoretical value 1.00 for the mono- 
etherates. 

Upgrading of ClfleH;OEtp;    The viscous liquid obtained 
above   was seeded with preformed BeC^OEto and cooled to 
0*C. depositing a crystalline solid which can be readily 
centrifuged.  Analysis of the supernatant liquid gave ratios 
of Cl:Be:H of 1.01:1.00:1.04 and 1.02:1.00:0.98 In contrast 
to theoretical values 1:1:1 for ClBeH.    Composition of the 
solid phase was not determined. 

MMMKOXTIViMMIEmMt 
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---^-wDortlonation of ClBeH:OBtg Oader Yacuiui: Solution! 
of ClBeH:2Bt20 m various sölventa such aa efchar/tauan« or 
toluene were vacuum-distilled at room teoiperature to atrip 
the solvents and any ether of dissociation. TWo colorless 
liquid layers were obtained. The upper phase was found to 
be kerosene. Aie bottoa phase consisted of a mixture of 
monoetheratea, ClBeH:0Bt2 and unconverted BeCloiOB^. The 
monoetherates, freed fron kerosene by decantatlon, were sub- 
jected to various dlsproportlonatlon tewperatures under high 
vacuum to give white solid products. The products were then 
digested with various solvents, e.g., toluene, benzene and/or 
dimethyl sulflde. The Insoluble solids were filtered and 
washed with fresh solvents or subjected to Soxhlet extrac- 
tions. Residual solvente were removed by vacuum-heating at 
100-125'C. The final products were analyzed for active 
hydrogen, beryllium and residual chloride. Results of 
representative experiments are recorded In Tables V to VII. 

Dlsproportlonatlon of ClBsVsOEt2 In Solution; Samples 
of CBH:OBt2 were added to värlöüi solvent and nonsolvent 
media (benzene, toluene, chlorobenzene, dlphenyl sulflde, 
dlchloromethane, 1,2-dlchloroethane, cyclohexane, kerosene). 
The reaction mixtures were then slowly subjected to 
fractional distillation at one atmosphere to partially re- 
move coordinated ether. The distillations were terminated 
when evolution of ether had ceased. The solid products 
were filtered and Soxhlet-extracted with benzene, ether and/or 
dimethyl sulflde until free of soluble chloride Ions. Removal 
of residual solvents was carried out by vacuum-heating at 
110° to 130oC. overnight. The products were finally trans- 
ferred to a dry-box filled with nitrogen (6-15 ppm moisture) 
for loading Into capillary tubes for X-ray diffraction and 
for chemical analysis. 

The samples were mounted In a Debye Scherrer camera and 
exposed to nlckel-flltered copper radiation for 6 hrs. The 
spectrographlc settings were 45 kv, 15 ma. The capillaries 
were rotated during the entire exposure time. All diffraction 
patterns contained an amorphous halo at 4.13*A with the 
acceptlon of the dlsproportlonatlon product obtained In 
1,2-dlchloroethane solvent. This product exhibited a number 
of diffraction lines In addition to a faint halo at 4.13*A. 
This experiment was repeated fnd the product gave the same 
X-ray diffraction pattern. Origin of the X-ray lines has 
not yet been determined. 
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1.05 g 
DlBeoclation of BeHotMMe leoclation gf BeHg;NMe^ In the Preaenca »f M.H.       ^ 
--  »ample  of tiefo'.HVko (U mmolea) dlaaolvedNn T>1»»^. 

■me reaction mixture waa heated In a dlatlllatlon apoaratua 
under argon.    The dlatlllatlon waa stopped when the heS 
SS^^^^J6*61160 780C-    ^ "action mixture ««a JJJJered and the solid was extracted with benzene for 16-1/2 hra 
JlWA      *    " 0f the 80lld 8h0Wed a hal0 at »l«P*cri of 

refluJJnreih^0«.?,^^6 ^ aCidUCt ln the ab8ence of MaH In refiuxlng ether solution aläo gave an amorphous product. 

When catalytic amount of UAlHi| was used as the hydride 
reagent, only a small amount of solid was formed,        "J"11^6 

A p^ li1!Plf!e'''ent of Et20 from CBH;0Et? with Trlmethyl Amlne; A 25.üg.  benzene solution containing R}.*) mmoles of HBeCl-OBto 
and 7.1 mmoles of BeCl2:0Et2 was cooled to -196*C    and^vacu    2 

llit^t0 <
the fr2?e" »^ture was condeSed 75.5 miSe!^? 

anJ stSÄ6;. ^t reaCti0n mlxtUre wa8 w™* uriSr vacuum ™-^^cf^    afc ^00^, ^«rature overnight.    The volatile 
materials were removed by condensation at -80oC, leavlruc a solid 
residue.    The -80"C. condensate contained 61.0 TOolelS KtoO 
Aryfn^?r«P^f chro'Datography) indicating displacement of 87* 
of total coordinated ether.    The solid residue was redlssolved 
in benzene and cooled to lO'C. depositing a crystalline lolld 
which was filtered and washed K.th benzene at 10«C.    SdJolMla 
of the solid disclosed absence of active hydride indlcktin* 5hfl- 
S-^nn8/6^1 "^ in a0lution whioh contllS both'SlJe1^ SS' Cl    ions.    Exact composition of the solution was not determlJSd. 

with iÜjl-tluii-0f NaH !ffth jSg^iggSi8    ^e reaction of MaH with öei;i2:Nlle3 was attempted in benzene by Ethsi Corp 0^ 
Sr«dn^ ^2;N%3 directly.    The desired product BeSto! 
*f8 "ot °btalned Blnce no soluble hydride was isola^d*    Aie 
?J S^-LM8 attrlbu^d to the insolubility of the r^cSnts 
I? ^e reaction solvent.    During the course of investlgatlmt 
ScisÄ0^»0^611 t0W^ N,fe3 « observed that SÄäSft BeCl2.NMe3    dissolves readily in a mixed ether-benzene solvent 
^S!uq»2n"y lt8 reaotlon "It»» NaH was carried out t5 p?3uo2 ClBeH:HMe3 according to the equation proauce 

Ether- 
NaH + BeCl2:NMe3 -??05255....^   HBeCl:NMe3 + NaCl       (Bq.  25) 

rONFIDENTIAL 
Obtained from Ethyl Corp. 
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To 8.00 g. uf BeClo (100 moles) ■uspended In 82.3 g. 
of dry benzene «as added 3.34 g. of 1*3 {$4 noles).   To 
this nlxture dry ether {155.5 g.) was added.    The solid vent 
into solution except for slight cloudiness.    The Mixture «as 
filtered under dry N2 and charged into a ball-Bill.    To this 
mixture 2.45 g. of sodlun hydride (102 moles suspended in 
22.5 g. of benzene) «as added and ball-Billing «as applied 
at room teaperature.    Saaples of the reaction mixture «ere 
withdrawn at certain Intervals, filtered and both the filtrate 
and the solid phase analyzed for H, Be, 01 and Na, the latter 
In solid phase only.    The analysis indicated that after 18.5 
hrs. of reaction time 24.l£ of the Initial BeClotMNe? under- 
went transformtlon to soluble hydride presumably HBeCl:iniB3. 
After 33 hrs. the conversion of soluble hydride «as 33.5£ 
and increacied to 40.7^ after 75.0 hrs.    Host of the beryllium 
remained in solution except for a small amount which was not 
completely washed out from the solid phase consisting of 
by-product NaCl and unconsumed NaH. 

Dissociation of BeCl3;2Et20; 
>:2Et20 was heatea unaer vaeut 

„^       A sample of 12.5 moles of 
BeClsTSEt^O was heated unaer vacuum at different temperatures: 

fc5.8*, 36.5' and 49.0'C. for a period of 1 hour each.    The 
volatile materials were removed from the heating zone and 
condensed  :dn a trap held at -196*0.    Hass spectral analysis 
of the condensates disclosed presence of pure ether.    Ethyl 
chloride was not detected.    The cumulative amount of EtoO 
evolved was 12.16 moles leaving a molar ratio of E^20/BeCl2 
of 1.03 in the residual adduct. 

Decomposition Pressure of BeCl2:2Et20!    A sample of the 
dietherate was prepared in a closed system provided with a 
mercury manometer.    The solid etherate having a ratio of 
Et20/BeCl2 - 1.97 was heated at various temperatures and de- 
composition pressures developed were recorded (Table XV). 

TABLE   XV 

Decomposition Pressure of Beryllium Chlorlde-Dletherate 

(BeCl2:2Et20 - 6.13 mmoles, Vapor Space - 526.1 cc.) 

t, 0C.   31 
P, mm.Hg. 3 

32 
4 

41 
6 

45 
9 

49 
13 

61 65  72  86  89 
5 20 22.5 32  45  49 

t, "C.   90  93  94 
P, mm.BL,. 52  56  60 

98 100 104  105 108 111 113 
66  70  78   81  90  95 100 
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Upon cooling to roon tenperature the pressure decreased to 
12 ma..  Indicating presence of a volatile Material other 
than Et20.  The vapor phase was removed while the solid 
was reheated to 88*C. Analysis by mass spectra showed that 
the vapor consisted of 2.5 mole ft ethyl chloride and 97.5 »ole 
t  Et20. 

The molar ratio of Et20/BeCl2 left In the solid residue 
was 0.95, In contrast to the theoretical value 1.00 for the 
nonoetherate, BeC^J^O. 

High Shear Extrusion of Beane Product;  1-2 g. fieane 
product (obtained from Ethyl Corp.} was suspended In 110 g. 
solution of 9£ polystyrene In toluene. After evaporation of 
the toluene the polymer (containing BeH2) was forced through 
an orifice of 0.6 mm. diameter and 8.3 cm. length at l8o0C. 
and at a rate of 2.5 cm/mln. The pressure delivered to a 
1/2  In. diameter ram was In the range of 2500-3000 pounds. 
The polystyrene was finally Soxhlet-extracted with toluene 
leaving solid BeH2. The solid was amorphous to X-ray. 

STATUS 

This effort Is being continued under Air Force Contract 
AP04(611)-11402. 
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