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CHAPTER s I

GENERAL INTRODUCTION
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Chemistry and bonding in beryllium compounds

Beryllium with an atomic number four and atomic weight
9.013 (chemical scale)’ 1ies in the first short period of the
periodie table and heads Group IIA wvhich includes magnesium,

calecium, strontium, barium and radium,.

The electron configuration of the gaseous beryllium atom
is 1:2 2s°, Beryllium has an outer shell of two 2s electrons,
characteristic of the elements of this family and possesses
an inert gas core of electrons. The configuration of the simple
cation 802’ is 1:2. Although usually considered as ionic, the
bonds formed by beryllius in many compounds have considerable
covalent character as, indeed, would be expected froam the high
electronegativity of bcrylliula. The Doz’ possesses high charge
to radius ratio (Z2/v) of 6.45. This high velue would itself
indicate that beryllium compounds possess marked covalent
character. In fact in all ea-pmmtha vhose structure has been
determined, there appears to be substantial covalent character
in the bonding. The value 6.45 may be compared with (Z/v) ratios
of 1.67, 6,00, 3.07 and 2,02 for the L1*, A1%*, Mg®* and ca®*
ions respectively. These values reflect both the chemical
sizmilarity of beryllium and aluminium and the sharp difference
betveen the properties of beryllium and those of the other
alkeline earth elements’. The difference between beryllium
and the other alkaline earth elements is also reflected in the
ionization potentials of the neutral atoms.



Beryllium forms a wide range of complex compounds in
which it accepts a share in two extra lone pairs of electrons
to form four tetrahedral lpa bonds. Such bonds have considerabl
polarity, Be—X , and beryllium complexes have an ionic
character.
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available for sp® hybridization.

Unlike the other alkaline earth elements and zine, beryllium
cannot expand its co-ordination number to six., This is due
to the small size of beryllium atom and inaccessibdbility of
the 34 orbitals vhich are required for ”3‘2 hybridization.

Theoretically it should be possible for beryllium atom
to foram tetrahedral, trigonal planar, and linear structures
by employing .,3’ lpa and sp hybrid orbttn“l;' Ix.: tbo 1..2 2-2
state beryllium, like helium, is zero valent, but it can form
covalent bonds by the promotion of one 2s electron to the 2p
level vhich results in two linear hybrid sp bonds. Although
three and two coordinate beryllius compounds are known under
special condition, beryllium prefers four coordination. Thus
beryllium chloride, BeCly and dimethyl beryllium, Be(CHa)p,
all sre polymeric species?, X-ray diffraction® studies show
the presence of chains of beryllium atoms with bridging atoms
or molecules such «s chlorine or methyl groups. Although the

structure of dimethyl beryllium, Be(CH3)s, is consistent with



four coordination, the theoretical interpretation is more
difficult because the bridging groups are saturated and the
methyl groups are usually considered monovalent. In an
attempt to overcome this difficulty, a nev type of bond -
three centred dbond vas pootulam‘. A three centred bond
involves the overlap of three orbditals to form a molecular
orbital vhich can contain a maximuz of two electrons. In

this viev, the theoretical interpretation of bonding in polymer
compounds consists of three centred bond formed by overlap of
tvo orbitals from adjacent beryllium atoms and an orbital

from chlorine or methyl carbon atom, The electron density,

in such a bond, is not along the internuclear distance snd
sccordingly the 'bond angle', determined experimentally,

is not necessarily directly related to the hybridization schemes.

The coordination number in ionic compounds is predominantly
governed by the radius rule. Compounds of beryllium which are
essentially covalent bound gaint molecules, show predominantly
a coordination number four. Although compounds of beryllium
vith coordination number greater than four have not been
identified, compounds with lower coordination number are known.
Dialkyl berylliuam compounds react vith trimethylamine to
form an adduet of type “2""(“3)37’ 4 monomeric compound.
Three coordinated compounds of berylliium can also be prepared
by reacting the dialkyl compounds with alecohols liberating
Mrocubon‘.

28pBe + 280 —> (RBeOR')g + 2AH.



These dimeric and trimeric beryllium compounds possess
a cage-like structure formed by coordinate covalent linkage
through donor atoms as shown below.

< R.. K R=CWs,
é \/‘N—-Be cu (ev

R—8& -R Q-—BQ\N_’,%/‘ R R*'-.-,CM3
=

There are very fev exesmples of beryllium compounds
existing at room temperature in which beryllium is two
coordinated with sp linear bond. Be(CMeg)n, Be(CBua)e
and silazane, u[l(aluoa)g]&hlou to this class®. Beryllius
chloride vhich is a polymeric solid, gives monomeric vapor
at 760°C. However, the structure of monomeric halide shovs
interesting features that are not totally understood. The i.r.
spectra of molecular species BeXp (X = P, Cl, Br, I) isolated
in an inert matrix indicate that these compounds are lmum.

The difference betwveen the first and second ionization
potentials for beryllium might suggest the possibility of
univalent beryllium. However, there is some evidence for Be'
in fused chloride -oltn, but no compound has yet been isolated.

During electrolysis of aqueous solution usin: beryllium anode,
the dissolution of beryllium from anode suggest Be', an

intermediate but subaequent work showed that disintegration
of the metal occurs during dissolution so that the apparent
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effeoct is one of the metal going into solution in unipositive
state. The anode sludge, a mixture of Be and Be(OH)p has
been considered to be due to disproportionation of Be® but
photomicrography indicates that the beryllium in the sludge
is due merely to spallation of the anode’?, Recent mass
spectral studies on beryllium p-diketonate complexes have
revealed the existance of monovalent beryllium chelatesl?,
TOA studies on bis(4-chloro-2,5-dimethoxyacetoacetanilidato)-
beryllium(IX) also suggest the formation of univalent
beryllium .pociu“.

The oxide carboxylates, Be40(kC00)g, form one of the
most important groups of compounds in beryllium chemistry,
the best known member being the oxide acetate which wvas first
made by Urbain and Lacmbow. The oxide carboxylates are non-
electrolytes, soluble in organic solvents such as chlorofors
or benzene and can usually be sublimed or distilled without
decomposition.

Beryllium also forms some nitrogen complexes. The
totrani}no, (Be(liig) 4)Clg, 1s very stable thermally but is
rapidly decomposed by water, an indication that oxygen is a
stronger donor to beryllium than is nitrogen. Beryllium
phthaloeyanine complexes represent one of the few instances
in which beryllium forms a stable complex containing only
beryllium nitrogen bondo“. X=ray analysis has shown beryllium
phthalocyanine possesses a planar structure similar to other



phthalocyanines'’. The geometry of the molecule forces
the beryllium to adopt a planar configuration in contrast
to its normal tetra-hedral arrangement. That such a
configuration is unstable is shown by the fact that
beryllium-phthalocyanine forms a dihydrate when presumably
twvo of the nitrogen-beryllium bonds in the phthalocyanine
are broken and replaced by bonds between beryllium and the
vater molecules, Such an arrangement allows the beryllium
to adopt a tetrahedral configuration.

Compounds containing berylliume-nitrogen multiple
bonds have attracted much interest recently'®, Structural
studies on the aminoderivatives (Bo(luog)g]an' K Be (NHg) g,

(N+ or Ab)?0 ana 80[8(313«3)2]29 have shown their amino
groups to be attached to their coordinatively unsaturated
beryllium atoms by short Be-N bonds, indicative of K —="Be
dative 17 -bonding. X-ray orystal analysis of bis(di-t-butyl
methylene-amino) beryllium dimer [Bo(lncan;)zlz prepared
from the ketimine Bu;cuw and diisopropyl beryllium, shows
that it adopts a structure containing both bridging and
terminal methylene-amino groups, the latter attached to
3-coordinate metal atoms by Be-N bonds only 150 pm long,
the shortest yet reported for a solid beryllium-nitrogen
co-poundn.
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Analytical chemistry of berylliua

The most important beryllium mineral is beryl,
BegAlp(5103)g, which often occurs as large hexagonal prisams.
Beryllium is made by electrolysis of the fused chloride but
the extraction from ores is co-pnutodm. Other ores of
beryllium are phenacite, BepS10,4, chrysoberyl, BeAlgO4,
bentrandite, BegS150,(0H)g, barylite, BaBegSigO, and
helvine (¥nPeZn)gBegSig 0o,50.

Sravimetric metheds

There is a general lack of precise, accurate and
specific method: for the gravimetric determination of beryllium
involving the use of organic precipitants. Beryllium
estimation involves its precipitation as beryllium ammoniux
phosphate, Be(NHg)PO4q.xHp0 or beryllium hydroxide and
subsequently weighing it as pyrophosphate, BegPo07, or
beryllium oxide, BeO respectively. These procedures require
careful separation of beryllium from both anions and cations
that would otherwise interfere. The difficulties of ensuring
these separations without loss of bderyllium are roportodza.

Beryllium hydroxide is precipitated by ammonia from
neutral or weakly acid solutions in the presence of ammonium
'd“24-37. Azmonium salts suppress peptizetion of beryllium
hydroxide and reduce its adsorptive capacity. Precipitates

formed in hot solutions are more compact and are easy to filter.



The ammonia solution should be free from carbondioxide and
a large excess of the precipitant should be avoided as
beryllium hydroxide dissolves in excess of -onlaz"aa.
The precipitation of bdberyllium by smmonia is also conducted
in the presence of alkali metals and in the presence of
netals wvhich form hydroxides that are not precipitated from
solutions containing ammonium salt in excess (caleium,
magnesium, manganese) and elements vhich fora soluble
ammonifiates (zine, nickel, cobalt). lHowever, the adsorption
of bivalent metals by the precipitated beryllium hydroxide
is so strong that two or three reprecipitations are needed
to achieve a satisfactory separation. The weighing form is

the oxide, which is obtained by igniting the hydroxide at
1000°%.

Morachevskii and Novikov-'%" studied coprecipitation
of small amounts of a number of elements with beryllium
hydroxide by radiochemical methods. Hare earths are found to
be precipitated with deryllium hydroxide .Mf%ocludoa cadmium
at pH 7-8“. In order to improve the separation of beryllium
from mixtures of bivalent metals, organic bases wvhich are
veaker than amsonia have been used. «~Picoline >4 i3 found
to precipitate beryllium in presence of elements such as
manganese, cobalt, nickel, zine, magnesium, caleium, strontium,
barium, ete. The hydroxyl ion conecentration in solution
produced by %-picoline is sufficient to precipitate beryllium
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quantitatively, but not sufficient for the precipitation
of magnesium, calcium, barium, strontium, at the same time
forming soluble complexes with szine, manganese, nickel and
cobalt.

The best separation of beryllium as hydroxide in the
presence of foreign elements is sald to be achieved with the
ald of disodium salt of EDTA at pi 9.5-& 9.8%%, Under these
conditions most of the accompanying elements, usually present,
remain in solution. According to Prlbn“'“ better separation
of beryllium as hydroxide from major amounts of interfering
¢lements, in the presence of disodium salt of EDTA, is ahm:nd
by a second precipitation of beryllium hydroxide by an excess
of ammonia in the cold. With this method, it is reported that
beryllium could be separated from aluminium, ferric iron,
nickel, cobalt, manganese, chromium, zinc and copper. Titanium,
antimony, uranius and bismuth are precipitated along with
boryniu-‘a. The separation of titanium and ursnium from
beryllium by ion-exchange or titanium hydroxide precipitation
from a solution of carbdbonate complex of beryllium after

masking uranium vith oxalate has also been roportod“.

Beryllium 1is quantitatively precipitated at pH 6.2
as orystalline beryllium ammonium phosphate, Be (NHq)PO4, and
igniting the wvashed precipitate, beryllium is determined as
beryllius pyrophosphate (BegPo0;)%6, This method has been
subjected to eritieisa® because of specific pH conditions
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and the presence of a specific excess of diammonium hydrogen
phosphate. Furthermore, the precipitate does not have the
ideal composition indicated by the formula Be(NHg)POg4.

However, acceptable results have been obtained by Smythe and
uh.tttou‘7 aGopting phosphate method as a gravimetric method
for berylliumn., The advantages claimed are the favourable
conversion factor (BegPg0;: BeO = 1:0,2606), end the absence
of interference from phosphate, present in many beryllium ores.
Under the right conditions tho phosphate precipitate is granular
and when this is achieved there is a reduced tendeney towards
the occlusion of impurities. airo1d1®® 4n a reviev of the
method, recommends using the disodium salt of EDTA but this
has been found unsatisfactory because the final precipitate
may be contaminated with sodium and glassy appearance to the
pyrophosphate residue which tends to adhere to the platinum
dish used for the ignition. Other vorkers® consider that

the conversion of beryllium ammonium phosphate into pyrophosphate
is quantitative only if the ignition is conducted at 1000°C
for several hours. Separations from aluminium, iron, chromium,
manganese, zine, cobalt, nickel, copper, lead, vanadium,
molybd€num and alkaline earth metals have been reported by
double precipitation of beryllium ammonium phosphate,

Be (NHg) POq.xH,0 81, Chromium vas found to remain in solution
as the complex only vhen heated. Use of disodium salt of EDTA
to mask magnesium, calcium, iron, aluminium, copper, nickel
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and other ions have also been reported?®., Use of disodium
selt of EDTA and hydrogen peroxide has been reported in the
separation of titanium fros= borylnuw. Other procedures
for the separation of titanium from beryllium are also given

in the literature>2153,

The precipitation of berylliusm by hydraszine and
guanidine enmtow has no advantage over the method
mentioned above, and is very seldom used in analytical practice.

Pirtea and Constantine um“'“

adopted a new method,

for the gravimetric determination of beryllium, which 1is

based on the formation of a sparingly soluble compound between
beryllium carbonate complex and Mx‘:moobntxo chloride,
[Co(NHa)g)o [Be0(CO3)g) .xHo0, and weighed as such. With
careful drying, this method gave satisfactory results with
pure beryllium solutions, but application to ores analysis

gave lowv results for boryniu‘o.

Moser and Singore‘ recommended tannin precipitation
for minute quantities of berylliuam from slightly alkaline
medium, Tannin forms a voluminous insoluble adsorption
complex, which is easily filtered, washed and finally ignited
to oxide. OSechoeller and iohbe1 used tannin to precipitate
beryllium from alkaline medium and to separate it from
aluminium, iron, chromium, thorium and vanadium ions from
a weakly scid solution.
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Beryllium is quantitatively precipitated as the
erystalline berylliuz amsonium arsenate, (BeNHgAsO4q), of
constant composition froz acetate solution at pH 5.2,
The beryllius content is determined by titrating the
arsenate iodometrically®®,

The chelate complexes formed by beryllium with organiec
reagents include many which are insoluble in water. MNany
organic compounds of beryllius have x large molecular weights
and can be used as veighing forms. Unfortunately, the organic
resgents vhich are suitable for 4 gravimetric determination
of beryllium are not selective; selectivity can, howvever,
often be attained by masking the interfering elements with
disodium salt of EDTA, since the precipitation of beryliiua
is quantitative under these conditions.

Prahevalskii and Molseeva®:

studied a number of compounds
of beryllium vith f-diketones derived from acetylacetone and
shovwed that some of thez can be used as the weighable forms

in the gravimetric deteraination of beryllium. 2,2-Dimethyl-
hexanedione-3,56 and 3-acetylhexanone-2 have been recommended
for the gravimetric determination of borynh-“. Das end

BcnorJn“

introduced acetoacetanilide as a gravimetric
reagent for beryllium but found that this chelated compound
and the reagent have marked solubdility in hot water leading
to the experimental error of 1-’{“. Bonzoyluootom" vas

used at pH 8.8-10.,56 to precipitate beryllium in presence of
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ammonium carbonate. The disadvantage is that the complex
itself dissolves in alecohol when vashed to remove the

excess of the reagent leading to an error. Das and Banorjooss
proposed cupferron as a gravimetric reagent for beryllium.

The dravbacks of this method are that the precipitate of
beryllium cupferronate is soluble on heating, and the excess
reagent is carbonized on heating. N-Benzoylphenylhydroxyl-
aninosg, vhich is an analog of cupferron, precipitates
beryllium at pH 4.6-8.0, The complex is insoluble in water,
stable to heat, and can be used as a weighing form
Be(C13Hyg0pH)o, after drying at 110°C. The maximum error
reported is 2¢. Aluminium and iron are precipitated by
N-benzoylphenylhydroxylamine at pH 4 and titanium at pH 1.

In the presence of disodium salt of EDTA at pH 5-6, titanium,
vanadium, niobium, molybdenum, tin, uranium, aluminium and

iron are precipitated together with beryllium’°,

Hotojina?l was the first to use 8-hydroxyquinoline
as a gravimetric reagent for beryllium and the composition
of the precipitate was proposed to be Be,0(Cyigh0)g.2Hp0.
This was not studied in detail. A methyl derivative of
8-hydroxyquinoline, 8—hydroxyqu1naldino72, wvas found to
form quiiingly soluble chelate having composition
Be(CyolgN0)o.2H20 at pH 7.8-9.2., This could be dehydrated
at 110°C to anhydrous beryllium complex Be (Cytigh0)p.

However, iron, magnesium, copper, manganese, nickel, titanium,
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zine, cadmium, chromium, cobalt and silver interfere

in the estimation of beryllium. The accuraey of the
determination is upto 1%. A modified method for gravimetric
determination of beryllium with 2-methyl-8-quinolinol has
been reported ronntlyn

Ammonium cinnamate was used by Dema’$, Ostrotamov’o?7°
to precipitate beryllium from weakly acid solutions to form
a basic salt Cglg.CH = CHCOO-BeOH. The precipitate 1is
non-stoichiometric when obtained at pH 6,6-6,56, Deryllium
is precipitated in the pi rmo 3.6 to 5.0 dopcnun‘ upon the
concentration of beryllium and protorablo to un.lto t.o BeO.

2-Hydroxy-l-naphthoic aldehyde’' was used for the
gravimetric determination of beryllium. A large excess of
the ligand was found to be necessary for the complete
precipitation of beryllium. Benszoyl uotmutdo?a vas used
in the gravimetric determination by Das et al.and the
interfering elements magnesium and iron(IIl) were masked with
disodium salt of EDTA and tartaric acid respectively. The
precipitation vas carried out at pH 6.0 - 7.8 and the complex
formed had a ratio of metal to ligand = 1:2 and could be
dried to constant weight at 108°C,

Recently Singh and mnr" have used bis-Salicyladehyde—

ethylenediamine (Salen), a schiff base, for the gravimetrie
determination of berylliuz at pH 7.6 - 8.5, in presence of
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sodium potassium tartarate. The beryllium compound has a

composition Cygh)4gNo0pBe.2Hy0. The beryllium compound 1is
reported to be insoluble in all common organic solvents.

Das and Chakraborti®® have reported Nebenzoyl-o-tolyl
hydroxylamine as a gravimetric reageant for bderyllium. The
complex was veighed directly as Be(Cyglijo0gNg), vhich vas
precipitated from solution at pH 6.3 - 8,7. Foreign impurities
vere masked with disodium salt of EDTA, The authors have
claimed this ligand as the only suitable analytical reagent
for beryllium with small coaversion factor (0.01962) than
any reagent reported so far.

Speetrophotometric and fluworimetric methods

Although a large number of spectrophotometric and
fluorimetric methods for beryllium have been reported in
11terature,82°11% ; roviev of these methods 1s not attempted
since this thesis is mainly concerned with the gravisetric
determination of beryllium. However, a few reagents commonly
used are mentioned here. anilsz(p-ummcmuo-orclnol),
e 83,84 .04 Chrome Asurol 5 0°»11?

are the most important reagents. Beryllon seems to be the most

acetylacetone™, beryllon
satisfactory absorptiometric reagent, It gives a magenta to
violet colour with berylifum(II) in strong alkaline medium.
Diazo reagents of interest, such as, the Fast Sulphan Black it
have also been proposed for the determination of beryllium
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in presence of fluoride, nitrate and salicylate lons.
?lavonnm'm, hydroxyantnroqunoulm’ul,
aonydmxyquimlmn’lu'm give fluorscent reaction with
veryllium. Morini201123:129 (5 g 7 2|4'-pentehydroxyflavone)
gives yellowish-green nuor%con« vith beryllium in an
alkeline medium at pH > 11, Careful control of conditions

of tempersture, reagent concentrations, ete. give a detection
1imit of 0.004 ug. of beryllium. However, the method is not
specific and many elements interfere. &5ill and his morkorcm
assigned beryllium-morin complex, a composition corresponding
to 1:1 while omrlm’m gave a ratio of 312, A disadvantage
of the -othod is the instability of the alkaline solution

of morin u atmospherioc oxuonm. The primary cause of the
instability is aseribed to the catalytiec oxidation, by traces
of copper present in the distilled vater and the reagentZC,
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Uses of beryllium 1137139

One of the largest usesof beryllium metal is in
nuclear reactors as s moderator to lessen the speed of

fission neutrons and as a reflector to reduce leakage of

neutrons from the reactor core., 3Seryllium is useful in
nuclear applications because of its relatively high neutron
scattering cross section, low neutron absorption cross
seetion and low atomic weight.

Another large scale use of beryllium is in the
manufacture of beryllium bronze which has high tensile
strength and a capacity for being hardened by heat treatment.
A small but important use of beryllium is in sheet or foil
forn as vindow material in X-ray tube. Copper-beryllium
alloys are non-sparking and tools made from these alloys are
employed for work in areas where inflammable solids or
explosive gases are present. This alloy is also used in
making of springs, diaphragms, dies and electrode materials.
Beryllium improves the corrosion and oxidation resistance
of nickel, aluminium and magnesjium bsse alloys. Hecently
beryliiusm-gluminium alloys have become important.

Beryliium oxide is used in the manufacture of high
temperature refractory material and high quality eleetriecal
$§)LWK‘
drdeelains sueh as air~cra?ﬁ<ylu¢s and ultrahigh-frequency
radar insulators, High thermal conductivity of Be0 and its
high frequency electrical insulation properties find application

-
4 OB 5432 (543)
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in electrical and electronic fields. Beryllium oxide coated
graphite crucibles are used vhere exceptionally high purity

or reactive metals are being melted. Several salts of berylliua
find uses in fabrication of incandescent gas mantles, glasses
vith a high permeability to UV, fluxes, coating and catalyst

in organic chemical reactions.

th h s ¢ ed by beryl its unds

The report of weber and bnul!urdt“o in 1933 describes
the first occasion on which the incidence of disturbing
respiratory conditions, bronchitis and bronchiolitis, wvas
observed in beryllium workers. The hazardous nature of
beryllium became more prominent during second ‘‘orld 'ar.

The chief hazards of working with beryllium or its
compounds such as beryllius fluoride, beryllium oxide,
beryllium hydroxide, sulphate, chloride, etc. is the inhalation
of the material as dust, smoke or aerosols. All simple
beryllium compounds appear to be dangerous. The mineral beryl
is not considered hazardous because no information appears to
be available concerning the toxicity of beryl, although
beryllium silicate phosphors are reported to be toxic.
Inhalation of these solids lead to pneumonitis, a chronic
disease of the lung tissue. Beryllium fluoride inhalation
is reported to cause bronch.luolu. Beryllium diseases have
also been detected among the vorkersundertaking manual work
and exposing to dust containing beryllium oxide etec. Contact
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dermatitis has also been reported as arising from the

exposure to beryllium containing dusts and fumes. Contacts

of body cuts and wounds with soluble beryllium compounds may

lead to the production of ulcers wvhich persist until the

beryllium is removed. Many details of symptoms of beryllium

diseases have been nmml¢,143,
The handling of beryllium solution is considered much

less hazardous than dry powder compounds., Various precautionary

measures, such as cleaning of working benches, glass-wvares

on each day, cleaning of fume cupboard, reagent bottles

periodically reduced the chances of the beryllium disease.

The maximum permissible concentration of beryllium in

air contamination, as described by U.,5., Atomie Energy Commission
and American Industrial Hygiene Associstion®?) in laboratory

should not exceed 2 ug Bo/na as an average over an eight hours
day and no person should be exposed to concentration greater
than 26 ug Be/m° even for very short time. Carefully built
laboratory which has efficient ventilation and which can handle
500 g. of the beryllium containing sample at a time showed

0 - 0.2 ug D./la air contamination over a long period.

The present thesis deals vith two nev organic precipitants,
(a) 4-chloro-2,5-dimethoxyacetoacetanilide and (b) sodium
oxinate as possible gravimetric reagents for the estimation of
beryllium(Il) and its separation from interfering elements.
Although a fewv organic chelating agents, for instance,
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J-diketones, 8-quinolinol etec. have been proposed recently,

as precipitants for beryllium(II) in solution, these on closer
serutiny, as reported in the present thesis, have been found

to be neither precise nor specific. The results obtaine’

with various other organic reagents reported in literature for
the gravimetric estimation of beryllium(II) from (a) solutions,
(b) in ores (beryl) and (e¢) in alloys (copper-beryllium alloy)
have been presented for comparison, along with those obtained
vith the two newv reagents and the relative merits (or othervise)

of these reagents are discussed.
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CHAPTER 1 IIX

4-CHLORO=2 5~DIMETHOKYACETOACETANILIDE AS A
GRAVIMETRIC KEAGENT FPOR BERYLLIUM(II) AND
COPPER(II)
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Abstrect

4-Chloro-2,5-dimethoxyscetoacetanilide, has been found
to precipitate Be(II) and Cu(Il) ions from solutions,
quantitatively in the pi range 6.8 - 6.6 and at slightly
nigher pHs. The precipitated complexes, having the
compositions, Be(Cy1oH)1304NC1)o and Cu(CypH;304NCl)g are
stable and can be veighed directly after drying at 115°-20°¢.,
A method for the estimation of these metal ions, using
4-chloro-2,6-dimethoxyacetoacetanilide as a precipitant has
been described. Beryllium(Il) in presence of aluminium(III)
and iron(III) and copper(II) in presence of aluminium(III),
cadmium(ll) and zine(Il) ean be precipitated from solutions
by masking the foreign ioms with disodium salt of EDTA or
amsonium fluoride. I.K,, T.G.A. and D,T.A. data for the
beryllium and copper complexes are also presented.



Introduction

Only recently organic precipitating agents for the
gravimetric detersination of beryllius have been proposed %,
These reagents form precipitates of definite composition

vith berylliuam so that the precipitates can be wveighed

directly after drying to constant weight. Although beryllium(II)
ion does not react with ligand, such as, ethylenediaminetetra-
acetic 801d%?, vith 3-dixetones, it forms stable chelates.
Ligands containing 1,3-diketo group Imve been employed as
reagents for beryllium(Il) and zirconium(IV) in extraction

144, 145 and for the determination of oo»or(ll)m.
Thenoyl trifluoroascetone, a substituted B-diketone, vas

procedures

investigated as a complexing agent for the separation and
purification of various metalliec 1008472148 54000 only

a fov f-diketones were investigated as analytical reagents,
particulerly for beryllius, 4-chlorm-2,5-dimethoxyaceto-
acetanilide vas examined as a possible organic precipitant
for beryllium(Ii) as well as copper(Ill) and their separations
from other metal ions. The results of our investigation

are presented in this Chapter,



2

Experigental

Beryllium stoeck solution was prepared from beryllium
nitrate trihydrate, Be(N03)g.3Hy0 or from beryllium
hydroxide (Fluka AG., Chemische Fabrik, Buchs, 5.G.). The
lattor wvas dissolved in nitric acid or hydrochloric acid
and was diluted with water. The beryllium content wvas
determined by (a) hydroxide uthodm and (b) by the
pyrophosphate utbod“. Copper sulphate pentahydrate,
CuS0,.8H,0 (ANALAX) was dissolved in vater vith a few drops
of sulphuric acid. The metal content wvas determined
voluotrtcdum. All the other reagents used were of

Ao grade.

Ereparation of 4-chloro-2,S-dimethoxvacetoacetanilide

4-Chloro-2,5-dimethoxyacetoacetanilide was prepared
essontially following a procedure similar to the one described

for the synthesis of uotooeot«-o-cnoromudoul.

To 200 ml. of xylene (C.P., grade distilled, b.p.
127-38°C), 1in a 500 ml. flask fitted with a fractionating
column and a receiver, vas added 0,2 g. of triethanolamine
in 10 ml. of absolute alcobol and the solution was refluxed
for 1 hr, To the boiling xylene solution 13 g. (13 ml.)
of ethylacetoacetate eeter (0.1 mole, b.p. 180°C.) was added
and the solution was refluxed for 2 hrs. During refluxing
~ 10 ml. of alcohol was distilled. 18,75 g. of 4-chloro-
2y6-dimethoxyaniline (0.1 mole) in 100 ml. xylene vas added



and the mixture wvas further refluxed for about 2 hr.

The liberated alcohol was removed by distillation. A major
portion of xylene (~ 260 ml.) was distilled out by raising
the temperature to 137°-38°C. and the solution vas cooled
to~10°C, The solid product obtained was collected on a
filter under suction and vashed with small portions of
xylene till it wvas free from any colour. The product vas
dried at 70°-80°C and was purified by reerystallization

from benzene or chlorofora. Yield of the wvhite erystalline
product, 90%, m.p., 122°-3°C, Anal. Pound: C, 53.60; H, 6.07;
N, 5.743 Cl, 13.1%. Required for CjpH, 0,NCl: C, 53.04;

Hy, 8,194 N, 5,163 C1, 13,064. The characteristic absorption
bands (en~1) in the infrared spectrus of 4-chloro-2,5-
dimethoxyacetoacetanilide in Hujol are given below.

3310 (=, bonded NH), 1710 (Vs, C=0 Str.), 1650 (Vs, Amide I),
1600 (s, C=C Str.) 1520 (s, Amide II), 1340 (m, Amide III).
(Pig.1). P.M.R. (CDCly), T= 7.76 (CHg), 3.2 ( > CHy),

6.2, (=0CHy), 6.17 (-0CHy), & ( =cH), (3.6 (3H), 1.67@%H),
0.93 (NH), «3,6 (0H) (disappeared on Dg0 exchange).

K"} 271, Required for Cypl) 04NCls ¥'"271,

deagent solution:

1l g. of 4-chloro-2,5-dimethoxyacetoacetanilide wvas
dissolved in 50 =l. of hot aleohol and was diluted with
vater to 100 ml. The hot clear (filtered if necessary)
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1:1 aleoholie solution was used for the precipitation
of beryllium or copper.

Infrared spectrum was recorded on a Perkin-Elmer
spectrophotometer, model 221, equipped with sodium chloride
optics. The p.m.r. spectrus vas recorded on a Verian
Associates, Model T-60 spectrometer, operating at 60 Mec/s
vwith TMS as internal standard. The mass spectrum was recorded
on CEC 21-110B (USA) double focussing mass spectrometer at
a voltage of 70 eV and a current of 20 milliamperes.

pH measurements were made with ELICO pH meter,
model LI-10., The thermogravimetric and differential thermal
anslyses were carried out in a platinum crucible in a MOM
Budapest derivatograph at the heating rate of 10°C/min.
in a flowing air atmosphere.

ure for the estimat of ber by precipit n

with amsonis snd subsequent ignition to beryllium oxide14?

10 ml. of the beryllium solution containing 8 mg. was
pipetted in a 260 ml. beaker and 0,5 g. of ammonium chloride
and 0.1 = 0.2 g, of disodium salt of LDTA were added, the
solution vas diluted to~ 200 ml, and heated to boiling, To
the boiling solution, dilute ammonia (1:2) was added dropwise,
with constant stirring, till the solution is distinetly

ammoniacal and beryllium hydroxide formed. The precipitate
vas further boiled for 2 minutes and allowed to settle by

keeping aside for 1 hr. The precipitate was filtered on a



Whatman No.4l1 filter paper and washed several times with
small portions of hot 2f ammonium nitrate solution. The
paper along with the precipitate was transferred to a
veighed platinum erucible, dried in an oven and ignited

at about 1000°C., for at least 1 hr. The crucible vas cooled
in a desiccator and weighed as BeO.

Progedure for the estimation of be ecipitation

with dismmonium hydrogen phosphate and subseguent ignition
to gzroghotghoto.“

10 ml., of the beryllium solution containing ~8 mg.
vas pipetted in a 260 ml. beaker, diluted with water to
~~100 ml. and the pi was adjwsted to 2, using pH meter, with
dilute ammonia solution (1:4). EDTA solution (16 ml., 10 g.
of solid EDTA (not sodium salt) was dissolved in concentrated
smmonia and diluted to 100 ml.] was sdded and the solution
vas boiled for 2 minutes and cooled. To the cold solution
§ ml, of diammonium hydrogen phosphate solution (20% w/v)
vas added and the pH of the solution wss adjusted to 5.2,
using pH meter, with dropwise addition of a saturated solution
of amuonium acetate. The precipitate formed was digested on
vater-bath for 1 hr,, when the white bulky precipitate became
granular and settled easily. The beaker was removed from
vater-bath and allowed to cool. The granular precipitate vas
filtered on a “hatman No.42 filter paper and wvashed several
times with small portions of m'iootato buffer solution of the



pH adjusted to 6.2 (prepared by dissolving 2 g. of ammonium
acetate and 3 ml. of glacial acetic acid and diluted to 1 litre
and the pH adjusted to 6.2 vith dilute ammonia). The paper
along wvith the precipitate vas transferred to a weighed
platinua crueible, dried at 110°C, in an oven and then

ignited to 1000°C, eooled in a desiccator and weighed as

BeyPo0s, .

P e for t estimati f

180
method, ok
woulbeale

10 ml. of the copper solution (contalning ~10 mg. of Cu)
vas pipetted into a 250 ml. conical flask and the minera) acid
vas neutralized by the addition of solid sodium carbonate till
a faint permanent precipitate vas obtained. The cupric
hydroxide fomed vas dissolved by adding a few drops of
§lacial acetic acid., To the clear solution, 1 g. of potassium
iodide was added and the lidersted iodine was titrated against
standard sodium thiosulphste solution using starch indicator.
The addition of the indicator solution was done at the end
vhen the brown colour of the iodine solution turned pale yellow.
The titration vas continued until one drop of thiosulphate
solution just discharged the bdlue colour.

(1 =1, ¥ sodiumthiosulphate = 0,06364 g.Cu.).
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Progedure for the estimation of beryliius using
- 2 t .

10 ml. of the standard beryllius solution containing
approximately 10 mg. ves pipetted into a 250 ml. beaker,
diluted to about 100ml. with vater and heated on a water-bath.
To the hot solution 80 ml. of hot ligand solution or the
required quantity (a slight excess vas used) was added with
stirring. The pH of the resulting clear solution was adjusted
by the careful drop-wise addition of dilute ammonia (1:4),
vith stirring, until neutral to methyl red indicator (pH papers
may also be used). The addition of ammonia was stopped when
the red colour of the indicator just disappeared (pi~ 6.0 - 6.2).
The final volume at this stage should be about 200 ml. The
bulky vhite erystalline precipitate formed, settled dowm,
on digestion for 1 hr,, on the vater-bath leaving a clear
supernatant liquid, The precipitated complex was collected
on a weighed sintered glass cruecible (porosity No.3 or 4),
while hot, wvashed with boiling water first (~ 200 ml.) and )
then with 1l:l cold agueous aleohol (30-40 ml.). The m
vas dried at 1$°-eo°c for 2 hrs. cooled in a desiccator
and weighed nlao(clzumoacna. The results are presented
in Table I.

Erocedure for the estimation of bervilium in presence of
‘1"’ and '.”’o

The procedure adopted was the same as above except that,



al

vhen the foreign ions were present (.~80 mg.) 0.6 - 1.0 g.
of disodium salt of EDTA, vas added to mask Al' % or Pe''"
and the beryllius complex was precipitated with ammonia (1l:4),
with stirring. The solution was neutral to methyl red or

slightly above (pii~ 6.6). The results are presented in
Table II.

Progcedure for the estimation of copper using 4-chlom -2,5-
dimethoxyacetoscetanilide.

An aliquot of the standard copper solution was pipetted
into a 250 ml. beaker, diluted to about 100 ml. and heated
on a wvater-bath. To the hot solution was added 80 ml. of
the hot 1:l alcoholic solution of 4-chloro-2,6-dimethoxy-
scetoacetanilide, with stirring, To the resulting clear
solution dilute ammonia (1:4) vas added drop-wise, with
stirring, until the precipitation was complete (methyl red
indicator vas used)., The final volume was adjusted to about
200 ml. The precipitated green complex, on digestion for
1 hr., on the vater-bath, settled down. The complex was
collected, while hot, on a weighed sintered glass crucible
(porosity No.3 or 4), vashed with boiling water (200 ml,)
first and then vith coltll;:'l.c‘ohol (30-40 m1.), dried at
115%-20°C. for 2 hrs., and veighed as Cu(CypH;q04RCl)p.
Hesults of the estimations are given in Table III.



Be taken Be found Error

(uo) (l&o)
3.80 3.76 «0.086
8,60 8.62 +0,02
8.” -
9.80 9.63 +0,03
9.580 -

Table II

Separation of Perylliua from foreign ions

Be taken Foreign ion edded Be found Error
(mg.) {ag.) (mg.)
7.80 - 7.88 +0.06
7.80 (""" 7.88 +0.06
7.80 26(a1""") 7.80 0.00
7.80 so(ar""™) 7.78 -0.02
7.80 10(re” ") 7.80 0.00
7.80 26(re’ ") 7.80 0.00
7.80 so(re” ™) 7.89 +0.09




Table III

32

Gravimetric estimation of copper using 4-chloro-=2,6-

dimethoxyacetoacetanilide as a reagent.

Cu taken Cu found Error
(mge) (mge.)
4.63 4,62 -0,01
9.24 9.24 -
18,98 19,0 +0,02
23,72 23,9 +0.18
23,7 -0,02
Table IV

Separation of copper from foreign ions

Cu taken Foreign ion added Cu found Error
(mg.) (mg.) (mg.)
9.10 - 9.06 «0.,06
9,10 10(za*") 9.07 -0.03
9.10 26(za"") 8.98 -0.12
9.10 80(za*") 9.20 +0.10
9.10 s(ar""™) 9.08 -0.02
9.10 o) 9.09 -0,01
9.10 20(a1*"") 9.08 -0.,02
9.10 s(ca*™) 9.20 +0.10
9.10 10(ca**) 8.98 -0.12
9.10 2o(ca*™) 8.98 -0.12




*re - *

Al Cd __and Zn -
The procedure adopted was the same as above except
that in the presence of foreign ions (60 mg.), 0.5 to 1.0 g.
of solid ammonium fluoride vas added and copper was precipitated
vith dilute ammonia. (the solution vas neutral to methyl red

indicator or slightly above pH 6,85), Results of the estimations
are given in Tadle IV,

Composition of the precipitate

The precipitated beryllium complex obtained, in the
above manner vas collected, washed and dried at 115°-20%
and vas analysed for nitrogen aid beryllium., Found: Be, 1.60;
N, 5.11. Caled. for Be(CypH;g04NCl)g:iBe, 1.64; N, 5.09%.

Similarly the precipitated pale green copper complex
vas analysed for nitrogen and copper. Pound: Cu, 10.4; N, 4.7;
Caled, for cu(CmHlaO‘lC].)gl C\l, 10.82; l' ‘omo

The i.r. spectra of }n"’ bis(4-chloro=2,6-
dimethoxyacetoascetanilidato)beryllium(Il) and bis(4-chloro-2,5-
dimethoxyascetoacetanilidato)copper(ll) are presented (Fig.II).

The influence of pH as well as that of the conecentration
of the reagent on precipitation vere studied employing 10 ml.
of standard beryllium(II) or copper(IIl) solutions. Varying
quantities of dilute ammonia or ligand solution were used for
precipitation. These studies revealed that the pH range of



quantitative precipitation for beryllium was 6.8 - 6,5,
for copper the pH range vas 6,0 - 7,3, and that a slight
excess of the reagent (~5%) should be present . Addition
of undue excess of the reagent solution might present
difficulties during washing and should be avoided.

A

D
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Results and disgussion

4-Chloro-2,5-dimethoxyacetoacetanilide has been found
to precipitate from solutions, beryllium(Il) ion quantitatively
in the pH range 5.8 - 6,6, The precipitated bulky complex
having the composition Be(CjyoH)304HCl)p was found to be
insoluble in the medium and could be wvashed free from any
excess ligand with boiling water snd small quantities of
1:1 aleohol. It is thermally stable, could be dried at 118°-20°C
and velighed directly. The method is particularly suitabdle
for the estimation of small quantities of beryllium (3 to 10 mg.).
Higher quantities were found to result in unwieldy precipitate
snd transferring this completely to the sintered glass crucible,
normally available, may become difficult. Beryllium wvas
separated from Al" @ and Fe""" in presemce of disodium salt
of EDTA. It was observed that better results were obtained
wvhen the pH of the solution vas raised to 6.5,

Copper(II) ion could be precipitated from solution,
quantitatively in the pH range 6.0 « 7,3, The presence of
EDTA completely prevented the precipitation of copper., For
separating copper from Cd", za"" and u’". ammonium fluoride
vas used as a sequestering agent, h’". however, interfered

seriously wvhen present, with the estimation of copper.

Thermogravimetric and differential thermal analyses
vere carried out to study the decomposition processes of the
precipitated complexes of beryllium(II) and copper(II) with



4-chloro-2,6-dimethoxyscetoacetanilide. According to the
data from T and DT{ analyses (Figs. III and IV) the complexes
vere quite stable thermally upto 220°-240°C. Decomposition
started only from this temperature region onwvards and
accelerated weight loss for the complexes occurred in the
temperature region 400°-600°C, Broad and pronounced exothermic
peaks with maxims at 540° and 520°C for berylliuam(II) and
copper(ll) complexes respectively were observed in the DTA
curves. The initial endothermic peaks observed at about 270°C
for both the compounds may be due to the combined effects of
melting and loss of the organic part of the compounds. The
small but visidle inflection (unresolved endothermic peak)
observed for the beryllium complex at 400°C in the DTA curve
preceding the rapid decomposition process could be due to the
loss of a ligand molecule initially (theoretical 49.37%;
found: 49%£), with the formation of an apparently unstable
monovalent beryllium complex. A small but noticeable
endothermic peak was also observed for the copper complex

at 360°C, The mass spectral studies on several beryllium
chelates with 3-diketones revealed that upon electron impact,
the beryllium chelates break-down in a well-defined manner
leading to changes in metal vnlomyn. The existence of
beryllium(I) ion under certain conditions (as a product of
anodic oxidation) also wvas previously roporudu.
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CHAPTER 3 III

GRAVIMETRIC DEIERMINATION OF BERYLLIUM
WITH SODIUM OXINATE
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Abstract

Sodium oxinate has been found to precipitate Be(II)
ions from solution gquantitatively in the pH range 7.5 - 8.2,
The preeipitated complex having the composition, BegO(Cgigh0)s.2Ho0,
is stable and can be weighed directly after drying at 106°-110°C.
A method for the estimation Be(II) and its separation from
interfering elements has been described., Bis(8-quinolinolato)-
beryllium(II)monohydrate, Beg0(Cglgh0)2.Hs0 has been isolated
from the dihydrate, the weighable form of the beryllium complex,
and is characterized from its elemental analyses, 1.R. and
P.,M.R. spectral and T.G. and D.T.A. studies, The data show
the presence of hydroxyl bridge bonds in the monohydrated

beryllium complex.

The methods, using various organiec reagents, for the
direct estimation of beryllium in ores (beryl) and in alloys
(Be-Cu alloy) have been examined and it is found that
4-chloro-2,5-dimethoxyacetoacetanilide gives satisfactory
results in the beryllium estimation. A method for the
determination of Be(II) in beryl involving no prior
separation of Fe(III), AL(IIXI) has been described.
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Introduction

There is a general lack of specific organic precipitants
for the direct gravimetric determination and separation of
beryllium(Il) from solutions. Many organic reagents form
precipitates of definite composition with beryllium and
these can be used as weighing forms. Although a few
chelating agents, such as, B-dikstoncs,63'65’67’68’93
Schifr-basen,79 8-quinolinol and its dorivatives71’72'152
have been proposed as precipitants for the gravimetric
determination of beryllium, these on closer scrutiny, have
been found to be nelther specific nor precise. However,
selectivity has been attained in some instances, by masking
the interfering elements by complexone III. Furthermore,
the application of these reagents to the analysis of beryl
which contains fair amounts of aluminium and to the analysis
of alloys is complicated and involves a prior separation
of interfering elements before the estimation of beryllium,
Recently 4-chloro-2,5-dimethoxyacetoacetanilide has been
used as a precipitant for beryllium(II) and it is found
that the reagent can be directly used for the quantitative
precipitation of beryllium from solution containing Fe(I1I)
and AL(III) ions, in presence of disodium salt of EDTA, 14
It is now observed that the method can be suceessfully
applied to the direct beryllium determination in beryl.



In addition, sodium oxinate, a water soluble compound
has been also examined as a possible reagent for the
determination of beryllium in solution. The reagent has
been found to precipitate beryllium from solutions
quantitatively in the pH range 7.5 - 8.2, Sodium oxinate
forms a basic hydroxy quinolate of the composition,
Beg0(Cglgl0) 5. 2Hp0, which can serve as the weighing form
in the determination. The experimental results obtained
with various other reasgents reported in literature for
(a) the gravimetric estimation of beryllium(II) in pure
Be(II) solutions (b) in ores (beryl) and (e) in alloys
(Be=Cu alloy) have been presented for comparison along with
those obtained with (1) 4-chloro=-2,6-dimethoxyacetoacetanilide
and (2) sodiun oxinate in this Chapter. The relative merits

(or otherwise) of these reagents are also discussed.
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Exggrinontg;

Beryllium stock solution was prepared from beryllium
nitrate trihydrate, Be(N03)5.3Ho0 or from beryllium hydroxide
(Fluka AGj; Chemische Fabrik, Buchs, S.G.) or from beryllium
sulphate tetrahydrate, BeS04.4Hp0 (ANALAR). These were
dissolved in appropriate acids and were diluted with water.
The beryllium content was determined according to the standard
procedures gravimetrically either as 390149 or as 502P20746.
All the other reagents used were of A.i. grade.

The reagent, sodium oxinate, was prepared according
to the reported methods, 2°s154 Yield, 9043 m.p. > 300°%C
(decom.) Anal. Found:s C, 53,19; H, 4.,71j N, 6.41%. Required
for CglighONa.2Hp0: C, 53,203 H, 4.933 N, 6.90%.

I.Re (ﬂujOI)’ 3300 (ﬂ, broad’ OH Stro)’ 1102 (V., ;0'0"“ '1“)156j
718 (m, ONa),*%% em~l, (Fig.V).

Reage ons

1 g. of sodium oxinate dihydrate, (CglglONa.2H30) was
dissolved in 100 ml. of water. The clear agueous solution

(filtered if necessary) was used for the precipitation of
beryllium,

Infrared spectra were recorded on a Perkine-Elmer
spectrophotometer, model 221, equipped with sodium chloride

optics. The P.M.R. spectra were recorded on a Varian Associates,
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Model 7-60 spectrometer. operating at 60 Mc/s,with TMS
as internal standard.

pH measurements were made on Digital pH meter,
EC Model pH 822,

The thermogravimetric and differential thermal analyses
vere carried out in a platinum erucible in a MOM Budapest
derivatograph at the hesting rate of 10°/min. in a flowing
air atmosphere.

Procedure for the estimation of beryllium

25 ml. of the standard beryllium sclution containing
approximately 10 mg. was pipetted into a 250 ml. beaker and
diluted to about 126 ml. with water. To this solution was added,
with stirring, 60-70 ml. of 1% scdium oxinate solution. The
pH of the resulting clear solution was adjusted, by the
careful dropwise sddition of dilute ammonia (1:34). with
stirring,to 7.6 - 8.0 (pH paper may be used). The bulky yellow
erystalline precipitate settled down, on digestion for 1 hr.,
on water bathe. The precipitated complex was collected on a
welghed sintered glass crucible (porosity No.4), while hot,
washed with hot water (80°-90°C) till the filtrate was
colourless (200 ml.). The crucible was dried at 106°-110°C.
for 2 hr. cooled in a desiccator and welghed as BepO(ColghO)g.2H20,

The results are presented in Table I.



b

Table I

———— s

Gravimetric estimation of beryllium using sodium
oxinate as a reagent,

Be found Error
(mg.) (mg.)

3.83 3.83 0.00
5.76 5.78 0.00
7.66 7.67 +0.01
9.58 9.88 0.00
9.568 9.87 -0.01
2.58 9.57 =-0.01
2.99* 9.96 =0.03
9.99* 9.96 «-0.03
10,62 10,54 +0.02

* Sodiun acetate (1 g.) was added.



Proced e e

e + e +e
oxinate in presence of Al . Fe 2. Cu_ and Zn  ions.

Masking of the foreign ions with disodium salt of
EDTA was found not satisfactory. Reported methods were

r+

employed to remove or precipitate the interfering elements
and from the filtrate, beryllium was estimated using sodium

oxinate according to the above procedure.

Aluminium from beryllium solution was separated by
precipitation as oxinate at pH 4«5 in an acetate buffer or
by tannin in presence of ammonium nitrate, ammonium acetate
and acetic acid.17’23’157'158 Iron from beryllium solution
was removed as oxinate or as tannin complex. Copper from
beryllium solution was removed by eleetrolyslalsg’leo
or by preecipitation of copper as oxinate at pH 4«5 in
acetate buffer. 2Zinc was separated from beryllium solution
as quinaldinatelel

in Table II.

or as oxinate. The results are tabulated



Estimation of beryllium in presence of Al**+, Fe
++

Cu

Table II

and Zn'" ions.

s
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mg. ) : (mg.) §§?£§¥%Q —
9.76 s5(at*h 9,75 -0.01
9.76 w0t 9.75 -0.01
10.09 1w0(m*t 10.05 -0.04
10.09 26(AL*Y*Y) 10.02 «0.07
10.09 so(a*™) 10,02 -0.07
9.76 5(Fe™*") 9.75 -0.01
10.09 10(re* ™) 9.99 -0.10
10.09 25(Fe*tt) 9,99 -0.10
9.59 10(cu*™) 9.60 +0.01
9.59 25(cu*™) 9.64 +0.04
9,59 s0(cu™) 9.58 -0.01
9.76 5(zn**) 9,76 0.00
9.76 10(zn™) 9.73 -0.03
9,76 25(zn*") 9.72 -0.04
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The influence of the pH (Table III) as well as that
of the concentration of the reagent on the precipitation
were studied. To 28 ml. of beryllium solution ( ~10 mg.)
in a 260 ml., beaker, 70 ml. of the reagent solution was
added and to this mixture dilute ammonia (1:4) in small
portions was sdded with mechanical stirring. The pi of the
solution was measured at each successive addition. The
precipitated complex was collected separately and the
beryllium content was determined at successive pH values.
These studies reveal that the pH range of the quantitative
precipitation of beryllium is 7.5 - 8,0 and that 1.5 times
excess over the stoichiometric quantity of the reagent is
required for the complete precipitation of beryllium.



The effect of pH on the precipitation of beryllium

Table III

r

0

pH Be :g.on %::__S_\:ng Error
4,00 9.67 No precipitation -
4,50 9.67 “d0=- -
§.10 9.67 ~do- -
6.64 9.67 ~do- -
6.10 9.67 =do= -
6.80 9.67 Turbidity -
7.28 .67 8,78 -0.89
7.68 9.67 9,71 +0.04
7.96 9.67 9.64 -0.,03
8.54 9.67 8.62 =0.15
8.80 9.67 9.43 ~0.24
.54 9.67 9.22 ~0.45
10.00 9,67 8.30 - 087

and above




Composition of the precipitate

The precipitated beryllium complex obtained in the
above manner (collected, washed and dried) was analysed.
Meps, 295°-300°C (decom.). Anal.Founds C, 59,943 H, 4.82;
Ny 7.50 and Be, 4.95%. Calculated for Begs0(CgHgli0)g.2Hs01
C, 60.343 H, 4.493 N, 7.82 and Be, 5,03%.

Preparation of bisga-guinolinolatozbegxlliumgIIzlgggnxgg.ga,

The beryllium complex (dihydrate) was dehydrated by
heating et 80°C. under vacuum (~3 mm) for 16 hrs. (Yield
is quantitative), m.p., 306°-8°C.(decom.). Anal.Found:

C, 63,42 H, 4.63; N, 8.03 and Be, 5.21%. Caled. for
Bep0(CgHgi0)peHy0t C, 63,633 H, 4.12; N, 8.24 and Be, 5.30%.

The characteristie absorption bands (ex*l) in the
i.r. spectra of bis(8-quinolinolato)beryllium(II)dihydrate
and bis(8-quinolinolato)beryllium(II)monohydrate, in nujol, are

given below (Fig.VI)s 3315 (m, OH Str.), 1112 (s, 3C-0-4 site),
928 (s, Be=0).
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Table IV
Oravimetric determination of

beryliium using 8-quinolinol

Be taken Be found Error

(mg.) (mg.)

10,05 % 90 =0.15
10.08 9466 ~0.29
10,08 9,76 -0.29
10,086 10.07 +0.02
10.06 10.34 +0.29
10.09* 9.66 -0.44

* 1.0 g. of sodiun

Table V

acetate was added.

The effect of washing with dilute ammonia (1:100)
in estimation of beryllium using S-quinolinol.

Wt.of the complex wash solution Wt,of the Loss
taken (g.) used (ml,) complex after
vashing and
drying (g.)
0.3528 80 0.3402 0.0126
. 100 0.,3306 0.0223
" 150 0.3278 0.0280
» 200 0.3221 0.0307
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Beryllium in pure Be(II) solutions using various other
organic reagents including 4-chloro-2,5-dimethoxyacetoacetanilide
was determined by following the procedures desceribed in literature.
The results are presented in Table VI.

Zable VI

Gravimetric determination of beryllium from pure
Be(II) solutions using organic reagents.

Reagent Be taken Be found Error
(mge) (mgo)
1. Hydroxide 9.76 2,76 0.00
2. Pyrophosphate - 9.77 +0.01
3. Tannin!®® - 9.76 0.00
4. Cupferron68 - 9,93 +0.17
5. Acetoacetanilide®” . 9.27 -0.39
6. Bis-Salicyladehyde- = 9,76 0.00
ethylonedianine19
7. 2-Methyl-8-quinolinol ~*'° = 9.72 -0.04
8. 8-Hydroxyquinoline' - 9.48 -0.28
9. 4=-Chloro-2,5-dimethoxy- - 2,76 0.00
acetoacetanilide

10, Sodium oxinate - 9,77 +0.01




o
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Determination of berylliiuam content in borzlls?

0.6 g« of finely powdered beryl was fused with 15 g.
of sodium carbonate in a platinum crucible and kept in a
molten condition for about 156 mts., The melt was cooled
and taken up with dilute hydrochloric acid (1l:1). The
solution was evaporated to dryness and treated with 2 ml,
of perchloric acid and & ml. of concentrated sulphuriec
acid and evaporated sgain to dryness., The residue was
dissolved in hot water and silica was filtered off. The
residue from silica estimation (after HP-H,S04 treatment)
was fused with potassium bisulphate. The bisulphate melt
was dissolved in water and added to the main filtrate and
made upto 500 ml. The beryllium content of the solution
was determined by standard methods as well as with
4«chloro-2,5-dimethoxyacetoacetanilide and various other
organic resgents according to the procedures described.

The result are presented im Table VII,

Erogedure for the determination of beryllium in
beryl using 4-chloro-2,6-dimethoxyacetoacetanilide

60 ml. of the beryl solution was pipetted into a
250 ml. beaker and was diluted to 126 ml. with water.
Sodium salt of EDTA (solid~2 g.) was added to this and the
solution was heated on a water-bath, To the hot solution,
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80-90 ml. of hot ligand solution (1%) was added, with
stirring. The pH of the resulting clear solution was

adjusted, by the careful dropwise eddition of dilute ammonia
(1:4), with stirring, until neutral to methyl red indicator
(pH paper may also be used). The addition of ammonia is
stopped when the red colour of the indicator just disappeared
(pHV 6.0 = 6.,2). The final volume at this stage should be
about 200 ml. The bulky white crystalline precipitate formed
settled down, on digestion, for 1 hr. on water-bath, leaving

a clear supernatant liquid. The precipitated complex was
collected on a weighed sintered glass crucible (porosity No.4),
while hot, washed with boiling water first (~ 200 ml.) and
finally with 131 cold agueous alcohol (~ 26 ml.). The crucible
was dried at 116%120°C. for 2 hr., cooled in a desiccator

and weighed as Be(CyoH;304HCl)o.

Determination of beryliium in beryl using sodium oxinate

*++

o

After removing A1" "y, Pe , from the solution, the
beryllium content was estimated by the earlier described

procedure,

Procedures adopted for the estimation of beryllium
content in beryl solution using organic reagents have been
already deseribed. The results are presented in Table VII.



Table VII

Gravimetric determination of beryllium from beryl

using 4-chloro-2,6-dimethoxyacetoacetanilide, sodium

oxinate and other organic reagents.

<

Reagent or method used Be% Error
1. Hydroxide 4.91 -
2. ‘rann:l.nwz3 8,11 +3.,20
3. Cuptorrone s 6.03 +1.12
4. Acetoscetanilide oy 6.77 +1.86
6., Bis-salicylaldehyde- othyloned:luino?g 6.62 +0.71
6. 2eMe thyl-&quinolino]?z' 13 7.29 +2,38
7. 4-Chloro-2,6-dimethoxy- 14 4.91 -
acetoacetanilide
4,91 -
4.92 +0.01
8. Sodium oxinate® 4.91 -
4,91 -
4.94 +0.03

¢ After removal of the interference
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Gravimetric determination of beryllium in Be-Cu _alloy using
4-ghlore-2,5-dimethoxvacetoacetanilide and other organig
reagents,

L4
1.99 g. of the Be~Cu alloy was dissolved in 50 ml.

of dilute nitrie acid (1l:1) by slow heating. The solution
was boiled for 5-10 minutes, cooled and diluted to 500 ml.
Beryllium content was determined first, by standard methods.
It is found that copper(Il) is quantitatively precipitated
by 4-chloro-2,5-dimethoxyacetoacetanilide in the pH range
6.0 - 7.3. Hence, copper from the solution was separated
electrolytically and then beryllium was estimated from the

_ solution (Table VIII).

* Gift sample from BARC, Bombay



Table VIII

Gravimetric determination of beryllium in Be-Cu alloy
using 4-chloro-2,5-dimethoxyacetoacetanilide and other
organic reagents.

Reagent or method used Be taken Be found Error
(mg.) (mg.)
1, Hydroxide 3.98 3.99 +0.01
2. Pyrophosphate " 3.94 -0,04
3. Tennin'>® u 3,96  =0.02
4. Cupferron®® " 3,47  =0.51
6. Acetoscetanilide®” n 3.47  =0.61
6. Bis-salicylaldehyde-ethylenedianine > ® 4,78 +0.80
7. 2-Methyl-8-quinolinol - ° " 3,91  -0.07
8. 8-Hydroxyquinoline ' " 3.74  =0.24
9. 4-Chloro-2,6-dimethoxy- » 3,92 «0.,06
acetoaectanilidolu

10. Sodium oxinate n 3,94  -0.04

4.04 +0.06




Results and discussion

Although 8-quinolincl has been proposed by earlier

vorkers71'162

as a gravimetric reagent for the determination

of berylliium, there is a considerable controversy concerning
the nature of the precipitate formed in solution. Rao et a1.182
reported quantitative precipitation of beryllium from aqueous
solutions with 8-quinolinol in the pi range 7.16 - 8,12 and

the composition of the berylliium oxinate has been shown to

be Be(CgHgl0)ge Motojima’l proposed, however, the formula
Bep0(Colighi0)g.2Hp0 for the yellow erystalline insoluble
precipitate formed in solution. The precipitated complex

after washing and drying, may be directly weighed as such
according to both the procedures but Reo et |l¥52 apparantly
preferred to ignite it to Be0d in the beryllium determination.
Kagee and Gordon ®? reported that beryllium with ionic radius
0.31 % might be expected not to form a complex with 8-quinolinol.
The analytical procedures for the determination of beryllium
with 8-quinolinol as well as the nature of the complex formed
in solution are, therefore, examined and it is observed that
consistently low beryllium values are obtained by the.reported
methods (Table IV)., Further acetic acid interferes seriously
with the estimation necessitating the use of undue excess of
the reagent during estimation. During washing of the beryllium
complex with dilute ammonia (1:100) to remove excess of the
reagent, losses of the complex itself, due to dissolution are
observed (Table V).
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It is considered therefore interesting to examine
the sodium salt of 8-quinolinol, sodium oxinate - a water
soluble compound - as a possible reagent for beryllium(II).
The reagent precipitates beryllium from solutions
quantitatively in the pH range 7.5 « 8.2. The precipitated
yellow crystalline basic hydroxy quinolate of the composition
Beo0(CgHgNO)oe2Ho0 18 found to be insoluble in the medium
and could be washed free from excess lizgnn easily with
boiling water, It is thermally stable and could be dried
at 106°-110°C end weighed directly. It is found that sodium
oxinate, unlike 8-quinolinol, gives consistently satisfactory
results in the determination of beryllium., However, when
beryllium is associated with AL(III), Fe(IIl), Zn(II),
Cu(lIl), etc., a prior separation of these interfering elements
is found necessary. Masking of the foreign ions with disodium
salt of EDTA i1s found to be unsatisfactory. Ions such as,
acetate, sulphate, chloride do not interfer¢ in the estimation.

The experimental data are presented in Tables I-III.

Thermogravimetric and differentiagl heating curves
for the complexes bis(8-quinolinolato)beryllium(II)dihydrate,
Beg0(Cqiighi0)o.2Ho0 and bis(8-quinolinolato)beryllium(Il)-
monohydrate, Bes0(CgHgl0)2.Hy0 are shown in figures VII and VIII,
Elemental analyses, I.R. spectra and T.G. and D.T.A. analyses
clearly show that the precipitated beryllium complex has
the composition Beg0(Cgigh0)o.2H0. The dihydrate formula
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hes been confirmed in a recent study of beryllium oxinate
prepared by mixing homogencous solntionslss. The authors
reported however that with the loss of one molecule of

water during pyrolysis of the compound, an unstable intermediate
is formed which immediately decomposed to form the oxide of
beryllium. It is observed in our study, however, that with

the volatilization of one water molecule from the dihydrate,

a thermally stable intermediate product, monohydrated beryllium
complex is formed which decomposes on further heating. The
thermal stability of this intermediate product is amply
demonstrated by the isolation of bis(8-quinolinolato)berylliium(II)-
monohydrate, BegO0(CgoHgli0)g.Ho0 by heating the dihydrate at
80°C under vacuum (~ 3,0 mu.) end is characterised from its
elemental analyses, 1.R. spectral and T.G., and D.T.A. data.

The OH str. absorption in the i.R. spectrum of the compound

is observed at 3315 em™l gnd the other OH bending modes
however could not be assigned unequivoeally due to the
absorption bands of the ligand in these regions. The compound
shows loss corresponding to one mole of water at 240°C and
volatilization of water is accompanied by decomposition of

the complex suggesting that water is coordinatively attached,
probably forming hydroxyl bridge bonds. Beryllium compounds
and chelates containing such hydroxyl bridge bonds have been
roportedls"167. The presence of hydroxyl bridge bonds in
bis(8-quinolinolato)beryllium(Il)monohydrate is confirmed by

P.M.Rs studies. The R.j4.R. spectrum of the compound in



trifluoroacetic acid (TAA) (Fig.IX) shows a broad absorption
centred at -3.,47 U arising from hydroxyl protons [aromatie
protons are observed at 1,07 (2H and 4H) and at 2,177
(3,56,6 and 7H)) and furthermore, there is no change in the
spectrum after 48 hrs. (no exchange of the hydroxyl protons
with protons of the acid group), indicating probably the
presence of bridged hydroxyl protons. The hydroxyl protons
absorption disappears, with the addition of small amounts of
Do0 to the sample, indicating that the monohydrate reverts
to the dihydrate complex presumably containing no hydroxyl
bridged structure as in (A) rather than to the form (B).

The structure (B) was suggested by earlier workers for the
dihydrate on the basis of pyrolysis data and to explain the
stability of the molecule at 180°C formula (A) is slso favoured

H,0 on
oxﬁé'e—o —Be<=0x Ox::zBe/ e=0x- R0
Htp \ou/
(A) (8)

HOx = @-gjuinolinol.
These studies indicate that bis(8-quinolinolato)beryllium(Il)-
monohydrate may have the following structure.
AN
Ox=—8¢ Bet=— Ox
/
OH



?.G. and D.T.A. data show bis(8-quinolinolato)beryllium(II)-
dihydrate is thermally stable upto 150-160°C and decomposition
starts only from this temperature region. Accelerated weight
loss oceurs in the temperature region 260°-500°C. Broesd and
pronounced endothermic peaks with maxima at 280°, 400° and
455° are observed in the DTA curve. An extreme deviation
from the base line on the DIG curve corresponding to these
changes are also visible. Complete volatilization is observed
at 840° (theory 86.04%; found 86.0%). The weight loss in the
vieinity 200-220°C suggests volatilization of one molecule

of water. FRurther loss of the water of hydration, as shown

by the peak at 230°C (loss observed 1743 required for 2 moles
of water 10.01%) results in the decomposition of the complex
1tself. The pronounced endothermic peaks at 400° and 455°C
are due to combined effects of melting and loss of a major
portion of the organic part of the compound. The decomposition
pattern for bis(8-quinolinolato)beryllium(II)monohydrate

is similar to the dihydrate and shows that the compound is
stable thermally upto 240°. Complete volatilization takes
place at 780°C (Theory 85.29%; observed 86.0%).

The experimental data concerning the estimation of
peryllium in beryl presented in Table (VII) elearly shows
that amongst the resgents examined only 4-chloro-2,5
dimethoxyacetoacetanilide gives consistently satisfactory results.
prior removal of AL(III) and Fe(III) from the solution is not
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required, However, in the analysis of Be-Cu alloy, sinee

the reagent quantitatively procipintum' also copper(lIl) in
the pH range 6.0 - 7.3, prior separation of copper is necessary
in the beryllium estimation.

The organic reagents, cupferron, salicylaldehyde-
ethylenediamine, tannin, 2-methyl-8-quinolinol, sodium oxinate
give quite satisfactory results in the estimation of beryllium
from pure Be(Il) solution (Table VI). The precipitates formed
are compact, easily filterable and thermally stable.
Unfortunately these reagents are not selective. By masking
of the interfering elements with complexone III a certain degree
of selectivity may be achieved since the precipitation of
beryllium is quantitative under the experimental conditions.
Prior separation of all the interfering elements is, therefore,
necessary. Tannin, acetoacetanilide, cupferron are reported
to give accurate and good results in the determination of
beryllium in presence of interfering elements. However, the
application of these reagents to the analysis of berylliuam in
beryl and Be-Cu alloys is rather unsatisfactory. The precipitate
of beryllium acetoacetanilide, although crystalline and thermally
stable, is markedly soluble in hot wvater. The roportod“
experimental error in the estimation 10\:_31. The drawbacks in
the cupferron method of estimation of beryllium are that the
precipitate of beryllium cupferronate is soluble on heating
and the reagent itself is sensitive to light and heat and also
atmospheric oxygen. The excess resgent is carbonized on heating.
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