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Redox in the ClZO—Ast System

C. J. Scheck and D. Pilipovich

Rocketdyne, a D1v151on of North Amerlcan Rockwell Cornoratlon
Canoga Park, Cpleorn1a 91304

chhlorlre oxide (or chlor1ne monox1de) hes been reported to form a
coaplex with AsF5 at =78° and at aao;t -50° formed an odd molecule,
ClOAsFS, *hrough elimination of Clz. Inference of the structure as being

the” “OSuulnth odd ‘molecule wss drawn from the observed reection stoichi-
ometry arnd the fact that-the postulated odd molecule reacted with NO2 to

- eive ClNOz.

: We were interested in studying various aspects of the proposed odd
molecule particularly &s a resdy source of *he Cl0 radicel. However, we
felt that, prior to utilizine ClOAqFS as an intermediate, 2 more complete
characterization was in order,

Exgerimental
Mzterizls. Chlorine monoxide was n"eparpd from Cl, and yellow HgO
uslng a modlfled orocedure.2 Arsenic pentafluoride was purchased from

Oza“k—quon1ng and used without purification after gas chromatogréphy
ndicated a “ur1t¥ of better than §9.5/5. Chloryl fluoride was prepared

from KC104 and F,” and purified by frectional condensation. Nitrogen

tetroxiie was purchzsed from the Matneson Co. and purified by fractional ~

condensation. Phosphorus dichloride trifluoride was formed4 from PPz and Cl,.

Apparatus, Experiments were conducted in two vacuum systems, oné
constructed of glass, the other of stainless stieel-Teflon. Solids were
handled in an inert etrzosthere zlove box. Infrared spectrz were teken on
a Perkin-Zlmer 127 Infracord using S5-cm zas cells fitted with AegCl windows

" or dalocarhen it mntls between AgCl plates. Debye~Scherrer powder X-ray

diffraction patterns were obt=ined with 2 5. E, XRDS5 instrument using
CuK & radiation.

Vapc“ ohasp c*rometography of reactants and products wos cerried out,
on 2 column pacxed with 50% w/w of Hrlocaroon €il 4-11V =znd Kel F low

density molding powder fccording to Dayan and Neale.®
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Reactions of C1,0 and AsF5. Measured guantities of C1,0 (117 cc,
5.22 mmoleé) and AsF 4(85.0 ce, 3.79 mmoles) were seperately condensed
into the reactor (glass or Teflon tubes) at -195°, The temperature wes
changed to -78° and it wes observed that the mixed reactants gradually
developed a dark red color. Pumping on the mixture after & few hours at
-78° resulted in the recovery of some of the starting materials and much
Cl,. Subsequent werning of the reaction to ambient temperature gave addi-
tionel small amounts of gaseous materials end a white solid., Little or no
-196° non-condensable gases were observed throughout the reaction, In all,
111 cc of volatile products were obtained. Infrared and gas chromatographic
analysis indicated these products to be a mixture of AsF. (17.5 ce, 0.78 mmole)
and 012 (93.5 cc, 4.17 mmoles) with a trace of €10, and no Cl1,0. The
observed reactant-product ratio of Cl O:AsF5:01 was 5,00:2.89:4.01, Similar
reaction ratios were obtained when C1_0 was used, as the excess reagent. The
solid product showed <wo infrared bangs 1280 czn"1 (m, doublet) and 690 to
700 cm=1 (s. broad). Based on the observed stoichismetry of the reaction
and the known infrered frequencies of C1-0® and AsF compounds, it appeared
"the solid might be principally ClOzAsF6. Accordingly, en euthentic sample
was prepared.

Preparantion of ClQ0-,AsFg. Chloryl fluoride (111 cc, 4.96 rroles) and

AsFg (63.7 cc, 2.84 mmoles) were seperately condensed intc a Teflon ampoule
at -196°9, After 1 nour at room tempersture, the unreacted gases vere
removed and measured (48.0 cc, 2.14 mmoles). An infrared spectrum showed
only FCIOZ. The white solid product had an infrered spectrum identical to
that of the solid from the C1,0-AsF. reaction. In addition, both solids

" fumed in air and exploded on contact with water. Powder X-ray patterns of
both sclids were obtazined and were identical. The observed spacings and
relative intensities are given in Table 1,

Reaction of ClO.AsF6 and NOQ. Weighed amcunts of Cl0.AsF, and excess
NO, gas were reacted for 1 hour &t 0°. The exvected displacement8 of 0102

was achieved but in poor yield; 20% for the solid from the 0120 reaction
and 35% for the £2lid from the F‘ClO2 reaction.
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TABLE 1
X-RAY POWDER DIFFRACTION DATA FOR 0102A8F6

° Relative 0 Relative

d, A Intensity d, A Intensity
7.50 30 2.30 10
5.55 30 2.08 60
5.10 30 2.05 60
4,40 70 1.95 40
4.02 40 1.87 10
3.65 100 1.84 10
3.57 90 1.80 10
2.249 10 1,76 10
3.0% 50 1,70 20
2,87 £10 1.59 15
2,76 £10 1.5 10
2.69 <10 1.53 10
2,54 <10

Reaction of PF3glﬂ and CIQO. A 1:1 mixture of PF;Cl., and Cl?O was
allowed to vwarm to roonm temnerature at which point an infrared spectrum was
taken, Tre only infrared absorbing material present was POF,. None of
the PF C1 a strong infrared absorber, remained. The by-prfHduct Cl
was reveeged by i*s color when frozen. No non-voletile solids were
observed.

Results and Dlscuss1on

i

The reaction of C1,0 with AsF_ coes rot give the odd molecule ClOAsF5
but gives instead the sf£lt Cl10,AsF’. Further, the reaction.appears to
follow the stoichiometry shown”in eguation 1:

5C1,0 + 3AsF, ——> 2C10,AsF, + 4C1, + AsOF, (1)

The resction stoichiometry does not appear to be dependent on the experi-
mentel reactant ratios. The formation of ClO_AsF_. was confirmed by preparing
an asuthentic samyule and compering their X-ray pattferns.

FC10, + AsF; ——> C10,AsF, (2)

In the reaction of C1,0 with AsF_, the evclution of Cl apparently involves
a much more complex process than”z simple C1-0 bond rupture. The equat1on
reported1 for this process =t -50° is shown in equation 3:

C1 O'AsF‘5 —_— Cl0AsF; + 1/2 C1, ()

We would prefer to propose an initial step that 1nfers an ionization of

C120, i.e., an ionic comnlex is obtesined, perhaps cio* A9F501 :

C1,0 + AsF; ———> ClOAsF;Cl (4)

The oxidation of the Cl10* species could then proceed with additional 0120:

€1,0 + CiOAstcl —> ClO,AsFC1 + Cl, (5)
Tris step (pcuatlon 4) should not be considered unusual inasmuch as other
chlorine oxides are capable of redox (ecge, C10, gives some Cl 06 on
photolysis?).
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The =ost difficult rrtionale is *he formation of the AsF,  in the reaction.
Admittedly a multiplicity of diverse resction sequences cCould be rroposed
rost of which would be difficult to exprerimentally verify. One vossible
path offerad involves the dissociétion of ClO2AsFSCI into its components
with the subseguent reactions noted:

C10,AsF,C1 ——> FC10, + AsF,Cl (6)
PASF,C1 ———> AsF,Cl, + AsFg (1)
AsF, + FC10, ——> Cl0,AsF, : (8)
AeF5Cl, + C1,0 ——> AsF,0 + 2C1, (9)

It is rerdily seen tnat the sum of enquations 4 through 9, suitably weighted,
gives eauazion 1,

The identity of AsOF, wrs not estsblished as a product since it is a
non-volatile X-rav”amorchous solid. In addition. we did pot wish to
further complicate mrtters by studying the renction of AsF.Cl, with C1,0 =s
a test of 3q¥ition 8 inasmuch as AsF,Cl_ "goes ionic" 2nd is %ormulateg as

AsClA+AsFF . We did feel, however, that a suitable test of eguation 8
would be *he reaction of PF.C1, and C1,0. Indeed, the rarid conversion of
PFBCl? to HCF3 and Cl, as if eque:ion_?o; :

. C ; ® 1

[ PR,Cl, + €1,0 —>  POF, + 2C1, (10)
stronely sugrests that "covelent" AF,Cl_ would react similarly. The
reaction conditions rre such that %hé réorgenization of AsF Cl, postulated
ag an interrediate in esusztion 6, would give initially the cdovalent structure.

The initial reczort on the preparstions of "ClCAsF_." did offer the
renciion of NO? -3 » proof of the redical present*:

C1OAsF + 20, > 10,asF + C1KO, (11)

Tre evistence o{zﬁOZAs“ hasg rlready been questioned seriously and appar-
ently disoroved ©. Fur%her, the formation of sone ClNOz should be expected
“i%eeT  wrg NO, ineasmuch as the reacticn of C10, and NO, gives

R B R £ . 1 s . ﬁ . 1
Clii0, 7. It is quite likely that the reaction observed by Schmeisser et .

rd
fror
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was the initiel displacement of ClO, from Cl0O A3F6 by NO, followed by a
reection of C10, with N02, the overall reaction being:
1

C10,AsF¢ + 2M0, ~—> NO,AsF¢ + CLNO, + 1/2 0, (12)
Except for the formation of the oxygen, the reaction in equation 12 has
the same stoichiometry of NOp to "solid" as that reported in equation 11.
Thus, the proof of "ClOAst“ through its reactions or its synthesis is
not ccnclusive,




