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Surmary

The preparation of ClFZCIOQ, ClFQClOS, C1F2NO3, C1F2N02,
CleNO aad of similar Cl, F, N, O containing compounds is being
investigated. Some evidence was obtained for the existence of

ClFZNO or ClF-NOF, but it was shown to have a lower thermal

stability chan the C1F3'NOF complex.




Lbstract

This ls the second Quarterly Technical Summary Report of our
second year's investigation of complexes based on chlorinetrifluorida.

The reaction of nitrogen pentoxide and chlorinetrifluoride did
not result in the desired CLF,"NO,”. The main product isolated was
nitrylfluoride. The small amcunt”of residue obtained did not contain
chlorine in any valency state.

Wnen chlorinetrifluoride reacted with fuming nitric acid again
no Cl1¥,"NO,  could be detected. A solid residue of low thermal
stability was obtained, which also did not contain any calorine.

In the vapor phase the presence of ClOzF was established.

The reaction between NOY¥ and ClF gave a solid complex at -78°C.,
which rapidly decomposed at slightly higher temperatures. No complex
rormation was observed between ClO3 and ClF in the range of -78°C
to room temperature.




Intrcduetion

Our earlier studies on the reaction of nitrates and perchlorates
with chlorinetrifluoride did not shew the formation of the expected
difluorochlorinium salts. With 4gNC, the products were NO,F and
AgF,, with KC10, no reaction tock plice. Investigations wére con-
tinted to obtai% ionic compounds containing both anions and cations
of high eners»  For this purpose, the reactions of chlorinefluorides

with N,0s. ANO3, NOF anc ClO.F were studied.

Discussion

Reaction between chlorinetrifluoride and N295

The following reaction was desired:

No,*N0.” + CIF, ——— NC,F + ClF,MNO,"
2 3 2 3

(¥
[N

The reactants were condenszd ccgze &

vigorous reaction took place &s soon asg tne chlorinetrifluoride
melted. The volatile products, analyzed by IR spectroscopy, consisted
of NOZF and excess C1F3, but no chlorinemonociluoride was detected.

t -19¢°C. Upon warming up a

A small amount of solid residue was obtained, which was stable
up to room temperature, although it slowly deliberated nitrous vapors.
The analysis showed high fluorine and nitrogen, but no chlor’ne con-
tent. The absence of the difluorochlorinium cation was also indicated
by its mild rezction with water in which it was clearly soluble.
Analysis exclucdes the possibility of hexafluorosilicate salt. It
could be a complex betwcen HF and nitrogenoxides or nitrogenoxyfluor-
ides. 1Its composition is under further study.

The fiuorination of nitric acid with elementary_ fluorine gives
flucrinenitrate according to the tfollowing equation :

NI -~ N T o um
LU g v FAPN — ' ROQE T is
J < -

If the fluorination of }{;EO;i is carried out with chlorinetri-
fluoride, the formation of CiF, N03 might be expected:

3 + HF

ENO, + CIF_ —— - CIF, ™0

w
o

The re
a vigorous recct
mixture contzined

sH]

ere brought together gradually at -78°C., where
took place. The volatile part of the reaction
I Q 1R J ) N ‘hite
14’ Cloz;’ h1r3’ HROS, N204 &nd &02- A “hlte

cC
~
-

cr o

(1) Cady, G. H., J. Am. Chem. Soc. 56, 2635 (1934)




solid material was left after the evaporization of the volatile
part, which melted at around -10°C. 1In molten state it reacted
rapidly with the quartz container under the formation of SiF,.
The liquid residue consisted of nitric acids and nitrogen oxides.

In the reaction of chlorinetrifluoride with AgNO,, HNO, and
N,0c, nitrylfluoride was obtained as main product. Thkis might be
egpéained by the following two equations:

<+

CiF, No3’ <= CIF + J04F

The second reaction was iavestigated QX Cady and found to be
catalyzed by fluorine and nitrogen oxides(47, By the zcatinuous
decomposition of NO-¥ the first equilibrium could be shifted com-

pletely to the right.

Complex formation of chlorinemonofluoride

Difluorochlorinium cation containing compounds were prepared
in the past from chlorinetrifluoride by the abstraction of a fluorine
anion. Taeoretically they could be prepared from chlorinemonofluor-
ide according to the following reaction equation:

CIF + FX ——— CIF, X"

The actual reaction mechanism can involve the formation of an
intermediate complex without the formation of a fluorine cation,
which would require a high activation energy.

Reactions between C1F, and FX such as NOF are known. In these
cases, however, the chlorinetrifluoride acts as Lewis acid

ClF; + NOF -———— NO'CIF,~

The reaction of NOF with chlorinemonofluoride in CFCl, as a
solvent was found to give a solid complex at -78°C.. but it decomposed
rapidly at slightiy higher temperatures. During the de.omposition a
blue color developed, indicating the presence of nitrogenoxygen radi-
cals.

In the_complex formartion between NOF and ClF, the existence of
either NOF2 or ClF2 might be expected. So far both anions are un-
known.

Under similar conditicus no interaction was observed tetween
ClO3F and chlorinemonofluoride.

(2) Cady G. H., Skiens, W. E., J. Am. Chem. Soc. 80, 5640 (1958)




Starting materials

Chlorinectrifluoride purified as deocrlbpd in earlier
reports. J"rcxlo*nyluor was obraine! from Pennsalt Chem. Co.,
while C1F and NOF came irom Czarik- -.lanoning Co. They were uscd with-
out rturther purification. &ed £

slowly with oxygen uncil ic curned
was prepared from nitric acid and g
was puriiied by Zfractional sublimacion
obtained from iatheson Co.

W a
Ld
T

1ow. Nl””OganedtOAldC
rus pentcoxide. 7“he product
Trichlorosf laorome;nane was

Reaction of nitvogennentoxids with chliorinetrifluoride

Five grams of nitrogzenpentoxide was sublimed into & trap in
the vacuum line and an excess oi chlorinetrifluoride (ap»r. 15 mi.)
was condensed into the trap at -196°C. The trap was warmed up ‘ery
cautiously and upon the hul-lrg oI tre chlorinetrifluoride a vigorous
reactlon took DlaC . A no.og ceous davk brown solution formed. The
reaction products wers condense ¢ -195°C. in another trap and

a
fractionated. Tre fractions were identified by their IR gas spectra
using a 10 cm long cell wich AgCl windows. Beside CL¥. nitryl fluor-
ide was found to be the main L&uauct. 'hOﬂ the reactidn was carried
out with less pure nitrogen:en ox-dv, CLU , NO,, N. U,, iNO, and an
unidentified compound with zgbsorption ac L7/D a%d 1937 em~17was de-
tected in smaller quantity in addition to nitryl fluoride.

~

After the evaporization of the volatile part, a soiid whice
f-l i a

material was odtuinea (130 ng, which wes stable up to room tempera-

ture. Quant Cat"JL analys S gave the Irollowing resulcs: F = 34.0,
/

Two mi. of red Iuming nitric acid was added GlODWlbg to 0 ml.
of C1F. in a quarcz trap at -78°C. 4 vigorous reacticon took place
and thZ resction mixture was worked up 31mlla~-y as dascribed before.
The volatile parc was composed of, zs identified by their IR speccre,

i C"“B, C16,7, HO., ENO,. A white solid resid; was obtzined.

It nelted®at around -10°C. Znd reacced rapidly with the quartz con-
tainer deliberating SIF,. After the reaction, a Llouid remalnea wnic
was found fo contain moltly nitric acid with some dissolved ni Ltrogen
o..ides.
Complex formation between nicrosyifluoride ap d C1F3

Ten ml. ¢l calorinetrifluoride was condensed intc a two-necked
flask at -75°C. arnd nitrosylfluoride was introduced in a slow stream.

i.azicn oi a white crystalline solid was observed. The
orinecriiluoride was wumped off. The remaining wnite solid
started to ceccmzose at around 0°C.

The p ecin
9




- 0 -
e O -3 v ! - e} = -5 A - 1 N5 R
Cemn.cox formation between ritrosvifluoride and CIF

fifty ml. of CCL,F was aced in a two-necked flask and it
was saturated with C1¥ o.o 101°C.) at -78°C. Th~n nitrosyl-
filuoride was passed into the solution at the same temperature and
the precipization of @ vhite solid was observed. As the temperature
was raised slightly, the solid started to decompose with a blue color.

ceaction of percnlorylfiuvoride with CIF

The reacticn was cerried cut as described above, but instead
of nitrosyliluoride, perchlilcrylfluoride (ClO0,F) was bubbled in.
No solid formation was cbserved later when tﬁe temperature was in-
creased gradually to --20°C.
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£ few weeks were lost beczuse of moving to another specially

designed laboratory Irom our temporary piace.




