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SFECTROFHCTOMETRIC LIUDIES CF BLEYLLIUM THENCYL TRIFLUCROACETCNE! ‘Be(TT«’-&)Z.1
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by

Rene 4. Boleomey and Leon '.Vish1

Beryllium thenoyl triflucrozcetcnate aprears to exist in two forms
of different spectral curves. The 4 fcrm reporied by Zebroski has an
abscrpticn band located at 349 m. The B form hug elther a maximum
at 365 mu or two maxima, one located at 349 and one at 365 mp. The 4
form may be easily transformed into the B form with either a weak alkali
wash or by sublimeticn at 60 tc £0° and 12 to 1€ mm. Hg. So far it has
not been uvessible to convert the B form into the 4 ferm ner has it been
possible to fractionate the double banded spectrum cf the B ferm into

two componente,

e wish to thank Drs, P. C. Tompkins and Henri Levy and Mr, A, Broido
for helpful criticisms,




SPECTROPHCTCMETRIC 5TUDIES COF BERYLLIUN THELCYL TRIFLUCHCACETCIE {ge(TTALJ

oy

Rene A, Bcleomey and Leon Tishl

In an earlier report (1) it was stated that removing excess thenoyl
trifluorcacetone (TTA) from a benzene soluticn of Be(TTA)2 sheould acceler-
ate the extraction of Be ion by means of ccncentrated hydrechloric acid,

It shculd be possible te attain this end by weashing the benzene phase with
alkali or by subliming off the excess TTA at controlled temperature and
pressure, Ireatment of a benzene phase c¢f Be TTA)2 centalning an excess

of chelating reagent with socdium hydreoxide gave erratic results in the sub-
sequent rate of extracticn of Be with concentrated hydrochlorice acid.

In an attempt to cbtzin a better understanding of the nhencmena in-
vclved, the -remowal cf excess TPa from a benzene solutien of Eé(TTA)2 WES
followed svectronhctemetrically. These ctudies revealed that the absorption
curve of the resulting Be chelate wae changed from cne charzcterisiic of
the Be chelate to cne charscteristic for the 41 chelédte, yet our s&mple
contained no Al,

This observaticn was nct expected on the basls of Zebroski's work
(4). Zebroski reported that the chelates of the highly electropesitive
ions such ag Be, Al, La, Pr, Zr and Th have ubsorption bands that are

very similar to that of the TT& erol and that the shift In » meximum due

lwe wish to thank Dr
fei

for helpful critic

s. P, C, Tompkins and Henri Levy and Mr, A, Broido
sms,
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to complex formation is about the same for all of these metals, On the
longer wave length side of the maximum, these chelatec are charscterized
by a very slight shculder which resolves itself, according to Zebroski,
into a band only in the case of the Al chelate., No data showing the
resolution of this shoulder into a sepsrate baznd in the case of the Be
chelate was presented, This paper reports the results of additicnel

studies on the phencmenon,

Experimental

Beryllium thencyl trifiuorecacetcne was prepzred by the methcd of
Fernelius (3) by adding an ethancl soluticn of TTA to a slightly acid
sclution of beryllium chloride, The chelaﬁe was recrystallized several
times from petrocleum ether before use. The abscrpticn curves for TTA
and for the chelate were found to be in goocd agrzement with thcse
precented by Zebroski (4).

A spectrographic analysis of the starting beryllium chleride (Table I)
revealed faint traces of Ca and cf Mg, The 41 content of the sample was
less than 1 ppm. and could not acccunt for the findings presented below.

vt

Removal cf excess TT4 with alkali. ~ Preliminary experiments showed
—_ == v

that excess TTA may be remcved from a benzene phase with slksii., The

reacticns for the process are of two main tyres: 1 ~ simple extraction
of the enolate icn intc the aqueous phase and 2 -~ hydrolysis of *he

p-diketcone tc lower components such as trifiuorcacetic zcid and Z-scetyl

thicphene (4). & BG(TTA)E sample containing Be’ isolated as described

earlier (2) was dissolved in benzene to which was added an excess of the
p-diketcne, Shaking this sclution with 41 N scdium hydroxide revealed
that the optical density of the benzene layer =t 325 mp deereased rapidly
while Be7 activity remained in the crgenic phase. Prclonged shaking of

. Cr o a 7 . .
these phases finally resulted in Be' extraction into the aguecus nhase.

ioo




Spectrographic fnalysis cf the Originzl Beryllium Szmple

Element

Ag
Al
s

Au

Ca
Cd
Ge
Cr
Cu
Fe
Li
Mg
Mn
Mo

LY.
Ha

Table I

Spectrographic
Findings



(Table I Centinued)

Element

Sb

Si

Ta
Ti
v

Zn

VS = Very strong, FT = Faint trace,

Spectrographic
Findings

= Sought, not found
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In order to be in a better pcsition to feollow the resction, aliqucts of the
original Be(TTA)2 sclution were succegsively shaken for fifteen minutes st
room temperature with 0.01, O.1 and 1,0 M scdium hydroxide., The absorption
curves of the benzene solution were determined after each successive treat-—
ment, An analysis of the resulting curves (Fig. 1) reveals that the excess
reagent has been removed within fifteen minutes., The simultaneous appear-—
ance of & band absorbing maximally below 300 mp indicates that a ccnsider-
able amount cf degradation has taken place and that this degradation product
remains appreciably soluble in benzene kept in contact with either 0,1 N
sodium hydroxide {curve 4) or 1 N hydrochloric acid (curve 3) during a
shaking pericd of fifteen minutes, Accompanying the disappearance of the
325 mp band a second maximum appears at about 3€5 mp.  Successive alkali
washings decrease the optical density of the 350 and 365 mu bands at the
same rate,

4 similar experiment was performed on Be(TTA)2 ccntaining no excess

]

reagent with similar results (Fig. 2). In this case the cptical density at

¢}

350 mp decreased considerably and the shculder resolved itself into a
distinct maximum (curve 2) after shaking with 0.1 N sodium hydroxide. Wash=~
ing the resulting benzene phase with concentrated hydrechloric acid did nect
alter the 350 and 365 mu maxima but resulted in the production of a third
maximum located at about 318 mp (curve 3), The component respcnsible for
this maximum was found to be partially dissolved in the zcid phase and
could be re~ecxtrzcted into benzene after adjusting the pH to a value of

€& ~ 7 (curve 4).

Removel of excegs TT4 by sublimation. — Zebroski (4) sublimed excess

_ . . 5 . -5 . . .
TT4 from metal TTa chelates at 60° and 1077 mm. Hg after recrystallizing
the metal chelates several times from dry benzene cr benzene heptane solu-—

tions. In our experiment TT4 was dissclved in benzene and sublimed at 60







Figure 1
1 - Be(TTA)2 plus excess TT4
2 — Sample 1 washed with C.01 X sodium hycroxide.
3 - Sample 1 washed with C.1 N sodium hydroxide.

4 - Sample 1 washed with 1,0 N sodium hydroxide.

S
!

Sample 5 washed with 1.0 X scdium hydroxide.

—

6 - Be(TT4) alone.
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Flgure 2

1~ Be(TTA)2

2 =~ Sample 1 washed with 0,1 N sodium hydroxide,

3 = Sample 2 washed with concentrated hydrochloric acid,

4 = Acid phase from sample 3 adjusted to pH é~7 and
extracted with bengzens,
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to €0° and 12 to 1€ mn. Hg for varying lengths of time. The samples after
sublimation were dissolved in hot benzene, cooled and made to volume, The
percentage TTA removed by this trestment was determined from spectrophoto-
metric measurements of 325 mu on aliquots of the resulting solution. Re-
suits obtzined on Be-free TTA semples asre shown in Table II. The results
presented in Table IIl were obtained cn a TTA-free 3e chelate and indicate
no significant change in the opticel density at 349 rp &s a result of
sublimation at £0° and 12 mm. Hg in thirty-five minutes, S&imilar results
are shown in Table IV, These indiczte that excess TT& is removed from the
Be chelate by sublimation with no significant decrezze in the opticsal
density at 349 mp.

Absorption spectra of the chelate obtained after heatiﬁg a mixture
of the chelate and excess TT& are quite similer tc thcse obtained by the
alkali treatment mentioned above. &4 typical curve obtsined on a heat
sublimed’ sample is showa in Fig, 2, curve 1. The sample represented by
curve 2, Fig, 3 szs sublimed st room tempersture and shows the typical
Be chelate curve of Zebroski,

The average ratio 5365/2349 for the product resulting from the
alkali treatment is about 0,97 with a range of 0.¢6 tc 0,98 for five samples.
The seme ratio obtained on the heat sublimed semple is 1.03 with 2 range of
1,01 to 1.09. This difference is apparently due to a lack of contamination
in the heet sublimed semples with the substance absorbing maximally below
300 mu obtsined by the alkzli wash,

The similarity of these absorption curves to these of the Al chelate
is striking. A4s our 3e szmple contealned ne Al or other impurity thst
could account feor the rssults we zre forced to conclude thet the Be

chelate exists in two forms.




Iemoval of TT4 by 3Sublimation

Cone. of TTA in Temp, Pressure Time Density at 325 ma Percentage TT4
benzene x 10°M °c mm. Hg Nin. Initial Final Removed
1.5 70 15 5 224 8.00 97.
1.85 70 17 5 224 1,70 9542
1.85 70 14 10 224, «.057 9é,9
1.85 60 15 10 224 2450 98,4
1,85 (0] 15 15 224 +100C 99.9
1.85 g0 14 15 224 048 939.9
1.85 &0 15 10 224 1,09 89.5
1.85 80 14 15 224 057 59.9
1.85 g0 14 20 24 2043 99.9
1,85 70 17 20 224 2.05 99.1
1.85 €0 14 25 224, 040 9.9
+185 €0 1€ 5 22.4 .C16 99.9
185 &0 16 10 22,4 .00E G9.9
2165 £0 16 15 22.4 010 99.9
,185 70 1g 15 22.4 .014 99.%
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Table IIT

Resistance of Be(TTA)2 to Sublimation at 80° and 12 mm, Hg

Conc, of Be(gTA)z in Time Cptical Density at 349 mom Percentage

Benzene x 107 M Min, Initial Final recovery
1.34 15 - o565 " $558 99
1.34 15 .565 ,568 109
1.34 20 565 578 102
1.34 20 .565 580 103
1.34 15 565 » 567 102
1.34 15 .565 552 ‘93
1434 15 .565 565 100
1434 35 565 573 101

1.34 15 565 556 99




pe2

Table iV

Recovery of Be(TTA), from Excess TTA by Sublimation

- Be added Excess TTA mg Be found Percentage recovery
36,65 ug 10,85 ug 38,02 104
" " 33.65 92
" " 37,20 101
" " 34.88 95
" " 3Lk 9
" " 36.31 99
" " 35.55 97
3.67 " 3026 89

" " 3.58 97







Figure 3

Effect of Temperature en the Absorption Spectrum of Be(TTA)2

Curve 1 sublimed at 80°

Curve 2 sublimed at room temperature,
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&n analysis of the Be chelate (containirg Be') purified by sublimstion
revealed a Be content of 1.95%. The lowering of the freezing point of
benzene containing the chelate indic:zted a moleculsr weight of 455, These
results are in agreement with the formuls Be(TTA)2 which has a calculated
molecular weight of 451 and a calculated Be content of 1,59%.

Our samples were sublimed at 2 higher pressure ond temperature than
were these of Zebroski (4). This may be the cause for the resolution of
the shculder into a distiret maximum in the case of our Be chelate. Also
the presence of an excess of reagent may accelerate the resolution of
the shoulder into a distinect maximum,

Attempts to resolve the products obtzined by either the alkali or the
sublimstion experiments into two compcnents of different absorption chare
acteristics by recrystallization frem petroleum ether or frem benzene were
/L by oro-

365 349
longed treatment with either zlkali or by sublimztion. Such treatmsnts

unsuccessful, Nor was it possible to alter the raztio E

resulted only in a decreased extinction value due to & loss of the com-
plex by solution into the sguecus phase or by sublimetion, the ratio
£365/E349 remeining constant within the limits of the meazsurements.
Attempts to produce similar changes in the absorpticn spectra of the
chelates of Zr, La, and Cu were unsuccessful by sither the slksli or the
sublimation experiments., It would sppear, theréfore, that the Be chelate
mey have =zn absorpticn speetrum thst resembles thst of the Al complex.
The Be chelate, however, differs from that of 41 in that it may also have
an absorption spsctrum chsracterized by s single meximum, This would sug=
gest that chelates of Be and of A1 mey exist in twe forms; the & form
characterized by & single zbscrption band located =t ebout 350 mp, and
the B form charscterized either by & single zbsornticn band loczted at

3€5 ma or by two bunds loceted ot sbout 350 and 365 mp. In the case of

a.
* N
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the 41 chelste, the & form would be very unstable or would exist in ¢ repid
state of equilibrium with the B form with an extineticn ratic in the two
mexima of 1, With Be, however, the & form would be fairly stable under
crdinary circumstances so thet either alksli cr heat would be reguired to
catelyze its trunsformetion into the B form cr into an equilibrium mixture
with an extinction ratio in the two mzximz of 1,

At present we do not have encugh data to characterize fully the struc-
ture of these chelutes; however, we feel thet the cbservations presented are
of sufficient importance to merit publicction, Without this knowledge a
Be sample muy be misnamed 4l shculd the investiigator attempt to classify
it on the basis of the shsorption spectrum of its thenoyl trifluoroscetonate,
This point is emphasized by the fact that once our Be sample gave directly
the double banded Be chelste with no apoarent & ferm stege. It may be
that our TTA solution was slightly slkeline or that the temperature cf the
laberatory waé hilgh enough to catalyze the transformetion of the & to the

B form,

Beryllium thenoyl triflucroacetonate wppears to exist in twe forms of
different spectrul curves, The o form revcrted by Zebroski hus an sb-
sorption band loceted ut 349 mp; the B form has either = meximum at
365 mu or two muxima, one locuted &t 349 and cne =t 3€5 mp. The & form
mey be essily trensformed inte the B form with either a weck slkeli wash
or by sublimution et €0 to £€C° and 12 to 18 mm, He, So far it hee not
been possible to convert the B form into the w form nor has it been pos~

sible to fractionzte the double banded spectrum of the B form into two

componente,




1)

2)

3)

4)
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