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Enthalpies of Solution of Triphenyl Derivatives of the Group 5 Elements 1

By John Burgess® and Raymond D. Peacock, Department of Chemistry, University of Leicester, Leicester
LE1 7RH

Enthalpies of solution of the compounds MPh, (M = N, P, As, Sb, or CH) and Ph,0 in methano! and in acetonitrile
are reported ; the solubility of PPhy in a range of solvents is described.

THERE is very little information published pertaining to
the solubilities and enthalpies and entropies of solution of
triphenylphosphine or of other analogous Group 5§ bases
in organic solvents. This situation exists despite the
importance of equilibrium loss of PPhg (or similar bases)
from such complexes as [Pt(PPhs)s o 4], [RhCI(PPhy)g],
[RuCl,(PPhy),], or [Pt(C,Cly)(PPhg),] in homogeneous
catalysis ! or isomerisation reactions.? An enthalpy of
solution for PPh, in ethanol of +5.49 kcal mol™ has been
reported.®> We have therefore determined these quan-
tities for the dissolution of triphenylphosphine in
methanol, ethanol, acetonitrile, and benzene. We have

TABLE 1

Enthalpies of solution (kJ mol™) of compounds MPh;
(M = N, P, As, Sb, or CH) and of Ph,0O in various
solvents (at 298.2 K). The error limits stated are the
standard errors of the means. The number of inde-
pendent determinations was six except where indicated
otherwise

Solvent MeOH MeCN CeH, EtOH
Compd.

NPhy 245406 278 1 0.5
PPh, 232+ 04 275407 159+ 0.3 22.7 4 0.4%¢
AsPhy 23.2 4+ 03 264 +0.2
SbPh, 26.7 + 0.7 27.7 4 0.1
Ph,CH 251+ 0.2 26.1 -+ 0.5
Ph,0 21.4 + 0.3 225+ 04

o Four determinations. % Eight determinations. ¢ Com-

pare the value of 22.9; 2 0.0, k] mol™ of ref. 3.

also determined the enthalpies of solution of other com-
pounds MPh,, where M = N, As, Sb, or CH, and of Ph,0,

EXPERIMENTAL

The compounds used were of the best available com-
mercial grade, recrystallised where necessary until con-
forming to published melting points. Solvents were purified
and dried by conventional methods; methanol was distilled
from magnesium and iodine, ethanol dried over calcium
oxide, and acetonitrile dried over anhydrous calcium
sulphate.

Enthalpies of solution were determined in an LKB 8700
precision calorimeter. This was connected to a Wheatstone
bridge circuit, constructed in these laboratories, employing
a Kipp-Zonen BD5 recorder as monitor. The performance
of this apparatus was checked periodically against the well-
established enthalpies of solution of potassium chloride 4 or
of neutralisation of tris(hydroxymethyl)methylamine.

Solubilities were estimated either by direct weighing of
residues from complete evaporation of aliquots of saturated
solutions or spectrophotometrically.

RESULTS AND DISCUSSION

Mean values for the measured enthalpies of solution are
reported, with the standard errors of their means, in
Table 1. Solubilities of PPh, in several solvents are
reported in Table 2. This Table also includes values for
the entropies of solution of PPh, calculated from Table 1
via the free energies of solution stated; activity co-
efficients of unity were assumed in estimating these free
energies.

There is a reasonably regular pattern for the enthalpies
of solution of compounds MPh; (M = N, P, As, Sb, or
CH) in methanol and in acetonitrile. However, it is

TABLE 2

Solubilities and free energies and entropies of solution ¢ of triphenylphosphine in various solvents at 298.2 K

Tetra-
Solvent MeOH MeCN C¢H, EtOH CeHy, Dioxan  hydrofuran
Solubility/mol din™3 0.08 0.31 13.0 0.18 1.26 2.0 2.5
Method used b b ¢ b a ¢ ¢
AG® (solution)/k] mol™ +6.2 +2.9 —6.3 +4.2
AS® (solution)/] K*mol™ 457 +82 +175 +62

¢ The standard state here is the hypothetical ideal solution of unit molarity.

check. ¢ Gravimetric. ¢ Spectrophotometric.

in methanol and in acetonitrile, to see how these enthal-
pies vary within Group 5 and between Group 5 and
adjacent elements of the Periodic Table.

+ No reprints available.
+1cal = 4.184 J.
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Scott’s ‘ solubility parameter of the solvent ’ 7 met with
little success. Nonetheless the high solubility of PPhyin
benzene is at least consistent with the apparently greater

7 J. H. Hildebrand and R. L. Scott, * The Solubility of Non-
electrolytes,” 3rd edn., Dover Publications, New York, 1964, ch.

17; *‘ Regular Solutions,” Prentice-Hall, New Jersey, ch. 9 and
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J.C.S. Dalton

ease of reversible loss of this ligand from some of the
compounds cited in the Introduction.
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