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ABSTRACT

The objective of this research program is to produce liquids
which have densities between 2.5 and 3.0 g./cc. for use as gyro
flotation fluids. The work involved the -ynthesi3 of semi-
inorganic compounds containing a heavy metal ion in combination
with fluorocarbon anionic groups, i.e.. fluorinated alkoxy, ortho-
pho3phate diesters, or 0-diketones.

Hafnium and tantalum derivatives of HOCH 2 (CF 2 )5CF2H,
HOC(CH3 ) 2 (CF 2 )5 CF2 H, and HOCH 2 (CF 2 ) CF2 H are viscous liquids
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 and lead fluoroalkoxides are solids as are all
of the heavy metal derivatives cf the shorter chain fluoroalcohols.

Three hydrogen orthophosphate diesters were prc'%red:
(C 2 F5 CH2 0) 2 P(O)OH, [(CF1) 2 CHO] 2 P(0)0H and (C 3 F7 CH2 0) 2 P(O)OH.
Heavy metal derivatives'of these phosphates are all high melting
solids. The four followIng fluorinated b-diketones were also

0 0 0 0 0 0
itt if it to

prepared: CF3 CCH 2 CC3 F7 , CF3 CCH 2 CC7 FI 5 , CH 3 CCH2 CC F7 and
0 0 -0 0
i, t of it

CH3 CCH 2 CCIP1 5 . The thorium derivative of CF3 CCH 2 CC3 F7' Th(C 7 HO2 FP 0 )14,
is a liquid whose density is 1.90 g./cc. Thallium complexes of all
four of the above diketones are solids with relatively high melting
points.

Each transmittal of this abstract outside the Department
of Defense must have prior approval of the Fluid and Lubricant
Materials Branch, MANL, Nonmetallic Materials Division, Air
Force Material, TLaboratory, Wright-Patcerson Air Force Base,
Ohio 45433.
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i. INTRODUCTION

The purpose of this research program is to develop liquicl •
candidate materials for gyro-flotation fluids. These flulds s3houl•
have densities between 2.5 and 3.0 g./cc. at 125°F., viscosltieos
between 1,000 and 5,000 cps., therma] stability at 285 0F., comcati-
bility with the various materials used in gyro construction, a!,!

good resistance tn gamma radiation.

Specifically, the work involves the synthesis !ind character:i:<-
tion of semi-inorganic fluids containing a heavy metal ion from t.:-
sixth or seventh periods of the periodic table, e.l;., thorium.
hafnium, tantalum, cerium, mercury, thallium, lead, bismuth, euc.,
with a fluorinated anionic group or with a combination of anionic
groups, !..e., fluorinated alkoxides, orthophospbate diesters, or
6--diketonates.

The general structures of tnese three types of proposed heavy
metal semi-inorganic compounds are:

(i) Fluoroalkoxide,

ME-OCH 2 (CF 2 ) xCF 2 Hij 1 1

(ii) Orthophosphate diester,

M P(OCH2 Rf) 2

_/

0 In

(iii) ý-Diketonate,

R

0-'C

M CH

O0-C

I •Rf

Presently, the most widely used gyro-flotation fluid is a polymer
of CPP=CFBr. This material does not have the desired chemical in-
em.cness, density or metal compatibility, and, because it is poly-
meyAc, tends to undergo thermal diffusion and stratification. To
alleviate these problems encountered with polymeric materials,
fluids or single molecular composition, not polymeric in str::ucture.
are preferred.

-1--
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Several types of compounds t-;ere considered as potenliJ.a! nxgh
denstty liquids. The most obvious class was the highly brominated
aliphatic and aromatic compounds. These materials, however, were
not expected to meet the stated radiation, corrosion, and thermal
stabil-ty requrements :f the ideal gyro fluid.

The radiation chemistry of the organic halides has probably
been studleI in greater detail than that of any othei. type of
organiz compound. From these studies it has been found that, ex-
cept for the C-F bond, :;ne carbon-halogen (C-X) bond is ruptured
preferentially in organic halides. The C-I, C-Br and C-Cl bond,
cleave readily, whereas the C-F bond is more stable than the C-C
or C-H bond (I). These results on the radiation decomposition
of alkyl halides are also in accord with known bond energies (2):
C-F, 116 kcal./mole; C-C, 82.5 kcal./mole; C-Cl, 81 kcal./mole;
C-Br, 68 kcal./mole; and C-i, 51 kcal./mole.

A miost important consequence of the radioly•is of the alkyl
halides is the nature of the reaction products. Organic bromides
can yield 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-containing aromatic and aliphatic liquids
have been investigated aF high density fluids for applications
other than gyro-flotatic fluids. In general, these fluids do
not have the density ana inertness requii.ed for a gyro fluid.

The alkyl bromides have been found to be highly corrosive
with alum4.num metal. In several cases, the bromides have been
known to react explosively with aluminum through an apparent auto-
catalytic mechanism. Chlorocarbons were also considered for the
proposed application; however, they offer no great advantage in
density over the fluorocarboi)s and are also capable of reacting-
violently with aluminum.I

Thus, from these considerations, it was believed that halogen
compounds, other than fluorine, would not meet che required radia-
tion and corrosion requirements.

Although the organic fluorine compounds have the desired inert-
ness, the densicy 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 dcýnsity of the heavy metal compounds, an
anion must be selected which will prevent crystallization fi-om
occurring and wl'!oh has a sufficiently high density to prevent an'
appreciable lowering- of tne net density of the resultinF fluid.

-2-
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Si.nce fluorine-containing anions have a high density and a low
net interaction and lattice energy, the combination of this type
of anion with heavy metal ions was expected to result in fluids
meeting the target objectives.

From the known properties of metal alkoxides, phosphate diesters
and 0-diketonates, it was expected that the proposed compounds
would meet the thermal stability requirements; however, the
viscosities and corrosive properties would have to await actual
t.esting.

--3--
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II. DISCUSSI'ON OF RESULTS

The 6al 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 oopounds. %1M
are; fluoroalkoxides, phosphate diesters, and 0-diketonates. The
alkoxides were prepared from fluorinated alcohols which ar com-
mercially available. However, the efforts In the areas of ph•os-
phate diesters and 8-diketonates included the synthesis of hydrogen
phosphate diesters and 8-diketones which were used as starting
materials for the preparation of their metal derivatives.

A. HEAVY METAL L-UOROALKOXIDES

The program of research initially specified that the fluoro-
alkoxides include compounds of the following metals: thorium,
tantalum, hafnium, cerium, mercury, thallium and lead. The filuoro-
alkoxy groups are those that are derived from dodecafluoro-l-
heptanol, HOCH 2 (CF2 ) 5CF2H, hexadecafluoro-l-nonol, HOCH2(CF 2 )7 CF2-,
and dodecafluoro-2-methyl-2-octanol, HOC(CH )2(CF2) 5CP2B. Sub-
sequent work involved the preparation of so=e metal compounds with
smaller chain fluoroalkoxy groups. Since the literature provides
established methods for the preparation of the non-fluor-nated
alkoxides of most of these metalsthese methods were employed for
the preparation of the fluorinated alkoxides.

1. Hafnium

The hafnium fluoroalkoxides were prepared by the reactions of
hafnium tetrachloride, HiCI4, the fluoroalcohols and ammonia in
benzene:

HfC14 + 4 HOCH2Rf + 4 NHI -> Hf(OCH2 Rf)4 + 4 NH4CI

This is essentially the method of Bradley, Menrotra and Wardlaw (4)
except that they used dipyridinium hafnium hexachloride,
(C5H6N)2 HfCI6, as the starting hafnium compound. Table I lists
the hafnium fluoroalkoxides which have been prepared and their £
physical properties.

These hafnium compounds are all volatile and were purified
by either sublimatior or d-stillation. Distillation of the higher
chain alkoxides could not be accomplished by normal vacuum dis-
tillation nor ii a Hickman molecular still because of thtrmal de-
composition. They could be distilled In a falling film molecular
still, jut even in this case some decomposition was noted. The
products which were obtained were brown viscous liqaids. All of
the hafnium fluoroalkoxides are soluble in benzene and acetonv.
They are susceptible to hydrolysis especially when in t,:l!tion.

-.14...
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In reference to Table I, it will be noted that analysis has
revealed the presence of nitrogen in the hafniun fluoroalkoxides.
The IR spectra show evidence of nitrogen-hydro%en bonds by the
absorptions in the region near three microns. This was also verified
by proton NM 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(OCHnCP 3 ) 4 .NH3 and Hf(OCH2C2Fc)4"NH3 . The ammine species is bonded
strongly enough that it is nut lost during the vacuum sublimation
of these materials at temperatures near 900C. There is also better
agreement between the elemental analysis and theoretical composi-
tion if it Is based upon an amine complex. Thus, Hf(OCH2 CF3 )41 .NH3
requires 16.24% C, 1. 7% H, 30.17% Hf, and 2.37% N while
Hf(OCH2 C2 P5 )4 .NH3 requires 18.20% C, I.040% H, 22.-5% Hf and 1.77% N.
Compared to the reported data in Table I, there is close agreement.
Although these data support the existence of amine complexes of
Hf(OCH2CF3)4 and Hf(OCH2C2 )•, it is known that Group IV transi-
tion metals generally do not form stable amine 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/Hf atom ratio a 0.35-O.46) and do
not approe::h the compositions of the trifluoroethoxide and penta-
fluoropropoxide. These materials, Hf(OCH2 (CF2 ) CP H]14,
Hf[OC(CH ) (CF2 )5 CF2 H34 and Hf(OCH2 (CP,) 7CF2 H]14 were vacuum dis-
tilled a2 temperatures above 210 0 C. an may have lost some of the
ammonia during this process. The proton NNR spectra of these com-
pounds were less definite for the N-4 analysis because of the
small amounts associated with them.

Although the nature of these hafnium fluoroalkoxides have not
been definitely proven, work in this area was de-emphasized in
order to investigate the fluoroalkoxides of the other metals.
The densities were slightly lower then expected; however, it le
interesting to note the increase of 0.2 ./cc. In going from the
tertiary alkoxide, Hf(OC(CH3 )2 (CF2 ) CF2 Hj], to the primary alkoxide,
Hf(OCH2 (Cp2 )5 CP2 H] . It is expected that more work will be done
on hafnium compounds. It has been shown that liquid hafnium
fluoroalkoxides can be prepared, and future work w1ll investigate
alcohols which, when combined with hafnium, will yield liquids of
higher densities than presently attalned.

2. Tantalum

To synthesize the fluoroalkoxides of tantalum, tantalum ethoxide,
Ta(OCwHs)5, was first prepared and then used in alcrhol exchange
reactions with the fluoroalcohols. The method of Bradley, Wa'•dlaw,
and Whitley (5) was used to prepare Ta(OC2 H5 )5 and Is essentially
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the same procedure for preparing the hafnium fluoroalkolides.
Tantalum ethoxide was purified by distillation at 1260c. and
0.11 mm. hg and identified by its IR spectrum. Tantalum tri-
fluoroethoxide was also prepared by this method and purified
by vacuum sublimation at 95°C. and 0.02 mm. Hg. This material
is a white solid which melts at 0950C. by elemental analysis
the product was found ;o be 17.34% C, 1 . % H, and 26.904 Ta.
The calculated analysis for Ta(OCFL2 CF3 ) 5 is 17.25Y C, 1.49% H,
and 26.8% Ta.

The longer chain fluoroalkoxides of' tantalu,,. were prepa-•ed
by alcohol exchange reactions of Ta(O(2H5 )5 with ar excess of
the appropriate fluoroalcohol:

Ta(0C2 H5 ) 5 + 5 HOCH 2 Rf -> Ta(OCH2 Rf) 5 + 5 HOC 2 H5

In general, the reactions were run in refluxing benzene or
toluene, and the ethanol which was produced was removed by
azeotropic distillation a i collected in a Dean-Stark trap.
Table II lists the tantalu.. luoroalkoxides produced by this
method and their physical piperties.

It is immediately recognized from the compounds listed in
Table II that complete substitution of the ethoxy 3ropL, by the
fluoroalkoxy groups was not accomplished by the exchange re-
actions. The most complete substitution occrred at a higher
temperature when toluene was used as the solvent. These results,
in the case of dodecafluoroheptanol reactions, are in contrast
to those reported by W. Wardlaw (6) for the non-fluorinated
alkoxides of tantalum. He reported that alccohol interchange re-
actions readily occur with Ta(OC2 H5 )5 and other primary alcohols;
however, secondary and tertiary alcohols replace only four of
the groups. In the case of the tertiary alcohol, HOC(CH3 ) 2 (CF 2 ) 5 CF2 H,
cnly three ethoxy groups were replaced after nine hours in re-
fluxing benzene.

The properties of the fluorinated alkoxides of tantalum are
similar to those of the hafnium compounds which were already men-
tioned. Like the hafnium compounds, the densities of tnese mate-
rials appear to approach a maximum near 2.0 *./cc., and, therefore,
they are of no immediate Interest. Since Ta(OCH2CP 3 )5 was easily
prepared by the reaction of tantalum pentachloride, trifluoro-
ethanol and ammonia in benzene It is likely that the higher chain
fluoroalkoxides could also be prepared by this type of reaction.
The problem of the formation of the amine type compounds was not
investigated for Ta(CP#H2CPF ) and It is not known if this would
occur as it does with the AaLlum fluoroalkoxides.

I
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3. Thorium

The .-eactions which were run in attempts to prepare the
thcrium 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 already published for the non-fluorinated alkoxidns of
thorium to reasonably predict that extensive efforts in this
area would not be Justified.

An attempt was made to saynthesize thorium dodecafluoro-
heptoxide, Th[OCH2 (CF2 ) 5CF2H]t, by the following reactions:

ThC1•. 4 HOC3HT-I + 4 NaOC 3 I7 -i -* Th(OC3H7 -) 1 4 + 4 NaCi +
"4 HOC 3H7 -i (a)

Th(OC3H7-i) 4 + 4 HOCH2 (CF2 )5 CF2H - Th[OCH2 (CP2 )5 CF2 H]4 +

"4 HOC 3H7 -i (b)

This is the method of Braetey, Saad, and Wardlar (7) for pre-
paring thorium aikorides. Reaction (a) was run in isopropanol
and it was assumed that the soluble white solid from this re-
action was Th(OCH 7 -1) 4 . R,.action (b) was run in benzene and
the product obta ned from it contained 4.3% sodium and only
0.3% thorium which indicates that very little Th(OC3 HT-i) 4 was
produced In Reaction (a). The preparation of thorium hexa-
decafluorononoxide, Th[OCH (CF2 )7 CP2 H]4, was necomplished by
the reaction of NOCH,(CF 23TCP2H and ThCV14. HOC3H7-i in di-
ethyl ether. The sod um salts of the fluoroalco hols can be
made by the reaction of the alcohols with sodium metal in diethyl
ether; however, the reaction of the alcohols with sodium hy1ride
i3s much faster and cleaner. After the ThC 14 -4HOC0C31 7-1 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[OCH2 (CF2 )7 CP2 H]4 which deposited out as
white crystals. It had the foll owing composition: 20.75% C,
0.67% H, 11,6% Th, 0.03% Cl and 3.0% Na, whereas Th[OCH2 (CP2 )7 CP2 H]4
requires 22.1% C, 0.61% H, and 11.85% Th. The more soluble frac-
tion was chiefly NaOCH2 (C?2)-.C 2 "I. It was not unexpected that this
torlum fluorroalkoxide Is a solid since the non-fluorinated alk-
oxides of thorium are known to have more Ionic character than the
cther Oroup IV metal alkoxlides and, thus, should have less vol-
atility. This is exemplified by the fact that the primary and
secon4ary alkoxIdes of thorium are solidb (7,8,9); however, the
tertiary alkoxides of thorium are distillable liquids (10).A few attempts were made to prepare thorium dodecafluoro-2-methyl-
2-octoxide, Th[OC(CI )2 (CP2)5CFP2 H1], to ascertain If this fluorl-
nated tertiary alkoxide would also be a liquid. However, in each
case no thorium fluoroalkoxide could be Isolated. The first re-
aetion tried was that of ThC1•.4• OC3K7-i 'nd tdaOC(CH3 ) 2 (CP2 )rCP3' 2

j L
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in diethyl ether. The second was that of .iipyridinium thorium
hexachloride, (CsH 6 N)2 ThCl 6 , and NaOC(CH 3 ) 2 (CF 2 )sCF 2 H in benzene.
Since these reactants are slightly ionic, It was-decided that a
more polar solvent was needed and, therefore, the reaction was
repeated using tetrarnethylenesulfone, (CH2 )4So 2 , as the medium.
The results indicate that not enough care was taken to keep
moisture out of the reaction, 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 ) 2 (CF2H4] would reach 2.5 g./cc. even
if it was a liquid.

4. Cerium

Work on the synthesis of cerium fluoroalkoxides involved
the reaction of dipyridinium cerium hexachloride, (C 5 H6 N) 2 CeCl 6 ,
HOCH 2 (CF 2 ) 5 CF2 H and ammonia in benzene. The (C5 H6 N) 2 CeCI 6 was
prepared by the 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:

(C5H 6 N)2CeCl6 + 4 HOCH 2 (CF 2 ) 5 CF2 H + 6 NH3 -* Ce[OCH2(CF 2 ) 5 CF2 H]4 +

2 C5 H5 N + 6 NH4CI

A soluble, brown,glassy substance was isolated from the reaction
and could not be freed of unreacted alcohol by vacuum pumping.
Recrystallization attempts in benzene, a benzene-hexane mixture,
and acetone were unsuccessful. The product was ext..tnely sen-
sitive to atmospheric moisture. A second attempt ;z made to
prepare Ce[OCH2 (CF 2 ) 5 CF2 H]4 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 2 (CF 2 ) 5 CF2 H]4. There is a similarity between cerium
and thorium since they both form ionic type alkoxides, and
thus, cerium fluoroalkoxides are expected to be solids. There-
fore, the efforts to prepare them were not continued.

5. Thallium

Research on compounds of metals with oxidati.-:n states of
+4 and +5 indicated that the target density would not be reached
with them. The ratio of organic groups to metal iL obviously
too high and, in effect, the weight of the metal is diluted by
the less dense organic material. Therefore, the emphasis of the
research on retal fluoroalkoxides 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
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metal are known to be dense liquids. Thallium ethoxide,
T1OC2H?, is a yellowish oil with a density of 3.52 g./cc. at
20C. e11). However, like most thallium alkoxides, T1OC2H5 is
not very thermally stable and Is decomposed at temperaturer'above 1300C.

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

TIOH + HOCH 2 Rf- TlOCI-,Rf + H20

This is an apparent equilibrium reactan slnne 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 filtering of f the unre-
acted hydrexide and removing the vxcess alcohol by vacuum evapora-
tion. Table III lists the thallium fluoroalkoxides which have been
prepared by this r,,thod and trheir physical properties.

In general, u af the thallium fluoroalkoxides are white or
light yellow solids. They have been observed to dissolve In
acetone, diethyl ether and the fluoroalcohols from which they
were made. Acetone solutions of these compounds are susceptible
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 930-1200 C.
Thallium dodecafluoroheptoxide cannot completely be freed of the
unreacted alcohol unless It to distilled in a falling film molec-
ular still. Even though the !R spectrum of the undistilled pro-
duct may show very little O-H absorption around 3 microns, ele-
mental analysis Indicates up to 0.45 mole of alcohol per mole of
alkox1de. Freshly distilled TlOCHj(CF2) CP2H is a clear light
yellov liquid which slowly crystal lizes to a greasy solid upon
standing for approximately one week at room temperature. The
meltinS point of a completely tolldified sample was observed to
be over the range of 40%1-540C. The density of freshly distilled
TlOCH?(CP2 )lCF 2H Is 2.598 g./cc. at 250C. and exceeds the target
density of 2.5 g./cc. At the presint tir.e the compound is the best
candidate for a gyro-fiotation fluid; however, it3 relatively
high melting point may be a drawback.

Compared to T1OCH2 (CP2 )5 CF2 H, it would be predicted that
TIOC(CH ) (CP2 ) CF H would be a liquid or, at least, have a
lower U nIlng p~ln?. Since the two methyl groups on the *-carbon
are electron releasing groups, the metal-oxygen bond in
TIOC(CH-1) (eF )gCF'H should exhibit more covalent character than
that of"- `CH2 (CP2) 5 CF2H. This trmnd. tncreased volatility of

-1).-
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primary alkoxides compared to tertiary alkoxides, was previously
noted in the discussion on thorium compotuds. However, in ti
case of thallium the tertiary f.uoroalkoxide, TIOC(CH )2(CP7) CFH,melts approximatelly 20 degrees above the correspon21n' piigý;;
alkoxIde, TIOCH2 (CF2 ) 5 CF2 H.

Thallium hexadecafluorononoxide was prepared frcm the alcohol
and hydroxide at 75 0 C. in or'der to liquefy the alcohol which -nelts
at 66 0C. After filtration, the excess alcohol was removed by
vacuum sublimation to yield liquid TiOCH2( CF H which haa
a density of 2.48 g./cc. This material was noI distilled and
the elemental analysis shows low values for cart-in and hydrogen.
It Js probable that when a puriflefi sample of this compound is
obtained its density will exceed 2.5 g./cc. It is also possi.ble
that upon purification It will cry!stallize like TIOCH2 (CF 2 )5 CF2 H.

Th.e work on the thallium fluoroalkoxides Is being continued..
A large sampl, (%150 g.) of TlOCH2 (C?2)5CF 2 H 1ras been prepared
and d1rtilled. As soon as analytical data are recejved or. this
material, its viscosity, toxicity, ther.,-il stability, and eorro-
siveness will be determined. Secon",y, a method for the purification
of TIOCH2 (CF2 ), C 2 " will be worked out In order that accurate
density and melting point measurements can be made.

6. Lead

Since the fluoroalkoxides of tne lower vaiency metals offered
the be t hope of obtaining high density liqulds, work w-a undertaken'
on the preparation of lead(TI) rlucroalkoxides. The nonfluor.-nated
lead(II) alkoxldes are not well know.; howe•ve., i.nere hrive Ueen
reports or their preparations CL2, 13). i:-ad ethoxl.e dic±thanolate
Pb(OC2 H5)1"2HOC2 jl, Is a crystall4-e rolld whi-ch Is sensitive
to air an8 decomposes to lead oxide vr•on -roicn-ed drying undeo-
vacuum (13). This compound was ;-re-a-a Mr-.4CZ yteld by the
reaction of lead chlorlde and potastt'-1, ethoxide In ethanol - Since
the fluorl.nated alcohols are more azcdkc than the ronfluor:nated
alcohols, it wae de-'ided to invest!l-ate " reactions of lead
hydroxide, Pb(CiF), with the fluorl-atvd .'hoi• The rilowing
equation reprcsents the reactior.:

2 -

ThI- in ana1...-.u. . to the r I v, IaI! ....

In an i~ttemtt to prf. a ar %Itrrf ON)~~ Rnd
40-P n-F3was reriuxed (740C. f-' Atiter'e ho~lrxi. v only me*

wre he a ted t r, ricbItz nalC re r p h v&,u,

WbOW' . Prm: this rvsactl%-or~~;;- : ~lr4ýIted a xcuil,
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brown material having an IR spectrum which hae, besides the ex-
pected absorptions, an additional absorption ýn t~he carbodn?;
region around 6.1 microns. The proton IMN spectrun! revekled-that
the mole ratio of -CP2H (terminal group hydrogens) to -wCU 2 - groiups
(*-carbon hydrogens) was 8:1. This product could aot _ def i iitely
be Identified, but these data suggeet partial ox~lation ot~the
a.lcohol to the acid:

HC2(CP2 )5CH iV)>HCCF2) 5CF2 -_

0 1
The resualting product was most 11i1tely a mixture of the lead

alkoxide and carboxylate. Oxidation may have been due to lead
nitrate which was later found by X-vay diffraction analysis to
be present in the Pb(OH)2.

Lead hydroxide and HOCH2 ('C:' 2)5CF2H were made to react In
refluxing benzene with removal or the water by azeotropic
distillation. The soluble, brown,,viscous liquid which was
isolated was heated to 900C. in vacuo for four hours to remove
the unreacted alcohol. Since the IR spectrum still showed the
presence of alcohol, the product was heated an additional five
hours at i200 C. in vacuo. There was apparent decomposition
during this heating and th~s is indicated in the elemental analysis.
Thi,3 material was found to contain 16.93% C, 0.65% H and 31,6% Pb.
The reaction was repeated; howaver, freshly precipitated Pb(OH)2
was used instead of the commercial grade material. After refluxing
for ten days, 8.8 g. of 9. soluble.,white,waxy solid was obtained
from 7.5 g, of Pb(OH). This product was heated to 550C. in vacuo
for five days to remove the unreacted alcohol. Allthough the IR
spectrum cf this product appeared as expected for Pb[OCH, (CF2)5CF 2H]2,
the elemental anralysis !ndicated otherwise. It gave 16. ~4% C,
0.70% H, and 29.14% Pb, whereas theory requires 1,9.34% C, 0.70% H,
and 23.83% PD. The properties of chis material may be similar
to those of Pb(0C2H5)2 -2H0CoH5 which yields PbO upon prolonged
vacuu-m drying. The elemental analy~is, at least, shows the
presence of another lead compound besides the fluoroalkoxide.
In an attempt to obtain a melting point in a s.-aled capillary,
the material softened at 7900., began to turn brown at 1800C.,
and decomposed with bubbling at 21400C. This sample of l~ead
fluoroalkoxide could probably be purified by recrystallization;
however', its high melting point and apparent instability makes
it of little Interest to the objectives of this project.

Another reaction which was run in an attempt to prepare
Pb[OCH2(CF2)qCF HJ2 is represerted by the following equation:

PbC12 + + 2NaOCH3 + 2 H0,CH 2 (CFý`sCF2H ->Pb[OCH 2(CP2)SCF 2H)2 +

2 HOCH3 + 2 NaCI

-114-.
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With refluxing benzei.e as the solventthe HOCH 3 was
distilled from the mixture to yield a solublebrown,viscous
material which was vacuum dried. Upon standing at room
temperature fo5 approximately two weeks,this product began
to cr'ystallize. Elemental analysis gave only 0.60% Pb for
this material. A plausible explanation for this is that
the reaction was essentially that of NaOCH 3 and HOCH 2 (CF 2 ) 5 CF2 H
to yield NaOCH 2 (CF 2 ) 5 CF 3 H,with very little reaction of the PbCl 2 .

In conclusion, only two reactions yielded products which
could be considered as a lead fluoroalkoxide. They appeared
to be so sensitive to heat and moisture that no atuemptr were
made to work out a purification procedure. From appearance,
'-he best product was obtained from the reaction of freshly
precipitated Pb(OH) 2 and HOCH (CF 2 ) CF2 H in refluxing benzene.
It is a white solid, and, most likely, if the product from the
other reaction could be purified, it would also be a solid. Thus,
it is possible to prepare lead(II) fluoroalkoxides, but their
chemical and physical properties do not meet the specifications
for use as a gyro fluid.

7. Mercury

A few experiments were tried in an effort to prepare
mercuric dodecafluoroheptoxide, Hg[OCH 2 (CF 2 ) 5 CF2 H]; however,
no definite results were obtained. Mercuric acetate,
Hg(C 2 H3 0 2 ) 2 , and NaOCH 2 (CF 2 )sCF 2 H were made to react in methanol
at room temperature. Products which were Identified included
HgO, HOCH 2 (CF 2 ) 5 CF 2 H and unreacted Hg(C There was
no reaction when Hg(C 2 H3 0 2 ) 2 and HOCH 2 (•F 2 )-CF 2 H were heated
to lO 0 C. for two hours. Under advisement, worl: on these com-
pounds was discontinued because, even if they could be prepared,
most likely they would react with the materials of construction
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 phosphates are: bis(pentafluoro-
propyl) hydrogen phosphate,(C F CH O) 2 P(O)OH; bis(hexafluoro-
isopropyl) hydrogen phosphate ,[(C)HO (O)OH; and bis(hepta-
fluorobutyl) hydrogen phosphate, (C, FCH2 0) 2 P(O)OH. The proposed
metal derivatives of these phospha es included those of thorium,
tantalum, thalliv'., lead, mercury, and bismuth.

The initial reaction used for the preparation of the hydrogen
phosphate compounds is represented by the following equation:

P205 + 4 HOCH 2 Rf ÷ 2(RfCH2 0) 2 P(O)OH + H2 0

-15-
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The mixture of P205 and the alcohol in hexane was maintained at
room temperature until the disappearance of the P2 0 5 , at which
time it was then heated to reflux for at least three hours.
After vacuum stripping 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

(C 2 F5 CH2 0)2P(O)OH 19.55 1.41 8.65 52.3 Liquid 190/0.02
Theory 19.89 1.38 8.56 52.49

[(CF 3 ) 2 CHO] 2 P(O)OH 18.10 0.87 6.83 56.25 Low melting 180/1
solid

Theory 18.09 0.75 7.79 57.29

(C 3 F7 CH2 0) 2 P(O)OH 19.13 1.21 8.89 --- Low melting 205/<0.001
solid

Theory 20.78 1.08 6.71 57.58

The yields of these reactions were fairly low (-40%), and
at times the isolation and purification steps required a con-
siderable amount of timu. This was especially true when the
preparations were scaled up. As an example, an 'attempt was made
to prepare 150 g. of (C F 5 CHI2 0) P(O)OH by the reaction of P2 0 5
and HOCH 2 C2 F5 . After the normaI reaction procedure, the
elemental analysis of the distilled product proved that it con-
sisted of 35% of the diester, (C 2 FýC1 2 0) 2 P(O)0H, and 65% of the
monoester, C F CH2 CP(O)(OH) 2 . S m larly, only the monoester,

C3 F7 CF.2 0P(O H0a) 2, was obtained when P205 and HOCH 2 C3 F7 were
made to react. When an attempt was made to further esterify this
compound to the diester by reacting it with C3 F7 CH2 OH in refluxing
benzene, an azeotropic mixture of benzene and C •FCH2 0H distilled
out at %75 0 C. There was some success in separaing the mono-
ester-diester mixtures by neutralizing an aqueous solution of
them with barium hydroxide and collecting the more insoluble
barium salt of the diester. This Pan then be converted to the
hydrogen phosphate diester by treatment with sulfuric acid.

-16-
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Because of these problems incurred during ti~e preparations
of the diesters, a different method was investigated. This in-
volved the reactions of phosphoryl chloride, POC3., and the
fluoroalcohols to obtain the chlorophosphates, (R CH2 0) P(O)Cl,
which can be hydrolyzed to the acid, (R CH2 0) 2 P(O)OH. Phese
reactions are represented by the followilng equations:

PO~l 3 + 2 HOCH 2 Rf + 2 C5 H5 N Hexane > (RfCH 2 0) 2 P(O)Cl +
POC1 + 2HOCHRf +2 C5OOC.

2 C5 H6 NCl

(RfCH 2 0) 2 P(O)Cl + OH- HO > (RfCH 2 0) 2 P(O)OH + CI-

For example, bis(pentafluoroprcpyl)chlorophosphate,
(C F 5 CH0O) 2 P(O)Cl, was obtained by the reaction of POCl 3 ,
HOCH2 C2P5 and pyridine in hexane, and distilled at 400C. and
0.3 mm. fg. Elemental analysis gave 18.45% C, 1.09% H, 8.01% P,
and "i.-.0% Cl, whereas theory for (C2 F5 CH20) 2 P(O)Cl is 18.75% C,
1.05% H and 9.23% Cl. This chlorophosphate was then hydrolyzed
in aqueous caustic to produce the acid, (C 2 F5 CH2 0) 2 P(O)OH,
which was distilled at 1900C. and 0.02 mm. Hg. Subsequent
studies have shown that the chlorophosphates need not be iso-
lated, but can be hydrolyzed in the original reacion mij.'ture
to produce the acid.

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

0
ti

Thallium bis(hexafluoroisopropyl)phosphate, TlOP[OCH(CF 3) 2 ] 2 ,
was produced by the reaction of thallium sulfate, T! 2 SO.,, and

0

barium bis(hexafluoroisopropyl)phosphate, Ba{OP[OCH(CF3) 2]21 2 ,
in aqueous solution. This thallium compound is a crystalline
solid which slowly decomposes above 2000C. Elemental analysis
gave 11.69% C, 0. 3L.- H, 33.53% Tl, and 3.98% P. Theoretically,

0

TlOP[OCH(CF 3 ) 2 ] 2 requires 11.97% C, 0.33% H, 33.98% Tl, and

0
I'

5.15% P. Thallium hydroxide and HOP(OCH 2 C2 F 5 )2 were made to
react in carbon tetrachloride at reflux temperature to yield

0

thallium bis(pentafluoropropyl)phosphate, TlOP(OCH2 C2P%) 2 ,
which is a white solid. This compound is soluble in d ethyl
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ether and melts at 226 0 C. Elemental analysis gave 13.20% C,

0

0.81% H, 5.77% P, and 28.40% TI. Theory for TIOP(OCH2 C2 F•) is
11.32% C, 0.71% H, 5.48% P, and 36.14% Ti. There is soJm Loubt
about the thallium analysis on this 3ample because a check
could not be run due to the sample size submitted for analysis.
Howelrer, carbon, hydrogen, and phosphorus analyses are
reasonable and the IR spectrum looks co'parable to the other
metal derivatives of (C 2 F 5 CH2 0) 2 P(O)C? . No further work was
done on these thallium phosphate diesters because of their
high melting points.

0

Lead bis(pentafluoropropyl)phosphate, Pb[OP(OCH CWF8)]2

was also prepared by the reaction of the hydroxide, Pb(0H32, and
the acid, (C 2 F 5 CH2 0) 2 P(O)OH, in reriuxi.g carbon tetrachloride.

0

The product, Pb[OP(OCH2 C2 F 5 ) 2 ], is ;aL wh'Ate solid which decom-
poses without melting above 2250C. It iL insoluble in CC1 4

and was washed with diethyl ether before analysis. This
treatment removed the unreacted (C 2 FCHjO) 2 P(O)OH; however,
there may have been some unreacted Pb(O) 2 associated with
the product as indicated by the elemental analysis. It gave
13.50% C, 0.78% H, 5.75% P, and 25.65% Pb, whereas,

0

Pb[OP(OCH2 C2 F 5 ) 2 ] 2 requires 15.51% C, 0.87% H, 6.67% P, and
22.29% Pb. In a similar manner and with similar results,

0
I?

thorium bLs(peiitafluoropropyi)..Ihosphate, Th[OP(OCH2 C2F5)2] 4 ,was
prepared. It is a white solid which melts above 2 5°C. By
elemental analysis this material was found to be 15.49% C,

0

0.98% H, 7.80% P, and 18.50% Th. Theory for Th[OP(OCH 2 C2 F 5 ) 2 ] 4

is 17.10% C, 0.96% H, 7.40 % P, and 13.86% Th. Earlier in the
program an attempt was made to prepare thorium bis(hexafluoro-

0

'Fopropyl)phosphate, Th{OP[OCH(CF3)2]2}4, by the reaction of

0

thorium sulfate, Th(S04) 2 , and Ba{OP[OCH(CF3 ) 21 2 }2 , in aqueous
solution. However, the soluble white solil which was
isolated was found to contain 8% Ba and only 0.01% Th.

The posslbility of synthesizing heavy metal phosphate diesters
by the reaction of metal alkoxides and an acid, (RfCH 2 0) 2 P(0)O1
was also investigated. To prepare tantalum bis(pentafluoro-
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o

propyl)phosphate, Ta[OP(OCH 2 C2 F5 )2Jr, Ta(OC2 H5 ) 5 and
(C2 F5 CH2 0) 2 P(O)OH were heated to o75 0 C. for four hours.
The following equation represents the reaction:

o

Ta(OC2H5 ) 5 + 5(C 2 F5 CH2 0) 2 P(0)0H , Ta[CP(OC112C 2 F5 ) 2 ] 5 +

5 HOC2H 5

In addition to Y -• "IgC- .1 an.ý , '-FsC"• '1''(0) 'R were
isolated from the rL-actioti .... Acure. Trji .;..te s, Id which
remained after distilling off the above three proa ' - rould
not be identified by its IR spectrum. However, the u.o±tility
characteristics of this material in various solvent, liggested
that it was a mixture of products. The reccvery of h.jH2 C2 F5
indicated that the following side reaction had occurred:

0 0
(C2R5CH 2 0) 2 P"OH + HOC 2 H5  2(22 FCH2 0)(C2 H5 0)pOH +H,'H 2 C2 F 5

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

0

prepare Ta[OP(OCH2C2F ) ]5 by the reaction of TaCl 5 and the
silver salt of (C F CR20) 2 P(O)OH in diethyl ether. The results
were similar to tose of the Ta(OC2Hs) 5 reaction in which a
large number of products were obtained.

Bismuth trichloride, BiCl , was also made to react with
the silver salt of (C2F CH20)2 (O)OH in diethyl ether, and
the chief product of this reaction was the acid, (C2F 5 CH2 0) 2 P(0)O1.
Possibly, the hydrolysis of the BiC1 3 occurred and prevented

0

the formation of Bi[OP(OCHC F)23 The reaction of BiClý
and the silver salt of [(C' 3)2HO] 2 P(O)OH in diethyl ether-
produced a white soluble so id 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 in vacuo on a steam bath the product decomposed
to a brown solid.

Finally, it was found that mercuric oxide, HgO. reacts with
(C 3 F7 CH2 0) 2 P(O)OH in acctonitrile; however, the reaction was run
on a small scale and no .iofinite identification of products were
made.
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In summary, the reactions of (C 2 FCH2 0) 2 P(O)OH and the
hydroxides of thallium, lead, and thorum have produced metal
phosphate diesters. Although the analytical data for these
compounds are not exact, they do approach the theoretical
values. If these compounds were recrystallized from suitable
solvents, better data could be obtaired. The IR spectra of
these materials support their identity. As reported. tne
melting points of these compounds are all greater than 200 0 C.
This indicates that these compounds are probably ionic salts, and
minor changes in the fluoroalkoxy groups bonded to phosphorus
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 and five phosphate groups to be associated with them, it is
questionable whether their densities would reach 2.5 g./cc.
Thus, the efforts in this area should be devoted to the
synthesis of bi3mu';h and mercury phosphate diesters. Research
is now in progress and should reveal if the phosphate diesters
of these two metals will yield fluid materials.

C. HEAVY METAL a-DIKETONATES

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

0 0
it ft

2,U-heptandione, CF3 CCH 2 CC3 F7 ; octadecafluoro-2-4-undecandione,

0 0 0 0
it I t! ? I if

CF3CCH2CC7FI5; heptafluoro-2,4-heptanedione, CH3CCH2CC3FT; and

0 0
f! It

pentadecafluoro-2,4-undecandione, CH3 CCH 2 CC 7t.)-

To prepare the above fluorinated 0-ditce;.oi s, the e'.-yl
esters of heptafluorobutyric acid, HOOCC 3 F7 , aiud ritnu.ecafluoro-
octanoic acid, HOOCCT7 F1 s, were synthesized by the reactions
of the acids and ethyl alcohol in the presence of concentrated
sulfuric acid. After separation of the immisclble sulfuric
acid and ester layers, neutralization, washing, and drying
over sodium sulfate, the esters were distille Ethyl h'-pta-
fluorobutyrate, C2 H5 0OCC 3 F7 , distills at 95 0 -96 0 C., and eth.h-.
pentadecafluorooctanoate, C2 H5OOCC8F] 5 , distills at l60 °-li•C..

o 0
It I!

The synthesis of CF CC4p2 CC F, essentially that of
A. L. Henre et al., (143 invol e the condensation of C2 H5 0OCC 3F7
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0

with trifluoroacetone, CHoCCF in the presence of sodium
ethoxide and diethy_ ether. 4he diketone was isolated as
the copper complex, Cu(C 7 HO2 F1 0 ) 2 , which is soluble in
diethyl ether and distills at-100.C and 0.16 mm. Hg in a
Hickman still. Elemental analysis and IR spectrum indicated
a small amount of impurity associated with the complex,
probably the free B-diketone. Elemental analysis gave 26.12% C,
1.10% H, and 8.63% Cu, whereas Cu(C 7 HO2 FIO) 2 requires 24.81% C,
0.30% H, and 9.38% Cu. Its density at 23 C. is 1.73 g.,'cc.
Moshier and Sievers (15) report Cu(C 7 HO2 Flo)2 as a solid which
melts at 730-830C. and sublimes at 560C. and 0.1 mm. Hg. Ethereal
solutions of Cu(C 7 HO2 F1 0 ) 2 yield the free B-diketone when t.eated
with concentrated sul furic acid or gaseous hydrogen sulfid... The
sulfide method is cleaner and gives better yields. By this method

0 0
It If

CF3 C0H2 C0PF7 was obtained from the copper complex and purified
by distil a ion at I00O-I03*C.

Octadecafluoro-2, 11-undecandione was prepared by the reaction

0
'I

of C2 H5 0OCC 7 F1 5 , CF3 CCH• and sodium methoxide in diethyl ether.
After neutralization wi~h dilute hydrochloric acid, washing and
drying over sodium sulfate, distillation at 170'-1740C. yielded
a mixture of the diketone and unreacted ester. To separate these
two, the mixture was treated with aqueous copper acetate to

0 0

yield the copper complex of CF.CCH2 CC7 FI 5 which precipitated
as a green solid. After recry tallization, elemental analysis
and the IR spectrum identified the complex as the monohydrate,
Cu(C IH0 2F68 ) -H2 0. Analysis gave 25.00% C, 0.60% H, and
5.76% Cu: CU(CllH0 2 F11) 2 -H 2 0 require, 24.1% C, 0.37% H, and
5.80% Cu. The free diketone was produced by the hydrogen
sulfide txreatment and distilled at 1780C.

Heptafluoro-2,4-heptanedione, and pentadecafluoro-
2, 4-undecanedione were prepared by the condensation of
C2 HsOOCC 3 F7 and C2 H OOCC 7 F1 with acetone in the presence cf
sodium methoxide and diethy1 ether. Since these two diketones
could be separated from the unreacted esters by distillation, the
isolation procedures did not involve the copper complexes. The

0 0
heptanedione, CH3 CCH 2 CC3 F7 ,distills at 1350-1400C., and

0 0
If II

CH3 CCH 2 C07 F1 5 distills at 490-510C. at 0.85 mm. Hg.
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The metaL complexes qhich were prepared from these
diketones are listed in Table V. The thorium compound was

0 0
it it

made by the reaction of ITnCI4 and CF 3 CCH2 2C 3F 7 in refluxing
CC1 4 , and distilled in a micro still. However, there was
poor separation of Th(C 7 R0 2 FI 0 )4 from the lower boiling
fractions and this is shown in the elemental analysis. This
was the only 8-diketonate which is a liquid and its density
is 1.897 g./cc. at 22 0 C. Since the density was so low, no
further work was done on thorium diketonates. Plans to
prepare hafnium diketonates 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..HO2 F 1o)4, of Th(C7 H0 2 Fl?)j has been reported (15),
and It is a liquid which dis ills at 70 0 C. and 0.02 mm. Hg.

The thallium diketonates were prepared by the reaction
of T1 2 CO3 and the appropriate diketone in refluxing benzene.
They are all yellow crystal'ine solids with relatively high
melting points. Purificat.on of T1C7 H0 2 FI 0 and TlCIlHO2 FI8
was achieved by vacuum sublimation, whereas TlCTH402F 7 was re-
crystallized from a water-methanol mixture and lClIH40 2 Fl 5
from a hexane-benzene mixtu-i. The hexane-benzene mixture
gave better results than tht water-methanol mixture. Although
these compounds are volatile E_-d can be vacuum sublimedtheir
high melting points indicate that a liquid thallium a-diketonate
will probably not be realized.

To obtain 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 associated with it. Thus, the greatest likelihood for
success will lie with the synthesis of the metal 8-diketonates
of mercury, lead, bismuth, hafnium, thorium, and uranium.
Hafnium and thorium are included because they form partially
substituted a-diketone complexes of the type ML2 X2 and ML3 X,
where L is the diketone group and X represents a halide.
Uranium forms UL4 and U02 L2 complexes of which U02 L2 would be
of greater interest to t is proje,'t. Libtle is known of the
mercury, lead and bismuth a-diketo.!ates (16).
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III. CONJCLUSIONS

This research program has produced two compounds which meet
the density requirement for use In a gyroscope. The fi;--t, is
T1OCH2(CP2 ',-CP2H, which is distillable and has a density oi 2.598 g./cc.

* at 255C. TRe second is TlOCH2 (CFi)7CP2H. which ha3 not yet been pu-
rified, Lat the density of the crude product Is 2.48 5./cc, at 230C.
Since distilled TlOCII2(CP2 )5CF H slowly crystallizes at room tern-
perature and does not completely liquefy until heated to 540C.9
which Is above the operating te~iperature or present gyroscopes,
it is not known if this material will. eventually be useful. On
the assumption that it will be useful, work Is In progrress to de-
termine Its viscosit'y, thermal stability, corrosiveness and toxicity.
It Is expected that when TIOCH2 (CP2 )7CF2H Is purified Its density

will exceed 2.5 g./cc.

At present, the fluoroalkoxides of thallium offer the best
chance or obtaining filids with the needed densities. Future syn-
thesis efforts should be directed to finding a fluoroalcohol, which
will yield a thallium, rluoroalkoxide with a lower liquefaction
point than that pr%;sentiy attained. Examples of alcohols which
could possibly be use:! a~re: HGCH2 Cy P1 , HOCH 2 (0C2P 4 )4OC 2 F5 and
perfluorinated alcohols, such as, HX_(CF3 ) 3 , HOC( CF3)2C2F5 art.

Althoug.. fluids with densities of only 2.0 g./cc. werm ob-
tained with hafnium and tantalum fluoroali~:oxl.des, perfluorinated
alkoxides of hafnium could yield fluids of higher densities. Ther~e-
fore, It Is recoummended that work In this area continue with ert-
phasis upon producing hafnium perflIuoroalkox ides. Synthesis methcit
other than that which uses ammonia should also be Investirated.

Prom data in the literature and that obtained during this re-
search progran, i~t can be concluded that the synthesis of fluoro-
alkoxide.sý of Qeriurn, thorium, lead and mercury will not yield ure-
fial product,,% forf this app.1cativin.

T.,-: data fronm the work on~ the iheavy metal phosthate die~ttvr,
are not as precis' as that for the fluoroalkoxides. However, the
results which w:ere obtallned g~vv an Indicat~or. of the future di-.-.--
tinn of the work. The hydroF,:vn plhosphate diest%.rs H0(0) P(C-Cf %Y.
are fairly strong a~ids an~d !nost of their vietal derivatives wlIA
have consideratle lonic character resulting In high meltinF rtol!d1t.

Th~ zveýrlfe!d by the tterli, or. ttr lead, thallium and thouluAM rhos'-
pŽ'iate l1este~rl- M'etals, ouch as bŽismuth and ae~rcury. may f~orm ce
cov*leirt type compounds and It iz possible that their phosphate
dlezters will be fluids. ThIs shtculd be In~vestigated. If tiz!-xit.
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and mercury form solid phosphate diesters but with melting points
sign1ficantly lower than those already prepared, then their phos-
phate diesters of longer chain fluoroalkyl groups should be pre-
pared as a mcans of' obtcintng m&terials of lower melting points.-

Another possible method of obtait-4-g liquids from this class
of compounds would be to prepare phosphate d&sters w±th mixed

0 OCH 2CP3

fluoroalkyl groups, such as HOP

" OCH 2 (CF2 )5 CP2 H.

It Is also possible to prepare phosphate diesters with per-
fluorinated alkyl groups, i.e., [(CP ) C0] 2 P(O)OH, and In this
cast the hafnium derivative may be or Interest.

Liqu~d thorium and hafnium 0-diketonate. can be prepared,
but their densities will not meet the object4ves of this wurk.
Thallium 0-diketonates are solids, and it does not appear tnat
liquid chelates or this metal canp be prepared. As stated In the
previous Section, the greatest likelihood of obtaining a high
density liquid from this clasz of compounds appears to be with
heavy metals which can accommodate two or three chelaie groups.
Parttally substituted hafnium 8-diketonates, HfCI 2 L2 and HtCIL3 ,
and uranyl complexes, UOL 2 , are future areas of •÷search. If
the hafnium complexe- look promising, then tWhe wvk will be e:-
tended to include thorium. It is possible that lead(II) A-dleto-
nates can also be prepared; however, there Is v-*ry little evidence
for the existence of mercury and bibmuth chelates of this type (16),
and nc. work. on these compounds Is projected.
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IV. EXPERIMENTAL

A. MATERIALS

Hafnium tetrachloride and tantalum pentachiorlde were obtained
from Alfa Inorgan~ics, Incorporated, and were used without further
pu-.-fication. Thallium hydrc.x"de was pur~based from Clity Chemical
Corporation.

Trifluoroethanol, pentafluoropropanol, heptal'luorobutanol,
dodecafluoroheptanol, hexadecafluorononol, dodecafluoro-2-methyl-2-

oc'tanol, trifluoroacetone, heptafluorobutyric acid and pentad -eca-V
fluorooctanoi~c acid were purchased from Columbia Organic Chemicals

Hexafluoro-2-propa,-,ol was purchased f'rom Hynes Chemical
Research Corporation.

B. PREPARATIONS

1. Preparation of Hafnium Fluoroalkoxides

The method of D. C. Bradley et al.(14) was used to prepare
these compounds. However, hafnium tetrachloride inst~ead of di-
pyridinium hafr~ium hexachlcnride was used as the starting material.
Two examples of these preparations are given below.

Hafnium trifluoroethoxide was prepared from 30 g. of hafnium
tetrachloride, 37.5 g. of trifluoroethanol, and excess ammonia in
300 niol, or benzene. The white solid product (12 g.) was purified
by sublimation at 950C. and 0.005 mm. Hg . T 1 had a melting point
-,f l06o-lo07 0C. Elemental analysis -vriffed the composition.

The reaction of~ 13.5 g. of' hafnium tetrachloride, 56 g. of
dode f'1u(roheptanol and excescs ammonia in 300 ml. of benzene pro-
du( hafnium dodecafluoroheptoxide. This viscous, brown product
was distilled at 24i50C. and 0.003 mm. Hg. During the distillation
some triermal decomposition occurred and a large portion of the
sample was ltost. Approximately 10 g. of' dark brown, viscous pro-
duct was isolated and. its compositiion wqas verified by elemental
analysis.

2. Prenaratlon of Tantalum Ethoxide

This compound was prepared ac-rordtng to the method of D. C.
3rad.Iey P1 al.(5). Tte liquid product was purified by distillation
at' 126 0C. and 0.11 mm. Hg. The veported boiling point Is 11470C.
aL 0.2 rm ~. From 60 g. of~ tantalum pentachloride, 150 ml. )f
ethanoi and an exctess of ammionia In 1200 ml. of' benzene, 53 g. of
tantalum ethoxide was Isolated.
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3. Preparation of Tarntalum Trifluoroethoxide

The above method was used to prepare tantalum trifluoroethoxide
from tantalum pentachloride (25 g.) and 40 g. of trifluoroethanol
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 1000C. and
0.02 mm. Hg yielded 4.8 g. of the pure tantalum trifluoroethoxide
which melted at 950C. Elemental analysis verified that this
material was the trifluoroethoxide.

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

In a dry box 8 g. of tantalum ethoxide, 35 g. of dodecafluoro-
heptanol and 100 ml. of benzene 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 reaction mixture was heated to reflux and the
1--nzene-ethanol azeotropic mixture which distilled out was collected
in the trap. An IR spectrum of the distillate proved that ethanol
was produced in the reaction. The distillation was continued until
almost all of the benzene had been removed from the reaction. The
remaining liquid was transferred to a mol.ecular still and pumped
on until all of the solvent was removed. Distillation of the pro-
duct (14.7 g.) was accomplished at 2500C. and <0.001 mm. Hg. Ele-
mental analysis and proton NMR spectroscopy proved that the yellow-
brown liquid product was Ta[OCH 2 (CF2 ) 5 CF2H] 4 [OC 2 H5 ].

In a similar ma nner, Ta[OC(CH3 ) 2 (CF ) ]CF HI[OC]H was iso-
lated as the product of the reaction of 8 g. of -a(O 2R5 and 38 g.
of HOC(CH )2(CP2) 5 CF2 H. Brown, liquid Ta[OC(CH) 5(CF2 •C2H]
[102H1]5 qi tilled at 2500C. and 0.005 mm. Hg. I s composition was
determined by elemental analysis and its proton NMR spectrum.

In the same manner, 14.7 g. of Ta[OCH2 (CF 2 ) CF2H 14 [OC 2 H5 ] and
9.5 g. of HOCH (CF) CF2 H were made to react in 00 ml. of benzene
at reflux temperatur- for 12 hours. The product was distilled at
2600C. and 0.001 mm. Hg, and proton NMR spectroscopy proved that
it was a mixture of tantalum compounds with a 6:1 ratio of
-0CH 2 (CF2) 5 CF2 H groups to -OC2 H5 groups.

5. Attempted Preparation of Thorium Dodecafluoroheptoxide

TVe 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 obtained. 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 fItered under nitrogen and the solvent was
r'emoved from the filtrate by vacuum evaporation. The whj.te iolid
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-isopropanol 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 indicated that this material was mainly sodium
dodecafluoroheptoxide and not thorium dodecafluoroheptoxide.

6. Preparation of Thorium Hexadecafluorononoxide

A 250 ml. flask was equipped with a stirrer, nitrogen inlet and
addition funnel. The flask was charged with 100 ml. of diethyl
ether and 1.5 g. of sodium metal. A solution of 29 g. of hexa--
decafluorononol in N50 ml. of ether was then added dropwise. After
all of the sodium h: reacted, a slurry of 10 g. of thorium tetra-
chloride tetraisopropylate in ether was added. This mixture was
stirred overnight at room temperature. The ether was removed by
vacuum evaporation, and 100 ml. of benzene was added to the solids
which remained. This was heated to reflux and filtered 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 indlicated that this material was thorium hexa-
decafluorononoxide with xý3% sodium in it.

7. Preparation of Dipyridii~ium 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 yield 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
rcreated with ammonia for two hours. After filtration and evapora-
tion of the benzene in vacuo, the excess alcohol was distilled from
the brown, viscous product at 340C. and 0.1 mm. Hg. Continued
distillation only produced more alcohol, and it appeared that the
product was decomposing. Upon cooling the brown product turned

-28-



APML-TR-67-184, Pt I

to a glassy material. In a dry box, attempts were made to crys-
tallize this material in benzE~ne, hexane, acetone, ether and a
benzene-hexane mixtur'e; however, these were unsuccessful. A
second preparation yielded the same results.

9. Preparation of Thallium Fluoroalkoxides

A mixtui-e 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 remove 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 IR spectroscopy. This
material had a diffuse melting point beginning at 500 C.

In a similar manner, 5.3 g. of thallium trifluoroethoxide was
synthesized from 6.5 g. of thallium hydroxide and 10 g. of tri-
fluoroethanol. Thallium tirifluoroethoxide sublimes at 400C. and
0.014 mm. Hg , and ha3 a diffuse melting point beginning at b93cC.

Similarly, 10 g. of thallium hydroxide and ,55 ml. of
HOCH 2 (CF2 )cCF 2H were made to react at room temperature in a 100 ml.
flask. After removal of unreacted hydroxide the excess alcohol was
evaporated off in vacuo at 550 C. to produce 24.6 g. of yellow
liquid. Elemental a-alysis indicated that this material had the
following composition: TlOCH2 (CP2 ) CF H.0.43 HOCH 2 (CF2 )sCF 2H.
After vacuum pumping for twelve day5 ai room temperature to remove
the unreacted alcohol the sample was reduced to 16.6 g. Since the
elemental analysis of this material varied from the theoretical
values for TIOCH2 (CF )5 CFiH, it was transferred to a Nester-Faust
molecular still. It was fount that Tli (H 2 (CF2 )5 CF2H can be pur-
fied by molecular distillation at 2000 C. and <0.00I =. Hg with
very little thermal decomposition.

10. Attempted Preparation of Lead Trlfluoroethoxide

A 150 ml. flask wai charged with 24 g. of lead hydroxide and
23 g. of trifluoroethanol. 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
spectrurm of the solids showed the absence of any fluorocarbon pro-
duct. The filtratp was found to contain only unreacted trifluoro-
ethanol. It was concluded that lead hydroxide and trifluoroethanol
do not react at the above described conditions.

11. Preparation of Lead Dodecafluoroheptoxide

Lead nitrate (10 g.) in 100 mi. of water was 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 twice 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 nitrogen 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 551-C. for five days. Yield was 7 g. of a white solid which
was identified by the IR spectrum and elemental analysis.

12. Attempted Preparstion of Mercuric Dodecafluoroheptoxide

A three-neck, 500 ml. flask was equipped with a stirrer, con-
denser with a nitrogen inlet, and an addition funnel. The flask was
charged with 70 ml. of benzene and 2 g. of sodl.um 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 immediately 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 produced a white solid which
proved to be mercuric 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 0 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 identified as dodecafluoroheptanol
by its IR spectrum. The remaining solid material was identified
as the starting mercury compound by its IR spectrum.

13. Preparation of the bis(Fluoroalkyl) Hydrogen Phosphates

The following procedure is 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 with 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 OC. 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 mixture was heated to the reflux tem-
perature of hexane for three hours. Upon cooling, the two layers
were either separated by vacuum evaporation of the solvent or by
means of a separatory funnel. The product 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 boiling points of these phosphates are: bis(pentafluoro-
propyl) hydrogen phosphate, 1900C. and 0.02 mm. Hg; bis(hexafluoro-
isopropyl) hydrogen phosphate, 1800 C. and 1.0 mm. Hg; and bis-
(heptafluorobutyl) hydrogen phosphate, 205 0 C. and 0.001 mm. Hg.

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

A 2-liter flask was fitted with an addition funnel, stirrer,
and nitrogen inlet to allow the reaction to be run in a nitrogen
atmosphere. Thj flask was charged with 40 g. of phosphoryl chloride
and 250 ml. of hexane. This mixture was cooled in an ice bath, and
78.5 g. of pentaf'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 Lnd, .,itrogen and the hexane
was distilled off at atmospheric pressure. The remaining liquid
(59.6 g.) was distilled at 400C. and n.3 mm. Hg. Elemental analysis
proved that this compound was bis(pen,afluoropropyl) 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(pentafluoropropyi) hydrogen phosphate, was then purified by
molecular distillation at 1900C. and 0.02 mm. Hg.

14. Preparati•,n 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. oP 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 2000C. Ele-
mental analysis proved that this substance was thallium bis(hexa-
fluoroispropyi) 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 aqueous 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 filtered and evaporated to dryness in vacuo. The solids
which remained were extracted with diethyl ether to dissolve the
silver bis(hexafluoroisopropyl) phosphate. Bismuth trichloride
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(4.5 g.) in 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 recrystallize. 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 i])O m'.. flask were added 1.8 g. of lead hydroxide, 80 ml.
of carbcn t~ru '. oride and 5 g. of bis(pent afluoropropyl) hydrogen
phosphate. The L ,.Iure was refluxed over a wee&-end, cooled and
filtered. The inst 'ble material (4.4 g.) was collected, washed
with diethyl ether, -nd dried in vacuo. Elemental analysis and
infrared spectroscopy proved this material to be lead bis(penta-
fluoropropyl) phosphate, which decomposes above 225'C.

17. Preparation of Thorium bis(Pentafluoropropyl) Phosphate

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

18. Preparation of Thallium bis(Pentafluoropropyl) Phosphate

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

19. Preparation of the Ethyl Esters of Perfluorocarboxylic Acids

Heptafluorobutyric acid 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 bicarbonate, and finally
water again. Diethyl ether was added and the solution was dried
over sodium sulfate. After filtration, the solution was distilled
to isolate the ester. Ethyl heptafluorobutyrate boils at 9 5 0- 9 60C.,
and was synthesized in 81% yield based on the acid.

Ethyl pentadecafluoroocte-oate was prepared in 82% yield in a

similar manner and boils at 169-170 0 C.

20. Preparation of Decafluoro-2,L-heptanedione

The condensation of ethyl heptafluorobutyrate with trifluoro-
acetone and the isolation of decafluoro-2,4-heptanedione was ac-
complished according to the method of Henne et al. (14) for pre-
paring fluorinated diketones. Decafluoro-2,l1-heptanedione dis-
tills at 99-105'c.
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21. Preparation of Octadecafluoro-2,4-Undecanedione

The method of Moshlei and Sievers (15) for preparing fluorinated
diketones was used. Ethyl pentadecafluorooctanoate eand trifluoro-
acetone were condensed in the presence of sodium methoxide. Since
octadecafluoro-2,4-undecanedione could not be separa;ted from un-
reacted ethyl pentadecafluorooctanoate by distillation, the iso-
lation procedure of Henne et al. was used (14). Octadecafluoro-
2,4-undecanedione distills at 1780 C.

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

The method of Moshier and Sievers (15) was used for preparing
these 8-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 diethyl ether. This diketone was purified
by distillation at 135-1400C., and identified by its IR spectrum.
Pentadecafluoro-2,4-undecanedione was prepared from 11.5 g. of
sodium methoxide, 86 g. of ethyl pentadecafluorooctanoate and 11.3 g.
of acetone in 50 ml. of diethyl ether. Purification was achieved
by distillation at 49-51C. and 0.85 amm. 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 30 ml.,two-neck flask with a magnetic
stirrer was charged with 4 g. of thorium tetrachloride and 25 ml.
of carbon tetrachloride in 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. After 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 0 C. and 0.009 mm. Hg and identified by elemental analysis and
IR spectrum. Yield was 8.6 g.

24. Preparation of the Thallium Fluoro-B-diketonates

The following is an example of the general method usel to pre-
pare the thallium diketcnates by the reaction of thallium .arbonate
and the diketone in benzene.

A 50 ml.two-neck 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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filtration, 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 and IR.

The preparation of the following diketonates is brieflydescribed below:

\i) Thallium octadecafluoro-2,4-undecanedionate:
13.1 g. from 6.8 g. of thallium carbonate and
15.8 g. of octadecafluoro-2,4-undecanedione.
Purified by sublimation at 1000C. and 0.01
mm. Hg.

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

(iii) Thzllium pentadecafluoro-2,4-uncýecanedionate:
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 riyture.



AFML-TR-67-1a4, Pt I

V. REFERENCES

1. R. 0. Bolt and J. G. Carroll, Ed., "Radiation Effects on
Organic Materials," Academic Press, New York (1963).

2. T. L. Cottrell, "The Strengths of Chemical Bonds," 2nd Edition,
Academic Press, New York (1958).

3. B. M. Tolbert and R. M. Lemmon, Radiation Chem., 3. 52 (1955).

4. D. C. Bradley, R. C. Mehrotra and W. Wardlaw, J. Chem. Soc.,
1953, 1634.

5. D. C. Bradley, W. Wardlaw, and A. Whitley, J. Chem. Soc., 1955,
726.

6. W. Wardlaw, 2. Chem. Soc., 1956, 4004.

7. D. C. Bradley, M. A. Saad and W. Wardlaw, J. Chem. Soc., 1954,
1091.

8. D. C. Bradley, A. K. Chatterjee, and W. Wardlaw, J. Chem. Soc.,
1956. 2260.

9. i ,. Bradley, A. K. Chatterjee, and W. Wardlaw, J. Chem. Soc.,
1956, 3469.

10. P C. Bradley, M. A. Saad, and W. Wardlaw, J. Chem. Soc., 19Y1,
3488.

11. H. Remy, "Treatise on Inorganic Chemistry," Vol. 1, Elsevier
Publishing Company, New York (1956).

12. 0. C. Dermer, Chem. Revs.,i14, 385 (193';).

13. G. Wittig, U. Tc.dt, and K. Nagel, Chem. Ber., 83, 110 (1950).

14. A. L. Henne, M. S. Newman, L. L. Quill and R. A. Staniford,
J. Am. Chem. Soc., 69, 1819 (1947).

15. R. W. Moshier and R. E. Sievers, "Gas Chromatography of Mctal
Chelates," Pergamon Press, New York (1956).

16. J. P. Fackler, Jr., "Metal 1-Ketoenolate Complexes" in "Progress
In Inorganic Chemistry," Vol. 7, F. A. Cotton, Editor, IntetrsciencL,
Publishers, New York (1966).

17. N. L. Morris, R. W. Moshier and R. E. Sievers, Inorg. Chem.,
2, 411 (1963).

-35-



AFML.-TH-R-6-1 8 4' Pt I

VI. APPENDIX



AFML-TR-67-184, PtI

Fto

;IF -1 ý**
co L~

0

V.0

1!; Cie

-37-3



AINML-ITIR-67-18'{, Pt I

1 7m,

I-t J 4t

Ji h 4- f 4

---t. r + L
J4 43

tI

Ac I

C C~ ~iO~ OO 0



APIi'vL-TRI-67-:34l, Pt

Go0

0-0

7 172 -

I 10
oowl

0 C) 0 0 0-0 000 0

3DNVUgIOSBV



AFML-TR-67-181-, Pt It

7- T

41 N
_TT

OD 
C4

Q)r

I Iz L

T rtIO L tL

-t t iit

IH

-1
CN'OSV

- Q



AFMTJ-TR-67-.i84I, Pt I

.11 . t 7

00 Lf4)H
-4tff 4 11.l k

IFH

as

t P F 1

-,T rLi±I.Lt

tN ; I tS;V ! r



AFMLr-TR-67-18'f, Pt I

YV

T ~~ r H iI)

It-

0 W

I* -LI il . -hi- 11 fl
It I 14!S:11



AFML-TR-67-i814, Pt I

.h~i-till
c) x

4--

- ~t -i :T. j 0

C44

0 oIi
- ~ 14-3

8u 4-LL
1JNV~POS'JVH

-.. 4 3



AFML-TR-67-1,,f, Pt i

8 - f U 1 il
Gotf

14

II
~1~ONE-4

-TNT 0U



APHL-Th-67-184,, ft i

a~ =I

It

4) 01

I oC4M

P4.



APML-TR-67-i811t Pt i

71--

z 0v

UA

C)NV C-) 0 0



AFML-TR-67-184, Pt I

F

2;1
V.,.,,' II

ittlil 0

I
1 0

a,
4I -�

y U

I
we.
0r�

oe�
'.4
4.,.

4) It
'-f0
o

H

I

I -

1�

-- I
�A Li

-- 47-



AFML-TR-67-181+, Pt i

M- - -V -l ........

CY

At M

Rt,' .1M10F

o0 04 - -t
~NV~ŽiOS9



A.VNL-TR-67-1841, Pt I

m 0
fo c

Iz Cl)
q 1'4

Pt:4



AFML--Th-F67-), 4 Pt I

OD - .114

CIO

44 L

0 a

3:)NVIVOSSV

-50-



ALrVlL- M-67-184, Pt

04

Cf)

q9 u

iin

0La

0 E-1

Ln4

-~Pri



A1PL~-R-&-.14,Pt I

tlo

0 4 ;' 'f.: ~ Ii 11i 1lýi I IC

!if diii 4-

00

EUc
'I,, V

~Ito

CV) Lti;-Ii 7!7 i

'~0 17 CA cri V L'ON -I

-52-



AFr4L-TR-67..184, ptI

00 0

0 lit'

I L-

itH

:4-

- I..Z

cc , a I

J~1NV9~Ilit
53.



0F

Ili;f 1j ;Ijti ~ V

04

I-H-

CID AN

I; t it~ 1-
- ... I0

0-

0 0M 00 0o 0~~L~N~
TL !V -:O lit

54 t



AFI-H6 -18 ,P

to~

0

T, *ip

I . I -ili

ý,1. n 
MIlL I7LLu

L771,I~~C C)V9IO~



AnkML.-TR-6--184, pt i

0 0

It'll

t ~ ~ ~ .j > cýLIiI 1

I E i -

000 0

77 fi I H .f i

I I ili d li

0 ~~ I TI I, I
.10

00~~ 00 00 0
~~ 0 -U) C)~~ O .~

uDV~O~



AF,4L-TR-f67-184#. Pit II

LIFI
IN,8

1-* --

C4i



AFML-TR-C7 -1%ý4, PL.I

I0
-S~ttic

~~e~vu~oVA



P- L R- 7ý4 Pt. i

-o

rsr

I~-I



i t __ ;- -p

OD Q)

0~0

I l~



AFML-TR-67-184, Pt I

OD -

0 10
0~~~ JI-.1i 'ji ! I

~72 7
KIz

C4 q

I iI' tN WNN

C) 0 0 a
8 IV .$c 0



AFML-TR9-67-.I84, Pt I

0

S. 41

cc f



Am-m-TR-67-184, Pt i

ttlq.14 a ~ ,.t

W4 v

~ti vtic

1-4

7471:7
3~NVI8OSV



AFML-TR-67-184, Pt I

0 0

trig

o0 o1 0 00 0
0

~NV~?JO:;



to

P, . C

010

Er-4

itf -j -

LI 0

rir

CO~clit!

L CLO

C14 f-

~NV~ ~IOS

-6-



L-TR-67-1 8J4 Pt I

K4

0i

01

0 '¶7
0'o-

'0

00U. 0 000
0~ CC/)~DNV~dL f

cn bb



AFML-TR-67 -i84, PtI

J- It t I I liiý-1

0

Co 0

it) L i ti .S

q 0n

P 4-000084
V)NVr- -4

-67-j



AFML-TR-67-i8~4, Pt I

'00

oif

05 - -f f

o 414

'.~. ~ cu

1, f~i i Z

H! 1

0 0

4 o 0 0 000 0
T~ 0 CfNC'

0DV~O~

L-68-T



AIML-TR-67-18)', Pt I

fli (D~!i

- 4.o

-Tl IM'

; I'l I 414 ItH

A.0 1 04 f N _ -
t~% 1411i M
~)NV~O~0

-69



.AFmL-Tii-6 -l,84 pt i

IT'I
S Iu

W4e~

... .....Z 11

.m, -Cr



~ lip ~4n'



AFML-TR-67-i81L, P~t I

00

~4)

1. g iThA .. b~ 4 8.f



AFML-TR-67-184k, Pt I

4T 4

I-ft

- C0

1-4

-If



APT'T-Th-G7-184,9 pt i

ft.



AFML-TR-67-184, Pt i

4-,

RON

_142

oj
il 01

0l

T t~ IS~

-75-4



-~ AFML-TR-67-18't, Pt

0 '0

_ Ct

dili

0 1 C'j

o TohZ

I''

00-

10

~DNV9~O04
76 0(1



AFML-TR-67-184, Pt I

:k I R a t 1,N 1!1 : h'

r40

14-1 114 -t

r4 C

T_ _ ol If11 ! --) --

______ ~ IV

~DN0 0S9



AFML-TR-67-1841, Pt i

W I H 4

0 0)

Oil il tif

IV If ~iI~i.(~=.

0 E0 0
i It

ii~~;~ 1,114

I H' E-1

j co!)

-78-T



AFML-TR-67-181t, Pt I

C)- JT- Ff
:C1

(> Et-4 0

~~'iK

1-ý - -- I ZE

0 0 0 0 0 0 0 0 H

-- 79



AFNYL-TR-67-18~4, pt I

0' T

o~i it.~: 1:!!

I - z11

CC))

/,! I C

01 f E-1

.~q., 0~r

'~0 
z N

800



AF.ML-Tfl-67...84, Pt

g 7-

0

414

I.-"I

H cd i-~

00_

1 21 I

00" 01 0 "'80
777 X cv

-81


