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ABSTRACT

(C)Synthesis of NFZ aalts has been carried out by two general methods.
Direct syntheaia reactions of NFS’ F2, and a series of lewis acids at

high pressurea and moderately elevated temperatures have been used to

produce a aeriea of NF; aalts having fully fluorinated anions, Metath-
esia reactions in liquid HF have been used to produce a number of new

NFZ aalts including some with oxygen-containing anions,

(C)The rate of reaction to form NF; salts in direct aynthesia dependa
on the scidity of the lewis acid. Thus, SbF5 forms NF4SbF6 in good

forms NF4PF6

yield, Ast produces the araenate in moderate yield, PF5
in verv low yield, and BF3 produces only a trace of NF4BF4.

It was concluded that compounds less acidic than BF3 in HF would be
unlikely to form NF; salts by direct synthesia. This waa confirmed when
ClF3 and ClF5 did not yield the corresponding salts, NF4CIF4, or NF4CIF6,

on hesting NFS' Fz, ClFa, and ClF5 at high pressure for extended periods
of time,

n
(C)In addition to NF4SbF6, NF4ASF6, and NF4PF6, a fourth salt, NF4PtFe,

was formed by direct synthesis in the reaction:

NF3 + 1/2 F2 + PtF6 = NF4PtF6 .

This aalt was characterized by nmr and infrared spectroscopy.

hydrolysis, and elemental analysis of the hydrolysate.

(U)NF4SbF6 has proved to be the most useful in metathesis reactions,

Its synthesis is complicated by the formation of varying amounts of the

complex fluoroantimonate anions, Sb°F£1 and Sb?FiG’ as well as formation

of contaminants formed by reaction of F2 and SbF5 with the Monel reaction

vessel, The optimum conditions found for synthesis of NF4SbF6 involve:

114
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3000 pai
NF, + F, + 38bf, ————— NF ,Sb_F
S 5 jop-1250¢ 4 316
2 daya

200°C
NF4Sb F., ————— NF SbF. + 2SbF

316 4q 6 5
in vacuo

2-3 days

Producta ranging in purity from 96 to 99.5% have been obtained, Monel-
antimonate impuritiea were removed by disaolving NF4SbF6 in HF and £il-

2
=

] tering out the insocluble metal aalts, Monel antimonate impurities are

| mainly Ni(SbFg), and Cu(SbF;),. Other componenta in Monel metal compriae
2.5% or lesa of tbe metal and their presence in the impuritiea (except

for Si which haa been detected as amall amounta of SiF,) haa not been
confirmed by us.

. (C) Fully characterized NF4SbF6 has been used as a reagent in a number

of metathesis reactions forming new salts, A typical reaction ia:

HF
NF"leF6 + LiC104——-— L:I.SbF6 ‘ + NF4C104 .

Similar reactions have been used to form NF4HF2, NF4503F, NF4N03, and
4 and FC10, above -27,.5°C, the

bifluoride is unsiable at -44°C and above, the fluorosulfonate is unstable

NF4BF4" The perchlorate decomposes to NF

at -78°C and above, the nitrate is decomposed in HF solution, but NF4BF4
is quite stable,

() NE4CN could not be formed owing to decomposition of the alkali metal
cyanide to HCN in liquid HF and to the reaction of cyanide with the inter-
halogen solvent BrF;, The similar decomposition of KZSiFG in HF led to
an attempt to synthesize (NF4)281F
mixing NF

6 in BrFs. No reaction occurred on
4SbF6 with K281F6 in BrF5. The lack of reaction may indicate that

one or both of the starting reagents dissolved without dissociation inte
o ionic species,

iv
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{C) Several alkali metal salta of the CIF; and BrF; aniona were synthe-
sized, 1In HF, these decompoae to form alkali metal bifluorides and the
corresponding interhalogen. They are, however, moderately soluble in
BrF5. It ia expected that this solvent will permit determining whether

the salts NF4CIF4 and NFqBrF6 can be ayntheaized,

(C)An effort was made to synthesize NFqBF4 in a purity sufficient for

determining heata of formation. The highest purity obtained was a sample

containing 927 NFqBF4 and 87 NF4bbF6.

{(UYA number of solubility studies were carried out in support of work
on metathesis reactions, Solubilities of a number of pertinent compounds

in HF, BrfF., IF and BrF,_ are reported and discussed.

5' °75 3
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I INTRODUCTION

(U)This report summarizes progress between August 1, 1967, and
September 30, 1967, on research concerned with the synthesis of ener-
getic oxidizers. The objectives of the work are to study the chemistry
of the NF; cation and "o apply this chemistry to the synthesis of solid

inorganic oxidizers,

(U)This program is a continuation of research carried out under
Contract AF 04(611)-9370, which involved studies of the interactions of
NF3 and F2 wilh the fluoride accep’lors SbFs,
of these studies included the synthesis and characterization of the salts

Ast, and HF, The results

NF4SbF6, NF, Sb,F NF Sb.F, -, and NF, AsF as well as the probable syn-

472 11 3" 16 42 g
thesis of NF?szFll' Because of the high yields of reactions that form
NFZ salts and the appavent high stability of NF; compared with NF;, study
+

of the chemistry of NF4

has beei:. emphasized in this continuing work.
(U)During the current contract period, we have studied the synthesis

of NF; salts by means of tvo general approaches. The first of these,

the direct synthesis approach, involved the temperature/pressure acti-

vated reactions of NF3 and F2 with a series of lewis acids. The second,

metathesis reactions in liquid HF, were used to synthesize more or less

eneirgetic salts, 1In addition, we have studied a number of systems in the

interhalogen solvents BrF. and IF5 in which it is possible that meta-

5
thetical reactions can take place.
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I1 DISCUSSION

+
A. Direct Synthesis Reactions of NF, Salts

+
(C)The first reaction in which an NF, salt was synthesized was the
reaction of N'F3 and F2 with SbF5 to form NF4SbF6. From this it seemed

+
clear that a series of NF4 salts could be directly synthesized from NFS'

F2, and a series of Lewis acids, This conclusion is true provided that

the Lewis acid involved is sufficiently acidic., 1In the series SbF

A5F5, PF5, BFS' CIF5, and C1F3, we found that acidity with respect to
Fn

HF was the key factor in the rate of production of NF4 salts., Thus the

rate of formation fecll off rapidly as we proceeded from SbF5 to ClFa.

ylelded a

5’

BV

|

Good yields were obtained only with SbF_ and Ast, while PF

5 5
few tenths of a gram and BFS yielded only a trace, Attempts to form
I NF4C1F4 and N'F4C1F6 produced no evidence of NF: salt formation. This

| v is consiztent with the fact that ClF3 and CIF5 are basic or slightly *

ATy

™
4

Tk

basic in HF.

i (C)In a direct synthesis reaction which differed irom the above, Pth

was used as the anion precursor and was found to form N'F4PtF6 very slowly.

The anion-forming reaction is essentially Pth + e - PtF; and thus dif-

fers from the classical Lewis acid concept wherein, for example,

F + SbF5 =2 SbF6

Ll

+
{C)We are not certain of the mechanism by which NF4 is formed. Two
alternatives occur and either can account for the relatively slow forma-

tion of NF: salts:

NF, + (M)F5 - NFz(M)FG

1~1'F2(M)15"5 + F, = N‘F4(M)F6

2

T
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or

Fy + (M)F5 - F(M)F6
F(M)F6 + NF_ = NF4(M)F6

where M may be antimony, arsenic, phosphorus, or boron,

{(U)The concentration of either intermediate must be small during re-

action, The system NFS/ShF was heated at 200°C for two days and re-

5
sulted in formation of a very small amount of solid product. The product

+
contained NF4 salt as well as a material that hydrolyzed to yield

nitrogen oxides, Formation of the latter could have been due to the
+
presence of an NF2 salt, It could also have been the result of dispro-

portionation of NF3 into N2F4 and F2, the N2F4 forming a complex with

SbF5. Thus no clearcut evidence as to the formation of NF; salts was

obtained from this brief study, but the implication was clear that the

NFg salt could serve as the limiting reagent in the reaction. We have

not studied the possible F2/SbF5 interaction,

{C)Because the systems involving reaction of NF Fz, and a Lewis acid

3!
differ, each will be described below.

1, (U) NF,SbF;

(UThe reaction to form NF SbF6 can he written:

4

NF3 + F2 + SbF5 = NF4SbF6

Howover, this reaction is complicated by the behavior of SbF5, which
tends strongly to associate with itself or with SbF;.
pending on the temperature and heating time, the product may consist of
NF4SbF6. NF4Sb2F11, NF4813
(U) At 80°¢C, 2000-3000 psi, and a heating time of two days, the product
is NF,Sb_F._ with some unreacted SbF_.. At 100° to 125°C with the same

4 316
pressure and heating time, the product is almost exclusively NF4Sb3F16.

As a result, de-

F16’ or mixtures of these,

At higher temperatures, the product contains NF4Sb2F11 and NF4SbF6. The

CONFIDENTIAL
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product obtained at 200°C, 2000-3000 pai, and a heating time of one day,

ia largely NF,Sb_F..  with a few percent of NF

472711 SbFs'

4
(U)From analysea of a large number of preparationa, we have concluded

that the method of preparation yielding the pureat final product of
NF4SbF6 is the following:

NF, + F, + 3SbF, calLy P NF ,SbF. o
100-125°¢C
2 days
NF Sb_F Looc_..rm SbF__ + 2SbF 1
473" 16 4" 6 5
in vacuo
2-3 days

(C)The product from the first step of the reaction sequence is isolated
from the reactor by cutting it open with a hacksaw within a drybox and
scraping out the salt, which forms as a melt in the bottom of the reactor.

The product 1s not sensitive to impact nor to any of these manipulations.,

(U)The NF4Sb3F16 is ground to a fine powder in a sapphire mortar and
placed in a flanged vesscl. Conversion to NF4SbF6 is carried out by
heating the vessel to 200°C while evacuating it through a dry ice-cooled
trap, When SbF5 is no longer collected in the trap, the reactiomn is

complete,

(U)Occasionally, NF, is evolved during the heating procedure. This

3
has been attributed to reaction of the NFZ salt with the Monel vessel.
The metal vessel 1s usually pretreated with F2 under one to two atmo-

spheres of pressure at 200°C. The pretreatment minimizes the reaction

of NF; salt with the container.

(U)The NF4SbF6 prepared according to the above procedure is found on
analyais to be from 96 to 99.5% pure, the impurities being Monel-SbF; salts.
These impurities are relatively insoluble in HF and can be removed by ex-
tracting the very soluble NFdSbF6 with liquid HF. The amount of impurities
has been reduced to about 0.5% by weight by this extraction procedure.

CONFIDENTIAL
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- 2. (U) NF,AsF,

{U)Initially, both NFqsts and NF4AsF were prepared in reactions that

6

included liquid HF along with NFS’ F_, and the Lewis acid. The presence

2
of 1liquid HF resulted in extensive corrosion of the reaction vessels and

l CONFIDENTIAL
2

in products that contained large amounts of Monel fluorides and hexa-

fluoroarsenates and antimonates, 1In the NF4A5F6 synthesis, there was

L T Y

an additional problem in that, at the reaction temperature of 200°C, the
Monel arsenates appeared to be volatile and sublimed to cooler portions

of the reactor, plugging the inlet line. This sublimation also resulted
in removal of the otherwise passive coating of Monel salts from the heated

portion of the reactor, causing continued exposure of reactive metal sur-

face. This behavior resulted in formatiom of a large amount of Monel-
arsenate salts during the rcaction. From these observations it was clear
that the reaction temperature <hould be held below the temperature at
which sublimation occurred. In addition, it was obvious that since
NFésts formed in relatively high purity in the absence of HF, liquid HF
) should he omitted from the reaction. %

(U)For these reasons, a mixture of NF Fz, and AsF5 was heated at a

s
. temperature of 125°C at an initial preszure of 2500 psi for ten days.
In contrast to the preparation of NF4SbF6 which is formed at the bottom
of the reactor, NF4AsF6 is found uniformly distributed on the walls of
the reactor. The fine white powder is scraped off the walls and isclated.

A typical preparation yields about six grams of product.

(U)Because the product is formed on the walls and must be isolated by
scraping it out, more impurities from the vessel have been found in the
NF4A5F6. The product is typically about 93% pure, the balance consisting

of Monel arsenates,

(U)The product was characterized by the same methods used to establish
the structure and composition of NF4SbFG. These were hydrolysis, elemental
analysis of the hydrolysate, and nmr spectra. This informaticn, as well

as other data pertaining to NF AsF_ and NF SbF

4 6 4 6’ is given in a recent

publication,?!
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(UdWe have found that extractionswith liquid HF lead to no improvement

in purity of NF4AsF6. Thus it appears that while NF4ASF6 is about half

as scluble in HF as is NF4SbF6, tne Monel-arsenate impurities are more

soluble than the Monel antimonates, As a result of our inability to
purify the NF4ASF6, we have found little use for it except in one experi-

ment that will be described later.

(U)The rate of formation of NF4A5F was deduced from the 179 of NF3

6

converted into solid in ten days of reaction at 125°C. Under similar

conditions of temperature and pressure and in two days, a 22% conversion
+

of NF_ into NF, antimonates was observed. Thus the rate of formation of

3 4
NF4A5F6 is at least a factor of five slower.

3. (C) NF,PFg

{(C)The salt NF4PF6 was synthesized by the reaction:

O
NF, + F, + stﬁc—-—mv‘lst
3000 psi

138 hr

On completion of the heating period, the residual starting materials were
removed from the reactor and nicasured. From our experience in previous
reactions of this type, we expected some tluorine would have reacted with
the Monel vessel to form more fluoride than already present from the
passivation procedure., We also expected the Lewls acid, in this case

PF5, to react with the fluorides to form Monel—PF; salts., Thus the only

+
reliable index to the extent of NF4 salt formation was the consumption

of NFS' Approximately 1.6% less NFa

present, This indicated the possible presence of about 0.4 g of NF4PF6.

When the reactor was cut open, a thin layer of product was observed uni-

was recovered than was originally

formly distributed on the inner surface, Some of the product was hydro-

lyzed and yielded NF, and O

3 o as expected from NF PF

478

{C)The rate of this reaction was a factor of at least 50 slower than
the antimonate reaction. The rate implied that it would be necessary to
heat the reaction mixture for about 50 days to prepare sufficient com-

pound with which to undertake complete characterization.
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4., (C) NFBF,

(C)From the resulta on the syntheais of NF4PF6, it was expected that
the formation of NF4B:F4 by direct syntheais would be extremely alow., It

was also expected that NF4BF4 might be much leaa thermally stable than

+

the NF4 aalts having larger anions. Thus the synthesia might be adversely

affected by too high a reaction temperature, As a result we choae to heat
the reaction mixture at 100°C. The reaction waa carried out for 185 hours

at an initial reactant pressure of 3000 psi,

(C)Isolation and analysis of residual atarting materials indicated that
as much as 0,7 g of product might be present. However, later observations

showed that this could not be true. We used the apparent consumption of
NF3 as an indicator of the extent of NF; salt formation. BF3 was sepa-

rated from NFS by absorbing BF3 in aqueous base. This procedure evidently

resulted in hydrolysis of some NFS’ leading to an incorrect determination

of NF; salt present,

(C)After residual starting materials had been removed, the reactor was
cut open and a small quantity of solid was scraped out. We chose to em- i
ploy thermal decompositicn as the method of characterization. In this
case, we expected that heating the isolated solids would result in evolu-
tion of NF3, Fz, and BF3 if NF4BF4 were present, A portion of the isclatad
s0lids waa heated slowly to above 300°C in an evacuated vessel that had
been passivated with fluorine. Only a few millimeters of gas were evolved,

The gas contained F NFS' and SiF

2’ 4.‘
amount of BF3 to be expected from the thermal decomposition could have

but no BF3 was observed., The small

been absorbed by Monel metal fluorides. This conclusion was based on the
fact that in a separate observation, BF3 was absorbed by a passivated

copper surface but none of the SiF, present in the BF, was removed. Never-

4 3

5 theless, the above experiment was inconclusive with respect to tle direct
synthesis of NI-‘4BF4 but lent substance to the hypothesis that the rate of
formation of NF; salts in these direct synthesis reactions is strongly in-

fluenced by the acidity of the Lewis acid involved.

(C)The presence of SiF, in the gases evolved during thermal decomposition,

4
along with the presence of both NF3 and F2, can be explained if the salt

7
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0 (NF4)281F6 was present. This aeems very unlikely in view of the relative
scidity of 81F4 in HF. The SiF4 arose from reaction of F2 with the
. silicon present in Monel metal,
(C)In a later experiment, a mixture ot NFS' Fz. and BF3 waa heated at
150%C and high presaure for tbree weeka. (Tbe decomposition of NF BF

4 4
ia detectable in a masa spectrometer experiment st 176°C,?® thua 150°C

waa selected sa tbe reaction tempersiure.) On completion of the heating

F period, the reactor was evacuated, weighed and beated to 300°C. The
% syatem waa pasaivated with respect to BF3. The reactor lost 4 mg and
the gas evolved contained NFS' BF3, CF4, and posaibly a trace of F2. .
| E There were no more than 4 mg of NF4BF4 formed in this experiment. 4

However, the synthesis of NF4BF has been accomplished by means of a i

4
metathesis reaction that will bc described in a later section of this

report.

5. (C) Attempted Direct Synthesis of NF,C1F, and NF4CIF

4-""4 6

{C)From cxperience with the weaker Lewis acids PF5

unlikely that ClF3 and ClF5 would form the hypothetical salts NF4CIF4
1

and NF4CIF6 in direct synthesia reactions of the following type:

and BF3, it seemed

NF3 + F2 + ClF3 - NF4ClF4

NF, + F_ + Cll‘,i = NF401F

3 2 6

These reactions were, however, attempted, In the first of these, the
¥ F, and C1F3 combined to form the equilibrium concentration of ClF.. Thus,
the study of the mixture of NF3, F2, and ClF3 was essentially the study
of both of the hypothetical reactions.

(C)The mixture was heated at 100°Cc and 3000 psi initial pressure for
} 65 hours, The reaction vessel was passivsted first with respect to

fluorine and next with respect to SbF_ to avoid possible reactions of

5
the interhalogens with metal fluorides. Unfortunately, our analysis
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. of reaction products later showed that excess SbF5 was present in the
vesgel and that it had reacted to form NF: antimonate salts.

: On completion of reaction, the starting materials were removed and
the presence of NF3, Fz, ClFa, and CIF5 was confirmed., The evacuated

vessel was then heated slowly up to 350°C and the pressure nf evolved

gas was observed, Above 225°C the pressure rose from several millimeters
to about one atmosphere. The gas contained NF3. Fz, SiF4, and aoout

2% CIF.. At first, we attributed the presence of CIF

5 5
tion of the hypothetical salt NF

to the decomposi-

4CIFG, but later experiments in which we
heated mixtures of NF3' Fz, and C1F

in vessels having no SbF. present

5 5
showed that no C&F5 was evolved on thermal decomposition. Thus, the

ClF5 found in the gas from the first experiment was due to an interaction

with SbF5. This interaction could have been

CIF. + F. + SbF, — ClF;SbFG

5 2 5

However, a separat= study of this mixture indicated the occurrence of a

. complicated reaction system that gave no clear-cut evidence for the forma-
tion of the ClF; cation. The interaction of CII-‘5 and SbF5 could alsoc have

been simply the formation of the well-known complex formed by these two
reagents and 1ts thermal decomposition above 300°C to yield an observable

amount of CIF5. It 15 necessary to assume that the similar complex formed 2

by CIF3 and SbF5 did not decompose in the temperature range studied, since

no CIF3 was found in the products of thermal decomposition. Because later
experiments provided no evidence for evolution of either ClF.3 or ClF5 on
thermal decomposition, 1t 1s necessary to conclude, as expected, that no

NF4CIF4 nor NF4CIF6 had been formed by the direct synthesis route,

6. (C) NF,PtF,
(C)The systems NF,/PtF, and NF3/F2/PtF6 were tested for interactions that

might form solid salts. A vessel containing solid and about 90 mm of

gaseous PtF_ as well as NF, at about 1250 psi was allowed to stand for

137 hours a: room temperatire. Since all the NF3 originally present could
be recovered from the reaction vessel, 1t was clear that no interaction

- occarred at room temperature. The system was not studied at higher ’
temperatures, 9
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(C) The system NF3/F2/PtF was examined at three temperaturea, There

waa no reaction at 2000 psg and after 143 hours at room temperature;
there was little if any reaction after 400 hours at 50°C. The mixture
waa then heated at 125°C for 1700 hours, during which time all of the
Pth present reacted to form a solid product., Since this reaction was
not monitored closely, the rate of reaction could not be determined, and

it is possible that the reection was complete in a much shorter time.

(C) The mixture that formed the solid product contained 214 mmole of

NFS’ 132 mmole of Fz, and 45 mmole of PtF The consumption of the

Gl
three components was consistent with the reaction:

NFa + 1/2 F2 + PtF6 - NF4P1:F6
The F19 nmr spectrum was obtained on a dilute solution of the salt in

liquid HF. The NF triplet characteristic of NF+ was observed at

4
-214.3 ppm from FCCla. This chemical shift is identical within experi-
mental error to that observed for NF4SbF6 and NF4AsF6. There was no line

or lines between the positions of HF and F2 that could be attributed
to PtF;. The HF line was sharp; the sharpness indicated that very little

fluoride exchange was occurring.

(CYHydrolysis of the salt was consistent with the reactions:

+ +
NF4 + H20 NF3 +1/2 0, + H2F

2

Pth + 3/2 HéO = H2PtF6 + 1/4 02 + OH

H2F + OH - H20 + HF

P o

NF,PtF. + 3/2 H,0 — NF, f +3/40, f + HPtF, + HF

In addition, the presence of an insoluble precipitate in the hydrolysate
indicated that scme hydrated PtO2 had formed in accord with reported

observations on the hydrolysis of 02PtF6.3

10
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(C)Elemental analysis was in reasonably good agreement with a product

composition of NF4PtF contaminated with Ni(PtFG)2 from the nickel reactor:

6
Calc Found
N 3.51 3.40
F 48,88 45.27
Pt 47,61 45,58
Ni =0- 0.88

(C)The infrared spectrum was obtained from a sample of the product

dispersed in KCl and pressed into a transparent pellet. The spectrum

+ - -
contained the intense line of NF4 at 1155 cm 1 and the PtF6 absorption*

at 647 cm-l.

(C)During preparation of the nmr sample, it was observed that most of

the sample of the impure NF4PtI-‘6 had dissolved in HF while a small amount

of insoluble material appeared in the bottom of the Kel-F tube, By anal-

;
i
:

ogy with impure NF4SbF y iIn which the impurities are only slightly soluble

6

in HF, 1t seemed possible that the NF4PtF6 could be purified by extrac-

tion in HF., The attempted purification was carried out in an apparatus

Wl

i e

developed for use in metathetical reactions, The apparatus consists of |

two Kel-F tubes joined to a common fitting through flexible FEP Teflon
lines. The common fitting 1s also connected to a valve and tnrough the
valve to the vacuum system. One of the Kel-F tubes is fitted with a
filter having a fine grade of Zitex Kel-F/Teflon filter paper. Insoluble
material can be separated by pouring the solution through the filter and
through the flexible line to the second vessel,

(Cluring the attempted purification, the Kel-F tubes formed deep stress
cracks and began to leak HF vapor. The separation was completed and the
HF removed as rapidly as possible, Before the vessels failed, however,
we obtained a very approximate value for the solubility of NF4PtF6 in HF.
This was about 0.5 g/ml of HF, We also noted that the color of the in-
soluble residue differed from that of the crude NF4PtF6 and from the
presumabiy purified material., We concluded that a separation of im-

purities had been accomplished,

11
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(C)stress cracking of Kel-F has occurred on several occasions, and the
only factor common to all vessel failures seems to be length of time in
use, During use, the vessels are generally cooled many times to liguid
nitrogen temperature and warmed to room temperature with a hot air gun.
Quite possibly, this temperature cycling is the major cause of stress
cracking. We have not been able to show that any chemical or chemical
mixture is tlhe cause, In view of the above, we concluded that crude

NF4PtF6 could be purified in a new Kel-F/Teflon apparatus.

B, Metathesis Reactions

(C)It was obvious that the synthesis of many possibly interesting
+

NF4 salts, especially those containing oxyanions, would not be possible
under the conditions of the temperature/pressure activated reactions.
Consegquently, we sought to find the proper reagents and conditions for
metathesis reactions, The problem was clearly one of obtaining starting
reagents that were soluble in the solvent of choice and that would form
double decomposition products whose solubilities differed substantially.
We have found & number of such systems.

+
4
soluble and which does not react with thcm, The solubilities of a number

(C) The solvent of choice was ligquid HF, in which NF, saits are quite
of inorganic compounds in HF are given by Simons. Solubiiity data on a
number of metal fluorides® and on two alkali metal hcxafluoroantimonates?!®
were also available, From these data, it seemed clear that the SbF; anion
could be removed from solution by precipitating it as a relatively insol-
uble ali;ali metal salt. The solubility behavior of the new NFz salt
formed on metathesis could only be estimated. For this estimation, we

; ion could be treated as though it were
an extension of the alkali metal ions, NFZ

Thus, the alkali metal fluorides which increase in solubility and in size

used the hypothesis that the NF

being much larger than Cs'.

from LiF through CsF could be used as an indicator for the solubility of
the hypothetical salt NF;FF. In HF, the fluoride ion would necessarily

be present in the solvated form. Thesc considcrations suggested il:at
o+

the desired product of the metathesis reaction, the NF4

salt, would be

12
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. present in solution, while the co-product of metathesis, for example,

LiSbF_, would be present as a precipitate.

6!
(C)These conclusions were proved correct. However, the solubilities
of the alkali metal fluorides are the only ones we have studied that fol-

low the correlation of increased solubility with lavger size, Other

alkali metal salts show either a minimum or a maximum solubility of the
potassium salt, and the solubility of the NF: salt caanct be estimated

3 by this qualitative extrapolation. Fortunately, all NF: salts are quite
soluble and are reasonably separable from the insoluble products of

metathesis.

1. (© NF4HF2

(C) The first metathesis veaction studied was that of NF4st6 with LiF

as follows:

HF
NF,SbF + LiHF;——w- L1SbF l + NF HF,

The reaction was carried out in the apparatus shown in Fig, 1, Six mmole

of the reactants were placed in separate vessels. This 'operation was
+
4
and to avoid introducing water as a contaminant in the reaction. The ap-

- carried out in a drybox to avold reaction of the NF, salt with water vapor
paratus was then connected to the vacuum line and about 2.5 cc of HF was

condensed into each tube. The nearly saturated solution of LiF was poured
into the vessel containing the NF SbF_ in HF. A white precipitate formed

4 6

immediately. This was later shown to he LiSbF6 from its X-ray powder

pattern.
(C) About 2.5 cc of HF was removed from the mixture to concentrate the

+
NF4 salt and to precipitate additional LiSbF Part of the solution re-

6
maining was decanted into a Kel-F nmr tube and part into the empty tube

from which the LiF solution had been removed.

(C) The nmr tube was sealed off and an nmr spectrum of the countents was
-+
obtained, The NF4 triplet was present at very = .hstantial intensity.
? No SbF; line was deteciable, while the HF line was shifted dewafield a

few ppm from its normel pesition, This shift was taken tc indicats

] 13
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FIG. 1 METATHESIS REACTION APPARATUS

fluoride ion exchange with HF as might be expected from the presence

of HF;. Subsequent umr spectra taken over a period of three weeks showea
+

no change in the concentration of NF4,

indicating that the salt was stable
in HF solution,

(C)The solvent remaining in solution in the metathesis apparatus was
removed at room temperature, A white s0)id was isolated that was ini-
tially thought to he the expected product NF4HF2. Later, however, the
white solid was shown to be the fraction of LiSbF_ that is soluble in

6
HF, All attempts to isolate NF4HF resulted in decomposition of the

2
salt into NF,, F,, and HF at temperatures of -44°C and above,

{C)Solvent could be removed at -78°C only very slowly. After a week
of pumping on the solution at this temperature, there remained a product
that had the appearance of a wet solid., When the product was warmed to
-44¢, NFS’ Fz' and HF were evolved. The gquantity of NF3 evolved was

+
almost equivalent to the amount of NF4 originally present. Thus NF4HF2

14
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was found to be unstable at -44°C and above. The inatability of the bi-
flueride was taken to indicate that the fluoride, if a system could be
found in which to synthesize it, would also be unstable.

2. (©) NF4CIO4

(C)The salt NF,Cl0, was synthesized in the reaction:

HF
NF ,SbF . + LiCl0,—m LiSbF l + NF C10,

g
i
|

: The reaction was carried out in the metathesis apparatua and the HF solu-
i tion of NF4CIO4 was isolated as described above., During removal of sol-
vent at room temperature, it immediately became ohvious that the salt was

: decomposing by evolution of gas. The first sample of gas taken for infra-

Fie it

red analysis contained only NF3 and HF. Later, however, the gas contained
both NF3 and FClO4 as would be expected from the decomposition of NF4CIO4.

When decomposition was complete and the evolved gases and solvent were

AT N

removed, the weight loss was equal to that expected for the complete de-

composition of NF ClO4 into NF_ and FC&O4.

4 3

(C)In subsequent experiments we showed that NF4CIO4 was stable up to

-27,5°C, but that above this temperature it decomposed as given above,

(C)It was thought at first that the decomposition might be catalyzed

by the small amount of HF undoubtedly still present in the solid NF4CIO4

4ClO4 in a solvent

other than HF could vevify this, We selected IF5 as the solvent, deter-

mined compatability and solubility of NF4SbF5 and some perchlorates in

isolated at reduced temperatures, The preparation of NF

i IF5, and carried out the reaction., It should be noted that LiClO4 reacts

in IF5 to form FClO3 among other products, while CsCl0, is unreactive and

4
reasonably soluble, (A later section of this report contains a summary
of sclubility studies carried out in support of work on metathesis re-

artions in HF, BrFs, and IF5.) Thus, the reaction carried out was:

IF

5
| NF ,SbF + 050104—-CsSbF6‘ + (NF4CIO4)

15
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However, the product decomposed as soon as the IF5 melted at about 9.6°C.

The reaction was:

AR RSP

IF
+ - s
NF, + C10, — = NF, + + F01041‘

i Tl b

(C)It was reported by workers at Stauffer® that NF AsF6 and CsClO4 were

4

atable in IF5 at room temperature, In view of the above results on

NF4SbF6 and CsClO4 in IFS’ we carried out the similar experiment;:

roietl o bee,

IF
5
NF AsF + cS01o4——-CSAsFG+ + (NF,C10,)

and the result was:

IF

NF'; + 010“1_5..11?31 + FClod
9.6°C

These reactions were carricd out both in guartz and in Kel-F vessels,

The results were not affected by the type of vessel used, The IF5 used
in these studies was water white, This material was obtained only after
extensive passivation of the reaction system and vacuum lines with IF5

and Fz. The I]i‘,5 was stored in a large Kel-F veasel containing finely

divided KF and a magnetic stirring bar; the KF was present to remove HF,

IF5 transferred from the cylinder to the storage receiver was usually

colored a light yellow-red., The color disappeared on addition of fluorine,

IF5 purified by treatment with KF and F2 did not react with either NF4SbF6

or NF4A5F6, the weight of sample being unchanged on addition and subsequent

removal of solvent.

(C)From the evidence we have obtained on metathesis in HF and on the
reactions of NF4SbFG and NF4ASFG with CsClO4 in purified IFS’ it seems

clear that NF4CIO4 is intrinsically unstable at temperatures above -27.5°C.

This conclusion is based on strong evidence and clearly contradicts the

report of the Stauffer workers.

16
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(C)In one experiment, we tested the sensitivity of NF4C104 by striking
it repeatedly with a hammer on a steel plate cooled to -35°C., There was

no evidence of sensitivity. Both NF4SbF and NF4A5F are also insensi-

6 6
tive in this test carried ocut at room temperature, Unfortunately, the

observed instability of NF4CIO4 makes it of little use as a solid oxidizer.

3. (C) Attempted Preparation of NFQEOSF

(C)We attempted preparation of NF SOSF in the following set of re-

4
actions:

HF

NF SbF . + LiHFz——-LiSbFG‘ + (NF4HF2)HF
NF HF +SO£—-(N‘FSOF)+HF
42 3 4°"3

However, the reaction
(NF SO_F )~ NF 1 + FOSO_F
43 3 2

occurred rapidly at room temperature and slowly at -78°C. In addition,

the reaction:

3

NF4SbF6(s) + LiSC F(s) = LiSbF6

+ NFSf + FOSOZF*

occurred at room temperature. Thus the salt NF4SOSF is unstable at -78°C

and is probably unstable at lower temperatures.

4, (C) Attempted Preparation of NF4N03

(C)Because NF4CIO was unstable, it seemed quite likely that the cor-

responding nitrate :ould also be unstable, Nevertheless, experiments were
carried out to determine whether NF4NO3 could be made, The interaction
of nitrate with anhydrous HF is complex® and there is some question® con-
cerning the species actually present. The reaction of nitrate with HF
may involve protonation to form HONO2 or H2N0; or it might involve forma-
tion of H30+, N0;, and HF;. It is also possible that an equilibrium

exists that involves all these species.

17
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(C)Our reaulta on diaaolving NF4SbF and NaNO3 in HF at room temperature

6
indicated that the speclea formed from nitrate in HF were probably not

aimply the protonated onea. The attempted reaction waa:

NF4SbF

HF + -
g * NaNO——=NaSbF, * + NF, + (NOS)HF

On aeparation of NaSbF_ and removal of HF, the desired NF NO_ could be

6 473
recovered 1f the aystem were stable. Instead, the HF solution evolved

NF3 steadily at room temperature, When the evolution of gaa ceased and

the scolvent was removed, the observed weight loss waa that to be expected

from

NFqst

ot NaNOS—HE-NFS } + FNO, | + NaSOF§

or

— N‘F3+ +FNO, | +1/2 0, |+ NaSbFa‘

However, we observed none of the NOF compounds; only NFS and some non-
condensable gas were present, Our results could be explained if FNO2
« On evaporation of solvent, the

' ¢re present in the form No; and HF2
FN02 would also be removed, thus accounting for the observed weight loss.
Whether FNO2 was present in the HF was not determined because it was ob-

vioua that NF4N03 could not be prepared in this system.

(C)We also explored the poasibility that NF NO, could be formed in a

4773
metathesis reaction in a solvent other than HF, in this case BrFs. BrF5
is an adequate solvent for NF4SbF6, but when BrF5 warc placed in contact

with aodium or cesium nitrates, the following reaction occurred:

NaNO,_ + BrF5 = N02F * + NaF + BrF

3 + 1/2 02‘

3

This reaction along with the reaction in HF rules out the possibility of

forming NF4N03.

18

CONFIDENTIAL




CONFIDENTIAL

(C)To obtain some information on the possible stability of NF Noa, we

4

studied the interaction of the two solids NaNO3 and NF4SbF6 in the tem-

perature range from room temperature to 215°C. If the two finely divided

and well mixed solids react at toom temperature or even at some moderately
+

elevated temperature, it is most probable that the NF

4
means of double decomposition in solution will be unstable. On the other

salt derivable by

hand, if the two solids react only at some elevated temperature, it is
possible to conclude only that the NF: salt derivable on metathesis might
be stable. Thus, on examining the solid/solid interaction of NaNO3 and
NF4SbF6, we found that the two solids gave off NF3 and noncondensables
very slowly at room temperature and evolved NF3 and NO2

ables also very slowly up to 215°C. From this we concluded ihat NF4N03,

plus noncondens-

if formed, would very probably be unstable.

5. (C) Observations on CN

(C)In view of the reaction:

KCN + 2HF£——KHF2 + HCN*

we concluded that it would not be possible to carry out the synthesis of

NF4CN in HF, We thought it might be possible to carry out the synthesis

in BrFs. It soon became apparent, however, that KCN was unstable in BrF

and reacted as follows:

5

2KCN + 5BrF, — 2CF, * + 2 KBrF, + 3BrF, + sz

4

(C)The solid/solid reaction of KCN and NF4SbF6 was also studied from

25 to 110°C. The mixture continuously but slowly evolved gas. At 110°C,

the reaction rate increased appreciably and gave off NF CF4, and non-

3)

condensables., We concluded that even if NF4CN could be synthesized, it

would probabl y bc unstable,

13
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6. (C) Observations on SiF‘G=

{C)Analogous to the cyanides, the hexafluorosilicates also decompose
in HF, i.e.:

HF

K,SiF; + 2HF—- SiF, f + 2KHF,

6

Consequently, we attempted the synthesis of (NF4)2SiF€ by the reaction:

BrF

5
2NF, SbFg + KzsiFG———-—(NF4)2SiF6 + 2KSbF6t

It was first determined that the starting reagents were soluble in BrF5
while KSbF6 was relatively insoluble, We expected that (NF4)2SiF6 would
be quite soluble in view of the generally high solubility of NFz salts

in the solvents we have studied.

{C)When these reagents were dissolved in BrFs, no KSbF_ was formed,

6
We also observed that there was no adverse decomposition of the starting

materials. The latter indicates that the hypothetical salt (NF4)2SiF6
will probably be stable, but the fact that no KSbF6 was formed showed
that no reaction occurred to form the desired products, The lack of re-
action was surprising in view of the solubility relationships which were
ideal for the occurrence of a metathesis reaction, We can understand

the lack of reaction if one or hoth of the starting materials dissolved
without dissociation into ionic species. We are currently studying other
solvents, including BrF3 and IFS' in which a metathesis reaction might

possibly occur,

m

7. (U} Prepa~ation of Tetrafluorochlorate and Hexafluorobromate Salts

Among the energetic anions with wihich it might he possihle to asso-
ciate the NF: cation in a stable compound are CI1F,, BrF;, and BrF;.

KBrF, forms readily from KF and BrF3 at room temperature,!® while other

20
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metal aalta of this anion have not been well defined and aome lose BrF
+

at ordinary temperatures, Certain alkali metal (K+, Rb , and Ca+) aalta

c of CIF, and BrF_ have been synthesized and are reportedly quite stable, !

We have prepared the potassium and cesium salts of theae anions by modi-

fying the method of Whitney et al., who reported only partial conversion
of the alkali metal fluorides to the complexes at 100°C and a reaction

time of one hour.!! Increased reaction time and improved stirring yielded %
£ 97% conversions, We later found that the reaction also occura at room

temperature. The conversion was about 16 to 19% in one to two hours.

} {C)We have tested the alkali metal ClF4 and BrF; salts in HF. The
| ;

reactions

KC1F, + Hl"‘lF-'--l{!{F2 + C]F3

KBrF6 + HFE—- I-CI{F2 + BrF5
occur slowly at room temperature., These reactions rule out the use of
HF as a solvent, and we have carried out some experiments to determine
whether BrF5 and IF5 are suitable solvents for these salts, The solu-
bilities of these salts are given in Section D of this report. The
cesium salts are sufficiently soluble to show whether a metathesis re-
action can occur with NF SbF_. in BrF_. and will permit us to show whether

4 6 5
-+
the NF4/1nterhalogen anion salts can be prepared and are stable,.

C. (C) Preparatiou of Purified NF4BF4

(C)The preparation of NF4BF4

thetical reactions in liguid HF:

has been achieved by carrying out meta-

HF
(a) NP SbF, + LiBF,—= NF BF  + LiSbF {

and

6 4
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or
NF .Sb.F. . + 3LiF- e NF HF. + 3LiSbF
4°°3%16 47 6*
followed by
NF HF. + BF —e NF BF
117, 3 44

(C)The purity of tne NF4BF4 that is obtained is limited by the dis-

solved LiSbF6 that accompanies the NF4BF4 or NF4HF2 on filtration.

(C)The solubilities of Li, Na, K, Rb, and Cs tetrafluoroborates in

liquid HF were determined to be 5,27, 3.14, 0.76, 2.2, and 9.2 molar,

+
respectively. If NF4 behaves in solution as an alkali metal ion larger

than Cs+, NF4BF4 should be more soluble than CsBF4. Assuming that NF4BF4

is as soluble as CsBF4 and using thc sclubility of List6 in HF (0.22 mo-

lar), calculations showed that NF4BF4 with a maximum of 97% purity might

be obtained. Since NF4HF2 is probably more soluble than NF4BF4,
higher purities should be obtained when a saturated NF4HF solution is

2
filtered,

somevhat

(C)Actual purity of the NF4BF4 obtained in these metathesis reactions

in HF was never higher than 88%, with the major impurity being LiSbFG,
as expected, The large difference between the calculated and the actual

purity is probably the increased sclubility of LiSbF,_ due to the high

6
ionic strength in the concentrated solutions. Another possible source

of impurity is finely divided solid LiSbFG passing through the medium-
porosity Teflon filter paper.

) y -
Since NF4SbF6 and NF4ASFG are soluble in liquid 5 NF48F4 was

also expected to have an appreclable solubility. Li. has a solubility
of less than 1.25 mg/g of BrFs. Thus it appeared that cxtraction of the

NF4BF4--List6 mixture should yicld pure NF4BF4.

(C)When a sample consisting of NF4BF4 and LiSbFG

the soluble fraction contained very little lithium., The antimony content,

was treated with BrFs,

+
however, was almost ithe same as in the original sample, the overall NF4

content indicated a mixture of NF4BF4 and NF4SbF6. Another sample,
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prepared using excess LiF and thus consiating of a mixture of NF4BF4,

LiSbFB, and LiBF4, was treated with three successive portions of BrF5.
LiBF4 is insoluble in BrF5 and ahould filter out with the LiSbFs. Aral-

yses again indicated that the soluble fractions were mixtures of NF4BF4

and NF4SbF6. The antimony content was almost the aame in each fraction.

(C)Thus it appears that the following reaction occurred:

BrF5
NF BF, + L:leI'G——-LiBF4*+ NF SbF _

This reaction must occur as the material dissolves, since the antimony

is not preferentially d;sgblved. The NF; may be removed from the lattice

with the closest SbF; or BF;, leaving behind the insoluble LiBF4 or
LiSbFS.

(C)Since CsSbF6 was found to have a lower molar soluhility in HF than

LiSbFs, treatment of the NF4SbF6-NF4BF4 mixture with CsBF4 in HF should

convert much of the NI-‘4SbF6 into CsSbFs:

HF

NF SbF + CSBF —e- NF BF, + CsSbF_ *

4 144

The aoluble freaction, after filtering, should contailn less SbF6 than the

product after the LlBF4 reaction, and the exchange of SbF; in BrF5 might

not occur with CsSbFs. CsSbF6 and CsBF4 are insoluble in BrF5 and will
filter out. The NFqstB-NF4BF4 mi xture was therefore treated with ex-
cess CsBF4 in HF, the saturated solution filtered, and the soluble prod-
uct extracted with BrFs. The purity of the final product was 90.2% as
indicated by gas evolution on hydrolysis which was only slightly higher
than the original mixture, bL! antimony content was only 2.13% compared
with almost 10% originally. The remainder of impurity may have been

finely divided C.-:BF4 which passed through the filter,

(C)Consequently, another metathesis reaction was carried out using
NF4SbF6 and Csk, filtering the concentrated solution, adding BF3, and
extracting the solid product with BrFS. An extra fine porosity Teflon

filter paper was used to reducc the chance of solid passing through.
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Data from hydrolysis, pyrolysis, and analysis for Cs indicate the
sample was 9271 NF4BF4 and 8% NF4SOF6.

D. (U) Solubility Studies

(UXA number of solubility studies on pertinent compounds have been
carried out in support of our work on metathesis reactions. The solu-
bility dats have been used to determine whether a metathesis reaction
is possible and {to estimate to what extent a separation of products can

be achieved.

{U)A11 the solids used in this study were either prepared by standard
procedures or purchased, the highest commercial purity available being
obtained. In addition, all the samples were thoroughly dried 2nd then
stored before use in a Vacuum Atmospheres Corp. dry box. The infrared

spectra of many of thc salts were obtained as an additional purity check,

(U)The same rigorous conditions were also applied to the solvents that
were used. Vapor pressure and the infrared spectrum verified the purity

of the particular sample.

{U)The HF solubilities of the various compounds listed in Table I were
necessarily run in Kel-~F vessels, while those in other solvents were

determined in quartz tubes,

(U)In a typical solubility determination, the salt under study was
transferred into a solubility vessel in the dry box, weighed, and then
connected to the vacuum line. Enough purified solvent was added to com-
pletely dissolve the solute, which was easily visible with the aid of a
strong illumination source placed behind the solubility tube. Solvent
was then slowly removed with stirring to the first sign of a permanent
precipitate. The vessel was then reweighed tc determine the quantity

of solvent present.

(U)The procedure is estimated to be accurate within 6% based on a
similar determination of the solubility of KCl1 in H20 using this method.
Howecver, the accuracy of the melhod decreases with decreasing solubility.

Thus, for materials of very low solubility, the results are only indicative,
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SOLUBILITIES OF PERTINENT COMPOUNDS
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1

Compound So%;:i;;ty Tem?§£3ture Compound Soi;:?;;ty Tem?gz?ture
in HF in BrF5
LiSbF6 56.2 27 LiSbF6 <1.25 27
NaSbF 108 30 KSbF6 <0,.2
K.:oF6 210 30 CsSbF6 8,1
RbSbF6 87.3 30 NF4SbF6 152
CsSbF6 53,5 30 LiBF4 <0,2
NFdstG 2800 30 CSBF4 <0.45
LiBF4 522 25 LiClO4 Rx
NaBF, 366 27 KC10, <3.84
KBF4 101 26 050164 <8,08
RbBF4 402 28 AgClO4 <3.25
CSBF4 2140 25 CsClF4 1.1
LiClO4 857 27 KBrF6 <1.4
KClO4 211 30 CSBrF6 8.1
CsClO4 169 27 LiF <1.60
NF4ASF6 1370 286 Na~® <1,98
LiAsF6 421 30 Ki Rx
NF4PtF6 <549 26 CsF Rx
NF4BF4 ~758 27 KZSiF6 >100
in IF5 NF4ASF6 <66,5

- NF4BF,1 ~T6 f
NF4bbF6 ~450 27 :
KSb¥ <6.28 in BrF
CsClO4 112,9 NF4SbF6 31,2 27
KZS:'LF6 <21.99
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E. Conclusions and Recommendations

(C)It is important to note that the aeries of salts, NFqsts' NF4AsF6,
NF4PF6, and NF4BF4, has been shown to exist during this work. It is also

important that these salts, as well as NF Pth, are thermally quite stable,

4

NF4SbF6 and N'F4PtF6 decompose rapidly under the conditions of a vacuum

thermal stability test only above 300°C, NF4A5F6 decomposes rapidly

above 250°C, and NF4BF4 decomposes rapidly above 200°C. The decomposi-

tion of NF PF_ was not studied, All of these salts except NF PtF6 de-

46
compose in the same manner, forming NF

4

3 F2, and the anion precursor.
NF4PtF6 also decomposes into the starting reagents but, in addition, some

of the PtF6 formed on initial decomposition decomposes further into PtF4

and F2'
{C)The decomposition reaction can be understood if the cation and anion
are written NFS-F+ and MTX-F_, where M may be Sb, As, P, or B, When the

bonds to F+ and to F are broken, these entities can then form F In

2-

the case of NV PtF the anion must be written PtF_.-e , and the electron

4 76’ 6 !

reacting with F+ to form F and subsequently F2 completes the description.

This mode of decomposition permits us to speculate on the stability of
salts such as the hypothetical NF4CIF4 or NF4BrF6. The alkali meial salts

of ClF4 and BrF; decompose in HF, while the similar salts of BF; do not.

This indicates that the fluoride ion is lcss sirongly held in ClF; and

BrF; than in BF;. Conscquently, we can conclude that the NFZ salts of

the interhalogen anions will be less stable than NF4BF but how much

’
less stable i1s certainly not known nor is it possible :o predict this
from presently known data. It can be argued, however, that the alkali
metal cu"4 and BrF; salts are quite stable thermally,!! and that this
thermal stability is a sufficlent basis for expecting the corresponding
NF: salts to be satisfactorily stable, Thus it is our recommendation
that experimental efforts to synthesize NF4ClF4, NF4BrF6, and possibly

other interhalogen-containing anions be undertaken,

(C)The decomposition of N'F40104 above -27.5°C and the observed in-
stability of NF4803F at -78°C and above can be understood, at least in
-+
part, by invoking the structure NFS-F . The reactions form either FClO4
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or FOSOzF as though F' were reacting directly with & localized negative 3
charge on the aniona. We have concluded that this decomposition behavior
below room temperature probably is to be expected of most, if not all, g
other oxyanions, We therefore do not recommend further work on coupling

-+

NF4 with an oxyanion in the near future.

(C)one of the indices we have used to predict stability of an anion in
the presence of NF; is the relative ease of directly fluorinating the
anion in the form of its salts or as the acid. Our results on NF; and
oxyanlons have led us to believe that salts or acids fluorinated by
fluorine will be much more easily fluorinated by NF;. Conversely, it
appears that ionic compounds not easily fluorinated by fluorine might con-
tain anions that will be stable when coupled with NF;. On the basis of
this simple index, we have selected several compounds containing anions
that might very well be stable when coupled with NF+ and have recommended

4
further study of these,

(C)The metathesis reactions in which NF4CIO4 and NF4HF2 were synthesized
should be viewed as a generally applicable method for synthesis of ener-
getic oxidizers, This type of reaction in liquid HF or in interhalogens
may very well find application to syntheses involving energetic cations
other than NF; and to anions not yet studied during our search for new
NF: compounds. We intend to use the solubility information and knowledge
of compatibility of various pertinent compounds in HF and in interhalogen

solvents to pursue the synthesis of solid oxidizers.

27

CONFIDENTIAL




CONFIDENTIAL

II1  EXPERIMENTAL SECTICN

A, Direct Synthesis Reactions

- +
(C) Experimental procedures for the synthesis of NF, salts from NF,,

F;, and Lewis acids were described in our report AFRPL-TR-66-326,
Novemt-er 14, 1966, and in a published paper.! The report includes

drawings of apparatus not given in the paper.

{(U) These articles discuss the handling of NF; and F, in the vacuum
line and descrive a safe procedure for dealing with F, under high
pressure, but little comment is devoted to the manipulation of SbF; and
the other anion precursors used in the preparation of NF4+ salts, BSbF;
has a low vapor pressure and can be transferred only very slowly. It
also reacts with fluorides on the walls of the vacuum system and forms
SbFE- and, we feel certain, Sb2F11~ and possibly SbaFIG- salts.

These salts can plug the line, hydrolyze when water is introduced as a

r.actant, probably interact with HF, ar’' in general yield a system that
. is difficult to evacuate and may require cleaning. Thus, SbF; should
be distilled from its container into a buret and from the buret into
the reactor through the shortest path. This can be done in a small

subsystem that can be easily cleaned.

(U)AsF; forms arsenate salts in ar F, passivated Monel metal line but
forms no complex arsenate salts analogous to the antimony system. In
addition, these simple hexafluorocarsenates resist hydrolysis. Thus
AsF; could be handled in the vacuum line without difficulty. Its quantity

was determined by PV measurements which were adequate for our purposes.

(C)PtF,; was synthcsized by burning electrically heated platinum wire
in an atmosphere of fluorine contained in a vessel cooled to liquid

nitrogen temperature.!?

The excess F, was removed and discarded, and
the PtF; was isolated, weighed, and transferred to the reaction vessel.
The transfer was made through the shortest path possible, the system
having been thoroughly passivated whenever the line or parts of the line
were exposed to the atmosphere. We observed no decomposition of the

PtF; during manipulation.
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(C) PF; and BF; were handled by the aame technique used for AaFg. It
aeems unlikely, however, that theae two reagents are of interest in
preparing NF4+ salts by the direct syntheais method because of the low
yields.

B. Metathesis Reactions

(C)Experimental details of importance in metathesis reactions include
handling of solvents and the nature of the apparatus. The solvents used
in the present work were HF and several interhalogens. Extensive effort
was required, with each solvent, to obtain pure material suitable for use
with NF,' salts. When purified, HF, CIF,, C1F,, BrF, and IF; are color-

less; BrF; is yellow,

(U) Preparation of arhydrous HF involves several steps that can be
hazardous. The first of these steps in which difficulty might be
encountered is the isolation of the desired quantity from the steel
container in which the HF is received. HF reacts with the container to
form hydrogen which must be removed to facilitate vacuum transfer and to
avoid possible reaction at a later stage when the HF is treated with
fluorine. 1In this work, HF and H, are passed into a specially designed
copper trap cooled with liquid nitrogen. HF is frozen out, while most
of the hydrogen is pumped away. The trap is built so that the inlet
line from the HF container extends halfway to the bottom of thk= trap.
When the HF level in the trap rises to the bottom of the inlet tube,
the inlet tube is plugged with frozen HF and the transfer stops.
Another hazard is avoided by the design of the trap. The HF expands
by a factor of about 1.5 on warming from -196° to room temperature;
thus if the HF were melted in an enclosed volume tco small to contain
the resulting volume ¢f liquid, enormous pressure would develop and
burst the container, Use of the metal trap also permits rapid heat
transfer, rapid and apparently complete condensation and freezing of

the HF, and a high rate of transfer.

{(U) When melted, a portion of the HF in the trap is transferred slowly
into a Kel-F vessel at -196%C. Transfer must be sufficiently slow that

no liquid forms !n the metal lines, If liquid forms, impurities are
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entrained in the HF and collect in the Kel-F vessel., Frost on the

lines indicates the probable presence of liquid HF, However, if the
transfer is carried out so that HF is vaporized in the trap, passes
through the line in the vapor phase, and is recondensed only in the
Kel-F vessel, the product should be colorless, Again, care should be
taken to assure that only about half the volume of the vessel is filled
with HF. Although the Kel-F vessel is cooled with ligquid nitrogen, the
rate of heat transfer is sufficiently low and the rate of input of HF
is higl enough that the HF condenscs as a liquid and is frozen only
after transfer is stopped and the vcssel has been allowed to stand at
-196°C for about half an hour. Pumping on the frozen HF apparently

removes any hydrogen that might remain.

(U)To avoid possible contamination with water that can diffuse through
the walls of the Kel-F vesscl, the HF is transferred immediately to a
copper vessel in which it is trcated with fluorine. The mixture is
allowed to stand overnight, and thc fluorine and otheiy volatiles are

removed by pumping on the HF solid at -196°C,

(C)Small amounts of HF for usc in metathesis reactions are transferred
as needed from the copper storage vessel. However, if the vacuum line
has heen passivated with respect to an interhalogen, a new effect is
observcd., The HF interacts with the passivation products in the line
and the liquid in the receiver is colored. We have assumed that the
colored HF contains impurities that would probably react with NF4+ salts.
To avoid this, we have treated the vacnum line with HF and F, until the
liguid HF isolated is colorless, The treatment requires several batch-
wise additions of HF and F, and may consume as much as a day's work.
Colorless liquid HF, when obtained as outlined above, reacts negligibly

or not at all with NF," salts.

{C)To obtain interhalogens suitable for metathesis reactions requires
passivation of the system with respect to the interhalogen and subsequent
removal of products of the passivation rcactions. We have noted that a
system apperently pasgivated with respect to {luurine is not passive
toward an intcrhalogen. In addition, a system passive with respect to

one interhalogen is not necessarily passive with respect to another.
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- However, we have worked ocut a technique that enables us to obtain aclvent
+
that does not react with NF; salts and that can be used for all the
- interhalogens we have atudied. The technique involves batchwiae addition

of, for example, IF; to the vacuum line until no non-condensables are

formed. When thia condition is achieved, products of the pasaivation
reaction are still in the line. These producta are removed sufficiently

well by treatment with fluorine and evacuation of the system.

(C)On passivation of the system and removal of impurities, IF; or
other interhalogen is condensed into a Kel-F storage vessel. This
vessel is equipped with a stirring magnet and contains an excess of
KF to remove HF. BrF, forms a stable, solid salt with KF but not with
CsF. This will be discussed below, The storage vessel is =2nclosed in
a polyethvlene bag containing a dessicant to prevent diffusion of water
into the system. The interhalogen is condensed into a reaction vessel

+ +
containing NF, salt and does not react with the NF, .

(C)BrF,, in our work contaminated with BrFg, was purified (in part at
least) by trap-to-trap distillation and was subsequently mixed with an
excess of CsF., CsBrF, and CsBrFg; formed on standing with stirring fc>
48 hours, after which the BrF, was recovered by warming the salts with
a heat gun. CaBrF; decomposed readily on warming and BrF, was recovcred,
NF,SbF; was soluble in and did not react with BrF; cbtained in this

manner,

{U)The apparatus for the metathesis reactions is shown schematically
in Fig. 1, and has been discussed briefly in Section YI. Details of the
apparatus involve the type of fittings and connectors used and the design

of the filter system.

{C)The filter system was evolved in stagcs throughout this work., We
found that Chemplast Company Zitex brand paper, composed of Kel-F and
Teflon, was compatible with NF4+ salts in HF solution and with BrF;g.
£ The first paper available was a coarse grade; finer grades were later
obtained. The filter paper was supported on a perforated Kel-F disk
and held in place by a snap ring. Pressure drops across the filter

paper developed when the vacuum system was pressurized with nitrogen to
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check for gross leaks or when HF was admitted. Occasionally, the filter
paper was pulled out of the snap ring by the pressure change., When finer
grades of paper were used, the pressure drops almost invariably caused
displacement of the paper and a new design was required. When the paper
was supported between two perforated Kel-F disks, the filter remained

intact and filtered adzquately as well.

ﬂDFigure 2 shows the fittings and vessels used for the apparatus.
The Kel-F must be machined very slowly with spray cooling to prevent
overheating the plastic. One vessel, which was machined without such
cooling, formed deep stress cracks when placed in liquid nitrogen.
Vessels made subsequently with cooling have not cracked except after
extensive use., It should be noted that the metathesis reaction assembly

was quite expensive.

(C)The procedure Zor using this apparatus is described in the following
outline of the preparation of NF,BF,. The parts of the subsystem are
thoroughly degreased with trichloroethylene, assembled, aftacherd to the
vacuum line, filled with 2 atm of nitrogen, and tested for leaks with a
soap solution. When leak-free under these conditions, the unit is tested
with a helium leak detector. It should be noted that helium diffuses
slowly through the FEP Teflon Tubing (1/4" o.d., 1/8" i.d.). This may ke
observed by placing a plastic bag arourd the subsystem and filling the
bag with helium, After one to two minutes, the leak detector registers
an enormous leak. When the plastic bag and thus the source of helium is
removed, the helium in the system is removed only very slowly. This is
due in part, at least, to the slow rate of diffusion through Teflon.
Consequently, helium leak testing of this system must be carried out
rather quickly, avoiding long exposure of the Teflon to the stream of

helium.
(U)When leak-free, the T system was placed in the dry box.

(C)A 5 g sample of NF,5bF; was added to the filter tube in the dry box,
and a 3 g sample ot Csl* was added to the receiving tube. Both tubes
contained Teflon-coated stirring bars. The 3 g of CsF was a 295 excess,

The tubes were attached to the T and HF was added using the vacuum line,
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About 5 ml of HF waa added to each sample, After atirring, the CsF
solution waa gdded to the NF,S8bF,; solution. A heavy white precipitate
formed. Some HF was distilled back to waah the receiving tube., Part

of the HF waa distilled off, concentrating the NFHF, aolution to reduce
the total CsSbFg content in solution, The aolution waa filtered through

the extrafine-grade Teflon filter paper. About 3 ml of solution paased
through the filter.

(C)Another 5 ml of HF was distilled into the NF,HF, solution. An
excess of BF, at 50 psi was placed above the solution and the aolution
was stirred for 30 min, The solution was cooled to -78%C and stirred
for a few minutes, then allowed to warm and stirred further. The
cooling and stirring process weas carried out two more times after which

the BF, and HF were removed and the solids were pumped on to remove
traces of HF.

{C)The receiving tube had collected 2.19 g of product (theory: 2.71 g).

The T system was returned to the dry box and g filter cap was added

to the tube with the NF,BF,. A receiving tube, prepassivated with BrF.,

as was the filter cap, was attacher to the T.

(c)The vacuum system was passivated with BrF; before BrF,; was added to
the sample. A sample of BrF, was added to the NF,BF, and the mixture was
stirred for 1-1/2 hrs. Some solid remained undissolved. The solution

was filtered, yielding a clear filtrate. Total BrF; in the solution

was 5.3 ml.

(C)The BrF, was distilled off and the solid was pumped on overnight.

The recovery was 0.98 g of NF BF,; also, some was lost in the arms of
the T.

{C)Both hydrolysis and pyrolysis indicate that the final product
consisted of about 927 NF,BF, with 8} of NF,ShF;.

C. Infrared Spectra

{C)The infrared spectra of NF SbF;, NF,AsFg, and NF,PtFg; are given in
Figs. 3, 4; and 5, respectively. These spectra were obtained on a few

milligrams of the salt dispersed in 350 mg of finely divided salt;
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this mixture was then pressed in a pellet die into a transparent plate.
Either KC1 or KF was used. NF, appeara in all spectra we have obtained
by this technique. 1lta presence is the reault of decomposition of the
NF4+ salt during the presaing of the pellet. Since the pellet, while
being pressed, cannot be expected to reach temperatures at which thermal
decomposition can occur, the NF, must arise from reaction with impurities
in the KF or KC1 or with KCl itself, We obtained some spectroscopic-
grade KF, compared spectra of NF,SbF; obtained in KCl and in KF, and

observed that much less NF, was present in the KF matrix,

{C)The KC1 was reagent-grade salt that was pracipitated rapidly from a
saturated solution with concentrated HC1l, dried in a vacuum oven for a
week, and stored in the dry box. Spectra of blank KCl pellets showed
that o small amount of water was present if{ the die was not leak-free.

The same was true of KF. 1n addition, when spectra of NF4+ salts were
studied, several bands due to bifluoride were observed, which indicated
reaction with H,C. These bands were less significant in KF, corresponding

to the smaller amount of NF, present in these pellets.

{C)The bifluoride absorption bands are quite intense, and we estimate
that if 0.54 of the NF.,+ salt were converted to bifluoride by hydroiysis,
the bifluoride band at 1220 to 1220 cm™ ! would be easily seen. This band
has been assigred by Christe et al.,!? to NF4+, but we feel this is open

to question,

(U)The die used in pressing pellets is a specially hardened unit with
0.5" diameter pistons. The driver piston is tungsten carbide alloy, which
occasionally splits under the pressure employed, i.e., 45,000 pounds of
thrust in a press with a 2" diameter ram. The die containing the pressed
plate is returned to the dry box where the pellet is removed. The pellet
is placed in a sealed cell to prevent contact with atmospheric moisture,
The cell consists of a holder containing two silver chloride windows
separated by a washer having O-rings on each face. The pellet fits

inside the washer.

(U)Sample preparation includes grinding a weighed quantity of the salt

matrix to a very fine powder in a mortar, grinding the sample to a fine
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powder in a separate mortar, weighing the sample, and then grinding the

sample and matrix together.

D. NMR Spectra

(U)NF4+ salts are generally quite soluble in HF and give good F!? nnmr
spectra in this solvent. With HF, glass or quartz tubes cannot be used;
it is common practice to employ a Kel-F nmr tube. 1In this work, these
are machined from 8" long Kel-F tubing, 1/4" o.d., 1/8” i.d. Seven
inches of this length is reduced in diameter to 0.190 inch. The narrow
end is sealed with the aid of a small flame.

(U)The tubing is degreased, attached to a valve, connected to the
vacuum line, and passivated. After passivation, the assembly is leak-
tested to be certain that the heat-sealed end is properly sealed. The
assembly is then placed in the dry box where a weighed sample of salt is
placed in the tube. On reassembly and removal from the dry box, the
unit is attached to the vacuum line and leak-tested again, and HF is
adced to the desired level. The tube is cuoled to -196°C and is heat-
sealed well abcve the level of the HF, When the HF melts, a leak in the
new seal can be easily detected as a stream of white vapor, Refreezing
the solution permits further attempts to seal the tube. When a seal has
been obtained the ends of the tube, which may have become distorted
during ine sealing process, can be reduced to the proper diameter either
by filing or by working the melted plastic. The latter method is best

carried out with the contents frozen.

(U)These tubes are spinnable in the nmr spectrometer. However, the

spect roscopist should handle the sample carefully in view of its contents,

(C)Spectra as illustrated in Figs. 6, 7, and 8 were obtained on a
Varian Associates HA-100 spectrometer at 94.6 Mc. The field was usually
scanned from the HF 1line to the F, line. However, only the portion
showing HF, CFCl,, and NF,” is included. In the spectrum of NF,AsF,,
the quadruplet due to AsFG- is detectable at about 70 ppr: from CFCl,.

No lines due to SbFB- or Pth‘ were seen. When the salt is largely
NF,Sb,F,,, the HF and SbF peaks merge to give a very broad line. Thus,

if the SbFG- concentration werz very high, we expect that it would appear
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under the sidebands downfield of HF. The CFCl, line was obtained by the
substitution method. Spectra were usually scanned both with and without
CFCl; reference in order to determine whether weak lines could be

observed in the vicinity of the CFCl, line,
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The rate of reaction to form NF4+ salts in direct synthesis depends on the
acidity of the Lewis acid. Thus, SbF, forms RF,SbF; in good yield., AsF; produces
the arsenate in moderate yield, PFs forms NF,PF; in very low yield, and BF,
produces only a trace of NF,BF;, if any. It was cogcluded that compounds less
acidic than PF; in HF would be unlikely to form NF; salts by direct synthesis.
This was confirmed when C1lF, and ClF; did not yield the corresponding salts,
NF,C1F,, or NF,Cl1F,, on heating NF,, F,, C1F,, and C1F; at high pressure for
extended periods of time. (C)

In addition to NF,SbF,, NF,AsFg, and NF,PF;, a fourth salt, N¥,PtF;, was
formed bv direct synthesis in the reaction:

NF, + 1/2 F, + PtF; — NF Pt¥Fg {C)
This salt was characterized by nmr and infrared spectroscopy, hydrolysis, and
elemental analysis of the hydrolysate. (C)

NF,SbF, has proved to be the most useful in metathesis reactions. Its synthe=
sis is complicated by the formation of varying amounts of the corplex fluoroanti-
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G menate anions, szFil_ and SbaF,s-, as well as formation of contaminants formed by
reaction ¢f F, and SbF; with the Monel reaction vessel. The optimum conditions
found for synthesis of NF,SbF; involve:

3000 psi
L NFy + Fp + 380F;  Too—roeol NFSbyFyg
2 days
200°C
NF,Sb F, ¢ o o NF,SbF; + 2SbF,
2-3 days

Products ranging in purity from 96 to 99.57% haive been obtained. Monel-antimonate
impurities were removed by dissolving NF,SbF; in HF and filtering out the
insoluble metal salts. (C)

Fully characterized NF,SbF; has been used as a reagent in a number of meta-
thesis reactions forming new salts. A typical reaction is:

NF,SbFg + LiCl10, -EE-I--LiSbFE 4 + NF,C10,

Similar reactions have been used to form NF,HF,, NF,SO,F, NF,NO,, and NF,BF,.
The perchlorate decomposes to NF, and FC10, above -27.5°C, the bifluoride is
unstable at -44°C and above, the fluorosulfonate is unstable at -78°C and
above, the nitrate is decomposed in HF solution, but NF,BF, is quite stable.(C)

NF,CN could not be formed owing to decomposition of the alkali metal
cyanide to HCN in liquid HF and to the reaction of cyanide with the .ter-
halogen solvent BrF;. The similar decomposition of K,8iF; in HF led to an
attempt to synthesize (NF,),8iF; in BrF;. No reaction occurred on mixing
NF,SbF; with K,SiF; in BrF,. The lack of reaction indicated that one or
both of the starting reagents dissolved without dissociation into ionic species, (C)

Several alkali metal salts of the C1F; and BrF; anions were synthesized.
In HF, these decompose to form alkali metesl bifluorides and the corresponding
interhalogen. They are, however, moderately solublc in BrF,. It 1s expected
that this solvent will permit determining whether the salts NF,ClF, and
NF,BrF; can be synthesized. (C)

An effort was made to synthesize NF,BF, in a purity sufficient for
determining heats of formation. The highest purity obtained was 96.1%. The
impurities have not yet been determined, (C)

A number of solubility studies were carried ocut in support of work on

metathesis reactions, Solubilities of a number of pertinent compounds in
HF, BrF,, IF,, and BrF; are reported and discusscd. (U)
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