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FOREWORD

This report was prepared by the Research
Division of U.S, Industrial Chemicals Co.,
Divieion of National Distillers and Chemical
Corporation, Cincinnatl, Ohio under USAF
Contract No. AFO4(611)-9706. The Project
Monitor is lst. Lt. J. Rombouts, Air Force
Rocket Propulsion Laboratory, Research and
Technology Division, Ailr 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. Murib, Senior Research
Assoclate, serving as principal investigator,
assisted by Mr. C, A, Bonecutter, Chemist and
Mr. B. Seeskin, Assistant Chemist. Dr. D.
Horvitz, Assistant Research Manager, acted as
a consultant on the proJect.

This effort 18 being continued under
Air Force Contract AFO4(611)-11402,

This technical report has been reviewed
and 1is approved,

GEORGE F, BABITS, Lt. Cclonel, USAF
Chief, Propellant Division
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INTRODUCTION

Considerable effort has been spent on the develop-
ment of sultable processes for the manufacture of
beryllium hydride of high purity and crystallinity for
use 1n chemical propellant systems, The most success-
ful process to date was developed by Ethyl Corporation
and based on the pyrolytic method of Coates and co-
workers utilizing di-t-butyl beryllium (prepared from
Grignard reagents) as a starting material.

(Me3C)2Be:2Etp0 ~---2 > BeHp + 2CHp=CMep + 2Et20

This method ylelds amorphous solid with an absolute
density of 0.65 g/cc. and an over-all purity of 93 wt.%.
The amorphous product 18 converted to crystalline BeH,
by compaction-fusion at an ultra high pressure of
200,000 psi. and 200°C., These methods are uneconomical
and time consuming and thus impractical *or large scale
production of crystalline BeHp.

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

Investigation in this' laboratory revealed the
exlstence of a new soluble hydride, chloroberyllium
hydride (CPH) which became the basis f~r an applied
research program of contract AF O4(61.)-9700 to develop
a process for the manufacture of high purity BeHo from
readily available materials such as beryllium chloride
(BeCl?¥ and sodium hydride (NaH).

PEBESR'F10 AT 3 YeAR INTENVALS
P IDENLLAL ROk SIFIED AFTER 12 YEARS
06U DIR §209.10
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OBJECTIVE

The obJective of this program i1s to develop a process
for the manufacture of high purity beryllium hydride with
a high degree of crystallinity and with a greater density
than that obtailned by pyrolytic methods. The proposed
process for making BeHo, under the ¢ atract, involves two
steps:

Step 1. Preparation of chloroberyllium hydride from the
reaction of beryllium chloride with sodlium hyd-
ride in ethers or thioethers,

BeClp:2Z + NaH -391YeNf_ Benci1:2z 4+ NaCl  (Eq. 1)
Solution  Solid Soluiion  Solid

Z = Ether or Thiocether

Step 2. Disproportionation 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,

2BeHCl1:2Z  g£====zz2=tc BeHy + Z:BeCly + 32 (Eq. 2)
Solution Solid Solution recycle
to Step 1

PROJECT STATUS

Summary

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

Preparation of chloroberyllium hydride from beryllium
chloride-etherate and sodium hydride was achleved in con-
versions up to 95.3% based on beryllium chloride.

B NR'TED AT 3 Yeak INTEKYALS
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Disproportionation of the CBH intermediate was demon-
strated to give beryllium hydride in purities up to 85.1
wt. #. The product was amorphous with residual Be-Cl bonds,
retained ether, and Be-O bonds as the najor contaminants.
The atomic ratio of active hydride to residual chloride
(H-/C17) in the final product reached up to 142/1. This
was reallzed by treatment with LiAlHy.

Although no crystalline beryllium hydride has been
conclusively isolated, crystalline material was evident in
samples obtained from the disproportionation of CBH in
1,2-2ichloroethane solvent*. Because BeH, 1s difficult to
identify by X-ray and since impurities tend to "mask" the
desired product except in samples of high purity, it was
not certain whether the observed diffraction lines were
related to crystalline BeHp or to assoclated impurities.

A definite Jjudgment ori the crystallinity of the product
awalts preparatlion of high purity BeHp.

The CBH intermediate was lsolated 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 1l:1:1 for ClBeH.

The reaction time of Step 1 was decreased from 30 hrs.,
obtained in ether-kerosene at 25°C.,using ball-milling to
about 4 hrs. in benzene at 80°C. and 2 hra. in toluene at
105°C., employing simple stirring.

The amount of ether was decreased to only that required
to form the dietherate, BeClp:z2Lt:C., This is advantageous
in that it avolds 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 cf 40 microns.

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

Disproportionation of CBH under vacuum gave gelatinous
products difficult to filter and transf~r, with extreme
reactivity toward molsture, However, when the d.spro-
portionation was carried out in different solvents the
products exhibited various hydrolytic activities with
different filtration and flow characteristics. In aromatic
solvents the disproportionation products appeared to have
larger particle size and lower hydrolytic activity than

those obtained by vacuum disproportionation. DOWNGRADED
. g AT 3 YEAR INTERVALS
VUNKIDENTIAL DECLASSIFIED AFTER 12 YEARS
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Complexing agents with different coordination strength
toward ClBeH were found to be capable of effecting great
variation in the chemical and physical propecties of CBH
intermediate. In the case of the adduct ClBeH:0Et, the dis-
proportionation under vacuum gave amorphous products with H-
to residual C1™ ratios of up to 137/1 and minor amounts of
ether probably owing to terminal coordination, Likewise dis-
proportionation of the dimethyl sulfide adduct ClBeH:SMeo
led to an amorphous product retaining a large amount of
residual chloride (H /C1™ = 6.5/1) but no MesS. When di-
methyl ether was used as the complexing agent only a small
amount of disproportionation product was obtained which was
also amorphous to X-ray. Displacement of ether from
ClBeH:0Eto by trimethyl amine resulted in the formation of
a benzene-soluble adduct probably ClBeH:NMe3 which appeared
to be stable toward disproportionation. It3 characteristics
have not yet been determined.

Reduction of the adduct, BeClo:NMe3 with sodium hydride
in a mixed ether-benzene solvent at room temperature led to

a soluble hydride presumably ClBeH:NMe3 with conversions up
to 40.7% based on initial BeClp:NMegs.

Detalls
Preparation of Chloroberyllium Hydride

Nature of the Reaction of BeClo with NaH in Ethers

In order to establish whether chloroberyllium hydride
undergoes transformation to beryllium hydride in the course
of step (1) a rate study of this reaction was undertaken.
Diethyl ether was employed in view of 1ts 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 (1) and (2). The course
of the reaction was followed by snalyzing for CBH., 1Its con-
centration rose to a maximum and then fell off, as shown in
Fig. 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 EtpO with ball-mill attrition.

A maximum conversion of T4% occurred at 30 hrs. The concen-
tration, then, diminished slowly via formation of insoluble
hydride leaving a soluble amount of 15% of the total hydride
at 110 hrs. The slow rate of diminution of soluble hydride
permitted the 1solation of CBH from the reaction mixture be-

fore 1t had changed into ‘nsoluble hydride. ”;mmouamm

CONF ] UL ASIFIED AFTER 12 YEARS
IDENTIAL 800 b 5200.10
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Pactors Inflyencing the Conversion
of BeClo to CBH in Basic Solvents

The conversion of BeCl, to CBH at room temperature was
found to depend orr several Pactors: (a) nature of basic sol-
vent, (b) concentration of BeCly, (c¢) type of mixing,

(d) ratio of reactants and (e) catalysts, These factors are
discussed below: .

Effect of Basic Solvents: Several Lewis bases
were tried such as dimethyl sulfide (MeoS), diethyl ether
(Et20), trimethyl amine (NMe3), tetrahydrofuran (THF) and
diglyme (see Table I). In MepS, 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 diethyl ether, however, the rate of
reaction (1) was faster than that of reaction (2). Thus, 1t
was possible to isolate sodium-free, ether-soluble CBH in
conversions up to 77.2% based on BeClo, Poor results were
obtained 1in active ethers such as THF, and diglyme. The
over-all results are shown in Table I.

TABLE I

Effect of Solvents on the Rate of CBH Production
from NaH and BeClo at Room Temperature

Solvent Time, hrs. % Conversion
Et 0 31 T7.2
Me2S 5 25.7
@H-Eto0 17 13.0
Tetrahydrofuran 16 3.0
Diglyme 54 0.0
Eth-BEt3 15.5 72.5
Et20-AlEt3 20.0 33.0
MeQS-BEt3 15.5 30.0

Extensive side reactions involving disproportionation
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. . D AT SYRR
LCUNKFIDENTIAL DLCLASSIFIED AFTER 12 VEARS
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The data of Table II shows that some of the hydride
(column 9) was unaccounted for and presumably deposited as
insoluble beryllium hydride, This was confirmed by pre-
cilpitation of a chloride-free, ether-insoluble, white solid
by allowing » sodium-free, clear solution to stand at room
temperature. The solid product exhibited an infrared
abaorption band at 5.8 u, in contrast to a Be-H absorption
near 5.9 p~. The solid generated hydrogen on treatment with
aqueous acids., Since it 1s free of sodium the source of
hydrogen must be BeHp. It 1s important to note that in the
Et20 experiments the unaccounted for hydride is much less
than in DMS (column 9), making EtoO the solvent of choice for
carrylng out step 1 at ambient temperature.

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

TABLE III

Effect of Concentration of BeClo in Ether on
its Conversion to Chloroberyll%um Hydride

(Temperature = 25°C., Reaction Time = 17.5 hrs., Ball-mill
Attrition.) :

Expt. No. Concn. of BeClp Ratio % Conv, % Hydride
g. mole/1000 g.  NaH/ to Cl1BeH Unaccount-
Et20 BeClo ed for
952-114 0.595 1.03 6l1.2 22.0
946-28 0.650 0.93 68.5 -
952-113 0.935 1.03 77.2 5.7

These results (Table III) indicate that the dispro-
portionation of CBH was repressed by increasing the concen-
tration of BeCl2 in Et20. A decrease in the unaccounted for
hydride, from 22.0% to 5.7% (colwsn 5), reflected an increase
in conversion to 77.2% of soluble CBH. This 1is consistent with
the reversal of the aquilibrium reaction of Eq. 2.

(1) CPIA, Specialized Fuel Meeting, (4) Sept. 17-18, 1963,
page 6, Ethyl Corp., Baton Rouge, Louisiana.

DOWNGRADED AT 3 YEAR INTENWALS
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Molar Ratio NaH/BeClo: The data presented in

Table II (Expts, 952-71, ang 952-67) show that 69.4% con-
version to CBH was obtained at a molar ratio of NaH/BeClo=
1.795 in contrast to 60.30% obtained at a ratio of 0,987.
Although higher conversions can be obtailned by employing
higher ratios of NaH/BeCl,, this would lead to coating of
excess NaH by NaCl by-proguct. Recycle of excess hydride
would be cumbersome.

gxge of Mixing: Magnetic stirring was found to
be suitable ln ute ecthereal solutions of BeCl>. In con-
centrated solutions, however, BeCl2 forms tw> phases of
etherates. The lower phase, being a heavy oll, prevents
intimate mixing of reagents. In such cases ball-milling is
preferred. Ultrasonic agitation did not give faster re-
action rates than ball-mill attrition.

Catalysts: Attempts to catalyze the reaction by
using BEtg3, to solubilize NaH, resulted only in a minor
change in”the conversion (Table II). Use of AlEty (Fig. 1,
Curve 3) lowered both the rate of formation of C and its
subsequent transformation to insoluble Be-H bonds. Use of
these alkyls was disccuraged by the possibility of introduc-
irg undesirable impurities to BeHp.

Factors Affecting the Rate of Reduction of
BeClo:2Et20 with NaH in Aromat’c Solvents

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

Effect of Temperature on the Reduction Rate: It is
known that aromatlc solvents dissolve BeClg-etherates. Con-
sequently they were chosen as reaction media for the reduction
of BeClz with NaH at above amblent temperatures.

In toluene at 100-105° reaction (1) ylelded a solution
in which the atomic ratio of H™/Bett was 0.84 obtained in
about 2 hours of reaction time (see Fig, 2, Curve 1). In
benzene at 75-80°C. 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. snd
0.82 in 45.7 hrs. (Curve III). Thus, reducing BeCl,:2Et.0
with NaH in benzene and in toluene at reflux tempergture
decreased the reaction time trom days to hours,

CONFIDENTIAL ¥ oy T
500 DR 520¢.16
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Effect of Particle Size of NaH on the Reaction Rate:
Reduction of BeCl,:2Et 0 w 0 erent particle alze
was carried out under controlled conditions (Table IV). The
results showed that using NaH of an average particle size of
about 5.0 u gave 33-fold faste. reaction rate than that
obtained with 40 u. The rate ..ta are shown in Pig 2 Curve IV
for comparison.

TABLE IV

Effect of Particle Size of NaH on

the Rate of Formation of ClBeH

NaH Temp., Solvent Reaction Ratio ¢
Particle Time, H™/Bett
Size, A °C. hrs.
4o 8 80 Benzene 7.5 0.07
5 b 80 Benzene 2.25 0.71
a) Commercial sample obtained from Metal Hydrides Inc.
b) Made by US, Industrial Chemicals Co.
¢) Ratlo of hydride to beryllium in solution.

Effect of BeClo Concentration on the Reaction Rate:
The rate of formation of CBH from the reactlon of BeCl 2Et20

with NaH in benzene was found to increase with 1ncreas§ng
initial concentration of the dietherate. The trend 1s shown
in Fig. 3. Aft-» 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
80% conversion was cobtained at 70-80°C. in 4 nhrs. and 87.5%

in 8 hrs. by employing an initial concentration of BeCl :2Et50
of 1.37 mmoles per 1000 grams of solution and a ratio o%
NaH/BeClp of 1/1. At a concentration of 0.85 molal the con-
version was about 65% in 2 hrs. and 73% in 7 hrs, at 65-70°C.
Decreasing the concentration to O.MSmolal,the conversion de-
creased to 46.7% in 2 hrs. at 70-80°C. In these experiments
the concentration of soluble Bett remained essentially constant
indicating that the intermediate ClBeH:2Etp0 was stable under
the conditions of i1ts formation.

» ‘ D% :NGRACED AT 3 Yeait INTENVALS
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¢ In order to increase the ratio of H- in

Batlo H™/Be™™
solution, additional NaH was was added to the reaction .mixture

(Step 1) after the concentration of CBH reached a constant
value. The results are shown in Fig. 4. Curve A describes
the variation H-/Bett 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™/Bett ratio from 0.58 to 0.89.

Effect of Complexing Ether on the Reaction Rate:
Comparative study ol the reduction of BeC15:2EL20 BeClo:2Me2S,

: 2
BeClp:2Mep0 with NaH in benzene solution at 65-955C. showed
that the use of Et20 gave soluble ratios of H:Be of up to 0.90.
When Me2S or MegO were used low values were obtained, 0.41 and
0.44 respectively. The intermediate HBeCl:2Et~0 seemed to
undergo little or no side reaction during its %ormation 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 Pigure 5,

However, the dimethyl sulfide adduct ClBeH:2MepS,
appeared to undergo side reaction as shown by simultaneous
diminutlion of hydride and beryllium concentrations as shown
in Fig. 6. The dimethyl sulfide 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 BeClp2:20Me2 in benzene (about
0.16% at 25°C.). Crystallization of the solute as it :ools
upon sampling led to clogging of the passages resulti .¢ in
unreliable analytical results, This difficulty was o 2rcome
by operating at 90-95°C. A ratio of H-/Bet* of 0.44 aas
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 CEH.

This behavior 1s analogous to that of tetrahydrofuran and of

diglyme observed earlier (Table II).
DOWNGRADED AY $ YEAR INTERWALS
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Purification Methods of Chloroberyllium Hydride

The intermediate CBH isolated from the reaction mixture
of (Step 1) was always contaminated by small amounts of un-
reacted BeClp-etherate, It can be upgraded by two methods:

l. Practional crystaliization of unreacted BeCl2:0Et2:
The 1liquid phase Isoclated from the reactlon mixture +
BeClp) 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

Bett H- c1-
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 Unreacted BeCl220Et2 with NaH: Incre-
mental additIon of NaH to the reaction mixture of Step 1
afforded a convenlent route to upgraded CBH in one step.
Reduction of beryllium chloride with 20-30% excess sodium
hydride over that required bi 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-/Bett of
0.95/1.00 (Fig. 4).

Properties of Purified CBH-Etherate

t of CBH: Having isolated CBH-OEt, in
essentially pure form, determination of its molecular weight
was desirable. An attempt to determine i1ts degree of
association in benzene solution was hampered by the deposition
of a white solid, presumably due to formation of BeHs accord-
ing to the equilibrium:

2C1BeH:0Et <Pe0%208---> By, + BeClp:2Etp0 (Eq. 3)

Solution Solid Solution

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

CONFIDENTIAL ~ © et M3 s wrees
00D DIn §200.10



B e Lo e

CONFIDENTIAL 17

Reaction of CBH with Iodine: Iodine (I,) reacted
instantaneously and quantitatively with 2 mofeu of chloro-
beryllium hydride with release of one mole of gaseous
hydrogen (He) as described below:

2C1BeH + Ip -~==coc-- > 2C1Bel + Hp (Bq. 4)
Theory (mmoles) 2,00 1,00 - 1.00
Found (mmoles) 2.04 1.00 - 0.97

Oxidation of CBH with 1od1ne' provides a convenient and
rapid method for its quantitative determination. The pro-
cedure 1s simple. It involves titrating a solution of CBH
in Et»0 with a standard sclution of I in toluene or other
inert solvents., -The end point 18 taken when a yellow color
persists due to slight excess of iodine. The accuracy of
the method depends on absolute exclusion of molisture from
reagents and equlpment. .

Reaction of CiH with Protonic drogen: Like ot.er
active EiarIaes, CEl-stherates undergo protonulysis generat-

ing gaseous hydrogen and hydrogen chloride.
ClBeH:OEt2 + 2H20 ---3> Hp + Be(OH)p + HC1 + Etp0  (Eq. 5)

This reaction is violent and accompanled by heat evolution.

Etherates of CBH: Like beryllium chloride, ClBeH forms
di- and monoetherates. The dietherate, C1BeH:20Et, can be
isolated from its ether or benzene solution by pumping in
high vacuum at 0°C, to remove unbound ether. The ratio of
bound ether to beryllium was 2/1. The dietherate upon pump-~
ing at 25°C. loses one mole of ether per mole of adduct to
form the monoetherate according to the equation

[-]
C1BeH:20Ets -,.‘2,-_25_9;-9 C1BeH:0Etp + OEt, (Eq. 6)

* We wish to thank Dr. D. Horvitz of this laboratory
for suggesting use of iodine as an oxidizing agent
for chloroberyllium hydride.
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The dimeric nature of beryllium chloride monocetherate 2

suggests a dimeric structure for ClBeH:OEt2

H_.H__ . OEt
.Bé_ “Be 2
Et,0 “CI” “c1

which accounts for the formation of BeHp on disproportionation.

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 stoichiometry of 1.795 NaH to 1.0 BeC12, the
conversion of BeCly to CBH was 69.4%, higher than“the 60.3%
obtained at the ratio of 0,987 to 1.0 (Table II), Expts. No,

752-71, -67).

The behavior of CBH:20Et, toward NaK was also examined
in benzene solution at 70-80°8. (Figs. 3 and 4). Increasing
the molar ratio of NaH/BeClo from 1.06 to 1.33 increased the
soluble ratio of H/Be from 0.84 to 0.95 without an observed
dimimution 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 P, close to 5.63u observed
for 1-PrBeH 5,

2) NAVWEPS Report No. 7227, page 6, 1962,
53; LPIA Abstracts, C61-403, 1961. DOWNGRADED AT 3 YEAR INTERWALS
DECLASSIFIED AFTER 12 YEARS
00D DIk 5200.10
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Disproportionation of Chloroberyllium Hydride

Two methods for the preparation of beryllium hydride
from CBH were investigated: (1) vacuum disproportionat;on
in the absence of solvents and (2) disproportionation in
various solvents at atmospheric pressure. Pactors studied
include:

(1) Temperature of disproportionation
(2) Type of solvent ussd for extracting BeCl2:0Et2 (Eq. 7)

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

(4) Treatment of Bel, with hydride reagents to remove
residual chloride and retained ether,

(5) Nature of complexing agents for the CBH intermediate,
e.g., Etp0, MeoS, Meos0 and NHe3

(6) Type of disproportionation media e.g., ether, dimethyl-
sulfide, diphenyl sulfide, benzene, toluene, dichloro-
methane, 1,2-dichloroethane, 1,1-dichloroethane, chloro-
benzene, cyclohexane and kerosene.

To date, all methods examined for the disproportionation
of CBH, except that in which 1,2-dichloroethane 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 disproportionation products exhibited crystalline
structure to X-ray. However, the purity was 31 wt. % Bely
(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 amorphqus to X-ray.. It is not
certalin whether the observed diffraction lines are reslated
to crystalline species of BeHp or to unknown impurities,
Therefore, Judgement on the crystallinity awaits preparation
of pure BeHp.

In order to establish the chemistry involved in the dis-
proportionation step most of the work was carried out under
vacuum in the absence of solvents to avold possible
complication by solvent effects. The detalls are des¢ribed

below:
b :NCRAED AT 3 Yerll INTELVALS
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Vacuum Disproportionation of CBH

Subjecting ClBeH:0Bt2 to vacuum heating with distillation
of the ether as soon as formed yielded BeH2 in conversions up
to 63.9% based on initial CBH:

H ..H OEtg - .
JBé_ > pe* -2%:222%% Ben, + BeClp:0Etp + Btp0 ! (Eq. 7)
Etag' C1” ™C1
Benzene Solid Benzene- Vapor
Soluble 3oluLle

The beryllium hydride produced was a white solid having
extreme sensitivity toward atmospheric conditions. When
freshly i1solated, 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 disproportion-
atiun of the CBH-etherate, indicating that the oxide impurity
was not derived from ether cleavage.

Evidence for BeCl,:0Et, as ~Product in the CBH
DisproportIonation: While InveaEIga%Ing the thermal stability
of EE! therate 1

-eétherate 1in 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 chloride-monoetherate, BeCls-Eto0. Anal; Calcu-
lated for BeCl50(CoHsg)p: Be, 5.85%; C1, 6.0}. Found: Be,
5.78%; C1, u4,768%.

Pactors Governing the Disproportionation of C in
Vacuum: ~The dlsproportionation o? Cgﬂ to BeHos and Eiggg was
found to depend on several factors: az resence of excess
ether, (b)effect of temperature, and (c) type of solvents.

GUNFIDENTIAL DECUASSIFIED AFTER 12 VEARS
00D DIR §200.19
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Effect of Ether on the Disproportionation: It
was found that the disproportionation of Cﬂﬁ was retarded in
diethyl ether solvent, presumably due to the equilibrium re-
action indicated by (Eq. 7). In the presence of excess ether,
BeCl2:Et20 reacted reversibly with BeHy forming soluble CBH-
etherate. However, removal of the ether from the system
shifted the equilibrium to the direction of BeHp formation.
Hydrogen bonds, being more stable than chlorine bonds provide
a driving force for the formation of solid BeHy. Liberation
of the s.able etherate BeClpy:Etp0 further promotes production

of BeH,.

Removal of the ether as a prerequisite for the dispro-
portionation is supported by the following observations:

(1) Addition of BeCl, dissolved in dimethyl su.ride to
CBH-etherate resulted in immediate precipitation of BeH , in-
dicating that Etp0 forms a stronger coordination bond with
BeClpy than with ClBeH.

H\B H . OEty

2C1BeH:2Et20 + BeClp ---¢--> . Bg Be + BeCly:2Et,0
Et,0° NCI™ C1

Solution Solution . i Solution

BeH + BeCly:2Et,0
2 (Eq. 8)
Solid Solution

This reaction gave a solid product with an obse.ved H/Be ratio
of 2.16, in close agreement with the theoretical value 2.00
for BeHz. The purity was 54,08 by weight. Small amounts of
diethyl ether and dimethyl sulfide were detected in the
products of hydrolysis.

(2) Removal of Et,0 by complexing with AlEt3 also led to
precipitation of solid Eeﬂa.

H_ H. .OEt
2C1BeH:2Et 0 + 2A1Et3 Ioluene, Be  Be + 2A1Et3:Etp0

25°c. tg0" “CI” Ne¢1
Solution Solution i Solution
DOWNGRADED AT 3 YeAR INTEXWALS BeHp + BeClp:2Et0 )
DECLASSIFIED AFTER 12 YEARS (Eq. 9
DOD DI 5209.10 Solid Solution
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Use of AlEt3 as the ether acceptor was discouraged by the
possibility of inducing ethyl-hydride exchange between
aluminum and beryllium.

Effect of Temperature on the Extent of Dispro-
ortionation: ~ Thermal dissoclatlion of CHH-etherate under
vacuum also resulted in the disproportionation to BeHp and
BeClpy monoetherate. The disproportionation product exhibited
improved H/Be ratio with increasing temperature. The per-
cent conversion of CBH to BeHp and the percent purity were
improved with higher temperatures. These trends are shown
in Table V.

TABLE V

Effect of Temperature on the Extent
of Disproportionation of CBH Under Vacuum

Expt. Temp. of Ratio @ Ratio 8 & Conver- Purity,

No. Dispro- H/Be H/C1 sion of Wt, %
portion- CBH to as Bel,
ation,°C. BeHp

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 mcnoetherate during the disproportionation
step 1s consistent with previous findings2 describing the
dissoclation of beryllium chloride-dietherate to the mono-
etherate and ether,

BeClp:2Etp0 ~zzzz-> BeClp:0Etp + Etp0 (Eq. 10)
; r\ DOWNGRADED AT 3 YEAR INTENWALS
CONFIDENTIAL DECUASSIFIED AFTER 12 VEARS



o]

CONFIDENTIAL *

In order to extract the by-product BeCl :Et50 from
BeHo (Eq. 7) several solvents were 1nvestlga%ed such as
benzene, dimethyl sulfide and diethyl ether. It was Tfound
that removal of the monoetherate from BeH, was best
accomplished by treating the disproportionation reaction
mixture with benzene first to extract most of the mono-
etherate followed by extraction with MeoS to remove residual
Be-Cl bonds, The effect of benzene and of dimethyl sulfide
on the over-all conversions of CBH to BeH, and on the
removal of residual Be-Cl bonds is presented in Table VI.

TABLE VI
Comparative Data on the Conversion of CBH to BeH2 Using

Benzene and Dimethyl Sulfide to Separate BeCl2i§§20 from BeHy

Dispr'n. a Initial d Extraction Ratio % Convn. of b

Temp., °C.  Solvent  Solvent H/C1 © CBH to BeH,
85 Benzene Me2S 25.6 63.9
75 Me,S MeoS 43.2 20.1

a. Temperature at which Et20 was pumped from the reaction
mixture.

b. Based on initial CBH

¢. Atomic ratio of active hydride to residual chloride

d. To extract Be012:OEt2

The decrease in percent conversion may be attributed to
a reversal of the disproportionation reaction. In the
presence of dimethyl sulfide and BeClp, solid BeH undergoes
dissolution to form a soluble CBH dimer poatulatea with mixed
hydride and chloride bridges.

MegS H _H_  .CEt

BeHy + BeClp:Etp0 + MeoS oo SBE_ B (Eq. 11)
Solv. eas \Cl' 1

Solid Solution Solution

This is analogous to the solution of BeHy in the system

BeClp:0Etp-OEt, .
DOlNGNHEDATJ\EWIIﬂEI'Il
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Et20 . H_ . H_ .OE
BeHp + BeClp:Ety0 + Ety0 32222 . o"Be\cr‘Be\m (Eq. 12)
2

Solid Solution Solution

In the absence of free Etp0 or MeoS using benzene as
the extracting solvent, BeCl :SEt can be mostly washed away
from BeH2 without diasolutiog'of he latter, For this
reason, the conversion of CBH to BeHp 1s higher than in di-
methyl sulfide (Table VI). These results showed that
benzene 18 preferred for the initial removal of BeClp:0Etp
from BeH,. Residual Be-Cl bonds may be minimized by
additional extraction with ether or thioether,

Purity of the Disproportionation Product: The
purity of the product appeared to depend on several factors:
(a) Effect of solvent. ?b) Inertness of atmosphere under
which the product 1s handled. (c) Temperature of dispro-
portionation.

Effect of Solvent on the Puritg of Begaz
Although BeClpo-monoetherate was extracted from 2 by
benzene, some Be-Cl bonds were retained in the solid. This
indicaved that some residual Be-Cl bonds were either
physically occluded in the solid or chemically bound in' the
structure, postulated as:

H_ H_ H_ H_ |
Be” “Be Be  Be
“ NHY NET SR el

The effect of solvents on the removal of retained Be-Cl bonds
and on the purity of produced BeH, 1s shown in Table VII,

DOWNGRADED AT 3 YEAR INTEKWALS
DECLASSIFIED AFTER 12 YEARS
DOD DIk §200.10
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TABLE VII
Analytical Data on the Effect of Solvents on the

Removal of Residual Be-Cl Bonds and on the Purity of Belia

Extraction Sample Composition, mmoles Ratio Purity of

Solvent Wt.,mg. “H- Be+F CI= H-/Cl~ BeH,,Wt.%
Benzene ®  48.4  1.42 1.70  0.35 4.0 16.1 ©
Et,0 P 187.0 20.88 11.59 0.85 25,2 61.4 ¢
Meos P 117.2  12.92 7.64  0.30  43.2 60.4 ©
Me,S P 56.4  7.66 425 0.5 51.2 T4.7 @
egs * e 4.5 11.53  6.11  0.16 72.2 85.1 4
Me,S b 63.4  8.33 4.67 0.12  69.4 72.34d

(a) Washing with benzene until filtrate is free

of soluble chloride.

Soxhlet extraction.

Handled in a polyethylene bag filled with nitrogen.
Handled in a dry box filled with nltrogen,

Washed with MepS followed by extraction with benzene.

D A0

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 Beli; and BeClso.
The major impurity appeared to consist of beryllium oxide or
Be(OH)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 of the solld In a dry on, using nitrogen,
gave ‘higher purities (Table VII) than obtailned 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(OH)a.
This trend is shown in Table VIII.

Dc./NGRADED AT 3 YeAR
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TABLE VIII
De1e_9n_&hg_2ggzgagsLin_znziix_gt_ngﬂg.!iin_zuz&nsz_ﬂandlans.
Extraction Extraction Distribution of Be Purity of BeHp
Solvent Time, Mole % s Wt.
hrs. BeHz BeCly Be(OH)2 Y Calc.¢ Obs. O
Et,0 16 90.10 3.65 6.25 63.5 61.4
Me,S l6 @ - - - - 54.1
Mees 16 a 82.60 3.20 14.20 50.8 50.3

Duplicate samples analyzed 24 hrs. apart.

Obtained by difference from beryllium balance.
Based on BeClg and Be(OH)> as the gnly impurities,
Heated at 100°C. with pumping (10~° mm. Hg.)

to remove residual solvents.

Qac o

The results presented in Table VIII show that further
manipulatlion of the 8solid led to a decrease of 7.5% in the
molar content of BeH, and a 0.45% decrease in BeCl, with a
corresponding increase of 7.95% in Be(OH)2. It Is signifi-
cant to note that the percent purity calculated on the basis
of BeCl, and Be(OH),, being the only contaminants, is in
good agreement with the observed purity based on sample weight.
This indicated that other impur!“‘~s derived from ether
cleavage or solvent retention w negligible. It is there-
fore essential to maintain absol. .ely moisture- and axygen-
free conditions during handling (1solation, transfer, and
welghing) of the solid.

Effect of Disproportionation Temperature on
the Purity of BeH>: The posaIEIIny of ether cIleavage under
the conHI%Ione of CBH disproportionation was studied,
Cleavage of Et,0 was not observed when the disproportionation
step was carried out at 75°C. for & period of 1 hr. However,
when the reaction mixture was pumped at 85°C for 20 hrs.
ethyl chloride was detected (Eq. 13). Sublimation of BeCl.-
monoetherate and generation of free ether were also obaervgd.

No trace of ethane was found. The latter substance would be
present if ether were cleaved by Be-H bonds.

B t MRS P Yrgn t‘-. 'WD'.D “3 .'am
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The residual Cl1l- content in EeH, was found to be a
function of disproportionation temperature. The results
are compiied in Table IX. )

TABLE IX

Effect of Disproportionation Temperature on the
Purity of BeHp and on the Retention of Residual Cl- Ions

2HBeCl:0Etp 32-2-z:P BeH, + 1ae..c12:01?.t:2‘il + 3Et:20b
Y. ol
125 , 20.0 1.97 43.3
80 39.5 1.88 70.9
T4 51.0 1.80 4.7
60 107.5 1.9 77.8
58 72.2 1.89 85.1
45 37.6 1.91 61.7

(a) Extracted with solvents such as toluene, benzene
and/or dimethyl sulfide

éb; Removed by vacuum distillation.

¢ Atomic ratio of active H™ to residual Cl- in
final product.

These data (Table IX) show that the atomic ratio of
active H™ to residual Cl~ increases with decreasing temper-
ature reaching a-maximum value of 107.5 at 60°C. At a '
lower diaproportionation temperature (45°C.) 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 4
at the high temperatures, and the report of Turova et al.

(4) Turova et al., Russian J. Inorg..Chem. 8, 275-7 (1963).

CONFIDENTIAL ™)ty It wronw.
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on the thermal decomposition of BeClp:20Ets to form

polymeric ethoxyberyllium chloride, ethyl chloride, and

ether

BeCl,:2Et,0 -22=3492Ci_> EtOBeCl + EtCl + Ety0  (Eq. 13)

without formation of BeCl,-moncetherate, it was suspected
that cleavage of ether mifht contribute to the chloride
impurity. Accordingly, the thermal behavior of BeCl,:2Et50
was .investigated under the conditions of the disproportion-
ation of CBH.

Dissociation of BeCly:2Et50 with removal of Et,0 as
soon..as it is formed gave one mole of Et,O per mole of
adduct according to (Eq. 10) without forfiation 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 moncetherate can be formed without
inducing ether cleavage. Thus, the dietherate was heated
at different temperatures, trapping the volatiles at -196°C.,
and examining the condensates for the presence of EtCl. The
results are shown in Table IX.

TABLE IX

Data on Thermal Stabllity of BeCls:20Eto

(Initial BeCl,:20Et, = 12.5 mmoles)

Heating Heating Etp0 Evolved ®  Ratio P
Temp., °C. Time, hrs. mmoles Et20/BeClp
25.8 1.00 3.54 1.72
30.5 1.00 5.77 1.25
49.0 1.16 2.85 1,03

ga No trace of EtCl was found by mass spectra
b) Molar ratio Ety0/BeCl, in the residue

. £.5«WGRADED AT 3 YEAR INTENWALS
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These data indicate that even at 49°C. the adduct
BeClp:2Et20 readily loses ether to form the monoetherate
without elimination of EtCl. Additional heating of the
residue (BeClp:Etp0) at T4°C. for 1.0 hr. gave no sign
of cleavage. However, continued heating at 76°C. for long
periods of time (24 hrs.) resulted in considerable amounts
of EtCl elimination. This 1s in agreement with the
previous finding on the formation of ethyl chloride when
CBH-etherate was heated at 85°C. (p.28 ). Thus, the dis-
proportionation under vacuum should be conducted at
temperatures lower than T75°C.

Disproportionation of Chloroberyllium
Hydride in Solution

Solvent Effect on the Disproportionation: The study
of the disproportionation of CBH In solution was encouraging
because the product exhibited improved properties over those
obtained by vacuum-heating. The disproportionation in
solution rendered the product BeHp less reactive, more com-
pact and readily filtrable and hence easlier to handle than
observed previously.

Etherates of ClBeH and BeClz dissolve in ether, diphenyl-
sulfide, benzene, toluene, chlorobenzene, 1,2-dichloroethane
and dichloromethane. Consequently, the disproportionation
was carried out 1n these solvents with the objective of
obtalning crystalline BeHo.

Heating a solution of CBH in Et,0 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 disproportionation product was found to be
sensitive to atmospheric conditions. An infrared spectrum
of 1ts KBr pellet made under atmospheric conditions resulted
in disappearance of this band and appearance of an O-H
absorption band., This spectrum was identical to that of
Be(ongz indicating that the solid hydride had hydrolyzed
to hydroxide. This 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.% BeHy with a
ratio of H- to residual Cl- of 90.5/1.0. These results
indicate that dimeric CBH undergoes facile disproportionation
in liquid media which dissolve the by-product BeCls:0Ets.
The conversion of ClBeH:20Et2 to the dimeric form 0130§=03t2)2
was found to be a prerequisite for the disproportionation

(Ba. 7). 0 NoRICID AT 8 YeaR INTERWALS
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The disproportionation reaction in Et,0 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 disproportionation step
proceeded as anticipated. The product was X-ray amorphous,

In diphenylsulfide the disproportionation gave gelatinous
products difficult to filter, wash and process, However,
treatment with polar solvents such as diethyl ether and di-
methyl sulfide resulted in transformation from a gel to a
powder with discrete particles which could be readily filter-
ed, extracted and transferred. Although, the Etp0-treated
products had better flow characteristics than the gelatinous
materials, they exhibited amorphous structure toward X-ray.

Disproportionation of CBH:CEto in benzene and toluene
with or without small amount of biphenyl also produced
amorphous products.

When the disproportionation was carried out in l,2-d1-
chlorcethane solvent the product exhibited considerable
amount of crystallinity toward X-ray. Analysis of a sample,
kept for several weeks in a glass container stoppered with a
serum cap, gave a purlty of 31.wt.% BeHs. It is not certain
whether the X-ray lines are derived from crystalline BeH, or
from contaminants. The role of 1,2-dichloroethane needs to be
clarified.

Use of 1,1-dichloroethane as a disproportionation medium
was 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 8,A'-dichloroethyl ether and
diisopropyl ether. In the former disproportionation of CBH
could not be effected to give solid products even upon heat-
ing at 112°C, At this temperature darkening of solvent was
observed. In the case of diisopropyl ether the dispro-
portionation of CBH gave a solid product highly rich in
chloride content p. sumably forming insoluble BeCly-1sopropyl
etherates.

In chlorobenzene solvent, no evidence of CBH disprop-
portionation was observed as shown by lack of solid formation
even upon heating at 75°C. for 8 hrs., At reflux temperature
(132°C.) only an insignificant amount of solid was formed.
This indicated that chlorobenzene is a good solvent for
CBH:OEt2 and that 1t should provide a good medium for

. BOWNGRADED AT 3 YEAR
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molecular weight determination of the adduct. Another solvent
in which the disproportionation could not be effected was found
to be dichloromethane which should alsoc be a good medium for
determining the degree of association of CBH:OEt>.

In non-soclvent medla such as cyclohexane and kerosene,
the disproportionation led to solid products. Soxhlet
extraction with benzene left insoluble amorphous BeHs with
extreme reactivity toward moisture similar to that exhibited
by the product obtained from vacuum-disproportionation.

These results point to the specific effects of various
solvents on the course of CBH disproportionation as well as
the nature of product.

Effect of Temperature and Time of Disproportionation
on the Purily of BeHs: In addition to the efgecg of aoIvenEa,
other varlables such as temperature and time of disproportion-
ation seemed to influence the purity of the product as shown
in Table X. The product obtained in benzene solution at
80-83°C, after 16.8 hrs. of reaction time had a maximum purity
of 75.3 wt. % BeHp, compared to 48.4% obtained in 0.9 hrs,

By contrast the vacuum-disproportionation gave 70.9% at 80°C.
and 85.1% at 58°C, Attempts to increase the purity by con-
ducting the disproportionation in benzene solution at a lower
temperature, 54°C., under reduced pressure, gave 23.1 wt.%
BeHp with a ratioc of H/C1™ of 6.55. )

The data of Table X showed that the atomic beryllium
distribution in the isolated products reached up to 96 mole %
BeHp, 3.22 mole % BeCl, and 0.78 mole # of Be++ bound to :
anions other than Cl~, It was observed that the product
retained Eto0 as evidenced by mass spectral analysis conducted
on the gaseous products resulting from hydrolysis. Ethane
was also detected lndicating 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 impurlty which, most likely, provides the sites for
ether coordination.

DOWNGRADED AT $ YEAR INTERVALS
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Removal of Retalned Ether: The retained ether
probably coordinates with the hydride at terminal positions,
thereby preventing build-up of long chains of polymeric
beryllium hydride.

H_ .H_ _H. _OEt
;ﬁe :Be ,Béi 2
Et,0” " K H

In view of the fact that linear high polymers are
generally crystalline materials, it 1s likely that long
linear chains of\(BeHa)n will assume crystalline structure.
Accordingly methods were socught 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 'BeH2:0Et, (retained ether)
and Et,0!BeHCl (residual Cl~) was studied by subjecting the
produc%s to pumping at various temperatures (97-177°C.). 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
BeHs to pumping at 100°C. for 4 hrs. left a hydride residue
with 72 wt.® BeHp, and an ether content of 4.47 wt. $ Etp0
(evolved on hydrolysis). Heating another sample at 97° for
16 hrs. under vacuum (Expt. 194) removed considerable amount
of the ether leaving a product with 1.46 wt. % Etp0 but de-
creased the purity to 68.8% BeHs. This result was traced to
side reaction involving ether-cleavage producing involatile
Be-OEt bonds with liberation of ethane and small amount of
ethyl chloride (Expt. 199)., These vapors including ether and
benzene were condensed 1n traps cooled by liquid N> and
finally analyzed by mass spectra.

In Exﬁt. 201 a product obtained from CBH disproportion-
ation at 54°C. in benzene solution suffered considerable
cleavage reaction when vacuum-heated for 47 hrs. at 104°C. as
shown by an increase in the percentage of ethane and ethyl
chloride and a decrease in the purity to 23.1% BeH,. Thus,
it is evident that the product could not be freed from re-
tained ether by thermal means, since the lnvolatile cleavage
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products, Be-OEt bonds, render the hydride impure. Con-

sequently chemical means were Investigated to dispiace the
ether and residual chloride.

Chemical Displacement of Ether with Hydride Re-
agents: It Is known that hydride reagepts agapIace I1gands
such as Etp0 and NMe3 from their adducts.

H™ + RpBeOEtp =------2 > RpBeH™ + Etp0 (Eq. 14)

NaH + EtpBeNMe3 ------- > NaEtoHBe + MegN (Eq. 15)

Therefore, the action of hydride reagents was explored as a
means to remove chloride and ether impu