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The Relative Stabilities of
Noble Gas Compounds’

Sir:

Xenon appears to form bonds only with the most
electronegative elements, fluorine and oxygen. It is
reasonable to assume, therefore, that whatever type
of binding exists in the xenon compounds it involves
considerable electron transfer from the noble gas to
the combining element. It follows that the tendency
to form chemical bonds must increase with the atomic
number of the rare gas.? This rationalization is sup-
ported by many facts, viz., radon compounds do exist,
krypton compounds are less stable than the cor-
responding xenon ones, etc.’ Since compounds of the
lighter noble gases have thus far not been obtained a
further conclusion has gained almost general con-
census: because of their high ionization potentials
argon and the light noble gases are completely inert.
This generalization is also substantiated by the MO
calculations of Lohr and Lipscomb¢ and of Waters and
Gray,® although the latter authors considered ArFy a
possibility.

The author wishes to point out in this communica-
tion that the weight of the chemical evidence suggests
that some argon compounds may be more stable than
the corresponding compounds of krypton and, there-
fore, that there is a fair prospect of coaxing argon into
forming relatively stable compounds.

It is well known that compounds of As, Se, and Br
with the more electronegative elements (notably
fluorine and oxygen) are less stable than the correspond-
ing compounds of both their higher (Sb, Te, I) and
lower homologs (P, S, Cl). Examples of this behavior
aret-8: (i) The heats of atomization (in kcal. mole~?)
of the following gaseous oxides: SO, (240); SeOp
(200); TeO, (216). (ii) The standard heats of forma-
tion (in kecal. mole—1) of the following halides: SFs(g)
(—264); SeFs(g) (—246); TeFe(g) (—318); PFy-
(g) (—189); AsFy(g) (—189.4); SbFs(g) (—216);
PCli(g) (—71); AsCls(g) (—70.1); SbCl(g) (—91.2).
(iii) The standard heats of formation (in kcal. mole~?)
of HC10;, HBrQs, and HIO; are —24, —12.5, and —56,
respectively. (iv) SOz and TeOjy are stable substances
but SeQ; is very unstable. Also, PCly and SbCl; are
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known, but AsCl; was never obtained; SeF, is much
less stable than either SF, or TeFy. (v) The oxides of
bromine are, in general, much less stable than the
oxides of chlorine and iodine. (vi) Perchlorates
(Cl047) and periodates (I0,~ and 1047°) exist and are
quite stable whereas perbromates were not obtained
so far. To these facts, however, one must add that:
(vii) This trend seems not to be obeyed by the inter-
halogen compounds.® Thus, although the dissociation
energies of IF(g), BrF(g), and CIF(g) are, respectively,
66.2, 59.4, and 60.3 kcal. mole™!, the standard heat of
formation of BrFs(g) is higher than that of CIF;(g)
(—67.1 and —38.8 kcal. mole !, respectively).

Sanderson?® and Lakatos!! have tried to rationalize
these trends in terms of alternant electromegativities.
Many years ago'? the author tried to explain the non-
existence of the ion BrO;~ in the following naive way:
in the periodates the low electronegativity of iodine
stabilizes the contributing ionic structures and in
the perchlorates the w-bond structures are stable due
to the low double-bond repulsive forces!® between
chlorine and oxygen. The intermediate position of
bromine with respect to both these two factors makes
the BrO,~ ion particularly unstable. Unless a low
ionization potential is a particularly important factor
in the noble gas compounds,’® it is probable that the
samte unfavorable situation would be present in kryp-
ton-oxygen bonds as compared with xenon—oxygen and
argon-oxygen bonds.

If this general chemical behavior is not reversed for
the group 0 elements, it is to be expected that some
compounds of argon may be about as stable as the cor-
responding krypton compounds. This is particularly
true with the higher oxidation numbers and specially
with oxygen compounds. These requirements may
dim somewhat the prospects of obtaining chemically
bonded argon species since the stability of the known
noble gas compounds decreases with the oxidation num-
ber (Kr(VTI) species are unknown) and also because un-
til now xenates and perxenates have been obtained only
through the xenon fluorides. However, recent measure-
ments of the oxidation potentials of aqueous xenon® in-
dicate that powerful oxidation agents should be able to
oxidize xenon directly to oxygenated compounds, once
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the great activation energy barriers are overcome. The
possibility that an argon-oxygen compound could also
be formed without recourse to the fluorides cannot be
ruled out, and from the foregoing one can conclude that
species like HArO,~ and ArQO, have a fair chance of
being about as stable as, respectively, the known
HXeO;™ ion and xenon tetroxide (XeQ,).1
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Chromium(VI) Species and Spectra in
Acidic Solutions

Sir:
The first dissociation equilibrium quotient of Ho-
Cr0Q,, Kiy, was first determined! from the apparent ab-

Ky = (HCrO.~)(H*)/(H:CrOy) (1)

sorptivities? (§) of monomeric Cr(VI), determined at
different hydrogen ion concentrations, (HT), in the
investigation of dimerization of Cr(VI) in acidic solu-
tions.

én(HCI‘O4_) -+ 612(H2C1‘O4>
(HCrOf) + (HQCI‘O.;)
[enKn + ee(H) ]/ [Ku + HD] (2)

where ¢ and ¢, are the molar absorptivities of HCrO,~
and H,CrQ,, respectively. Since the ratios &/e; at
25.0° in 1 M HClLO,, the most acidic solutions used,
were only 0.922, 0.915, 0.909, and 0.911 at wave lengths
370, 380, 390, and 400 mu, respectively, Ki; was not
determined with great precision. It was found that
with the K1 value of 1.21 moles .71 determined in this
manmner, it was necessary to postulate the existence of
HCr,0;~ in order to account for the dependence of the
gross dimerization quotient, X', on (HT), where

€ =

K’ = (total dimers)/(total monomers)? (3)

The apparent absorptivities of dimeric Cr(VI), &, which
were determined with less accuracy than &, did not
show sufficient change with (H¥) to offer spectral evi-
dence at these wave lengths for the existence of HCr,O7™.

There is an alternate interpretation of the earlier
data. If one assumes that in solutions of (H¥) 1 M or
less, the only dimer present was Cr;0+2~, one can cal-
culate Ky; from K’, (H™), and K4 since

Ky = (H9)/[(Ka/K")" — 1] (4)
where
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Ky = (Cr2072~)/(HCI‘O4—)Z (5)

The Ky values at 25.0° in solutions of unit ionic strength
calculated using Kq = 98 are given in Table I.

TABLE
K1 CarcrraTep FrRom K/ with EQ. 4 aND Ky = 98
(A, M Av. K’ K
0.277 86 4.10
0.416 ’ 81 4.16
0.693 72 4.16
1.000 64 4.21

The average Ky is 4.16 (standard deviation ¢ =
0.05). Since at the same (H*), the ratio (Kq/K’)"
differs from unity more than the ratios &/e; do, the
calculation of Ky; from K’ is probably much more reliable
than that from & if the assumption made concerning the
dimeric Cr(VI) species is valid. Until other experi-
mental evidence shows otherwise, this interpretation is
as good as, if not better than, our previous one. The
values of e calculated from & using the new value of
Ky are 5389 (o = 76), 405 (¢ = 43), 250 (¢ = 22),
and 155 (¢ = 18) M ~! cm.~ at 370, 380, 390, and 400
my, respectively.

Recently Haight, et al.,® reported a value for Ky, of
6.5 at 25° and unit ionic strength calculated from & at
wave lengths of 260 and 350 mu. They used a Cr(VI)
concentration of 4 X 10~ g.-atom/1. and assumed that
the concentrations of dimeric Cr(VI) were negligible.
Their value of Ky at unit ionic strength is probably too
large since they used in their calculation e values, cal-
culated from data at ionic strength 3.0, which were
smaller than corresponding e;» values calculated at ionic
strength 1.0.

We have examined the absorption spectra of Cr(VI)
at wave lengths 220-365 mu carefully at much lower
Cr(VI) concentrations. The removal of reducing im-
purities from water used, the preparation of solutions,
and the spectrophotometric equipment were similar to
those reported earlier,! except that the cell thermostat-
ing device has been improved. Reagent grade potas-
sium dichromate was recrystallized.

A pair of solutions of unit ionic strength and 4.98 X
10—% g.-atom/1. in Cr(VI) and 1.002 A and 0.001073
M in HCIO,, respectively (the ionic strength of the lat-
ter was maintained with NaClO,), was carefully scanned
at wave lengths 320-365 mu at 5-mu intervals at 25.0°.
The ratio of the net absorbance of the more acidic solu-
tion to that of the less acidic solution, or approximately
&/ €1, decreased from 0.99 at 320 mu to 0.93 at 365 mu
(0.94 at 350 myu) and all were greater than those re-
ported at wave lengths of 370-400 mu. A second pair
of solutions, similar to the first but containing only
2.00 X 10~% g.-atom/1L. of Cr(VI), was scanned at wave
lengths of 220-292 myu at 2-my intervals at 15.0°. The
ratio ranged from 0.98 t0 0.92 (0.93 at 260 mu). There-
fore, none of the wave lengths in the 220-365 my region
examined offered a better &/¢;; ratio for the determina-
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