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The thermodynamically unstable AsBr,+AsF¢~ was prepared by the reaction of AsBrs, Br,, and AsFs at low

temperatures, and characterised by Raman spectroscopy.

There is a definite tendency! for the non-metals of the fourth
row, As, Se, and Br, to be unstable in their maximum
oxidation state. For example, although phosphorus and
antimony pentachlorides are stable compounds,? the recently
prepared arsenic pentachloride? is only stable at low tempera-
tures. Salts containing AsCl,* are, however, known, for
example in AsCl,* AsF¢~4> which is readily prepared by the
reaction of AsF; and Cl, at room temperature. We have
shown that reaction of arsenic pentafluoride with stoicheio-
metric amounts of selenium and iodine, and sulphur and
bromine leads to the quantitative preparation of
Sel;*AsFg—67 and SBr3+AsF¢—,68 formally containing de-
rivatives of the unknown Sel, and SBr,. We estimated that
these reactions were both thermodynamically allowed on the
basis of a simple Born—Haber cycle. Using a similar approach
(Scheme 1) we showed that the analogous reaction {equation
(1)] leading to AsBr,*AsF¢~ is also thermodynamically
favourable.

3AsFs + 2AsBr; + Br, — 2AsBrytAsFg— + AsF; (1)

Subsequently we identified AsBry*AsF¢~ from its Raman
spectrum (Table 1). Although AsBrs+tAsF¢— has sufficient
stability to be isolated for a short time as a pure white
compound at —5 °C, it readily decomposes to the thermo-
dynamically more stable products, AsF; and Br,. Thus we
have prepared and characterised a salt of AsBr,*, formally a
derivative of the unknown arsenic pentabromide. Some
compounds containing the As(v)-Br bond, have, however,
been reported, e.g. in AsPh;Br,2, and in AsFsBr-.°

In a typical reaction, AsFs (7.05 mmol) was condensed at
—196 °C onto a mixture of Br, (2.35 mmol) and AsBr; (4.70
mmol) that had been previously held at room temperature in a
10 mm glass tube incorporating a Teflon-in-glass rotoflow
valve and an attached 5 cm thin-walled 5 mm n.m.r. tube (for
Raman spectroscopy). The reaction mixture was warmed to
—5 °C until a clear solution formed (1 min) and then recooled
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Table 1. Raman spectrum of AsBr,*AsFs~,2 AsCly+AsFg~,*45 and
GeBry.b

AsBr,*+ AsFg GeBry AsCl+ AsFg~ Assignment
88(94) 75 156 v,
115(74) 111 187 MX, v,
244(100) 236 422 vl
349(28) 332 500 V3
370(7) 371 Vs
568(5) 570 AsFg~ v,
671(17) 6SOJ vy
702(1)

a Spex Ramalab, Spectra Physics 2W argon-ion laser, 5145 A exciting
line, green laser, slit width 4 cm—!, —196 °C. v in cm~! (relative
intensity). b Refs. 10, 11.

2Br,(1) + 2As(s) + 3F,(@ —> AsBr,*AsF(s)9
i
a As(g) ¢
ld
4Br(qg) As*(g) AsFg7(g)

AsBrt(g) €

Scheme 1. Energy cycle for the formation of AsBr,+AsFs—.

a; Atomisation energy = 26.8 kcal/mol.13

b; Atomisation energy = 72.4 kcal/mol.13

¢; AH¢*(AsFq,g) = —471.4 kcal/mol.12.13.16

d; First ionisation potential = 226.2 kcal/mol.?”

¢; As*—Brbond energy in AsBr,*, estimated as As—Br bond energy in
AsBr;!3 + 5% (calibrated on 2AsF; + 2Cl, — AsCl,+ AsF~ with AH
= —25 kcal/mol; thus giving As*—Cl bond energy in AsCly*: —77.6
kcal/mol, 5% greater than in AsCl;). This gives As+-Br: —64.1
kcal/mol in AsBry*.

f; Crystal lattice energy [ Uy /(kcal/mol)] calculated from the molecular
volume (V/A3) using the linear relationship: Up = 556.3(V,)~0-33 +
26.3;16-17 V, (AsBr,*) was taken to be equal to V(GeBr,) = 178 A3
V(AsFg~) = 105 A3.14 This gives U, (AsBry*AsFs-) = —111
kcal/mol.

g; AH®, AsBr,+ AsF¢—(s) = —433 kcal/mol; thus the heats of reaction
for equation (1): AH; = ~57 kcal/mol; for equation (2): AH, = —23
kcal/mol [AH®, AsFs (g) = —295.6 kcal/mol;i2 AH:*, AsBr;(s) =
—47.1 kcal/mol;2 AEH;®, AsF;(1) = —228.8 kcal/mol!3).

to —196 °C. A white solid formed after this process had been
repeated more than 10 times. Volatile products (AsF3) were
removed under dynamic vacuum at —5 °C for 10 min, leaving a
white solid, the Raman spectrum of which showed AsBr,* to
be present (see Table 1). The part of the spectrum assigned to
AsBr,* consists of four bands which are very similar in
intensity and relative position to those observed for AsCl,+4.5
and (the isoelectronic) GeBr,,19-11 and is consistent with its
possessing T,; geometry.

AsBr,+AsFq~ is indefinitely stable at ~196 °C. It decom-
poses slowly at —78 °C, and rapidly at room temperature
according to equation (2) (established by i.r. and Raman)

AsBr,+AsFg—(s) — 2AsFs(l) + 2Bry(1) )

The synthesis and decomposition of AsBr,+AsF¢— may be
discussed in terms of a simple thermodynamic model. The
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heat of formation of AsBrs+AsFs~ was estimated from
Scheme 1 to be —433 kcal/mol, and it follows that the
enthalpy changes of reactions (1) and (2) are —57 kcal/mol and
—23 kcal/mol respectively. Both the formation and decompo-
sition of AsBr,*AsF4~ are therefore seen to be thermodynam-
ically allowed. The rapid decomposition of AsBrs*AskF¢~ at
room temperature contrasts with the stability of other cations
containing elements from groups 15, 16, and 17. Some of these
are thermodynamically stable (e.g. AsCl,;*AsF¢=45 and
0,+AsF¢~ 1415), Others are only likely to be kinetically stable
under ambient conditions. This kinetic stability may arise
from the higher stability of neutral intermediates, including
AsFs which may not be reduced, or at least not rapidly
reduced, in the decomposition. This is not the case for the
kinetically unstable AsBry+*AsF¢-.

We have estimated from a simple Born~Haber cycle that
AsBr,*AlBr,~ would be much more chemically stable with
respect to decomposition that AsBr,*AsF¢~. Consistently
AsBr,*AlBr,~ exists in equilibrium with its dissociation
products AsBrs, AlBrs, and Br, at room temperature (Raman
evidence).
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