UNCLASSIFIED

AD NUMBER

AD819875

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to DoD only;
Administrative/Operational Use; JUL 1967.
Other requests shall be referred to Air
Force Materials Lab., Wright-Patterson
AFB, OH 45433.

AUTHORITY

AFML 1ltr, 7 Dec 1972

THIS PAGE IS UNCLASSIFIED




' AFML-TR-$67.184 %
Part |
SYNTHESIS AND EVALUATION OF NEW
AND IMPROVED GYRO FLOTATION FLUIDS |

J. 5. Skelcey
The Dow Ci,zmical Company

AD819875 ,

TECHNICAL REPORT AFML-TR-67-124, Pt |
July 1967

Each transmittai of this document autside the Department
! Dofense must huve prior approval of the Fluid and
Lubricant Materiols Branch, MANL, Nonmetallic Materials
Division, Air Force Materials Laborato:y, Wricht-Patterson
Ai- Eacce Buse, Ohio 45433,

Aii Vorce Materials LeYoratar,
Lirectcrute of Lohoratories
Air Force Systems Command
¥righi-Fetrerson Air Force Bace, Ghio

B N B T T L N P e PP,




NOTICES

When Government drawings, specifications or other data are
used for any purpose other th~r in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibliity nor any obligation
whatsoever; and the fact that the Government may have formu-
lated, furnished, or in way supplied the said drawings, specifi-
cations, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the . .der or any other
person or corporation, or conveying any rights or permission
to manufacture, use, or sell any patented invention thet may in
any way be related thereto.

Copies of this report ghould not be returned unless reiurn is
required by security considerations, contractual obligations,
or nctice on a specific document.




T

RS

SYNTHESIS AND EVALUATION OF NEW
AND IMPROVED GYRO FLOTATION FLUIDS

J. S. Skelcey

Each transmittal of this document cutside the Department
of Defense must have prior approval of the Fluld and
Lubricant Materials Branch, MANL, Nonmetalllc Material
Division, Alr Porce Materials Laboratory, Wright-
Patterscn Air Porce Base, Chlo 45433,




AFML-TR-07-184, Pt 1

FOREWORD
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ABSTRACT

‘The objective oif this research program is to produce liquids
which have densities between 2.5 and 3.0 g./cc. for use as gyro
flotation flulds. The work iavolved the ynthesis of semi-
Inorganic compounds ccntaining a heavy metal ion in combination
with fluorocarbon anlonic groups, i.e., fluorinated alkoxy, ortho-
phosphate diesters, or g-diketones.

Hafnium and tantalum derivatives of HOCH, (CF ) CF,H
HOC(CH3) 2(CF)5CFpH, and HOCH,(CF; )gCFQH are viscous iiquids
with densities around 2.0 g./cc. Thallium dodecafluoroheptoxide,
a low melting solid, has a density of 2.598 g./cc., whereas the
density of unpurified thallium hexadecafluorononoxide is 2,48
g./cc. The thorium ard lead fluoroalkoxides are solids as are all
of the heavy metal derivatives cf the shorter chain fluoroalcohols.

Three hydrogen orthophosphate dlesters were propared:
(CZFrCHQO)gP(O)OH [(CF})ZCHO]QP(O)OH and (C 3F7CH0) 2P (0)OH.
Heavy metal derivatives of these phosphates are all high melting
solids. The four following flucrinated s-diketones were also

0O o0 0 0 0O ¢
" 7 " " " i
prepared: CF3CCHpCC3F;, CF3CCH2CCqFs, CH3CCH2008F7 and
0o 0 0
" "
CH3CCHCC The thorium derivative of CF3CCH CC3F;, Th(C7HOF;0)y
is a liquld whose density 1s 1.90 g./cc. Thallium complexes of all

four of the above diketones are sollds with relatively high melting
points.,

Fa~h transmittal of thils abstract outside the Department
of Defense must have prior approval of the Fluid and Lubricant
Materials Branch, MANL, Nonmetallic Materials Division, Air
Force Material. Yaboratory, Wright-Patcerson Air Force Base,
Ohio 45433, ‘
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I. INTRODUCTION

The purpose of this research program is to develop liquids ¢
candidate materials for gyro-flotation fluids. These flulds should
have densities between 2.5 and 3.0 g./cc. at 125°F., viscositiec
between 1,000 and 5,000 cps., thermal stability at 285°F., compati-
bility with the various materlals used in gyro construction, and
good resistance tn gamma radlation.

Specifically, the work involves the synthesis iund characteriru-
tion of semi-inorganic flulds containing a heavy metal lon from tno
cixth or seventh periods of the periodic table, e.};., thorium,
harnium, tantalum, cerium, mercury, thallium, lead, bismuth, etc.,
with a fluorinated anionic group cor with a combination of anionic
groups, i.e., Cluorinated alkoxides, orthophosphate diesters, or
3-diketonates. )

The general structures cof tnese three types of proposed heavy
metal semi-incrganic compounds are: '

(1) Fluoroalkcxide,
MEOCHz(CFg)XCF?HJM

(ii) Orthophosphate dilester,

AN\

M P(OCH,Rr) 5 ‘ 3
N n o
(1ii1) g-Diketonate, ‘ %
- . i i

/ ;

o0=¢ ;

o \ 1
Mo CH P
N / ’

o—c/
\\R
1 f.n

Presently, the most widely used gyro-flotation fluid 1s a polymer
of CFp=CFBr. This material does not have the desircd chemical in-
eicness, density or metal compatibility, and, because 1t 1s pcly-
meric, tends to undergo thermal diffusion and stratification. To
alleviate these problems encountered with polymeric materials, i
fluids of single molecular composition, not polymeric in structure, :
are preferred. . h

et Lt el 51 7 AL
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Several types of compounds uwere considered as potential nigh
density iiguids. The most obvious ciass was the highly brominated
aliphatic and aromatic compnunds. ‘'These materlals, however, were
not expacted to meet thre stated radiation, corrosion, and fberma‘
stability requ’rements of the ideal gyro fluid

The radiation chemistry of the organic nalides has probably
been studiedi in greater detail than that of any other type of
organi: compound. From these studies it has been found that, ex-
cept for the C-F bond, nne carbon-halogen (C-X) bond is ruptured
preferentially In crgarnic halides. The C-I, C-Br and C-Cl bondc
cleave preadily, whereas the C-F bond is more stable than the C-C
or C-H bond (1). These results on the radiation decomposition -
of alkyl halides are also in accord with known tond energiles (2):
C-F, 116 kecal./mocle; C-C, 82.5 kcal./mole; C-Cl, 81 kcal./mole;
C-Br, 68 kcal./mole; and C-1I, 51 kcal./mole.

A mcst important consequence of the radiolysis of the alkyl
halides is the nature of the reaction products. Organic bromides
cun yleld either free bromine, hydrobromic acid, or both; hydro-
bromic acid is the primary product. Alkyl fluorides, on the other
hand, appear to degrade by C-C bond scission and do not produce a
highly corrosive acid (3}.

In the past, halogen-contain.ng aromaiic and aliphatic liguids
have been investigated as high density fluids for applications
other than gyroc-flotatic fluids. In general, these fluids do
not have the density ana inertness requilied for a gyro fluid.

The alkyl bromides have been found to be highly corrosive
with aluminum metal. In several cases, the bromides t.ave been
known to react explosively with aluminvm through an apparent auto-
catalytic mechanism. <Chlorocarbons were also considered for the
proposed application; however, they offer no great advantage in
density over the fluorocarbons and are aisc capable of reacting
violently with aluminum.

Taus, from these considerations, it was believed that balogen
compounds, other than fluorine, would not meet the required radia-
tion and corrosion requirements.

Aithough the organic fluorine compounds have the desired inert-
ness, the density of these materials reaches a maximum of approxi-
mately 2.0 g./cc. In contrast, many heavy metal compounds have
densities much greater than 3.0 g./cc. These compounds, however,
are generally highly ionic and consequently form solids. In order
to take advantage of the density of the heavy metal compounds, an
anion must be selected which will prevent crystallizaticn from
occurring and w. '‘ch has a sufficiently high density to precvent an
appreciable lowering of the net density of the resulting fluid.

e sk e, maeibaant  rd 4 -
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Since flucrine-contalning anlionc have a high density and a low
net interaction and lattlice energy, the comblnation of this type
of arion with heavy metal ions was expected to result in Ilulds

meeting the target obJectives,

From the known nroperties of metal alkoxides, phosphate diesters
and g-diketonates, 1t was expected that the proposed compounds
would meet the thermal stability requirements; however, the
viscositles and corrosive properties would have to awalt actual

testing.
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I1. DISCUSSION OF RESULTS

The ,,.al of this research program was to produce liquid
materials which have densities of greater than 2.5 g./cc. Work
was concentrated on three types of heavy metal compounds,.
are; fluoroalkoxides, phosphate diesters, and g-diketonates. The
alkoxides were prepared from fluorinated alcohols which are com-
mercially available. However, the efforts in the areas of phos-
phate diesters and 8-diketonates included the synthesis of hydrogen
phosphate Glesters und g-diketones which were uzed as starting
materials for the preparation of their metal derivatives.

A. HEAVY METAL F_UOROALKOXIDES

The program of research initially specified that the fluoro-
alkoxides include compounds of the following metals: thorium,
tantalum, hafrium, cerium, mercury, thallium and lead. The fiuoro-
alkoxy groups are those that are derived from dodecafluoro-l-
heptanol, HOCHz(CFz)SCan, hexadecafluoro-l-nonol, HOCH,(CF2)7CFoH,
and dodecafluoro-2-méthyl-2-octanol, HOC(CH )2(CF2)50F2§. Sub-
sequent work involved the preparation of soge metal compounds with
smaller chain fluoroalkcxy groups. Since the llterature provides
established methods for the preparation of the non-fluosinated
alkoxides of most of these metals,these methods were employsd for -
the preparation of the fluorinated alkoxides.

l. Hafnium

The hafnium fluoroalkoxides were prepared by the reactions of
hafnium tetrachloride, HiCly, the fluoroalcohols and ammonia in
benzene:

HFCly + 4 HOCHpRp + 4 NH3 —> Hf(OCHpRp)y + B NHyCl

This 1s essentially the method of Bradley, Menrotra and Wardlaw (4)
except that they used dipyridinium hafnium hexachloride,

(CgHgN) oHfC16, @s the starting hafnium compound. Table I 1ists

thé hafnium fluoroalkoxides which have been prepared and their
physical properties.

These hafnium compounds are ali volatile and were purified

by either sublimatior or distillation. Distillation of the higher
chain alkoxides could not be accomplished by normal vacuum 3is-
tillation nor in a Hickman molecular still because o1 thermal de-
composition. They could be distillsd in a falling film molecular
still, out even in this case some decomposition was noted. The
products which were obtained were brown viscous liquids. All of
the hatnium fluorocalkoxides are soluble in bentene and acetone.
They are susceptible to hydrolysis especially when in <3lution.
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In reference to Tabls I, it will be noted that analysis has . P
revealed the presence of nitrogen ln the hafniun fluoroalkoxides.
The IR aspectra show evidence of nitrogen-hydrogen bonds by the
absorptions in the region near three microns. This was also verified
by proton NMR data. Assuming that the nitrogen is in the form of
ammonia, then the compositions of the trifluoroethoxide and penta-
fluoropropoxide approach those of the ammine complexes,
Hf(OCHaCF3),+NH3 and Hf(OCHaCpPFg)y'NH3. The ammine species is bonded
etrongiy enough that 1t 13 not ?ost during the vacuum sublimation
of these materials at temperatures near 90°C. There is also better
agreement between the elemental analysis and theoretical composi-
tion if it 1is based upon an ammine complex. Thus, Hf(OCHoCF3)y-NH3
requires 16.24% C, 1.37% H, 30.17% Hf, and 2.37% N, while
HE (OCHCoPs5 ), NH3 requires 18.208 C, 1.408 H, 22,548 Hf and 1.77% N.
Compared to the reported data in Table I, there 1s close agreement. -
Although these data support the exiavrnce of ammine complexes of 2
Rf(OCHoCF3)y and Hf(OCHC2P5)y, it is known that Group IV transi-
tion meta?s generally do noé ?orm stable ammine complexes. D. C.
Bradley and coworkers (4) have not reported any data on such
complexes during their work on transition metal non-fluorinated
alkoxides.

The three longer chain fluoroalkoxides of hafnium nave less
nitrogen associated with them (N/Hi atom ratio = 0.35-0.46) and do -
not appro2:h the compositions of the trifluoroethoxide and penta-
fluoropropoxide. These materials, Hf[OCH;(CFp)sCF H]
Hf[OC(CH3)5(CP,)5CFoH], and HE[OCH, (CP, ) 7CPoH hs were vacuum dis- .
tilled aé gemperatures above 210°v. 5 may have lost some of the
ammonia during this process. The proton NMR apectra of these com-
pounds were less definite for the N-Y analysis because of the
small amounts associated with them.

Although the nature of these hafnium fluoroalkxoxides have not
been definitely proven, work in this area was de-emphasized in
order to investigate the fluoroalkoxides of the cther metals.

The densities were slightly lower then expected; however, it iz
interesting to note the increase of 0.2 g./cc. in going from the
tertiary alkox.de Hf[OC(CH }2(CF3)cCPoH],, to the primary alkoxide,
HE(OCH,(CP2)gCFy H It is expectgd that more work will be dcne

on harnium compoungs It has been shown that liguid kafnium
fluoroalkoxides can be prepared, and future work wil) investigate
alcohols which, when combined with hafnium, will yield liquids of
higher densities than presently attained.

Z. Tantalum

To synthesize the fluoroslkoxides of tantalum, tantalum ethoxide,
Ta(0CoHg)s, wvas first prepared and then used in alcchol exchange
reactions with the fluoroalcohols. The method of Bradley, Wardlaw,
and Whitley (5) was used to prepare Ta(OCHg)s and is essentially

— e e — — e o . St =t < 5, 2t
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the same procedure for preparing the hafnium rluoroalkoxides.,
Tantalum ethoxide was purified by distillation at 126°C. and
0.11 mm. Hg and identified by its IR spectrum. Tantalum tri-
fluoroethoxide was also prepared by this mathod and purified
by vacuum sublimation at 95°C. and 0.02 ma. Hg. This material
is a white solid which melts at ~95°C. Bx elemental snalysis
the product was found to be 17.34% C, 1.:4% H, and 26 2% Ta.
The calculated anslysis for Ta(OCH20F3)5 is 17.25% €, 1.49% H
and 26.8% Ta.

The longer chain fluorovalkoxides of tantalun. were prepared
by alcohol exchange reactions of Ta(CC2Hs5)s with ar excess of
the appropriate fluorcalcohol:

Ta(OCQH5)5 + 5 HOCHoRp > Ta(OCHQRf)s + 5 HOCyHg
In general, the reactions were run in refluxing tenzene or
toluene, and the ethanol which was produced was removed by
azeotropic distillation a1 collected in a Dean-Stark trap.
Table II 1lists the tantalu. fluoroalkoxides produced by this
method and ftheir physical p: ~perties.

It is immediately recognized from the compounds listed in
Table II that complete substitution of the ethoxy zrsups by the
flucroalkoxy groups was not accomplished by the exchange re-
actions. The most complete substitution oceurred at a higher
temperature when toluene was used as the solvent. These results,
in the case of dodecafluorcheptanol reactions, are in contrast
to those reported by W. Wardlaw (6) for the non-fluorinated

alkoxides of tantalum. He reported that alcchol interchange re-
actions readily cccur with Ta{0C3H5)5 and other primary alcchols;
however, secondary and tertiary alcogols replace only four of

the grcups. In the case of the tertiary alcohol, HOC(CH;)Q(CFg)schﬂ,

cnly three ethoxy groups were replaced after nine hours
fluxing benzene.

n re-

The properties of the fluorinated alkoxides of tantalum are
gimilar to those of the hafnium compounds which were already men-
tioned. Like the hafnlum compounds, the densities of these mate-
rials appear to approach a maximum near 2.0 g./cc., &nd, therefore,
they are of no immediate interest. Since TR%OCHECFB)S was easily
prepared by the reaction of tantalum pentachloride, trifluoro~
ethanol and ammonia in benzene it 1s likely that the higher chain
fluoroalkoxides could also be prepared by this type c¢f reaction.
The protlem of the rormation of the ammine type compounds was not
investigated for Ta(CTH2CP and 1t 18 not known 1if this would
occur as it does with the ga;nium fluoroalkoxidesa.
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3. Thorium

The reactions which were run in attempts to prepare the
therium fluoroalkoxides have not provided as positive results
as those obta.ned for the hafnium and tantalum compounds.
Nevertheless, sufficient data were obtained in addition to
that aiready published for the non-fluorinated alkoxides of
thorium to reasonably predict that extensive efforts in this
area would not be justified. ‘

An attempt was made to synthesize thorium dodecafluoro-
heptoxide, Th[OCH,(CF,)5CFoHly, by the following reactions:

ThC1,- 4 HOC3H7~1 + 4 NaOC3H7-1 » Th(OC3H7-1)y + 4 NaCl +

] 300337-1 (a)
Th(OC3H'{-1)u + 4 HOCHp (CP2)5CF2H » Th[OCHg(CFz)sCFzH]u +
] HOC3H7-1 (p)

This is the method of Brac.ey, Saad, and Wardlax (7) for pre-
paring thorium aikozides. Reaction (a) was run in isopropanol
and it was assumed that the soluble white solid from this re-

~action was Th(OC3H7-1)y. Reaction (b) was run in benzene and
‘the product obtaine
. 0.3% thorium which indicates that very little Th(OC3H7-1)y was

d from it contained 4.3% sodium and only

produced in Reaction (a). The preparation of thoriim hexa-
decafluorononoxide, Th[OCH,(CFp)7CPoH]y, was accomplished by
the reaction of NaOCH (CFz% CP2H an ThClu-ﬂ!lOCgHI~i in di-
ethyl ether. The sodium salts of the fluorocalcohols can be

made by the reaction of the alcohola with sodium metal in diethyl

ether; however, the reaction of the alcohols with sodium hyiride
is much faster and cleaner. After the ThCly-4HOC 3JH7~1 was
added and the mixture stirred for 24 hours at room temperature,
the soluble product was recrystallized from benzene. The less
soluble was mainly Th[OCHp(CF,)7CPoH]y which deposited out as
white crystals. It had the foliowlng composition: 20.75% C,

0.67% H, 11.6% Th, 0.03% C1 and 3.0%5 Na, whereas Th[OCH,(CF7)7CP,H],
requires 22.1% C, 0.61% H, and 11.85% Th. The more soluble frac-
tion was chiefly NaOCH,(CF2)-CPoE. It was not unexpected that this

trorium fluoroalkoxide is a solid since the non-fluorinated alk-

oxides of thorium are known to have more ionic character than the

cther Group IV metal slkoxides and, thus, should have less vol-
atility. This is exemplified by the fact that the primary and
secondary alkoxides of thorium are solids (7,8,9); however, the
tertiary slkoxides of thorium are distilledle liquids (10).

"A few attempts were made to prepare thorium Jodecafluoro-2-methyl-

2-octoxide, Th{OC(CH )z(csz)acrgajq, to ascertain if this fluori-~
nated tertiary aikoxide woul
case no thorium fiuoroalkoxide could de isolated. The first re-

action tried was that of ThCly- & HOC3ly-1 and NaOC(CH3)3(CPR)qCPOH

~9-

also dbe a 1liquid. However, in each
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in diethyl ether The second was that of Zipyridinium thorium
hexachloride, HgN)pThClg, and NaOC(CH3),(CFp)5CFyH in benzene.
Since these reacéants are slightly ionic, zt vas decided that a
more polar solvent was needed and, therefore, the reaction was
repeated using tetramethylenesulfone, (CHQ)MSO , as the medium.
The results indicate that not enough care was gaken to keep
molsture ovt of the reactlon, since the products were those ex-
pected from hydrolysis. Further efforts on this phase of the
research were discontinued because it did not seem likely that
the density of Th({OC(CH3)p(CFpH]) would reach 2.5 g./cc. even
1f it was a liquid.

4, Cerium

Work on the synthesls of cerium fluorcalkoxides involved
the reaction of dipyridinium cerium hexachloride, (05H sN)oCeClg,
HOCH2(CF2) CF and ammonia in benzene. The (C H6N)?,e016 was
prepared by tge method of Bradley, Chatterjee and Wardlaw (8).
A suspension of this material in benzene was treated with excess
alcohol and ammonia according to the following equation:

(C5HgN)2CeClg + 4 HOCHp(CFp)5CFoH + 6 NH3 + Ce[OCHp(CFp)5CFoH]y +
2 CgHgN + 6 NH,Cl

A soluble, brown,glassy substance was 1isolated from the reaction
and could not be freed of unreacted alcohol by vacuum pumping.
Recrystallization attempts 1n benzene, a benzene-hexane mixture,
and acetone were unsuccessful. The product was ext.scnely sen-
sltive to atmospheric moisture. A second attempt '~~~ made to
prepare Ce[OCHz(CFZ) CFoH]y by the above reaction; however,
essentially the same results were obtained. Results of an ele-
mental analysis of the product did not approach that calculated
for Ce[OCH (CFQ,SCFQH]M There 1s a similarity between cerium
and thorium since they both form ilonic type alkoxides, and
thus, cerium fluoroalkoxldes are expected to be solids. There-
fore, the efforts to prepare them were not continued.

5. Thallium

Research on compounds of metals with oxldati n states of
+4 and +5 indicated that the target density would not be reached
with them. The ratio of organic groups to metal i. obvicusly
too high and, in effect, the welght of the metal 1s diluted by
the less dense organic material. Therefore, the emphasis of the
research on retal fluorocalkoxides was shifted to those metals
of lower valency. Of greatest interest were the compounds of
thallium(I) because many of the non-fluorinated alkoxides of this

-10-
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metal are known to be dense ligquids. Thallium ethoxide,
T10CoHs, 18 a yellowish oil with a density of 3.52 g./cc. at
20°C, ?11). However, like most thallium alkoxides, T10CHs is
not very thermally stable and is decomposed at temperaturer
above 130°¢.

In general, the thallium fluoroalkoxides can be prepared
by the reaction of thallium hydroxide, T1O0i, and an excess of
the fluoroalcohol at room temperature. The following equation
represents the reaction:

T10H + HOCHsRp —> T10CH Ry + Hp0

This is an apparert equilibrium react.un sinze not all of the
hydroxide reacts. Reaction times have usually been longer than

24 hours, although there are no data as to when equilibrium is
reached. The products are isolated by flltering off the unre-
acted hydrcxide and removing the c¢xcess alcochol by vacuum evapora-
tion. Table III 1lists the thallium fluoroalkoxides which have been
prepared by this mathod and their physical properties.

In general, a >f the thallium fluoroalkoxides are white or
light yellow solids. They have been observed to dissolve in
acetore, diethyl ether and the fluorocalcohols from which they
were macde. Acetone solutions of these compounds are suaceptible
to hydrolysis. The volatilities of all of the materials were
not determined. Thallium trifluoroethoxide can be vacuum sub-
limed, bu. the melting range of the sublimate was 93°-120°C.
Thallium dodecafluoroheptoxide cannot completely be freed of the
unreacted alcohol unless it 1s distilled in a falling film molec-
ular still. Even though the IR spectrum of the undistiiled pro-
duct may show very little O-H absorption around 3 microns, ele-
mental z2nalysis indicates up to 0.85 mole of alcohol per mole of
alkoxide. Freshly distilled T10CH,(CF,)gCP.H is a clear 1light
yellew liquid which slowly crystalfizea 20 & greasy solid upon
standing for approximately one week at room temperature. The
melting point of a completely zolidified sample was observed to
be over the range of 40v-54°C. The density of freshly distilled
T10CH,(CFP)sCFoH 15 2.598 g./cc. at 25°C. and exceeds the target
denaigy o% 3.5 g.7/¢cc. At the prea:nt time the compound ls the best
candidate for a gyro-fiotation fluid; however, it3 relatively
high melting point may be a drawback.

Compared to T10CH;(CP,)sCFH, 1t would be predicted that
T10C(CH3) > (CP, ) CP,H noulg ge a liquid or, at least, have a
lower uziEIng pglng. Since the two methyl groups on the e-carton
are eleciron releasing groups, the metal-oxygen bond in
T10C(CH3)a({CP,)cCPoH should exhibit more covalent character than
that of '?OCH2(2P235C?2H. This trend, increased volatiiitly of

-1]-
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primary alkoxides compared to tertiary alkoxides, was previously
noted in the discussion on thorium compounds. However, in t:.o
case of thailium the tertiary fluoroalkoxide, T10C(CH )2(CFg)gCPPH,

melts approximstely 20 degrees above the correspo ing pr
alkoxide, TlOCHg(CPg)scFZH.

Thallium hexadecafluorononoxide was prepared frem the alcohol
and hydroxide at 75°C. in order t¢ ligquefy the alcchol which melts
at 66°C. After filtration, the excess alcohc) was removed by
vacuum sublimation to yield liquid TIOCHo{CP2)7CF2H which has
a density of 2.48 g./cc. This msteriai was not distilled and
the elemental analysis shows low values for cartun and hydrogen,
It Js probable that when a purified sample of this compound is
cbtained its density will exceed 2.5 g./cc. It is also possible
that upon purification 1t will crystailize like TIOCHR{CF,)},CF,H.

The work on the thallium fluorcalkoxides 1s being continued.
A large sample (~150 g.) of TIOCHQ(CPQ)SCFZH ras bteen prepared
and distilied. As soon as analytical data are recelved on this
material, its viscosity, toxicity, therval stabllity, ang eorro-
siveness will be determined. Seconu.y, a method for the pur:ification
of T1O0CHP{CF;)7CPsil will be worked ouf in order that accurate
density and mezting puint measurements can be made,

6. Lead

Since the fluorcalkoxides of tne lower vsiency metals offered
the be t hope of cobtaining high density ligquids, work ws=s undertaken
on the preparation of lead(Il) flucroalikoxides. The nonfluorinated
lead(II) alkoxides are not well known; however, there have Yeen
reports or their preparations {12, 13). I<ad ethoxide dicthanolate,
Pb(OC,Hg )5 -2HOCHy, 15 a crystalline rolld which Is sensitive
to air and decompdses tc lead oxide unon prelonzed drying under
vacuum (13). This compound was nrezar -4 in ~AC% yleld by the
reaction of lead chlorlde and potassium 2thexide in ethano!. Since
the flucrirated alcchpls are more zeldic than the rnonfluorinated
alcohols, it was decided to investipate Lhz reactions of lead
hydroxide, Pb{CH)., with the fluorinated a’corels. The foliluwing
equation represents the reactior: .

?bi:CH)z + HC‘-’C}’:;}E{- » PH{ODCHLRAY 4 2 HAT,
. . - L9
This it analegous Lo the rez?t’i: for the preparation of thalitux

flucroalkortides,

In an atlespt to prepare PR{GCHACF: 1., a mixture of FH{OH), and
HOCH-CFy waz refiuxed (78°C.) for alxtéen mours. howeves, only the
star.ing materiale were recoversd. When SB/CH), and HOUHA {CF 21 TF M
were hegted to rellux (~1%0°%0.F under slight vaéuua,~pypafcnz T
Jecompoglition ¢f the alcehel scrurred o 1he durface of the o
PR{Ck} .. Proem this reactton =mizxture ¥a- inciated 8 sciuble,greas

-3~
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brown materiz) having an IR spectrum which hac, besides the ex-
pected absorptions, an additional absorption *n the carbcnyl

reglon around 6.1 microns. The proton NMR spectrun reveéled- that -
the mole ratio cf -CFoH (terminal group hydrcogens) to -CHo~ groups
(a-carbon hydrogens) was 8:1. This product could uot definitely
be identified, but these data suggest partial oxiiation of*the
aicohol to the acid: :

fol ey ‘.-."': -
HOCH, (CFp)5CFoH  —=2d—> Hqg‘CF2)5°F23 el

The resulting product was most likely a mixture of the lead
alkoxide and carboxylate. Oxidation may have been due to lead
nitrate which was later found by X-ray diffracticn analysis to
be present in the Pb(OH),.

Lead hydroxide and HOCH (C“g) CFoH were made to react 1n
refluxing benzene with removal of the water by azeotroplc
distillatiorn. The soluble, brown,viscous liquid which was
1solated was heated to 90°C in vacuo for four hours to remove -
the unreacted alcohol. Since the IR specirum still showed the
presence of alcohol, the produst was heated an additional five
hours at 120°C. in vacuo. There was apparent decomposition
during this heating and this 1s indicated in the elemental analysis.
This material was found to contain 16.93% ©, 0.65% H and 31.6% Pb.
The reaction was repeated; hLowever, freshly precipitated Pb(CH)
was used instead of the commercial grade material. After refluxing
for ten days, 8.8 g. of s soluble,white,waxy solid was obtained
from 7.5 g. of Pb(OH),. This product was heated to 55°C. in vacuo
for five days to remove the unreacted alcohol. Although the IR
spectrum c¢f this product appeared as expected for Pb[OCH (Ctz)qCFZH]Q,
the elemental enalysis *ndicated otherwise. It gave 16 %

0.70% H, and 29.4% Pb, whereas theory requires 19.34% C, O. 70% H,
and 23.83% Po. The properties of chis material may be similar
to those of Pb(OCoHg)p-2HOCoHs which yields PbO upon prolonged
vacuum drying. The elemental analysis, at least, shows the
presence of another lecad compound besides the fluoroalkoxide.

In an attempt to obtain a melting point in a scaled caplllary,
the material softened at 79°C., began to turn brown at 180°C.,
and decomposed with bubbling at 240°C, This sample of lead
fluoroalkecxlde could probably be purified by recrystallization;
however, its high melting point and apparent instability makes
it of 1little Interest to the obJectives of this project.

Another reaction which was run in an attempt to prepare
Pb[OCH, (CF,)sCFoH]o 1s represerted by the following equation:

PbClz + + 2 NaOCHs + 2 HOCHz(CF»jsCF2H ——> Pb[OCH,(CF;)sCF,H], +
2 HOCHa + 2 NaCl

14
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With refluxing benzeiz as the solvent,the HOCH3 was
distilled from the mixture to yleld a soluble,brown, viscous
materlal which was vacuum dried. Upon standing at room
temperature fo; approximately two weeks,this product began
to crystallize. Elemental analysis gave only 0.60% Pb for
this material. A plausible explanation for this 1s that
tne reaction was essentially that of NaOCH3z and HOCHp(CF,)g5CFoH
to yleld NaOCHp(CFp)5CF3H,with very little reaction of the PbCl,.

In conclusion, only two reactions ylelded produets which
could be considered as a lead fluorvalkoxide. They appeared
to be so sensitive to heat and moisture that no atcemptz were
made to work out a purification procedure. From appearance,
the best product was obtained from the reaction of freshly
precipitated Pb(OH), and HOCH,(CF5)gCFpM in refluxlng benzene.
It 1s a white solid, and, most likely, if the product from the
other reactlon could be purified it would also be a solid. Thus,
it is possible to prenare lead(II) fluoroalkoxides, but their
chemical and physical properties do not meet the specificatlions
for use as a gyro fluid.

7. Mercvury

A few experiments were tried 1n an effort to prepare
mercuric dodecafluoroheptoxide, Hg[OCH,(CF2)5CFoH]; however,
no definite results were obtained. Mercurilc aceuate,
Hg(CgH302)2, and NeOCHg(CFZ) CF,H were made to react in methanol
at room temperature. Products which were ldentified included
HgO, HOCH7(CFp)5CFoH and unreacted Hg(CpH30p)2. There was
no reaction when Hg(C,H30,), and HOCH2(%F2) .CFoH were heated
to 100°C. for two hours Under advisem~nt, wor‘ on these com-~
pounds was dilscontinued because, even 1f they could be prepared,
most likely they would react with the materlals of construcicion
of a gyroscope.

B. HEAVY METAL PHOSPHATE DIESTERS

Three dialkyl hydrogen phosphates which were proposed were
prepared, characterized, and finally used in the synthesis of
the heavy metal compounds. These pnosphates are: bis(pentafluoro-
propyl) hydrogen phosphate, (CoFsCH20)oP(0)OH; bis(hexafluoro-
isopropyl) hydrogen phosphate, f?Cr )oCHQ] P(O)OH and bis(hepta-
fluorobutyl) hydrogen phosphate, (c F CHo0) P(O)OH The proposed
metal derivatives of these phosphaées included those of thorium,
tantalum, thalllim,; lead, mercury, and bismuth.

The initlal reaction used for the preparation of the hydrogen
phosphate compounds 1is represented by the following equaticn:

PoO5 + 4 HOCHpRp -+ 2(RgCHp0),P(0)OH + Hp0

~15-
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The mixture of P,05 and the alcohol in hexane was malntained at
room temperature until the disappearance of the P05, at which
time 1t was then heated to reflux for at least three hours. .
After vacuum strippling of the solvent and unreacted alcohol,
the phosphate diester was purified by molecular distillation.
Table IV lists these compounds with their boiling points and
analytical data.

TABLE IV

ANALYSIS AND PROPERTIES OF BIS(FLUOROALKYL)HYDROGEN PHOSPHATES

Analysis, Wt. %

B.P.
Compound C H P F Appearance °C./mm.’Hg
(C2F5CHaO)2P(O)0H 19.55 1.41 8.65 652.3 Liquid 190/0.02

Theory 19.89 1.38 8.56 52.49

[(CF3)ZCHO]2P(O)OH 18.10 0.87 6.83 56.25 Lowl?glting 180/1
soli
Theory 18.09 0.75 7.79 657.29
(C3F7CH20)2P(O)OH 19.13 1.21 8.89 ——— Low melting 205/<0.001
sulid

Theory 20.78 1.08 6.71 57.58

The ylelds of these reactions were fairly low (~UC%), and
at times the isoclation and purification steps required a con-
slderable amoun® of time. This was especially true when the
preparatlions were scaled up. As an example, an attempt was made
to prepare 150 g. of (C,F5CH50),P(0)OH by the reaction of P,0g
and HOCHpCoFg. After tﬁe normal reactlon procedure, the -
elemental analysis of the distilled product proved that it con-~
sisted of 35% of the diester, (CpFgCHy0)oP(0)OH, and 65% of the
monoester, CHoCP(0)(OH) 2. im?larly, cnly the monoester,
C3F7C}20P(O)%Og) was obtained when Pp0r and HOCHyC;F7 were
made to react. 6hen an attempt was made"to further ésterify this
compound to the dilester by reacting it with C F7CH20H 1n refluxing
benzene, an azeotropic mixture of benzene and C F7CH0H distilled
out at ~75°C. There was some success in separaéing the mono-
ester-dlester mixtures by neutralizing an aqueous solution of
them with barium hydroxide and collecting the more insoluble
barium salt of the dlester. Thls can then be converted to the
hydrogen phosphate diester by treatment with sulfuric acid.

~16-
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Because of these problems incurred during tie preparations
of the diesters, a different method was investigated. This in-
volved the reactions of phosphoryl chloride, FOCl,, and the
fluornalcohols to obtain the chlorophosphates, (RRFCHo0) ,P(0)C1,
which c¢an be hydrolyzed to the acid, CH20)2P(O§OH %hese
reactions are represented by the follow{ng equations:

POCL3 + 2 HOCH,Rp + 2 CoHoN —IoX8DE . (RACH,0),P(0)CL +

2 CoHNC1
(RpCH20) ,P(0)C1 + OH™ —222 5 (RpCH0),P(0)OH + €17

Por example, bis(pentafluoroprcpyl)chlorophosphate,

Fg CH O) P(O)Cl, was obtained by the reaction of POClg,
éHng and pyridine in hexane, and distilled at 40°C. and
C.3 mm. ag Elemental analysis gave 18.45% C, 1.09% H, 8.01% P,
and 11.-0% Cl, whereas theory for (C,FgCH 0), P(O)Cl 1s 18. 75% C
1.05%2 H and 9.23% Cl. This chlorophospha%e was then hydrolyzed
in aquecus caustic to produce the acid, (CpF5CH0)P(0)OH,
which was distilled at 190°C. and 0.02 mm. Hg. Subseguent
studies have shown that the chlorophosphates need not be iso-
lated, but can be hydrolyzed in the original reac"ion mixture
to produce the acid. !

Various methods were investigated in the synthesis of the
hezvy metal derivatives of the phosphate diesters. However, the
work at this time has not yielded products which are liquids.

O

Thallium bis(hexaflucroisopropyl)phosphate, TlOP[OCH(CF3) 15,
was produced by the reaction of thallium sulfate, T1,5C:, and

0

"
barium bis(hexafluoroisopropyl)phosphate, Ba{OP[OCH(CFg)gj?}Z,
in aqueous solution. This thallium compound is a crysftalline

'solid which slowly decomposes above 200°C. Elemental analysis

gave 11.69% C, 0.3/5 H, 33.53% T1, and 3.98% P. Theoretically,
o .
T10P[OCH(CF3),], requires 11.97% C, 0.33% i, 33.98% T1, and
O

5.15% P. Thallium hydroxide and HOP(OCHZCQF )» were made to
react in carbon tetrachlorlde at reflux temperature to yield

0

"
thallium bis(pentafluoropropyl)phosphate, T10P(OCH»CoFg)>,
which is a white solid. Thls compound is soluble in diethyl

~17-
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ether and melts at 226°C. Elemental analysls gave 13.20% c, .
O

0.81% H, 5.77% P, and 28.40% Tl1. Theory for TlOP(OCH C,F

11.32% C, 0.71% H, 5.48% P, and 36.14% Tl. There 1is somg aoubt
about the thalllum analysis on this sample because a check
could not he run due to the sample slze submitted for analysis.
However, carbon, hydrogen, and phosphorus analyses are
reasonable and the IR spectrum Looks comparable to the other
metal derivatives of (CpF5CHp0)pP(0)Cr. No further work was
done on these thallium phosphate diesters because of their
high melting points.

O

Lead bis(pentafluoropropyl)phosphate, Pb[O (OCH o) ) ]2,
was also prepared by the reactlon of the hydroxide, P% 8
the acid, (CpF5CH,C)2P(0)OH, in rerluxlag carbon tet"dchloride

O

The product, Pb[OP(OCH 5CoF5 )o)o, is 2 white solid which decom-
poses without melting above 525°C. It i< Inscluble in CCly
and was washed with diethyl ether before analysis. This
treatment removed the unreacted (CoF 0)oP(0)OH; however,
there may have been some unreacted Pg ﬁ)? assoclated with

the product as indicated by the elemental analysls. It gave
13.50% ¢, 0.78% H, 5.75% P, and 25. 65% Pb, whereas, T

O

Pb[OP(OCH2 2F5)2] requires 15.51% C, 0.87% H, 6.67% P, and
22.29% Pb. In a simi ar manner and with similar results,

0

1"
thorium bis(pentafiuoropropyli).hosphate, Th[OP(OCH 02F5)2]u,was
prepared. It is a white solid which melts above 2§5°c
elemental analysis this matertial was found to be 15.49% C,

O

0.98% H, 7.80% P, and 18.50% Th. Theory for Th[OP(OCH2C2F Yo ly
is 17. 10% c, O. 96% H, 7.40 2 P, and 13.86% Th. Earlier in the
program an attempt was made to prepare thorium bis(hexafluoro-

0]
"
isopropyl)phosphate, Th{OP[OCH(CF3)plp}y, by the reaction of
0

"
thorium sulfate, Th(SOy),, ard Ba{OP[OCH(CF3) Jo}l2, in aqueous
solution. However, the soluble white solid~“wnich was
isolated was found to contain 8% Ba and only 0.01% Th.

The pesslbility of synthesizing heavy metal phosphate diesters ‘

by the reaction of metal alkoxides and an acid, (RyCH0)oP(0)0H
was also investigated. To prepare tantalum bis(pentafluoro—

~18-
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G

"
propyl)phosphate, Ta[OP(OCHyCpFg5)2]c, Ta(0C2Hg)5 and
(CoF5CH20)oP(0)OH were heated to §7§°C. for four hours.
The %ollow ng equation represents the reaction:

A

0

1"
Ta(0CHr )5 + 5(CpF5CH0)pP(0)OH  »  TalCP(OCH;CoF5)5]g +
5 HOC,Hg
In addition to V7 “MaC- ana L TFgCY T P(0)CH were

isolated from the reactlon ...acure, Tne ..ite s. 'd which
remained after distilling off the above three proa “- ~ould
not be ldentified by 1ts IR spectrum. However, the . o.udility
characteristics of thls material in various solvent: uggested
that 1t was a mixture of products. The reccvery of hiCHoCoF g
indicated that the following side reaction had occurred:

0 0
" "
(C2F5CHa0)2POH + HOCyHg + (CF5CHZ0) (CoHg0)POH + HT"H,yCoFs

No further work was done on this type of reaction because of
the complexity of the reaction. Another att-mpt was made to

0

1
prepare Ta[OP(OCHZCZF )ols by the reaction of TaClg and the
silver salt of (C F50228)2P(O)0H in diethyl ether.” The results
were similar to thoSe of the Ta(OC H5)5 reaction in which a
large number of products were obtained.

Bismuth trichloride, B1Cl;, was also made to react with
the silver salt of (CpF CH20)2;(O)OH in diethyl ether, and

the chilef product of thls reaction was the acid, (C2F5CH0),P(0)0t:.
Possibly, the hydrolysis of the BiCl3 occurred and prevented

0

1
the formation of Bi1[OP(OCH,CsF )pl3. The reacticn of BiClq
and the silver salt of [(Cﬁ § éHO]ZP(O)OH in diethyl ether”
produced a white soluble soii which was isolated and dissolved
in benzene in an attempt to recrystallize it. However, this
solid would not deposit out of solution and when the solvent
was evaporated 1in vacuo on a steam bath the product decomposed
to a brown solid.

Finally, 1t was found that mercuric oxide, HgO., reacts with
(C3F7CH20)P(0)OH in acctonitrile; however, the reaction was run
on a small scale and no “definite identification of products were
made.

-19-
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In summary, the reactions of (Cy F CH20)2P(O)OH and the
hydroxides of thallium, lead, and thor um have . prcduced metal
phosphate diesters. Although the analytical data for these
compounds are not exact, they do approach the theoretlecal
values. If these compounds were recrystallized from sultable
solvents, better data cruld be cbtaired. The IR spectra of
these materials support their identity. As reported, tne
melting points of these compounds are all greater than 200°C
This indlcates that these compounds are probably ionlc salts, and
minor changes in the fluorcalkoxy groups bonded to rhosphorus
would not produce liquid materials. Therefore, no further work
was done on the phosphate diesters of lead, thorium, and
thallium. It is possible that metals which form more covalent=
type compounds will yield liquid phosphate diester derivatives.
These metals would include hafnium, tantalum, bismuth, and
mercury. Since hafnium and tantalum compounds would require
four uand five phosphate groups to be associated with them, it 1is
cusstionable whether their densities would reach 2.5 g./cc.
Thus, the efforts in this area should be devoted to the
synthesis of bismuth and mercury phosphate dlesters. Research
is now in progrz2ss and should reveal if the phosphate diesters
of these two metalis will yleld fluid materials.

C. HEAVY METAL B-DIKETONATES

Efforts in this area involved the synthesis of the fluorinated
B-diketones and thelr subsequent reactions to form the metal
complexes. The following four diketones were prepared: decafluoro-

0 0
" 1"
2,tl-hevtandione, CF3CCH2CCBF7; octadecafluorc-2-4-undecandione,
0 0 0 0
n 14 11 1"
CF3CCHZCC7F15; heptafluoro-2,4-heptanedione, CH3CCH20C3F7; and

0 0
1t 1
pentadecafluoro-2,4-undecandione, CH3CCH2CC7b-)

To prepare the above fluorinated g-dixke.or °s, the ef .yl
esters of heptafluorobutyric acid, HOOCC3Fy7, and pwntn.ecafluoro-
octaneic acid, HOOCCqFy were syntheslzéd by the reactions
of the acids and ethyl glcohol in the presence of concentrated
sulfuric acid. After separation of the immisclble sulfuric
acid and ester layers, neutralization, washlng, and drying
over sodium sulfate, the esters were distille Ethyl hopta-
fluorobutyrate, 02H5OOLC3Fg distills at 95°-96°C., and eth:r1 .
pentadecafluorcoctancate, CpH500CCgF15, distills at 16 °-1’”“"Q

O O

The synthesis of CF3CCHo, 7> essentially that of
A. L. Henre et al., (14 invol e the condensation of CoH500CC3Fy;

=20~
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0

"
with trifluorocacetone, CH3CCF3, in the presence of sodium
ethoxide and diethyl ether %be diketone was isolated as

the copper complex, Cu(C HO» Fq )2, whilch 1s soluble in

diethyl ether and distills at 10°C. and 0.16 mm. Hg in a

Hickman still. Elemental analysis and IR spectrum indicated

a small amount of impurity assoclated with the complex,

probably the free B-diketone. Elemental analysis gave 26.12% C,
1.10% H, and 8.63% Cu, whereas Cu(C HO5F Q requires 24.81% C,
0.30% H, and 9.38% Cu. Its density at 2% C. is 1.73 g./cc. -
Moshier and Sievers (15) report Cu(C H02F 0)2 as a solid which
melts at 73°-83°C. and sublimes at 5 °cC. Qnd 0.1 mm. Hg. Ethereal
solutions c¢f Cu(C HOLF )2 yield the free g-diketone when treated
with concentrated suifuvic acid or gaseous hydrogen sulfidr.. The
sulfide methcd 1s cleaner and gilves better yields. By this method

O O

CF3 CCH CC was obtalned from the copper complex and purilfied
by distil?agion at 100°-103°C.

Octadecafluoro-2,!'~undecandicne was prepared by the reaction
O .

of CpH500CC7F;g, CF3CCH and sodium methoxide in diethyl ether.
After neutralization with dilute hydrochloric acid, washing and
drying over sodium sulfate,distillation at 170°-1T74°C. yielded

a mixture of the diketone and unreacted ester. To separate these
two, the mixture was treated wlith aqueous copper acetate to

O O

yield the copper complex of CF CCH CC Fig5 which precipitated
as a green solid. After recrvgtall*zation, elemental analysis
and the IR spectrum identified the complex as the monohydrate,
Cu(C HO F Ho0. Analysis gave 25.00% C, 0.50% H, and

5.76 %u(811H02F1 }2+-H50 requirec 24.1% C, 0.37% H, and
5.80% Cu The free d?ketone was produced by the hydrogen
sulfide troatment and distilled at 178°cC.

Heptafluoro-2,4-heptanedione, and pentadecafluoro~
c,4~undecanedione were prepared by the condensation of

H500CC3Fy and CpHg00CCoF;g with acetone in the presence cf
sod um methoxide and die hy ether. Since these two diketones
could be separated from the unreacted esters by distillation, the
i1solation procedures did not involve the copper complexes. The

0 0
" 1"
heptanedione, CH3CCHpCC3F7,d1stills at 135°-140°C., and

0 0
1 "
CH3CCHpCCqF 5 distills at 49°-51°C. at 0.85 mm. Hg.
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The metal complexes which were prepared from thése
diketones are listed in Table V. The thorium compound was

0 0

n u
made by the reaction of TaCly and CF3CCHpIC3F7 in refluxing
CCly, and distilled 1n a micro stlll. However, there was
poor separation of Th(C7RO03F1p)y from the lower boiling
fractions and this is shown iIn the elemental analysis. This
was the only B-diketonate which 1is a liquid and its density
is 1.897 g./cc. at 22°C. Since the density was so low, no
further work was done on thorium diketonates. Plans to
prepare hafnium dlketonates were not followed because no
significant increase in density for these compounds could be
envisioned. It is Interesting to note that the hafnium analog,
Hf(C-HOoF10)y, of Th(C7H02F1 ) has been reported (15),
and it Is a liquid whith d158il1s at 70°C. and 0.02 mm. Hg.

The thallium diketonates were prepared by the reaction
of T12CO and the appropriate diketone in refluxing benzene.
They are all yellow crysta’l:iine solids with relatively high
melting points. Purification of T1CqHO,F3g and T1C;1HOpF g
was achieved by vacuum sublimation, whereas TlcmHu02F7 was re-—
crystallized from a water-methanol mixture and T1C,;H40pF;5
from a hexane-benzene mixtv:'2. The hexane-benzene mixture
gave better results than the water-methanol mixture. Although
these compounds are volatile «1d can be vacuum sublimed,their
high melting points indicate that a ligquid thalllum B-diketonate
will probably not be realized.

To obtaln a high density liquid out of this class of com-
pounds, it appears that the metal complex will have to have
more than one, but less than four, fully fluorinated ligand
groups assoclated with 1t. Thus, the greatest likelihocod for
success will lie with the synthesils of the metal B-diketonates
of mercury, lead, bismuth, hafnium, thorium, and uranium.
Hafnium and thorium are included because they form partially
substituted B-diketone complexes of the type ML-Xs and ML3X,
where L 1s the diketone group and X represents a halide.
Uranilum forms ULy and UO,L, complexes of which UOpLp would be
of greater interest to tgis proJe~*. Litctle is known of the
mercury, lead and bismuth B-diketo.'ates (16).
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IIT. CONCLUSIONS

A
et
Y

I

This research program hazs produced two compounds which meet

t the density requirement for use in a gyroscope. The fi.-t, is

i TlOCHg(CFg, ,CFoH, which 1s distillable and has a density o: 2.598 g./cc.
: at 25 The second is T10CH;(CF»)yCFoH, which ha3 not yet been pu-
rified, Lut the density or the crude product 1s 2.48 g./ce. at 23°C.
Since distiiled T1OCH>(CF, ) CF-5H slowly crystallizes at room tem-
perature and does not completeiy liquefy until heated to Si°cC.,

which is above the operating teaperature of present gyroscopes,

it is not krnown if this material will eventually be useful. On

the assumption that it will be usprnl work 18 in progress to de-~
termine its viscosity, thermal stabllity, corrosiveness and toxicity.
It is expected that when T10CH,(CP,)7CF,H is purified its density
will exceed 2.5 g./cc.

At present, the fluorcalkoxides of thallium offer the best
chance of obtaining fluids with the needed densities. Future syn-
thesls efforts should be directed to finding a flucroalcohol which
will yield a thallium fluoroalkcxide with a lower liquefaction
point than that presently attained. FExamples of alcohols which
could possibly be useld zre: HOCHQCAF 2 HOCHQ(OCéFg)uoczF and
perfluorinated alcohols, such as, % F3)3, HOC(CF3)2CoPs ar .
{HOC(CF3)21>.

Althoug.. fluids with densitlies of only 2.0 g./cc. werc cb-
talned with hafnium and tantalum f{luorcallkoxides, perfluorinated
alkoxides of hafnium could yleld fluids of higher densities. There-
fore, it is recommended that work in this area continue with em-
phasis upon producing hafnium perfluorocalkoxides. Synthesis methods
other than that which uses ammonia should also be investirated.

From data in the literature and that obtained during this re-
search program, it can be concluded that the synthesls of fluoro-
alkoxides of certum, thorium, lead and mercury will not yield uce-
ful products for shts application,

T..> data from the work onr the hegwvy metal phosrhate dienter:
are not as precise as that for the fluoroalkoxides. However, the
results which vere obtained give an indication of the future diresc-
tion ¢f the work. The hydrogen phozphate diesters HO(Q)P(OCHEL) -,
are falrly strong acids and most of their metal derivatives w!i:!l
have considerable lonic character resulting in high melting =oilds.
This 13 verifled by the uwcrk on the lead, thalllum and thorium thos-
prate dlesters. Metals, such as btlsmuth and mercury. may farm more
covalent type compounds and it 1s possibie that their phosghate
diezters will bte flulds. This should be irvestigated. If btilamutl
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and mercury form solid phosphate diesters but with melting points
significantly lower than those already prepare¢d, then their phos-
phate djesters of longer chaln fluoroalkyl groups should be pre-
pared as a means of obteining materials of lower melting points. -

Another possible method of obtaii~ :g liquids from this class
of compounds would be to prepare phosphate di~sters with mixed

G’,OCH20P3
| n
fluoroalkyl groups, such as HOP
™ 0CH, (CPp)5CPH.

It 1s also possible to prepare phosphate diesters with ner-
fluc-inated alkyl groups, 1.e., [(CP;)3C0],P(0)OH, and in this
case the hafnium derivative may be o? nterest.

Liquid thorium and hafnium B~-diketonate. can be prepared,
but their d=nsities will not meet the objectives of this work.
Thallium B-diketonates are solids, and it does not appear that
11quid chelates of this metal can bdbe prepared. As stated in the
previcus Section, the greatest likelihood of obtaining a high
density liquicd frcm this class of compounds appears to be with
heavy metals which can accommodate two or three cheiaie groups.
Partially substituted hafnium 8-diketonates, HfClpip and HIClL3,
and uranyl complexes, UO,L, are future areas of ~vaearch. If
the hafnium complexe< look promising, then the w rk will te ex-

" tend«d to include thorium. It is peossible that lead(I1I) p-di«eto-

astes can 2180 be prepared; however, there is very little evidence
for the sxistenc2 of mercury and bismuth chelates of this type (16),
and n¢ work cn these compcunds is projected.

vz";n
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IV. EXPERIMENTAL

A. MATERIALS

Hafnium tetrachloride and tantalum pentachloride were obtained
from Alfa Inorganics, Incorporated, and were used without further
pu.-ification. Thalllum hydrcxide was purchased from City Chemical
Corporation. ) ’

Trifluoroethancl, pentafluoropropanol, heptafluorobutanol,
dodecafluoroheptanol, hexadecafluorononol, dodecafluoro-2-methyl-2-
octanol, trifluoroacetone, heptafluorobutyric acid and pentadeca-
fluorooctanoic acid were purchased from Columbia Organic Chemicals
Company.

Hexafluoro-2-propanol was purchased from Hynes Chemical
Research Corporation.

B. PREPARATIONS
1. Preparation of Hafnium Fluoroalkoxliles

The method of D. C. Bradley et al.{(4) was used to prepare
these compounds. However, hafnium tetrachloride instead of di-
pyridinium hafnium hexachlorride was used as the stiarting material.
Two examples of these preparations are glven below.

Hafnium trifluoroethoxide was prepared from 30 g. of hafnium
tetrachloride, 37.% g. of trifluoroethanol, and excess ammonia in
500 ml. of benzene. The white solid product (12 g.) was purified
by sublimation at 95°C. and 0.005 mm. Hg. Tt had a melting point
of 106°-1207°C. Elemertsl analysis varified the composition.

The reaction or 12.5 g. of hafnlum tetrachloride, 56 g. of
dode flucrcheptanol and excess ammonia in 300 ml. of benzene pro-
dus hafnium dodecafluoroheptoxide., This viscous, brown product
was Jdistllled at 245°C. and ©€.002 mm. Hg. During the distillation
some thermal decompositlon occurred and a large portion of the
sample was lost. Approximately 10 g. of dark brown, viscous pro-
duct was 1solated and its compositlon was verified by elemental
analysis.

2. Preparation of Tantalum Ethoxide

This compound was prepared ac~ording to the method of D. C.
3radley et al.(5). Tre liquid product was purified by distillation
at 125°C., and 0.11 mm. Hg. The veported boiling point is 1U47°C.
at 0.2 mm. Hg, From 40 g. of tantalum pentachloride, 150 ml. of
ethanol and an excess of ammonia in 1200 ml. of tenzene, 53 g. of
tantalum ethoxide was 1solated.

~-26-
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3. Preparation of Tantalum Triflucrcethoxide

The above method was used to prepare tantalum trifluorocethoxide
from tantalum pentachloride (25 g.) and 40 g. of trifluorovethanol
in 300 ml. of benzene. After filtration and evaporation of the
solvent, the crude product was a white mush of the alkoxide and
alcohol. Repeated sublimation of a 5 g. sample at 100°C. and
0.02 mm. Hg ylelded 4.8 g. of the pure tantalum trifluoroethoxide
which melted at 95°C. Elemental analysis verified that thils
material was the trifluorocethoxide.

4., Attempted Preparation of Tantalum Dodecafluoroheptoxide and
Tantalum Dodecafluorc-2-methyl-2-octoxide

In a dry box 8 g. of tantalum ethoxide, 35 g. of dodecafluoro-
heptanol and 100 ml. of henzene were mixed in a 250 ml. flask.
The flask was then set up with a Dean-Stark trap and condenser witn
a nitrogen inlet so that the reaction could be run under a nitrogen
atmosphere. The reactlon mixture was heated to reflux and the
r2nzene-ethanol azeotroplc mixture which distilled out was collected
in the trap. An IR spectrum of the distlllate proved that ethanol
was produced in the reaction. The dilstillation was continued until
almost all of the benzene had been removed from the reaction. The
remaining liquid was transferred to a mola2cular still and pumped
on until all of the solvent was removed. Distillation of the pro-
duct (4.7 g.) was accomplished at 250°C. and <0.001 mm. Hg. Ele-
mental analysis and proton NMR spectroscopy proved that the yellow-
brown liquid product was Ta[OCH;(CFp)gCFoH ]y [0CoHs].

In a similar manner, TalOC(CH3),(CF2)5 CFZH] [OC,H-], was iso-
lated as the product of the reaction of g . of ;a(O% ﬁ 3 and 38 g.
of HOC(CH ) (CP ) CF2H Brown, 1liguld Ta[OC(CF3) (CF ) C§2H] -
[OC2H ] éistilled at 250°C. and 0.005 mm. Hg. “Its composition was
determined by elemental analysis and its proton NMR spectrum.

In the same manner, 14.7 g. of Ta[OCH (CF»2) CF2H]u[OC H ] and
9.5 g. of HOCH, (CF )§CF H were made to react in ?OO ml. of benzene
at reflux temperatur for 12 hours. The product was distilled at
260°C. and 0.001 mm. Hg, and proton NMR spectroscopy proved that
it was a mixture of tantalum compounds with a 6:1 ratio of
—OCHz(CFZ)SCFQH groups to -0CoHg groups.

5. Attempted Preparation of Thorium Dodecafluorcheptoxide

Tie method of preparing thorium dodecafluoroheptoxide was
similar to that of D. C. Bradley for synthesizing the thorium primary
alkoxides (7). A 250 ml. flask was fitted with a Soxhlet extractor
and condenser with a nitrogen inlet. The flask was charged with
125 ml. of isopropanol and 8 g. of thorium tetrachloride and the
contents were stirred until a clear solution was cbtained. The
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Soxhiet extractor was then loaded with 2 g. of sodium metal in a
glass thimble, and the metal was extracted into. the reaction
flask as sodium isopropoxide. After complete extraction, the
reaction mixture was flltered under nitrogen and the solvent was
removed from the filltrate by vacuum evaporation. The white so0lid
which remained from this desolvation was treated with 300 ml. of
benzene and 10 g. of dodecafluoroheptanol. This mixture was
heated to reflux temperature and the benzene-lscopropanol azeotropic
mixture which distilled out was collected in a Dean-Stark trap.
The volume of the reaction mixture was reduced to ~20 ml. by this
method, after which time it was cooled., Upon cooling, a white
crystalline material deposited out of solution. These crystals
were collected by filtration and washed with hexane in a dry box.
Elemental analysis indlcated that this material was mainly sodium
dodecafluorcheptoxide and not thorium dodecafluoroheptoxide. -

6. Preparation of Thorium Hexadecafluorononoxide

A 250 ml. flask was equipped wilth a stirrer, nitrogen inle% and
addition funnel. The flask was charged with 100 ml. of diethyl
ether and 1.5 g. of sodium metal. A solution oi 29 g. of hexa-
decafluorononocl in ~50 ml. of ether was then added dropwise. After
all of the sodium had reacted, a slurry of 20 g. of thorium tetra-
chloride tetraisopropylate in ether was added. This mixture was
stirred overnight «t room temperature. The ether was removed by
vacuum evaponration, and 100 ml. of benzene was added to the solids
which remalined. This was heatz2d to reflux and Tiltered under ni-
trogen. Upon cooling the filtrate, 12 g. of white crystals deposited
out. of solution, were collected by filtration, and vacuum dried.
Elemental analysis 1ndicated that this material was thorium hexa-
decafluorononoxide with ~3% sodium in it.

7. Preparation of Dipyridirnium Cerium Hexachloride

This material was prepared by the procedure of D. C. Bradley
et al. (8). Cerium sulfate was used as the starting material in-
stead of cerium ammonium sulfate. The yleld of product was 52 g.
from 50 g. of cerium sulfate.

8. Attempted Preparation of Cerium Dodecafluoroheptoxide

An attempt was made to prepare this compound by the method of
D. C. Bradley /8) for preparing cerium primary alkoxides. A mix-
ture of 10 g. of dipyridinium cerium hexachloride and 30 g. of
dodecafluoroheptanol in 100 ml. of benzene at room temperature was
treated with zmmonia for two hours. After filtration and evapora-~
tion of the benzene 1n vacuo, the excess alcohol was distilled from
the brown, viscous product at 34°C. and 0.1 mm. Hg. Continued
distiilation only produced more alcohol, and it appeared that the
product was decomposing. Upon ccoling the brown product turned

-28-

et i v 4 & e g+ e = e et e i e ke Fremm e B0 g € Vet B P o] s 5 e L ATy 8 e e A o P e o

Lo
D v



AFPML-TR-67-184, Pt I

to a glassy material. In a dry box, attempts were made to crys-
tallize this material i. benzene, hexane, scetone, ether and a
benzene-hexane mixture; however, these were unsuccessful. A
second preparation yielded the same results,

9. Preparation of Thallium Fluoroalkoxides

A mixture of 5 g. of thallium hydroxide and 40 ml. of penta~
fluoropropanol was allowed to stir overnight in a sealed flask at
room temperature. The reaction mixture was filtered under nitrogen
to renove the unreacted thallium hydroxide. Excess alcohol was
removed from the filtrate by vacuum evaporation and the white
crystalline solid which remained was identified as thallium penta-
fluoropropoxide by elemental analysis and JR spectroscopy. This
material had a diffuse melting point beginning at 50°C.

In a similar manner, 5.3 g. of thallium trifluorocethoxide was
synthesized from 6.5 g. of thailium hydroxide and 1G g. of tri-
fluorcethanol. Thallium ¢rifluorcethoxide sublimes at 40°C. and
0.04 mm. Hg , and has a diffuse melting point beginning at ~93°C.

Similarly, 10 g. of thallium hydroxide and ~55 ml. of
HOCH,(CF,)CF,H were made to react at room temperature in a 100 ml.
flask. Affer removal of unreacted hydroxide the excess alcohcl was
evaporated off in vacuo at 55°C. to produce 24.6 g. of yellow
liquid. Elemental analysis indicated that this material had the
following composition: T1O0CH,(CFp2)-CF,H-0.43 HOCH,(CF2) 5CF,H.
After vacuum pumping for twelve dayg at room temperature to remove
the unreacted alcohol the sample was reduced to 16.6 g. Since the
elemental anzlysis of this material varied from the theoretical
values for T10CH,(CP,)5CFoH, 1t was transferred to a Nester-Paust
molecular still. It was gouno that T1VCH2(CF2)SCF H can be puri-
fied by molecular distillaticn at 200°C. and <0700I mm. Hg with
very little thermal decomposition.

10. Attempted Preparation of lead Trifluorocethoxide

A 150 ml. flask was charged with 24 g. of lead hydroxide and
23 g. of trifluorcethanol. This mixture was heated to reflux for
16 hours and filtered. The solids were washed with benzene; how-
ever, no products were recovered from these washings. An IR
spectrum of the sollds showed the absence of any fluorocarbon pro-
duct. The filtrate was found to contain only unreacted trifluoro-
ethanol. It was concluded that leed hydroxide and trifluorocethanol
do not react at the above described conditions.

11. Preparation of Lead Dodecafluorocheptoxide

Lead nitrate (10 g.) in 100 mi. cf water wss treated with
2.4 g. of sodium hydroxide in 25 ml. of water. The lead hydroxide
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which precipitated was collected, washed twlce with water and trans-
ferred to a 250 ml. round bottom flask. Benzene (200 ml.) and 20 g.
of dodecafluoroheptanol were added and the flask was equipped with a
Dean-Stark trap and condenser. Under nltrogen the mixture was
refluxed for ten days on a steam bath. Unreacted lead hydroxide

was removed by filtration and the benzene and unreacted alcohol were
evaporated in vacuo to produce a white mushy solid. This was vacuum
dried at 55°C. for iive days. Yield was 7 g. of a white solid which
was identified by the IR spectrum and elemental analysis.

12, Attempted Preparsi.on of Mercuric Dodecafluoroheptoxide

A three-neck, 500 ml. flask was equlpped with a stirrer, ccn-
denser with a nitrogen inlet, and an addition funnel. The flask was
charged with 70 ml. of benzene and 2 g. of sodium metal, and 30 g.
of dodecafluoroheptanol were added dropwise from the funnel. After
complete reaction of the metal, the benzene was evaporated off and
14.3 g. of mercuric acetate in 200 ml. of methanol was added. The
mixing of these reactants immedlately produced a yellow solid. After
refluxing for two hours, the solids were removed by filtration under
nitrogen. The yellow solid appeared to be mercuric oxide. The fil-
trate was evaporated to dryness and prcduced a white solid which
proved to be mercurlc acetate. A small amount of the fluoroalcohol
was also isolated from the filtrate.

In another attempt to prepare mercuric dodecafluoroheptoxide,
2.5 g. of mercuric acetate and 15 g. of dcdecafluoroheptanol were
heated to 100°C. for two hours in a 50 ml. flask with a condenser
and nitrogen inlet. The mixture was then cooled and the volatile
fraction was pumped off and 1ldentifled as dodecafluoroheptanol
by its IR spectrum. The remaining solid material was identified
as the starting mercury compound by 1lts IR spectrum.

13. Preparation of the bis(Fluoroalkyl) Hydrogen Phosphates

The‘following procedure 1s an example for the preparations of
bis(pentafluoropropyl) hydrogen phosphate, bis(hexafluoroisopropyl)
hydrogen’ phosphate and bis(heptafluorobutyl) hydrogen phosphate.

A -three-neck, 250 ml. flask wlth stirrer, condenser and addi-
tion funnel was charged with 10 g. of phosphorus pentoxide and 130 ml.
of hexane. Pentafluoropropanol (42.2 g.) was added dropwise. During
the alcohol addition the reaction mixture was kept at 0°C. by means
of an ice bath. As the alcohol and phosphorus pentoxide reacted two
layers were formed: hexane forms the upper layer. After complete
addition of the alcohol, the mixturs was heated to the reflux tem-
perature of hexane ror three hours. Upon cooling, the twc layers
were either scparated by vacuum evaporation of the solvent or by

means of a separatory funnel. The prcduct was freed of unreacted
alcohol by vacuum evaporation, and the product was purified by molec-

ular distillation. The yield was 18.7 g.
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The boilling points of these phosphates are: bis(pentafluoro-
propyl) hydrogen phosphate, 190°C. and 0.02 mm. Hg; bis(hexafluoro-
isopropyl) hydrogen phosphate, 180°C. and 1.0 mm. Hg; and bis-
(heptafluorobutyl) hydrogen phosphate, 205°C. and 0.001 mm. Hg.

An example of the preparation of a hydrogen phosphate dlester
by tne reaction of phosphoryl chloride and a fluoroalcohol is given
below.

A 2-1iler flask was fitted with an addition funnel, stirrer,
and nitrogen inlet to allow the reaction to be run in a nitrogen
atmosphere. Tr. flask was charged with 40 g. of phosphoryl chloride
and 250 ml. of hexane. Thls mixture was cooled 1n an ice bath, and
78.5 g. of penta® uoropropanol and 41 g. of pyridine were slowly
added over a period of 1.5 hours. After allowing to warm to room
temperature, the mixture was filtered Lind.  uaitrogen and the hexane
was distilled off at atmospheric pressure. The remaining liguid
(59.6 g.) was distilled at U40°C. and 7.3 mm. Hg. Elemental analysis
proved that this compound was bis(pencafluoropropyl) chlorophosphate.

This chlorophosphate was then hydrolyzed with an aqueous solu-
tion of 6.1 g. of sodium hydroxide. The water was evaporated off
and the precipitated sodium chloride was filtered off. The product,
bis(pentafluoropropyl) hydrogen phosphate, was then purified by
molecular distillation at 190°C. and 0.02 mm. Hg.

14, Preparatizn of Thallium bis(Hexafluoroisopropyl) Phosphate

An aqueous solution of 1 g. of barium hydroxide octahydrate in
30 ml. of water was treated with 2.5 g. o7 bis(hexafluoroisopropyl)
hydrogen phosphate to prepare the barium salt of this acid. This
solution was then treated with an aqueous solution of 1.6 g. of
thallium sulfate. The barium sulfate which precipitated was
filtered off, and the filtrate was evapcrated to dryness in
vacuo to produce a white solid. This material was dissolved in
acetone and refiltered. Vacuum evaporation of the acetone produced
a white solid which had a melting point greater than 200°C. Ele-
mental analysis proved that thils substance was thallium bis(hexa-
fluoroispropyl) phosphate.

15. Attempted Preparation of Bismuth bis(Hexafluoroisopropyl)
Phosphate

A solution of 3.8 g. of bis(hexafluoroisopropyl) hydrogen phos-
phate in 100 ml. of water was neutralized with agueous sodium hy-
droxide.” This solution was then treated with 1.6 g. of silver ni-
trate in 25 ml. of water. After stirring for fifteen minutes the
mixture was flltered and evaporated to dryness in vacuo. The solids
which remained were extracted with diethyl ether to dissclve the
silver bis(hexafluoroisopropyl) phosphate. Bismuth trichloride
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(4.5 g.) 4in 25 ml. of diethyl ether was added to the silver salt
and the white precipitate which formed was filtered off. The ether
solution was evaporated to dryness and the solids which remained
were dissolved in benzene in an attempt to reccrystalllze. Upon
cocling no crystals formed so the benzene was vacuum evaporated on
a steam bath. At this temperature the product decomposed.

16. Preparation of Lead bis(Pentafluoropropyl) Phosphate

_ To a 1M0 mY., flask were added 1.8 g. of lead hydroxide, 80 ml.
of carbcn te.ru '"oride and 5 g. of bis(pentafluoropropyl) hydrogen
phosphate. The i i:%ure was refluxed over a week-end, cooled and
filtered. The ins. 1ble material (4.4 g.) was collected, washed
with diethyl ether, .nd dried in vacuo. Elemental analysis and
infrared spectroscopy proved thils material to be lead bis{penta- *
fluoropropyl) phosphate, which decomposes above 225°C. :

1

17. Preparation of Thorium bis(Pentafluorcpropyl) Phosphate

Thorium bis(pentafluoropropyl) phesphate was prepared in the
manner which is described for lead bis(pentafluoropropyl) phosplate.

18. Preparation of Thallium bis(Pentafluoropropyl) Phosphate

This material was prepared in the manner which is described for
lead bis(pentafluoropropyl) phosphate. However, this thaliium com-
pound is soluble in dlethyl ether.

1G. Preparation of the Ethyl Esters of Perfluorocarboxylic Acids

Heptafluorobutyric acld was esterified by treating 200 g. of
this acid with 250 ml. of ethyl alcohol and 100 ml. of concentrated
sulfuric acid. After stirring at room temperature for 48 hours,
the sulfuric acid-ester layers were separated. The ester was
then washed with water, aqueous sodium blcarbonate, and finally
water again. Dlethyl ether was added and the solution was dried
over sodium sulfate. After filtration, the solution was distilled
to isolate the ester. Ethyl heptafluorobutyrate boills at 9%°-g9é°cC.,
and was synthesized in 81% yield based on the acid.

Ethyl pentadecafluorococtenoate was prepared in 82% yield in a
similar manner and bolls at 169-170°C.

20. Preparation of Decafluoro-2,lL-heptanedione

The condensation of ethyl heptafluorobutyrate with trifluoro-
~acetone and the isolation of decafluoro-2,4-heptanedione was ac-
complished according tc the method of Henne et al. (14) for pre-
paring fluorinated dilketones. Decafluoro-2,4-heptanedione dis-
tills at 99-105°cC.
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21. Preparation of Octadecafluoro—2,N-Undecahedione L

The method of Moshier and Sievers (15) for preparing fluorinated
diketones was used. Ethyl pentadecafluorooctanoate sand trifluoro-
acetone were condensed in the presence of sodium methoxide. Since
octadecafluoro-2,4-undecanedione could not be separated from un-
reacted ethyl pentadecafluorooctancate by distillation, the iso-
lation procedure cf Hernne et al. was used (1l4). Octadecafluoro-
2,4-undecanedione distills at 178°C.

22. Preparation of Heptafluoro-2,U-neptanedione and Pentadecafluoro-
2,4-undecanedione

The method of Moshier and Sievers (15) was used for preparing
these g-diketones. Heptafluoro-2,4-heptanedione was made from 22.1 g.
of sodium methoxide, 90 g. of ethyl heptafluorobutyrate and 21.8 g.
of acetone in 50 ml. of dlethyl ether. This dlketone was purified
by distillation at 135-140°C., and identified by i1ts IR spectrum.
Pentadecafluoro-2,4-undecanedione was vprepared from 11.5 g. of
sodium methoxide, 86 g. of ethyl pentadecafluorocctanoate and 11.3 g.
of acetone in 50 ml. of diethyl ether. Purification was achleved
by distillation at 49-51°C. and 0.85 mm. Hg. The product was iden-
tified by its IR spectrum.

23. Preparation of Thorium tetrakis(Decafluoro-2,4~heptanedionate)

A general method as mentioned by Morris et al. (17) was used to
prepare this compound. A 50 ml.,two-neck flask with a magnetic
stirrer was charged with 4 g. of thorium tetrachloride and 25 ml.
of carbon tetrachleride 1n a dry box., The flask was brought out
and equippe with a condenser and addition funnel. The heptane-
dione (15 g.) was added dropwise and the mixture was refluxed for
one hour. Arter cooling to room temperature, the mixture was fil-
tered and the solvent removed by vacuum evaporation. Thorium
tetrakis(decafluoro-2,4-heptanedionate) was isolated by distillation
at 88°C. and 0.009 mm. Hg and identified by elemental analysis and
IR spectrum. Yield was 8.6 g.

2&. Preparaticn of the Thalllium Fluoro-g-diketonates

The following 1s an example of the zeneral method used to pre-
pare the thallium diketcnates by the reaction of thallium .arbonate
and the diketone 1n benzene.

A 50 ml. twoneck flask with a magnetic stirrer, condenser and
addition funnel was charged with 9 g. of thallium carbonate and 25
ml. of benzene. To this were added dropwise 12 g. of decafluoro-
2,4-heptanedione and the mixture was refluxed for one hour. After
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flltration, the benzene was vacuum evaporated to yield an
orange solid. This was purified by vacuum sublimation at
85°C. and 0.01 mm. Hg. The yield was 14.1 g. of thallium

decafluoro-2,4-heptanedionate which was identified by ele- -

mental analysis ard IR.

The preparation of the following diketonates 1s briefly
described below: ’

1) Thallium octadecafluoro-2,4-uniecanedionate:
13.1 g. from 6.8 g. of thallium carbonate and
15.8 g. of octadecafluoro-2,4-undecanedione.
Purified by sublimation at 100°C. and 0.01
mm. Hg.

(11) Thallium heptafluoro-2,4-heptanedionate:
10 3 g. from 6.0 g. ¢f thallium carbonate and
6.54 g. of neptafluoro-2,4-heptanedione. Puri-
fied by recrystallization from water-methanol
mixture.

(111) Th:1lium pentadecafluoro-2,4-uncdecanedionate:
13.4 g. from 5.0 g. of thallium carbonate and
9.70 g. of pentadecafluoro-2,4-undecanedione.
Purified by recrystallization from benzene-
hexane mixture,




10.

11.

16.

17.
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