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tion reaction could be studied more easily than in the case
of the other metals where bromination is more dlfficult.

Chapter I is a discussion of the first phase of the
work, the study of the bromination of uranium in methanoi.
This work was carried out to aid in the determination of the
optimum conditions for bromination of ths metal as well as
to study the bromination process itself., It was found that
knowledge concerning the nature of the products of the
bromination reaction was helpful in determining conditions
for the preparation of the fluorometallates. Chapter I also
includes some postulations concerning the brominations of
nioblum, tantalum and ﬁanadium in methanol.

The smmonium fluorometallates of these elements have
been prepared previously from methanol solution(ll’so). How=
aver, Iin attempts to repeat the preparations, several impure
products were obtainéd and side reactions were notad. Thus,
it was thought best to study, in more detail, the preparation
of these ammonium fluorometallates as well as the preparation
of the potasgium complexes. Chapter II and Chapter III dig—
cuss these preparations and glve analytical results for the
complaxes,

Chapter IV is & discussion of the structures of the
ammonium and potassium complexes and gives powder diffraction
data for them. Chapter V showq the results of magnetic sus—
ceptibllity measurements. Infrared studles and a discussion
of hydrogen bondlng 1in the ammonium complexes are given in

Chapter VI,
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CHAPTER I
A STUDY OF THE BROMINATION OF THE METALS IN METHANOL

Osthoff and West(éh) have chlorinated metals in donor
solvents and postulate that the donor solvent coordinates with
the metal chloride according to reaction (1) and thus removes

the chloride from the metal surface.
MClx(gsurface) * Bte0 == MCly:0Ety == MCly + Et,0 (1)

Ducelliez and Raynaud(29) have brominated manganese in ether

solution. Raynaud(éa)

has brominated zine in polar, organic
solvents and suggests that bromination of metals in donor
solvents occurs through the reaction of bromine with the sol~
vent to form HBr, which then reacts with the metals. If
Raynaud's postulated reaction is correct, hydrogen evolution
should be sesen from the reaction of the metals with hydrogen
bromide. lHowever, in the bromination of zinc in methanol,
the reaction proceeds quickly with no gas svolution. This
fact leads to the conclusion that hydrogen bromide is not
formed in all brominations of metsls in methanol and that an—
other oxidizing agent 1s present. M

In the bromination of the Group V metals studied here
and of uranium, gas evolution 1s seen., Several reactions may
be postulated as the source of hydrogen. A study of the
stoichiometry of the bromination in methanol seemed necessary

to gain an insight into the naturs of these reactions.

Uranium was used for the study since it is the only one of the
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metals studied here which brominates readily in methanol at
room temperature and also since much work in uranium chemlstry
has been done allowing correlations with known reactions in
similar solvents such as water or higher alcohols.

The investigation led to the conclusion that the
reactions which may be involved in the bromination of uranium

in methanol are as follows :

CHzO0H + Bra, ~ unknown product (2)
CHyOH + HBr - CHgBr + Hg0 (3)
CHaBr + CHRO0H ~ (CHgz)a0 + HBr (L)
U° + 2Bry - UBr, / (5)
2U° + 6HBr = 2UBrs + 3 Hg (6)
U° + 3UBr, = 4UBrs (7)
UBrs + 2CH,OH = U(OCHg)gBrz +1/2H, + HBr (8)
UBrs +)2 Bry = UBr, . (9)
UBr, + 2CH,OH ~ U(OCHg)qBrg + 2HBr (10)
U(OCHg) gBrg + 2CHgOH = U(OCHs), + 2 HBr (11)
U(OCHg) 4 = UQe + 2(CHz)a0 (12)
U(OGHy ) gBr; + Brg = UOyBr, + 2CHZBr (13)

Each of the above reactions willl be discussed in turn
giving supporting evidence from the literature or from our
experimental results.

Filrst of all, the reaction of bromine with methanol

(10) states that the

reaction of bromine and methanol 1s accelerated by infrared

should be discussed. Bhattacharya

radiation dus to the formation of atomic bromins. He gives

#Extent of methanolation of the products is not shown.
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acid, and therefore methyl hypobromite, is not formed. Com=
parison of the reduction potential of hypobromite with that
of pervanadyl, both 1n aqueous solution(lé), leads to the
concluslon that hypobromous acid is not formed since vanadium

is oxidized only to vanadium(IV).

HpO + 1/2Brg = HBrO + H' + o~ E® = —1.59 v,
By = 1/2Br3 + 9- Eo = ""1907 Ve
3Hz0 + Vo't = v(om),* + 25t + &~ E° = —1.C0 v,

Of course, the reducing action of methanol itself may prevent
the formation of hypobromous acid or of pervanadyl.

When the bromination solutions are refluxed, the
distillate 1is colorless, does not give a positive test with
potassium lodide papsr and may be just methanol. Thus it
would seem that a high boiling, intermolecular compound may
be formed between the methanol and bromine. Another conjecturs
which may be made concerning a reaction between bromine and
methanol is that the presence of specific metal oxides, metal
itself, or metal bromides catalyzes such a reaction. Shell
and Zimm@rman(7h) have fourd an apparent reduction of iodine
by zine halides in methanol solution. However, they give no
postulation as to the products formed,

Further work is needsd to determine whether & rsaction
actually does take place between the methanol and the bromine
during the bromination of the metal and, if there 1s such s
reaction, what the products are. @Quantitative mass spectro~
metric analysis would be helpful in such a problem,

Reaction (3), that between methanol and hydrobromic

acid, is well known(8’63). Reaction (4) is an equilibrium

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(63)

reaction and appreciable quantities of ether occur only

after the methyl bromide concentration is high. Methyl
bromide and very possibly dimethyl ether are also formed in
the reaction of the products of the oxidation of uranium
(and of the other metals as well) with methanol.

Reaction (5) 1is posﬁulated since it is known that,
at least above 650°, uranium and bromine form uranium tetra—
bromide(76) if excess bromine is present. The high tempera-
ture seemed necessary to carry off the UBr, (b.p. = 765° at
740 mm of mercury) in a stream of helium. Thus the metal was
not coated with UBrg. The postulation is made that, in methanol
solution, UBr4 reacts according to reaction (10),U(OCHz)Bry
being soluble in methanol, allowing further bromination of the

metal. In support of this Spedding(76)

reports that UBr,

reacts with alceohols to form hydrobromic acid. Spadding(76)

does not show the uranium compounds resulting from this

reaction of UBr, and alcohol, but the presence of methoxy

bromides and of the tetramethoxy compound (see reactions 8,

10, 11 and 12) is postulated since it is known that UBry
(82)

forms UOyz in water or alcohol o It 1s lmown that, in the
reaction of UBrz with watsr or aléohol,H2 is evolved(BZ),

and it 1s known that the tetramethoxy compound decomposes to
U0z in water(sz). Our experiments have also shown that the
reaction of uranium with hydrogen bromide in methanol, reasction
(6), forms a purple solution presumably uranium in the tri-—
valent state, which changes immediately to a green solution
giving UOp on standing. The U0, was identified by its powder

pattern, A similar reaotion 1is ssen in water(al).
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mixture or by welghing the uranium metal itself. The estimate
was obtained by weilghing the uranium and is, of course, low.
However, ths postulate that hydrobromic acid is regenerated is
not affected.

The postulatlion that two oxidizing agents, bromine and
hydrobromic acid, are present in the reaction mixture is sup~
ported by the fact that the amount of hydrogen evolved in ths
oxidation of & constant amount of uranium varies with the rats

. of addition of bromine and with the rate of stirring. INMore
hydrogen is evolved with no stirring and slow addition of
bromine. The mole ratio of hydrogen evolved to uranium oxi-—
dized ranged from 0.6 to 1.0. If hydrobromic acid were the
‘only oxidizing agent this ratic . should be at least 1.5, acw—
cording to reaction (6), and evenvhigher, depending cn the
amount of hydrogen contributed by reaction (8).

The formation of KzUOgFs upon gsddition of bromination
solutions, prepared under nitrogen using sxcess bromine, to
a potassium fluoride solution indicates that the product of
reaction (10) has at least two methoxy groups.

The change of color of the bromination solution from
green to orange upon the addition of excess brpmine (more
bromine than necessary for the oxldation to uranium(IV)) or
oxygen shows that the oxidetion is stepwise. There remains
the possibility that the final product 1s not UOyBrgy as given
in reaction (13), but is & methoxy compound. Since the
solvent 1is methanol this seems highly probable. There are

gseveral reactions which may be written besides resction (13).
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methanol showa gas evolution. The resaction mixtures are acid

to litmus and they fumé in moist air, suggesting the presence

{11)

of hydrogen bromide. Blanchette states that hydrogén

bromide i3 evolved upon evaporation of methanol from the re~—
action mixture. From these observations and from the fact
that tantalum pentachloride decomposes upon standing in al—

cohol, giving off hydrogen chloride and forming TaClz(OCH3)5(37)

14

the following reactions are postulated for the bromination of

these two metals in methanol™.

2Ta’ + 5Bry = 2TaBrg (17)
TaBrg + XCH;gOH = Ta (OCHa)xBrs_,‘x + xHBy (18)
- 2Ta® + 10HBr - 2TaBrs + SHg (19)

Blanchette has previously postulated reaction (18) as
TaBrg -nCHzOH # TaBry(OCHg)g.x + (5=x)HBr (20)
to indicate the solubllity of TaBrg in methanol. It is ine
~teresting to note again here that Osthoff and West(éu) Postuss
’ lated reaction (1), see page l, to indicate the solubiiity of
the metal chloride in ether. The possibllity of bromides of
lower oxidation stateos roacting with methanol to give hydrogen,
as in the case of uranium, has not been indicated or proved.
Blanchette has stated that a large excess of bromine
is necessary for the bromination of niobium and tantalum in’
methanol(ll). However, it has been found that the surface
area of the metal 1s a more important fact§r. The powdered
metals react slowly but metal foil very slightly or not at

all even when & large excess of bromine is used. The slowness

= .
Extent of methanolation is not shown.
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of the reaction'cannot be explained by oxide formation on ths
metal surface. An X—ray study of the residue from the reaction
mixture showed only metal. Since the reaction of niobium
pentachloride with methanol in benzene 1is vigorous(lu), one
also cannot postulate the insolubility of niobium pentabromide
and slow reaction of niobium pentabromide with metharol as the
cause of the slownsss of bromination.

Very littls can be sald concerning the products of the
bromination of tantalum and niobium in methanol. Bradley(lu)
has postulatsd the reaction'

Nb(OR)g = (Ro)jb-o + R (21)
and states that this reaction occurs mors saslly for niobium
methoxide than for tantalum methoxide. This product could
give the NbOFz—® complex lon readily. It also follows that
tantalum forms complexes contalning the TaFg™ ion more
readily than niobium does.

Experlimentally, by our new method, it was difficult
to prepare the niobium and tantalum complexes free from oxide
or mixed oxy compounds. If o:micde formation occurs in the
bromination step, 1t may be necessary to use a largs excess
of bromine to (1) speed up the bromination of metsl, (2) to
hinder the formation of HBr which then can form water by
reacting with methanol, and (3) to form.methoxy bromides
instead of methoxy compounds which hydrolyze much mors readily

than the bromides.
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oxygen to give U0OgBrg and Brg (61).

Although all brominations of vanadium have besn
carried out in an sir atmosphere, the bromination solutions
are green in ﬁhe presence of excess metal. This polnts to
the presence of mesthoxy compounds. VOBrg 1is yellow-brown
and V(OR)zCl,.ROH 1is groan(ls). This known methoxy chloride,
V(OR) 301, +*ROH, is formed by 601¢ and mothanol(15),and sup~—-
ports the postuletion of the formatlion of methoxy bromides.,
The formation of KzVOFg by reaction of the brominétion SO==
lution with potassium fluoride suggests the presence of oxy
or me thoxy bromides of vanadium in the bromination solution.

The bromination of vanadium in isopropanol and in
n~butanol gave gas evolutlon but the reactions were sxtremely
slow. This would indicate that the formation of alkoxy com—
pounds 1s slow here dus to steric effects and thus the
bromination itself 1s hindered perhaps by the insolubility of
VBry itself.
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CHAPTER II
THE PREPARATION OF THE AMMONIUM FLUOROMETALLATES

Various ammonium fluorometallates of uranium and the
Group V metals have been prepared and studlsd in other
laboratorlies. Discusslons concerning these complexes are
given undor the sections devoted to sach metal complex
preparation. Specific dlscussions about the preparstions of
ammonium fluorome callates from methanol solution ar¢ also
given in these later sections. Procedures for the preparations
and methods of analysis are given in the appendix.

The preparation of the ammonium fluorometallates from
methanol was, in general, carried out by the method of
Haendler, Johnson and Crocket(u3). That is, the metal bromide
solution was added to a rapidly stirred, saturated solution of
ammonium fluoride in methanol. A large excess of ammonium
fluoride was used. The complexes were filtered off, washsd
free of bromide with dilute ammonium fluoride in methanol or
with methanol and digested at room temperaturse in ammonium
fluoride solution for at lsast twenty=four hours. Ths com-
plexes were filtersd off, rinsed with methanol and then with
ether and air dried.

Several qomplications arose during the preparations,
however, due to the presence of excess bromine. Niobium and
tantalum brominate only with difficulty and thsse reactlons

were facilitated by the use of a large sxcess of bromine(ll).
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formation and may lsad to incomplete precipitation of the
fluorometallate or to formation of complexes containing fewer
ammonium and fluoride atoms. If ammonium complexes are allowed
to stand in the presence of bromine, a breakdown of the com—
plexes may occur (reaction 5).

Hydrogen fluoride may be formed as a product of the

e

reaction of bromine where ammonium fluoride, not ammonia, is
involved (reaction 5). Complexes containing hydrogen, such
as KzHNbOF,, are known(u?). This suggests that the presence
of HF may lead to varying composition in the fluorometgllates.

Monobromoamine is insoluble in ether. Thus the com=—
plexes must be washed thoroughly with methanol or ammonium
fluoride in methanol before washing with ether.

Further complications arose, particularly in the
preparation of the tantalum and niobium compleXxes, due to
the presence of water. One major source of water was from
ammonium fluoride. Thus a method was developed for the
removal of water from the ammonium fluoride commercially
avallable.

Ammonium fluorlde can be made by passing NHz gas in
excess bthrough an aqueous solution of HF. Ammonium fluoride
precipitates upon concentrstion of the solution(lé). Ammon-—
ium fluoride, containing much adsorbed water, and perhaps
containing NH HF,, was dissolved in hot 18F ammonium hydroxide.
Upon coollng, some ammonium fluorids precipltated. Addition
of a 1:3 ether—methanol solution precipitated the major

portion of ammonium fluoride. After filtration, the smmonium

fluoride was Immediately washed well with the ether-methanol

Reproduced with permission of the copyright owner. Further reproductibn prohibited withoiut permission.



20

Blanchette(ll) to Lo due to the formation of methoxy compounds

which gives fluorometallates on digestion. Another reason for
the necessity of a long digestion period for all the complexes
may be the presence of a large excass of bromide ion during
precipitation of the complex. The format;fn of bromo-complexes
such as (NHg)aUOzBr, (73) can be postulated.

As Blanchette found(ll), none of these ammonium coli-

plexes can be dried at 100°Cwithout decomposition. Ailr drying
after washing with ether or vacuum drying must be used.

Ammonium Dioxypentafluorouranat&(VI),(NHQ!QUO§F§,

(13
Bolton in 1866( ) first prepared (NHg)sUOzFg by reacting

ammonium uranate with hydroflucric acid and purifying by
evaporation over sulfuric acid. No analysis is given but the
compound!s solubility in water and insolubility in alcohol sars

(17)

mentioned, Burger , in 1904, prepared the compound from

ammonium diuranate, purifying by crystallization from water.

(18) '“ &)
Cantone , in 1907, prepared it as did Nichols and Merritt
in 1911.

~
Johnson()O), i our laboratories, has prepared

(N, )sU0aFs from methanol solution and analyzed 1it, but,
although powder difffaction data were taken, the structure of
the complex was not established. Ammonium dloxypentafluoro—
uranate(VI) was prepared and analyzed again in hopes that the
structure could be elucidated. A discussion of 1its structure
is given in Chapter IV,

The procedure for the preparation of (NH,)zUOsFg is

glven in the appendix, as are the procedures used in its

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21

analysis, Table I shows the results of analyseus of two
preparations of the compound as well as a previous analysis

(50). The ratio NH,:U:F for preparations

reported by Johnson
I and II was found to be 2,97:1.00:5.08 and 2.96:1.00:.96.
Attempts to prepare ammonium fluorometallates of

uranium(IV) were unguccsssful. As shown in Chapter I, p.1ll1,

Tables I

Anal’ys is of (NHQ)EUOQFB

Johnson's Preparation Preparatlon
Analysis Results I II Theor.
(%) (%) (%) (%)
NH,4 13.09 12.23 12.77 12.88
13.22 12.23 12.73
- 12.89 -
U 56.83 56.29 56.85 56.81
’ 55.92 56.81 56.96
56.12 56.05
P 22.51 22.92 22.68 22.68
22.63 22.80 22.68
22.63 22.11
22.7

th@ uranium(IV) compounds formed in the bromination process

are readlly oxidized to ths uranyl compounds leading to

uranium in mixed oxidatlon states even undsr careful exclusion
of air and heat. Oxidation of uranium metal, suépended in
ammonium fluoride-—methanol solution, with hydrogen bromide gave
a gresn product mixed with UO,. Attempts to identify the green
product by powder diffractlion work on the original product and

on the product, after leaching with water, failed. Oxidation

of urenium, in ammonium fluoride solucion, with bromine led
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again to a green product mixed with UOp. The powder pattern
of thls precipitate was similar but not exactly the same as
that for the product from oxidstion with hydrogen bromide.

It is known(87)

that KzUF, has two forms, the ordered tetrag-
onal form which is 1sostructural with KzUOzFgs, and the dig—
ordersd cubic, face-centered form. If (NH,.)sUF, were formed
in the bromination of uranium in ammonium fluoride solution,
it is noﬁ ¥nown what structure might result. In any case,
the patterns of our gresen precipitates wers too complex to
use even qualitatively. Many of the lines of the pastterns of
UOp and UFy overlap. Thus the UOg impurity in the green pre-—
clpitates prevented the identification of UF, from our Xeray
data. However, the Insolubility in water of the green pre-
cipitate suggests green, water Insoluble UF, (53) to be a8
component of the precipltate in both oxlidatlons. This agrses
with the result mentioned in Chapter I, p. 9, where UF,*1.5Hz0

. was formed with aqueous hydrofluoric acid.

Ammonium Oxyhexafluoroniobate(V), (NH,)sNbOFg. De

Marignac(as) first prepared (NH,)sNbOF, ia 1868 from aqueous
solution, but gave no analysis of his product. He states that
the complex 1s cublic. Bakar(S) reported the prsparation of
the compound again in 1879 and claimed that this compound and
its potassium analogue were stable at 100°C. Wo analysis of
the preparation was given. |

Blanchetta(ll)

prepared the complex, analyzed it and
determined its structure as face~centered cubic. Because of

difficulty in preparation, we have repeated Blanchette'!s work.
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the preparation in 1875 and used the reaction of hydrated
tantalum pentoxide with a concentrated, aqueous'solution of
ammonlium fluoride solution. He states that the complex forms

octahedral crystals and is water soluble.

’Anothor attempt was made to prepars an ammonium fluoro-
tantalate from methanol. Table III shows the analyses of the
preparations. Blan@hatto'a‘compound and our preparation I

were prepared with emmonium fluoride which had not besen dried.
Our preparations II and III were preparsd when the humidity

was above [0%. Preparation IV was preparsed when the humidity
was 25-30%.

Table III
Analysis of Ammonium Fluorotantalate Preparations
. Blanchette's Prepar Prapar— Prepanr-
Analysis Preparation ation I ation II ation III
B & T ® T (%
NH, 14.31 8.30 9.68 10.67
14.29 8.39 9.55 10.99
Ta 46.32 58.52 57.70 5.6
46.37 58.79 57.63 53.81
F - 39.59 21.91 23.97 26.45
39.77 22.07 2l .11 26,92
22.07 27.15
F/NH, 2.6 2.50 2.39 2.35
1vel Preparation
Analysis Iv (NnggTaOFﬂ (NH, ) s TaFgq
(%) (%) (%5
NH, 3.4 14.83 14.01
13.49
Ta 51.20 L49.56 L6.76
50.79
F 30.41 31.23 39.26
30.5L -
F/NH, 2.15 2.00 2,67
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(NH,)3TaFg, can be made in a pure state by precipitation from
methanol using the bromide solution. As seen in Chapter I,
pP. 12, TaBrg may react with methanol to form HBr, which In
turn can react with methanol to form water. It is probably
the presence of this small amount of water which prevents a
successful prsparation even though the starting materiels are
dry. Thus no further attempt was made to prepare a pure tan~—

talum compound.

Ammonium Oxypentafluorovanadate(IV), (NH,)aVOFs.,

Ireatment of vanadlum tetroxilde wilth hydrofluoric acid and
then with NH,F yields (NH.)szVOFz according to Peterssn(67).
The material 1s described as blus,balmost regular octahedral
crystals which are doubly refracting. WNo analysis was given
of the compound. The compound has been preparsd from methanol
solution in this laboratory by Johnson(5o) and again by

Blanchette(ll).

In both cases the sompound was proved by
analysis and could not be indexed as cubic.

| In another attempt to index ths structure of the com—
pound, (NH,)sVOFs was prspared again. Analyses of two pre—
parations and analysés by Johnson(so) and Blanchette(ll) are

shovn. in Table IV,
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Table IV

Analysis of (NH‘)GVOFB

Analysis Blanchette Johnson I I% Theor.,

NH 25.2 2l..50 2.28  24.32 25.05
¢ 25.8? 2&.61 2&.28 2l.39
v 23.81 23.50 23.22 23.84 23.58
23.91, 23 .40 23.7h4  21.03
22.91  23.70
F 416.18 4l .00 Lh.35 L3.55 43.97
45.18 Lh..72 LY .10 43.75
Iy .60 Ls..70
Ly .80

Using the results for our preparations, the mole
ratio NH4:V:F was found to be 2.94:1.00:5.09 and 2.88:1.00:
L.89.

It was found that upon long standing the complex be—
came dark yellow-green. This might indicate decomposition to
(NH4)gVOF,, but powder diffraction work showed no change in
pattern from that of the original material. Blanch@tte(ll)
found such a decomposition at higher temperatures. Although
our complex was not heated, the same decomposition may occur
slowly at lower temperaturss. We found that'(NHQ)SVOFB could
not be dried at 100°C without extensive decomposition.

The high fluoride content of Blanchette!s preparation

suggests the presence of (NH,)z3VFg. Indeed, as shown in

Chapter IV, the powder patterns of our (NH,)zVOFg show faintly
(65)

the three strongest lines of (NH,)zVFg . Passerini showesd
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(65)

(NH,)sVFg to be grass green . It can be seen from the
postulated reactions for the bromination of vanadium in
methanol, Chapter I, p. 14, that VBrs is a possible inter-
mediate material and might lead to (NH,)aVFg in rsaction with
ammonium fluoride,

It might be noted here that the character of (NHﬁ)GVOFg‘
when firat precipitated 1s very gelatinous and 1is yellow-green
in color. Upon air drying, the complex becomes powdery and
pale blue—green. The color change can be reversed if the dry
material is allowed to stand for several hours in methanol.
This color change seems to indicate that tiie complex is
methanolated in methanol. The metharnol is bonded loosely,

however, as can be seen by its easy removal by vacuum or air

drying.
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CHAPTER III

THE PREPARATION OF THE POTASSIUM FLUOROMETALLATES

As in Chapter II, the preparatlon of these potassium
fluorometallates by other methods and the speciflc discussions
and results regarding the potassium fluorometallates prepared
here are discuésed under later sections in the chapter.
Procedures for the preparations are gilven in the appendix.

The preparation of the potassium fluorometallates
from methanol again involves the additidn of the metal bromids
golutions to a solution of potassium fluoride in methanocl.

The procedurs differs somewhat from the preparation of the
ammonium fluorometallates however. The rsasons for a change
in procedurs are the insolubility of potassium bromide, the
formation of insoluble KHFy; when HBr or excess bromins is
pressnt in the bromide solutions, and the stability of the
potassium complexes at110°0C.

The solubility of potas;ium bromide in methanol 1s
2 grams/100 ml of me thanol, about 0.2M; that of potassium
fluoride is 10 grams/100 ml of methanol, about 1.7M(66).
Since potassium bromide is somewhat soluble in methanol, it
may be readlly removed from the complexes by grinding or
leaching the material in methanol. The potassium bromide
posteprécipitates onto the walls of the beaker and on top of
the complex as the complex settles out. Thus immediate

filtration gives a purer complex. The use of potassium

fluoride solutions less concentrated than 0.2M avoids the
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to react with the bromine or the hydrogen bromide pressnt.
Precipitation from a water-methanol medium is possilble
in the case of the uranium complex. However, in the case of
all the other potassium complexes prepared here the presence
of water caused an entirely different product to be formed,
The composition of these products is not known. The purifi-
cation problem became one of washing out the potassium bromide
and potassium hydrogén fluoride. In the case of the niobium
and uranium complexes, a water-methanol wash was satisfactory.
In washing the other complexes with s water-methanol solution
a different product was again formed. Thus methanol seemed
to be the only solvent avallable wliich was suitable for
washing all four potassium fluorometallstes prepared here.
Bxtensive washing with methanol, elthough time consuming, is
gsatisfactory for the purification of the potassium fluoro—

metallates.

Potassium Dioxypentafluorouranate(VI), KsUO,Fgz.

(13)
Bolton first reported KzUOzFg in 1866 . He used tha

reaction of uranyl nitrate in aqueous solution with potassium
fluoride and purified the complex by washing with cold water.
No analysis of the compound was giﬁen. Baker(S) again re-—
ported the compound in 1880. His analysis 1s given in Table

I. Gilolitte reported it in 1905(39). Zachariasen(Sé)

has
prepared the compound by the reaction of concentrated aqueous
solutions of potassium fluoride and uranyl nitrate and sube

sequent crystellization from hot aqueous solution. His
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able from that of KzUOgFs suggesting that it is a mixture of
KaUOgFy and KyUF,, the powder patterns of these two compounds
being neerly 1dent1ca1®7), an snalysis showed 25.23% F and
49.33% U, The theoretical for K,UF, is 27.23% F and 48.73% U.

Staritziky' ()

has prepared monoclinic, prismatic
pentapotassium diuranyl enneafluoride by the reaction of
uranyl nitrate and potassiﬁm fluoride in dilute aqueous
gsolution. No further details are given on the preparstion.
It is interesting to note that, in our preparation, even upon
oextensive leaching with methanol, there was no indication of
any formation of Kg(UOy)gFg.

Walker(al)

has also preparsd tripotassium diuranyl
heptafluoride dihydrate, Ks(UOgz)gF,+2H,0, by mixing aqueous
solutions of potassium hydrogen fluoride and uranyl nitrate
and slowly evaporating at room temperature. The dihydrate is
monoclinie. S8Since KHFp 1is formed from HBr and Brg and potas-
sium fluoride 1In our complex preparations in methanol, it was
thought that K3{(UOg)pF; might form. This, however, was not
the case. The great insolubility of XKHF, in methanol ap~
parently eliminates the problem or else our concentrations of

potassium, fluoride and of the uranyl group did not approxi-

mate thoas of Walker.

Potassium Oxyhexafluoroniobate(V), KzNbOF,. Baker(S)

reported the preparation of KzNbOFg by fusing NbgyOs with ex—
ces3 potessium hydrogen fluoride and crystallizing the fused

mass from hot water. His analysis of the compound is given
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reported the preparation of K;TaOFg (51) by reaction

35

of hy-—

drated tantalum pentoxide with a concentrated, agueous

solution of potassium fluoride and hydrofluoric acid.

preparation is the only one found in the literaturs.

analysis or structure 1is given.

This
No

Our complex vas prepared in the sarie manner as our

niobium complex from methanol solution and was icentified by

the analysis shown in Table III. Again, procedurses and

methods of analysls are given in the appendix.

Table III

Arialysis of KzTaOFg

Analysis ' ' Thesis
K 26 .L‘.B -

26,39

27.1L

Ta h2.49

h2.1h4

h2.49

¥ 26,0l

26.28

The mole ratio of K:Ta:F is 2.91:1.00:5.88.

Potassium Oxypentafluorovanadate(IV), KsVOF;.

Theor,

Ka TaOFg

27.39

L2.2l

26,62

The

compound, KzVOFg, seems not to have btesn prepared previously

(75)

to our work. Simons mentions only the compound KaVOF,,

prepared by the reaction of VF, or VOF; with potassium

fluoride 1n aqueous hydrofluoric acild.
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CHAPTER IV

STRUCTURAL STUDIES OF THE FLUOROMETALLATES
USING THE POWDER DIFFRACTION TECHNIQUE

Powder diffraction data were taken for all the com—
pounds prepared here and the size of the unit cells, which
wore not praviously known, have been determined. Density
measurements were taken for use in the calculation of the

" number of formwaka-units per unlt cell. Data concerning
structure sre tabulated in Teble I. Discussions of the
structures, however, are given under the later sections de~
voted to each complex. The experimental procedure usedvin
the density measurements 1is given in Section V of the
Appendix. Methods of calculation are given in Section VI of
the Appendix.

Ammonium Pentafluorodioxyuranate (VI) and Potassium

6
Pentafluorodioxyuranate (VI) Fried(3 ) has given the crystal

gtructurs of KzgUOgFs and has determined bond lengths and bond
strengths. Zachariasen(Bé) has recently determined, by
Fourisr analysis, the crystal structure as tetragonal with
"a¥= 9,160 3 and "o'= 18,167 Z. The unit cell contains eight
foﬁmula units. The UogFgg group has the structure of a penta—
gonal bipyramid with the oxygen atoms at the peaks and the
fluorine gatoms at the corners of the pentagon. The potassium

atoms are arranged between these bilpyramids so that XK. 1s

I
associated with six fluorine atoms, Kyy with four fluorine

atoms and four oxygen atoms, and Kypy with two oxygen atoms
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and six fluorine atoms.
The "d" values found for our preparation of KzUOgFg

(86) for nis preparation of

matched thosé found by Zachariasen
KsUOgFg from agueous solution. Dunn(BO) gives different "g*"
values for hils preparation. It would be interesting to kﬁoﬁ
Dunn's method of preparation and the analysis of his compound.
As noted in Table I, the unit cell of (NH,)zUOyFg
seems to be isostructural with that of KzU0,F and is tetra—
gonal with "a'"= 9.70 3 and %“e¢'= 18,91 3, The compound ¢onw—
tains eight formula units pér'unit cell. Table II shows the

2

powder diffraction data for (NHg)zUOgFg. "Sin“gq,4" are

determined from the observed & and “Sinagbalcd' are calculated

using the values of "g" gnd "e givén in Tabls II. These
"$in28" values are included to show the fit of the data to the
fetragonal prattern. It was noted that several lines were re-—
solved in the (NH.)zUOgzFg pattern which were only broad lines
in the K3zUO0zFs pattern. This would suggest that KzUOgFg
approaches cublc symmetry more closely than does (NH,)zUOpFg.
This i1s also sugpested by the faet that the ratic of c¢/a for
the potassium complex is 1.98 where as the ratio is 1.95 for

the ammonium complex.

Ammonium Hexafluoroxyniobate{(V) and Potassium Hexs—

fluoroxyniobate(V). De Marignaczs hés stated that (NH,)aNbOFg
forms cubic crystals. Baker(S) reported it to be isomorphous

with the analogous potassium complex. Potassium hexafluoroxy—
niobate(V) has been indexed by Williams and Hoard(BS) using

powder diffraction data. KglNbOFg is cubic, face~centered with
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228
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Table I

nat = 9,70 )

| 88 v~ | 8361 En

)
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=

Powder Diffraction Data for (NH¢)3U03F.
g = 18,91 A

Sin QBbs

0.0065
0.0196
0.0221
0.0260

0.3360
0.0519
0.0723

I

T8l
881
100l
1060
0.1149
0.1224

OO

O.
O.
O.
O.
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Sin “gajed

0.0063
0.0193
0.0213
0.0253
0.0266
0.0505
0.0519
0.0725
0.0731
0.0718
0.0771
0.0877
0.1011
0.106l
0.1130
0.1230
0.1263"
0.1276
0.1316
0.1383
0.1489"
0.1529
0.1569
0.1662
0.1915
0.207L



ITable III

Powder Diffraction Data for (NH,)gNbOF,

"a " = 9032 z

-l}-kl- mo dnh q
111 100 .381
200 67 i.gbo
220 67 3.293
e22 37 2.807
400 50 2.329
33% %g 2.137
511,333 10 2002
g 0 4o 1.646
31 17 1.57Y
600, 4k2 30 1.552
533 17 1.421
Luly 3 1.344
711,551 20 1.304
oho 33 1.292
731,553 20 1.2
800 2 1.165
733 3 1.138
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structure of (NH,)sNbOFg having some random character.

Ammonium Hexafluoroxytantalate(V) and Potassium Hoxa-
fluoroxytantalate(V). No data has been found in the litera—
ture concerning the structures of these ammonium and potassium
hexafluoroxytantalates, except the statement by Joly(51) that
the ammonium complex forms octahedral crystals.

We have found that (NH,)zTaOFg and K;TaOF; ars iso-~
morphous and are face~centered cublec in structure. For
(NH, ) 3 TaOFg "a" = 9.31 %, and for KzTaOFg "a" = 8§.90 %. Rach

-~ complex contaiﬁs four formula unilits per unitlcallo The com—
pounds seem to be isostructural with the ammonium and potassium
fluoroxyniobates of the same stolchiometry, and agasin we suggest
that the (NH,)zTaOFg and KzTaOFg structures have random charac-—
ter; Table IV and V give the powder diffraction data for

(NHgy)3TaOFs; and for KzTaOFg.

Ammonium Pentafluoroxyvansdate(IV) and Potassium

Pentafluoroxyvanadate(IV). Petersen'®?) described (NH,)sVOFs
as almost regular, octghedral crystals. Blanch@tte(ll) and

Johnson{®0) stated only that (NH,)sVOFs could not be indexed
as cubic. No work has been found in the literature concerning
KsVOFg .

A3 shown in Table I, both the complexes are tetragonal
and contain eight formula units per unit cell. For the (NH.)a
VOFs unit cell "a" = 9.17 4 and "c" = 17.6L 2. Por the KaVOFg
cell, "a" = 8.75 4 and "c" = 17.09 A. In Tables VI and VII
are taﬁuiatad the powdef diffraction datg for these two com—

plexes.
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Table V

Powder Diffraction Data for KsTaOFg

"a" = 8.90 A

bkl 742
111 50
200 33
220 100
311 17
222 3
LoOo 17
331 20
420 50
2 83
51%,333 gg
531 50
600,442 33
620 : 67
533 13
622 10
17

711,551 33
640 10
642 83
731,553 50
733 7
820,64, 3
822,600 50
751,555 67
662 50
840 33
911,753 67

5.071
4.400
3.125
2.668
2.559
2.217
2.036
1.999
1.813
1.709
1.572
1.503
1.481
1.407
1.357
1.340
1.28)

1.2146

1.23L
1.196
1.158
1.088
1.079
1.048
1.028
1.021
0.9958
0.9782
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Table VII L7

Powder Diffraction Data for KaVOF,
o
"at = 8,75 4  "o" = 17.09 4

bkl If;& doba Sin oéhg Sin.ebalcd
112 17 L.o6l 0.0383 0.0
ool 13 l4.305b 0.0509 o.og73
105 7 3.157 0.09. 0.092
220 3 3.090 0.0983 0.0979
204 100 3.022b 0.1027 0.1004
107 10 2.360 0.1684 0.1697
323 7 2,264 0.1830 0.1880
400 3 2.191 0.1954 0.1958
008 CY 2.1U42h 0.2045 0.2056
217 7 2.083 0.2162 0.2186
208 13 1.932 0.2513 0.2546
228 33 1.75%b 0.3066 0.3036
219 17 1.699 0.3249 0.3214
336 17 1.670 0.3364 0.3360
b = Broad
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Zachariesen(87) has suggested that all of the cublc
complexas (NHy)s2rF,, (NHg)zHfPF,, KzZrF,; and KyUF, are iso—
structural and that, instead of a distorted octahedron, these
MF, complexes have the form of a pentagonal bipyramid, their::
cubic structure still beling attributed to fandom orilentation
of groups. The KzNbOFs complex is isostructural with (NH,)s
Zro(BS). Thus 1t would be of interest to determlne by singls
crystal studlies whether or not the NbOFg= structure is really
that of & pentagonal bipyramid with the oxygen at one apex.

Since very little work has been carriéd out concern—
ing the structures of vanadium complexes, 1t is difficult td
speculate about the orientation of atoms in the VOFB‘EE group.

It is known; however, that the complex (NH,)zVFg is cubic(65).
Thus it 1s suggested here ﬁhgﬂt.. the VFg= ion may be in the form
of a rsgular octahedron. If one fluorine atom is replaced with
an oxygen atom, it may be seen that the octahedron would be
slightly distorted in one diménsion giving a tetragonal form
instead of & cubic form. This, of course, is a picture much
simplified. However, several complexes of vanadlum are known
in which the coordination number of vanadium may be six. Among
thess are (NH,)gVFg*HgO, NHaVF4°2H,0, KaVFg+Hz0, (NH,)gVOF, H,0,

KQVFG, (NHQ);?’VOQF% and KQVOFB('?S)

as well as (NH,)zVOFg and
KazVOFg. If single crystals of several of these complexes could
be prepared, a structural study of the series would serve well

to selucidate some coordination chemistry of vanadium.
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rapid heating of the magnet coils. A one cm. separation of
the magnet poles was used.

The volume bf the cell was determined by filling with
mercury to the mark and welighing. The volume of the cell was
0.5387 + 0.0006 cm’. Ko correction was made for the curved
surface of the mercury although the surfaces of the packed
sollds were flat.

To aid in understanding the discussion of the
standardization of the apparstus and the actual determination

of the magnetic moments the following equations are given(72).

K= aw/H;3A/2g = volume susceptibility

Ayw = change 1in weight upon application
of the magnetic fleld.

H;= applied magnetic fileld
A = cross-~sectlonal area of the cell
—g = gravitational constant
jf= K/d = gram susceptibility
d = denslty
f’M = .f" mol. wt. = molar susceptibility
= Na(n+2) = 2.8V Fu T = magnetic moment
The value of the éonstant H,®A/2g was determined for
our -apparatus at 27°C by findling the » w for HgCo(SCN), at
this temperature. The volume magnetic susceptibillity of
HgCo(SCN),., K, was calculasted from its mass susceptibility,
¥, which has recently been determined by Figgis andwNyhplm‘Bu)
and which is 16.4J1 x 10™°® at 20°C. The temperature correction
for the susceptibility is given as d¥ /dt = 0.33% at 20°C.

The apparent density of HgCo(SCN), was used to calculate K
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and was detsrmined Irom the weight of HgCo(SCN), packed into
the cell and the volume of the cell. FPrench and Harrison(BS)
state that "in the case of paramagnetic solids, sxcept in
work of extreme accuracy, the error introduced in making this
assumption 1s generally, though not always, negligible'. In
this case, since no correction was made for the pressnce of
alr enclosed in the packed s0lild, the spparent density was
used. No correction was made for enclosed ailr sihce the error
is small when paramagnetic substances are investigatad(BS).

Any non—homogeneity ol packing of the sample into ths cell
will cause considerable srror, however, slince the percentage

of Sample in the‘strong field between the poles will differ,
thus giving a varying Aaw per weight of sampls.

Flggls and Nyholm(3“), in determining the magnetic
susceptibility of HgCo(SCN),, packed the cell by filling the
cell and tapping 1t 100 times against wood after each addition.
In our work the cell was alternately filled and tapped until
tapping gave no chaﬂge in volume of the materisl and the
material had reachaé the mark on the cell. This procedurs
gave conslstant pacliing so that the range of apparent density
was 1.0795 to 1.2181 gms/bm.B, a variation of + 6%.

The constant, H%A/ g, for our apparatus was found to
be 3030-71;32.%!!1.3° The variation was +1.1%. Since our
apparatus was not temperature zontrolled, any attempts to

attain results better than 1% would be futile.

Determinations of the magnatic susceptibilities of

standard and fluorometallate compounds were then dndertaken
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the complexes contain vanadium(III) and van;dium(V) do not
seem plauslble since & magnetio‘moment of about 2.0(3 would
be expected for a 1l:1 mixture, since a highly colored com-
pound would be expected, and since a blue solution is formed

ot

appropriate to V ion when ths compound is dissolved in

water.

Table I
The Magnetic Susceptibility of (NH,)aVOFs and of KzVOFg

Susceptibllit
Compound (magne tons)
(NH, ) s VOFg 1.72
1.69
1.73
1.59
KasVOFg 1.69
1.69
1.75
In comparison, the magnetic moment of VCl, has been
found to be 1.672@ (84). Zimmerman(ea) has found the

magnetic moment of V¥% in aquesous solution to be 1.76 e -

Bayer(Y)

gives the moment of two organic complexes of
vanadium(IV) as 1.73 @ .

Since vanadium(iv) contains only one 3d electron,
there are four vacant 3d orbitals available for bond forma-
tion. The "ionic" and "covalent" bonding would give the
éame moment and no conciusion cah be drawn from the magnetic
data as to the type of bonding pfesent.

Turning to the uranyl group, Pryce's theory aids in

the understanding of a lack of paramagnetism in uranyl com~

pounds. The following section is quoted from Bleaney's
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article on the paramagnetism of the =ctinide group .

The UQ, ion is linear, and it has been suggested
that ity stability 1s associated with the for—
mation of a bond 1lnvolving an f electron. The
electronic state of the neutral U atom is 5£364
7a2 , so that U*2 ion may be written as 5f 64 7s3;

it 1s postulated that these four electrons are
used to form dative or eleciron transfer co—
valent bonds with the two oxygen atoms. 1In a
simple model using only 6 ~bonding, a hybrid sp;
orbital (where the O-~U~0 axis is taken as the 2z-—
axis) on each oxygen with its lobe pointing
towards the uranium forms the bonding orbital.

On the uranium, ¢ ~bonding orbitals can be formed
by the use of the substates of 5f and 6d which
have lz= 0; these are strongly directional, and
two hybrid orbitals, each pointing towards one

of the oxygen atoms, can be formed by linear com-
binations of 5f, 64 and 7s. These hybrid orbi-
tals will have a large overlap with the sp,
orbitals on the oxygens, and will form a strong
bond. This uses up all the electrons on the
doubly ilonized uranium outside the closed shells,
and no electrons are left to produce a normal
paramagnetism.
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be said that, if present, it 1s a minor effect. The isomor—
phism of the ammonium and potassium complexes support this
conclusion.

The vanadium and uranium complexes do s3om to show
some varlation in spectra, however, more in the case of ammo~-
nium pentafluorodioxyuranate(VI) than in ammonium penta=
fluoroxyvaenadate(IV). For both these compounds the - N peak
18 shifted upwards to the region of 1470 to 1490 cm=*, this
peak in the uranium compound being slightly split and slightly
higher than that for the vanadiwa compound. The area of the
4)3 mode shows a peak at 32440 cnr?, another at 3070 em=* and
a shoulder at 2860 cm™% for the vanadium compound. The
uranium complex shows peaks at 3200 cm™*, 3060 cm—* and 2880
crrt . The L+ 1)6 mode appears at 1700 cm—2 in the spectrum
of the uranium compound but is barely cdiscernable in that of
the vanadium complex.

It seems that there may be small amounts of hydrogen
bonding in the vanadium complex. Again for the vanadium COMe=
plex, as Iin the case of the niobium and tantalum compounds,
evidence, except for a small splitting in the W 3 region, is
meager to suggest much hydrogen bonding. The isomorphism of
(NH,)2VOTFs and KzVOPFg suggests that hydrogen bonding at least
ls very weak, not belng strong enough to change the structure
of the ammonium compléx from tetragonal.

In the case of the uranium compound the presence of
hydrogen bondingils indicated tarough the clearness of the 4 N

+ =) ¢ peak, the presence of three peaks in the - 3 mode region
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and the slight splitting gnd shift to a higher frequency of
the ¥ N mode. There remains the fact that the (NH,)zUOzFg

is isostructﬁfal with.K3U02F5, both belng tetragonal. Ap—
parently, the stolchiometry of the complex and the silzes of
the atoms in the complex, not hydrogen bonding, determine the
tetragonal structure. Although hydrogen bonding is present,
it is not sufficlently strong to distort the structure of
(NH4)3U03F5 from tetragonal.

Another problem does present itself, however.
Zachariésen(sﬁ) shows that in KzUQOazFg; thsre are thrse en-—
viromments around the potassium atoms. K; 1s ussoclated with
six fluorine atoms, K, to four 1luorine atoms and four oxygen
atoms and Kz to six fluorine stoms and two oxygen atoms.

Since the ammonium complex 1is 1sostructural wilth the potassium
complex it would seem that there ars. three possible environ-—
ments for the ammonium lons. Crocket(23) has stated that a
possible cause of the large splitting in the v Iy modse 1in the
gspectrum of ammoniun trifluorocuprate(Il), in comparison with
the height of the <« . 1)6 peak, 1is the presence of ammonium
ions in two unsequivalent lattice positlons, causing the bending
vibration of the ammonium ions to differ. The w)u mode in
each case 1ls degenerate, however, showing that hydrogen bond-
ing 1s not present or is very minor.

It can be seen from Figure I that in the infrared
spectrum of (NH,)aUOzFs the extent of splitting of the ¥ Lp

mode 1is small and can be correlated with the size of the

- N +'Q ¢ Peak and 1s thus due vc hydrogen bonding. Why thers
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APPENDIX

I. Bromination of the Metals

Table I shows the amounts of material used and the
specific conditlions for bromination of the various metals

usad in this resesarch.

Table I

Conditions Used Iin the Bromination of the Metals

Amount of Amount of Length of GColor of
Metal Metal Used Bromine Used Reflux Bromination
Brominated (moles) (moles Br) (hours) Solution
Uranium 0.02 : 0.37 3 -1 orange
shest
Uranium 0.02 0.13 3 =1 green +
sheet black ppt.
Vanadium 0.02 0.15 . 5 =6 gresn—-brown
chips : to yellow—
brown
Niobium 0.02 0.10 20 yellow—
powdsr brown
Tantalum 0.02 0,10 20 yallow—
powder - brown

The metal was suspended in 100 ml of dry methanol in
a 500 ml three~necked, round-bottomed flask attached to a
reflux condenser with a drying tube at the top. Bromine was
added in slight excess (in small portions in the case of the
bromination of uranium 3ince the reaction is exothermic and

vigorous)._ The solution was then refluxed (slowly at first).

It can be noted that upon refluxing the distillate gradually
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became colorless. The solution was cooled and filtsred in a
"dry" atmosphers (humidity < 35%) and stored undsr dry con-
ditions until neaeded. Filltering may bs postponed, of course,
and this step incorporated into the preparation of the fluoro—

metallates.

The materials used in the bréhirutions-were as follows:

Uranium foil A.E.C. Found to be 99% pure

- spectroscoplically.
Vanadium chips Anderson Chemical Co. 99.7% pure.
Niobium powder A. D. McKay 99.7% pure,
Tantalum powder A. D. McKay 99.5% pure.
Bromine Beker & Adamson, ACS Reagent. .
Msthyl Alcohol Fisher Csrtified Reagent (0.01% H,0)

or Flsher "Karl Fischer' Reagent
(0.01% HgO0).

II. Preparation of the Ammonium Fluorometasllates

Table II shows the amounts of material used and the
specific conditions for the preparation of the various ammo~
nium fluorometallates used in ﬁhis ressarch.

In sach case, the flltered methanol solution of the
metal bromide was added slowly and with rapid stirring to the
anhydrous, saturated ammonium fluoride~mathancl solution in
a polyethylene bottle and then stoppered immediately. After
the precipitate settled out, the supernatant was decanted off
and more saturated ammonium fluoride—methanol solution added.
This procedurse of decantation was repsated untll the super=—
natant was colorless. Decantation was uséd Instead of fil—

tration since in most cases the fluorometallates were very
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Table II

Conditlons Used in the Precipitatlon
of the Ammonium Fluorometallates

Fluorometallate Amount of Amount of Length of Color of

Prepared 0.2M bromide O0.5M NH,F Digestion Product
used used (hours)
(moles) (moles)
(NH¢)sU0oF 5 0.005 0.150 L8 pale
yellow
(NHQ) 3V0F5 0.010 0.200 ,-1.8 pal@
blue-~green
(NH, ) 3NbOF4 0.0025 0.200 L8 white
(NH, ) 3 TaOF g 0.020 0.300 18 days white
(4,8 hrs
sufficient)

gelatinous and extremely difficult to filter, The fluoro~
metallate was then-digested in 0.25M ammonium fluoride—
methanol solution. After digestion, the precipitate was
flltered off, washed with small portions of methanol and then
with ether. The complex w;s drisd by aspiration in s vacuum
desiccator over silica gel. The samples were stable in air
unless the humldity was high and were just stored in screw cap
glass vials.

It should be noted here that the procedure was carried
out only if the humidity was low, about 35% in the case of the

niobium and tantalum compounds,

Repfoduced with permission of the copyright owner. Further reproduction prohibited without permission.



66

and again ground in methanocl. The procedurs was repeated until
the filtrate gave negative tests for potassium and fluoride ioms.
The material was then digested in 0.25M potassium fluoride~—

methanol solution and finallv washed with methanol and ether and

test for potassium(38) and tha zirconium alizarinate test(33)

Tor fluoride.
The matsrials ussd 1n the preparation of the potassium

Fluorometallatas were asg follows.

Methyl Alcohol Fisher Certified Reagent (0.01% HgO)
or Fisher "Karl Fisher" Reagent
(0.001% Hgx0).

XF Baker and Adamson, anhydrous, granular
reagent heated in platinum to the hesat
of a Meker burner and csooled,

Ether Mallinckrodt, AR, anhydrous (0.01% HpO0)

IV. Anslytical Procedures

A, Armmonila Determination
The sample was placed in concentrated sodium hydroxide
solution. The ammonia was dlstilled into boric acid and ti-
trated with standard hWrdrochloric acid using methyl purple as
1ndicator(55) ‘ e |
B Potassium Determination
Potassium was determined gravimetrically as potassium
tetraphenylboron asccording to the method of Geilmann(38). In

cases where the heavy metal lon precipitated in basic solution,

the hydrous oxide was removed and the precipitation of potas—~
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pycnometer was calculated from the weight of the water and

the density of water at room temperature. The room temperaw
ture was measured using a mercury thepmomqter, which could be
read to + 0.05°C and which had been checked against a standard
thermometer. Any decresse of temperature from its maximum
value during the time the pycncmeter‘waé allowed to stand was
noted by a decrease in volume of the ligquid, the capillary
not being full. In the few cases where this occurred the
determination was rapeated.

The volume of the pycnometer was found to bs 10.039
+ 0.00& emS. The preclsion was + 0.02%.

The densities of the compounds were determined by
welghing a 0.5 to 1.0 gram sample into the pycnometer, covers
ing the sample with dry benzene, removing the air in the
sample by aspiration in a small vacuum desiccator, filling
the pycnometer with cold benzene, and continuing as inM;he

procedufe for the determination of the volume of the pycno—
meter.

The dénsiti@s of water and benzens at the various
temperatures were obtained from the International Critical
Tablas(aaa). Relative densities instead of agbsoluts densities
were used since this ocreated no significant error (+ 0.003%)
in comparison with that inherent in the expérimental method
itself (+ 0.5 to + 2%).

The denaities of scdium ¢hloride and potassium bromide

were determined and found to be 2.07‘g/cm3 and 2.6L g/cm3

respectively. The values found in the International Critical
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82
Tables( a) are 2.17 g/cm3 and 2.75 8/6m3. our values are L%

low. No explanation has been found for the consistent disw

ocrepancy. The smallest sample volume used was in the case of

‘Here the possible error dus to the arror

KaVOFg, 0.156. om
; 10..-VOd ~a ‘ 2%, The largest

S§ﬁ§i§ véiﬁh;ﬂﬁ&s 0,383 oﬁj? used in=the;détenmination of the
of the density:df (NH.)sNbOFg. Here the error due to volume

error was *.0.5%.

VI. The Method of Destermination of the Structures of the

Ammonium and Potassium Fluoroxymetallates.

The samples were mounted in 0.3 mm. glass capillaries.
Powder diffraction patterns were taken using the 57.3 mm. and
114.56 mm. Philips cameras. Copper and iron radiation were
used, 1.5418 3 and 1.9373 3 respectively.

Intensitles of the patterns for (NH,)sUOgFg, (NH,)sVOFg
and K,VOFg were estimated by comparison with a film, for which
the intensity of the lines was known by the use of a Welch
Dengichron. The intensities of the patterns for (NH,)sNbOFg,
{(NHy ) 5 To0Fs and KzTaOFg were estimated by the direct use of
the Densichron.

The cubic patterns were calculated using the method
of Henry, Lipson, and Wooster(uu), giving the best values of
g in each case. j

| Ebch tetragonal pattern was compared with that for

(86)

K5U03F5 , the 400 and 008 lines picked out and & pattern

calculated. This allowed the correlation of the hkl values

R‘eprodbuced with permissioh of {he copyright owner. Further reproduction prohibited without permission.



BIBLIOGRAPHY

2. American Society for Testing Materials
"Index to the X-ray Powder Data File",
ASTM Special Technicsl Publication u&»I
American Society for Testing Materials,
Phila., Pa., (1960).

3. Asmussen, R. W. and Soling, H.
Z. anorg. u. allgem. Chem., 283, 3-12 (1956).
Magnetochemical Studies., XIV. Magnetochemical
Investigation of Nieckel(II) Compounds of the Type
Metal(I) Halide-Nickel(II) Halide.

. Baker, H.
J. Chem. Soc., 35, 760-69 (1879).
LXXVI. A atudy of Certaln Cases of Isomorphism,

5. Baker, H.
Ann. Chem., Justus Liebigs, 202, 229242 (1880).
A Study of Certain Cases of Isomorphism.

6. Balke, C. W. -
J. Am. Chenm. Soc., 27, 1140 (1905).
Double Fluorides of Tantalunm.

7. Bayer, ®., Bielig, H. and Hausser, K. H.,
Ann. Chem., Justus Liebilgs, 58k, 116~2)4 (1953)
Magnetochemical Investigation of the Inner
Complexes of Vanadium and Their Conatitution.

T

8. Bennett, G. M., and Reynolds, F. M.

Je Ghemo SOG., 1235, 131"41'.1-
Influence of Variations in Structure on the

Reactlvity of an Alcohol with Hydrobromic Acid.

9. Berthier, Pauletta, Courty, C

Compt. rend., 233, 473-5 (1951).
_gParamagnetism of Cupric Sulfate Solutions.

and Gauthiler, J.

10. Bhattacharya "von A. K. and Dhar, N. R.
Z. anorg. u. allgem. Chem., 175, 357—366 (1928)..
Influence of the Change of Intensity of Light on’
the Speed of Several Photochemical Reactions.

Rebroducéd with pefmission of the cdpyright owner. Further reproduction prohibited without permission.



11.

12.

16,

" " Rend. accad..sci fis. mat. Soc. Naz. sci. Napoll .-

Blanehette, R. G.

"Investigations into the Bromination in Methanol of
Niobium and Tentalum Mgtals and the Preparation,
Crystal Structurs, and Thermal Decomposition of the
Ammonium Fluorometallates of Group Va¥.

Theais, Univ. of N. H., 1957. :

Blsaney
mscussiuns Faraday Soc., No. 19, 112~118 (1955).
Paramagnetism of the‘Actinide Group.

Bolton, H. C.
Bull. soc. chim. France (2) 2, 450 (1866).
Fluorine Compounds of Uranium.

"U;Bradley, D. C., Chakravarti, B. N., and Wardlaw, W.

.+ J. Chem., Soc., 1956, 2381-1;
- Normal Alkoxides of Quinquevalent Niobium.

- Bradley, D. C., Multani, R. K. “and Wardlaw W.

. J. Chem. Soc., 1958, u6h7~51.

- "Some  Chloride Alkoxides of Quadrivalent Vanadium
<xand Quinquevalent Molybdenum.

fBrauer, Bd, ”

JT"Handbuch der Praparativen Anorganischen Chemie'",
U;Enkeverlag, Stuttgart (1951), p. 150. :

17.  Bu

'LDissert Bonn. 1904, S. 49.

Buﬁgsr H.

Cantone, M.

(3) 13, 275~288 (1907).

‘ fngew Ressarches on the Emission Spectra of Uranium
ﬁ;}Salts at Low Temperatures.

21.

,;”Colaman G H., and Goheen, G. &.

- Proc. Iowa Acad. Sci., g;, 178 (1936).

. ‘Preparation and Analysis of Monobromoamine,
Dibromoamine, Monochloroamine and Nitrosyl Chloride.

Crocket, D. S.

A Study of Complex Formatlion with L-Hydroxybenz—
oxathiolone, 2,6~Diaminopyridine, Diacetonylsulfide
Dioxime and Citrazinic Acid and the Reactions of
Some Metallic Halides with Ammonium Fluoride in
Methanol". Thesis, Univ. of N. H., 1953.

Crocket, D. S.

"The Preparation and Propsrties of Some Fluorometal—
lates", Thesis, Univ. of N.H., 1959.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

72



73

22. Crocket, D. S., and Haendler, H. M.
Anal. Chem., 31, 626=7 (1959).
Halocarbon 01l as & Mulling Medium for Infrared
Spactra. ‘

23. Crocket, D.S., and Haendler, H. M.
J. Am. Chem. Soc., 82, 4158-62 (1960).
Synthesis of Fluorometallates in Methanol. Some
Structure Relationships.

24. de Bruyn, C. A. L.
Ber, deut. chem. Ges., 26, 272 (1893).
Methyl and Bthyl Alcohols.

25. de Marignse, J. C. S.
Ann. chim, ot phys. (i) 8, 5 (1866); (4) 13, 28 (1868).

26. Ditte, A.
Compt. rend., 106, 270 (1888).
Action de 1'Acidic Vanadique sur les Fluorures

Alcalins.

27. Dodd, R.E., and Robinson, P. L.
"Bxperimental Inorganic Chemistry',
Elsevier Publ. Co., N. Y., (1957).

28o DOVG, M. F. A.

J' Chem . Soc .y M, 3722"’3725 .
Complex Fluorides., Part XII. The Structurss
of Some Complex Acid*Fluorides.

29. Ducelliez, F., and Raynsaud, 4.
Compt. rend., 158, 576~8 (1914).
Bromination of Manganese in Ether Solution.

30. Dunn, H. W,
U. 8. At. Energy Comm. ORNL Report #2092, 45 pp. (1956).
X—ray Diffrgction Data for Uranium Compounds.

31. Bastman, E. D., and Thurmond, C. S,
U. S. At. Energy Comm. TID-5290, Book 1, 186~9 (1958).
Rate of Reductlon of Water by Uranium Bromide and
Uranlum Chloride.

33. PFeigl, F.
"Spot Tests in Inorganic Analysis", Elsevier Publ.
Co., N. Y., 5th Ed., (1958), p. 420.

3. PFiggis, B. N., and Nyholm, R. S.
J. Chem. Soc., 1958, 4190-~1.
& Convenlent Solid for Calibration of the
Gouy Magnetic Susceptibility Apparatus.

Reprod[jéed with permission of the copyright owner. Further reproduction prohibited without permission.




35.

36.

37.

38.

399

Th

French, C. M., and Harrison, D.

J. Chem. Soc., 1953, 2538=40.
The Accuracy of Determination of the Magnetic

Susceptibility of Sclids by the Gouy Method.

Frled, S. .
Proc. Inter. Conf. Peaceful Uses Atomic Ensrgy'“
Geneva, 1955 7, 235-ll; (Publ. 1956).
Chemlstry and Crystal Chemistry of Heavy~e
Compounds. _

Funk, H., and Niederlander, K. 5
Ber. deut. chem. Ges. 62, 1688-91 929)
The Resactlion of NbClgs and TBCls with Organic
Compounds. Part III.

Gellmann, W., and Gebauhr W.
The Precipitation of Alkali Metals as Tetra~
phenylboron Compounds. f;~

Giolitti, F.;‘and Agamennone, G.
Atti Aocad Lincee (5) _Q, i ~11lh, 165 (1905).

Gouy, L. G.

Compt. rend. k .é 935*7 (1889)
Sur l'Energie Potentielle Magnetique et la Mesure

das Coefficients d Aimantation.

L5.

Lé6.
L7.

Grant, C. L., and Haendler, H. M.
Anal. Chem., 28, 415-18 (1956).
Oscillometric Determination of Fluoride.

Haendler, H. M.- Johnson F. A., and Grocket D. Ce el
J. Am. Chem. Soc., 80, 2662mh (1958).

The Synthesis of Ammonium Fluorometallatas in

Me thanol. .

Henry, N. F. M., Lipson, H., and WOoster W. 4.
"The Interpretation of X—ray Diffraction Photographs"
D. van Nostrand Co., Inc.,,_ Y., (1951) S

Hillebrand, W. F., Lundell G E. F. Bright H, A.,
and Hoffman, J. I., "Applied Inorganic Analysis" T e S
John Wiley & Sons, Inc., N. Y., 2nd Ed., (19 ), P h59.’

ibid., p. 469.

Hoard, J. L., and Martin, W. J.
J. Am. Chem. Soc., 63, 11-17 (1941).

Structures of Complex Fluorides. The Stereochemistry

of Some Fluocolumbate and Oxyfluocolumbate Complexes.
The Crystal Structure of Potassium Oxyfluocolumbatge
Potassium Bifluoride, KzCbOFg - KHFj.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



£9.
60.

61.

62.

76

McIntosh, D,
J. Am. Chem. Soc., 27, 26-29 (1905).
Basle Properties and Quadrivalencs of Oxygen.

Moldenhauer, W., and Burger, M.
Ber. deut. chem. Ges. 62, 1615—18 (1929).
About Manobromoamine.

Newton, A. S.

U. S. At. Bnergy Comm. TID-5290, Book 1, 74~80 (1958).
Use of Uranium and Uranlum Compounds in’ Purlfying
Gases.

Nichols, E. L., and Merritt, ®.

Phys. Rev. (1) 33, 354 (1911). HaE
Studies in Luminescence. XVI. The Fluorescence L

and Absorption of Certain Uranyl Salts.

fNorris, J. F.
- Resc. trav. chim, 48, 885~9 (1929). ~ : :
" Reactivity of Atoms and Groups in Organic Compounds.

. VIII. Relative Reactivities of Hydroxyl Groups in
",¢hcertain Alcohols. T e P C

LTy Am Chem. Soc., 76, u732-u (195&) e
'Tha Chlorination of Metals in the Presence of a

Osthoff R.‘C., and West R. C..

”‘*]f Donor Solvent

65, e »
. ngGazz.>ch1m. ital., 62, 279-88 (1932). =
" Structure of Complex Salts Containing Coordinated-
- Atoms or Groups of Different Kinds. I. Complexes ' .
~with a Coordination Number of Six. The Salts i
. (NH4)aVFe and T1oVFs(HeO). ' e

Passerini L., and Pirani R.; e

Pavlopoulos, T., and Strehlow, H. ‘
Z. physik, Chem. (Leipzig) 202 h7lh~9 (195L.).

. Solubillities of the Alkeli Halides in Methanol,

67,
67a.

68

:Acetonitrile, and Formic A4cid.

Petersen, H.
Ber. deut. chem. Ges. 21, 3257 (1888).
Fluorocompounds of Vanadium and Its Analogues,

Petri, H.

(To 1. G, Farbinindustrie Akt.=~Ges.)
Ger. 703,835. Feb. 13, 1941.
Methyl Bromide.

Raynaud, A.

Compt. rend. 181, 1069~71 (1925).

The Brominatlon of Zine in the Presence of
Various Organlc Solvents.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




- T7

69. Rivkind, A. I.
Doklady Akad. Nauk S.S.S8.R. 100, 933~6 (1958).
Study of Complex Formatlon in n Solutions by the
Proton~Resonance Method.

70. Rona, Elizabeth
%Z. phys. Chem., 82, 246~8 (1913).
The Speed of the Bffect of Bromine on Several
"Saturated, Aliphatic Aleohcls 1in Aqueous Solution. =

71. Roscoe, H. E.
J. Chem. Soc., 24, 23 (1871). .
III. Researches on Vsnadium. Part III. = -

720 SGlWOOd,P. WQ i L B
"Magnetochemistry!, Interscience Publ., Inc.,
No Yo, (19)-'-3): : e . TR

73. Sendtner, R. i
Amm. Chem., Justus Liebigs, 125,‘325&—-33 (1879).
,Several New Uranyl Salts. s e

o The Shell F. J., and Zimmerman, H. K.
o Je Am. Chem. Soc., 73, L490~1 (1951).
- An Apparsnt Reduction of Halogens by Zinc
o Halides in Methanol Solution.

A?S,‘ S1mons, J. N., Bd. R
» ;5"F1uorine Chemistry“, Vol. II., Academic Press Ino.,

76 Spedding, F H., Newton, A. S., Nottorf, R :
.~ . .Powell, J. and Calkins, V.
. U. 8. At. Energy Comm. TID=-5290, Book 1, 91~119 (1958)
" Preparation and Some Properties of UBra, UBr,, UOBrg
. and UOQBPBo )

"_ ?7,'fStaritzky, B., Cromer, D. T., and Walker, D. I.
. Anel. Chem., 28, 1355 (1956).
Pantapotaasium Diuranyl Enneafluoride, Kg(U0gz)Fg.

78. von Hevesy, C., and Slade, R. E.
2. Blektrochem., 18, 1001 (1912).
Electrochemical Bshavior of Tantalum.

79. Waddington, T. C.
J, Chem. Soc., 1958, u3uo-uu

Infrared Spectra, Struo ture, and Hydrogen—Bonding
in Ammonium Salts.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	University of New Hampshire
	University of New Hampshire Scholars' Repository
	Summer 1961

	PREPARATION AND STRUCTURAL PROPERTIES OF SOME FLUOROMETALLATES OF URANIUMAND GROUP V METALS
	ANN ELDORA BAKER
	Recommended Citation


	tmp.1529692931.pdf.H54K2

