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232. Stabilities of Complex Compounds of Metals. The System
Di(tri-n-butylphosphine)dichloropalladium(1)—n-Octylamine.
By B. MeppinGs and A. R. BURKIN.

The successive equilibrium constants for the replacement of #-octyl-
amine in [PdCl,(C H,,NH,),] by tri-n-butylphosphine have been obtained
at 25° in 2:2:4-trimethylpentane as solvent. This system is charac-
teristic of those useful for studying the equilibria of complexes of metals
which do not form simple hydrated ions or of ligands or complexes which
are not water-soluble. The absorption spectra of the solutions are used to
obtain the concentrations of all three metal-containing compounds in the
equilibrium solutions. Since two of the compounds absorb light omly in
wavelength regions where all three compounds have appreciable extinction
coefficients, two new graphical methods for obtaining concentrations from
optical-density measurements on mixtures have been developed. The
accuracy of each method is shown by application to one set of data, and the
results are compared with those abtained by the standard method of solving
simultaneous equations.

EquIiLiBRIA between complexes of metals which do not form simple hydrated metal ions
or of ligands which are insoluble in water or give insoluble complexes, can seldom be
studied by conventional methods (see, however, Leden and Chatt ). An unreactive
organic solvent can be used if a reference ligand other than water is chosen, but it is then
necessary to avoid the difficulties caused by ionic association in such liquids. This is
most easily done by studying uncharged complexes. The choice of a suitable reference
ligand is controlled by several factors: (4) The ligand should be monodentate in all
circumstances. (b) It should co-ordinate to as many different metals as possible. (c) To
facilitate comparisons between different metals the ligand should form bonds to the metal
which are similar for all metals, 7.e., *“ double bonding”’ and conjugation should be
avoided. (d) The complexes should be stable and soluble in a wide variety of solvents.
{¢) The free ligand should be readily obtainable, easily purified, and stable.

Nitrogen was considered to be a suitable co-ordinating atom, and a primary aliphatic
amine the best class of compound. Availability and consideration of solubility led to the
choice of n-octylamine. The extensive data existing for the complexes of ammonia in
aqueous solution will permit correlation of results in water and other solvents since
n-octylamine behaves qualitatively in the same way as ammonia, and quantitative studies
are possible.

1 Leden and Chatt, J., 1955, 2936.
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Investigations into the nature of the metal-ligand bond have led to increased interest
in the complexes formed by atoms of low electronegativity (P, As, Sb, S, Se, Te, etc.),
particularly with Group VIII metals. Such complexes can be studied quantitatively in
aqueous solution only in special cases. In this paper, a method is described for studying a
system which will permit comparison of the strengths of the bonds from the metal to such
atoms. Palladium was selected as a suitable metal since it does not give geometrical
isomers under the conditions employed, and tri-n-butylphosphine as the phosphorus-
containing ligand. The acid radical present was chloride and the solvent found to be
most suitable was ¢sooctane (2:2:4-trimethylpentane). The system studied can be
represented as follows :

[PACly(CgH ;" NH,),] + PBuy === [PdCl,(CsH,,NH,)(PBu;)] 4 C¢H,,*NH,
[PACl,(CgH,,NH,) (PBuy)] + PBu, =g==== [PdCl;(PBu;),] -+ C4H,,NH,

The equilibrium constants K, and K, defined as usual, can be used to give the free-energy
change on replacement of n-octylamine by tri-n-butylphosphine. It has been shown? that
the di-(n-octylamine)- and di(tri-n-butylphosphine)-palladous chloride complexes are
stable in hydrocarbon solvents and that ionisation equilibria are unimportant. In benzene
solution the electrical conductance of either of these compounds is unaffected by the
presence of excess of ligand, showing that ionic complexes are not formed. The same is
true for (n-octylamine)(tri-n-butylphosphine)dichloropalladium(tr) which has also been
prepared. Dissociation and chloride-replacement are not important factors influencing
the measured constants therefore, but Chatt ® has pointed out that complexes of Pt(ir)
containing both an amine and phosphine give evidence of association in carbon tetrachloride
solution.4

Dr. L. A. Duncanson kindly studied the infrared absorption spectrum of (n-octyl-
amine)(tri-n-butylphosphine)dichloropalladium(1r) in ésooctane and found two bands due
to non-bonded amino-groups at 3355 and 3318 cm.™! and two broad bands due to hydrogen-
bonded amino-groups at 3233 and 3149 cm.™.  Because of the absorption due to the solvent
it was not possible to determine the association constant, but it is of the order of 10. If
the total concentration of the complex is 10-5M, as in the solutions studied here, only about
0-029, will be in the dimeric form, but it is apparent that at higher concentrations any
effects due to association will be more significant.

Method.—1It is necessary to measure the concentrations of as many as possible of the
compounds in the equilibrium mixture and a spectrophotometric method appears to be
satisfactory. This permits great freedom in the choice of solvent and is of wide
applicability since most metal-complex compounds absorb appreciably in the visible or
ultraviolet region of the spectrum. Moreover, the optical density of a mixture of com-
pounds is an additive property. Two methods may be used to obtain equilibrium
constants from spectrophotometric data: (a) if the extinction coefficients of all the
compounds present are known then the mixture can be analysed from its absorption
spectrum; (b) if the extinction coefficients of only some of the compounds are known then
the change of spectrum on change of concentration of one of the ligands can, under suitable
conditions, be used to obtain a formation curve (see also method 4 below).

In the system under consideration all the compounds can be isolated, and their
extinction coefficients in ¢sooctane measured. The Beer—Lambert law was shown to hold
for all the metal complexes present in the equilibrium mixture and for mixtures of them.
The optical density D at a particular wavelength of a solution containing the five
constituents of the equilibrium mixture is, therefore, given by

D =1(e16; + €965 + €465 + €nln + £4Cp)

where [ is the length of the light path in the solution and ¢, ¢, ¢; ¢4, and ¢, are

respectively the concentrations (moles/l.}) of [PdCly(PBug),], [PdC12(PBu3)(C8H1., NH,)],

[PdCly(CgH,*NH,),], CgH,'NH,, and PBug; e, €, €3, &, and ¢, are the molar extinction
2 Burkin, J., 1954, 71.

3 Chatt, personal communication.
¢ Chatt, Duncanson, and Venanzi, A R. Accad. Lincei, 1954, 17, 120.
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coefficients of the respective compounds at that wavelength. In addition, let M moles/l. be
the initial concentration of palladium complex used. Since ¢, is small at all wavelengths
used, and it was found that ¢, was also small, this equation can be simplified to

D =1 (461 + €565 + €565 + £4Cn) N ¢ 3

The extinction coefficients of the compounds at different wavelengths are shown in Fig. 1,
e, is too small to be shown on this scale. The data are given in Table 1.

Calculation of Concentrations—The standard, and apparently the simplest, method of
obtaining the concentrations of the compounds from the optical densities of the equilibrium
solutions is given as method 1. Since the results were not considered to be sufficiently
accurate, other graphical methods were used to smooth-out the experimental errors.

Method 1. The four extinction coefficients are measured at four suitable wavelengths,
and the optical densities of the equilibrium solution at those wavelengths are measured,
giving four simultaneous equations from which the four concentrations can be calculated.

Method 2. Between 3600 and 2900 A, ey, €3, and ¢, are almost constant, while ¢, is
larger and changes rapidly with wavelength. Then cquation (1) can be written

D =lfeyey + f)

where f = ex¢y + £563 + ¢, and is assumed to be constant between these wavelengths.
Hence, a plot of D against ¢, at a series of wavelengths will give a straight line of slope ;.
For wavelengths shorter than 3000 A the points diverge from the line, and determination
of ¢, and ¢; depends on a quantitative study of the nonlinearity of this portion of the plot.
It is obvious, therefore, that since the component of D due to ¢,¢, is considerable, even at
these shorter wavelengths, the determination of ¢, and ¢; is very sensitive to experimental
eITorS.

The value of ¢, obtained can be used to permit the calculation of ¢, and ¢; by a similar
method. Since the amine is present in large excess, ¢, may be taken as the concentration
of free amine added in making up the solution, so that equation (1) may be rewritten as

D —leje; — lentn = Uegly + £565) = @

where ¢ is known. e, is largest compared with ¢, between 2500 and 3000 A, and ¢ is
calculated for a number of wavelengths in this range. From the above equation

blez = Ueabafes + ¢5)

and a plot of ¢/e; against e,/e; will give a straight line of slope lc, and intercept
lc;.  Similarly a plot of ¢ /e, against e5/e, gives a line of slope lc; and intercept Ic,.

Method 3. In the previous method, ratios of the extinction coefficients are used to
obtain concentrations. Under some conditions it may be preferable to use differences as
follows. 1If ¢, has been determined by method 2 and M is known, then

M—c¢ =c¢c+cg=2x

and Cy =% —Cy
Substitution for ¢, in ¢ =1 (e5¢y + £4¢3)

gives ¢ =1 (esp + e3{ — co})
so that ¢ =1 (Cof{ey — 5} + £4%)

or, since e4x is known at a particular wavelength,
b —legx = o = lcy (g5 — €3)

Hence a plot of « against (¢, — ¢5) over a suitable wavelength region (2500—3000 A in this
case) will give a straight line of slope /¢, passing through the origin.
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Similar substitution for ¢, and subsequent rearrangement (since e, > ¢; throughout

the wavelength region used) gives
legt — ¢ =B =lcg (e — &3)

Method 4. This method for obtaining the equilibrium constants may be used when
it is possible to measure the concentration of only one of the complexes present in the
equilibrium mixture. It requires data for a number of different equilibrium solutions with
a range of concentrations of the determinable constituent. For this reason it was not used
in the present investigation, the simpler methods being adequate.

Since di-(n-octylamine)dichloropalladium(tr) has no appreciable absorption peak
except at wavelengths shorter than 2500 A, where all palladium complexes of this type
absorb, this compound will not be the one which is determined. It is convenient, there-
fore, to re-write the equilibria and put p, = 1/K; and p, = 1/K,. It is apparent that for
a solution containing a given quantity of bis-phosphine complex and free amine mixed
together there will exist a relation between these concentrations, the amount of
phosphine complex converted into the other two complexes, and the two equilibrium
constants. It is assumed that the bis-phosphine complex is the constituent which can be
determined, so that M and ¢, are known, and hence the amount of the compound converted
into the phosphine-amine and bis-amine complexes (x). Then

P1= (x —c3)(cp)[esn

and since Cp=Cy+ 2¢5 =%+ ¢3
P1616n = (¥ — ca)(x + ¢3)
and €2 = %% — Piciln

Similar manipulation of the equation for p, gives

Dotk — C3(Potn + %) — 62 =0
Substitution for c; and ¢;2 in terms of p, then gives

Poln® — (Poln + %)(8% — pyecn)t — (&% — pyoyea) =0 . . . (2)

The following treatment of this equation was suggested by Mr. E. W. Balson. An

upper limit is set for p, by p; > x%/c,c,. Putting 2 — p,cic, = ¢, we can write (2) as
Dotn® — (Potn + %) Pt —p =0

Poltnt — Cutft) —mift — i =0
and P2 = (Wt + ) [ealx — )
From a series of equilibrium solutions a set of limiting values for p, can be found. Setting
#1 equal to a series of arbitrary values less than these limiting values, we can calculate a
set of values for p,. A value of p, is found for which the spread in the values of p, is least.
Alternatively, for a given equilibrium solution several possible values of $, can be chosen,
the corresponding values of p, calculated, and the results plotted with p, and p, as

ordinates. If the curves for a number of solutions are plotted together, the point of inter-
section will give the true values of p, and p,.

DiscussioN AND RESULTS

Detailed results are presented (Table 1) for one solution in which the concentrations of
the compounds were such that convenient optical densities were obtained over the whole
wavelength range by using 5, 10, and 20 mm. cells. In many other cases the solution had
to be diluted in order to obtain ¢;. In order to show the value and limitations of the
different methods described above, the data are treated by each method separately.

Method 1. By using the data for 3170, 2680, and 2500 A, and correcting D for euca,
those combinations of the equations considered to be most likely to be reliable gave the
results shown in Table 3. . The minimum total concentration is 2-115 x 10* which is
1059, of M.



1120 Meddings and Burkin :

Method 2. The excellent straight line obtained by plotting ¢, against D between 3600
and 3000 A gives ¢; = 1-713 x 10-¢ It was found that small amounts of impurities or
other systematic errors in the determination of e, caused non-linearity or, frequently,
two parallel lines, one for wavelengths below 3170 A and the other for longer wavelengths.

Figs. 2 and 3 show the results plotted to obtain ¢, and ¢;. In a consideration of these

FiG. 2.

F1c. 1.

A, £,, [PdCl,(PBu,),]
B, &,, [PACl, (PBug) (CsH ;" NH,)]
C, &, [PdCL(CgH ;" NH,),]

Fia. 3.

/o’;f/sz
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I 1 1 1
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e e
Data for wavelengths : e, 3000—2710; X, 2700—2600;
O, 2580—2500 A. /a"’(c -¢,)
2 3

Lines A vefer to «, B to B. Data for wave-
lengths © X, 3000—2680; C, 2670—2500 A.

and Fig. 4, the following facts are significant : (a) at wavelengths longer than 2850 A, ¢, is
rising rapidly while e, and ¢; are falling slightly or are constant; (b) between 2850 and
2700 A ¢, changes little; (c) ¢, is a maximum at about 2680 A.

Fig. 2 shows a good straight line between 2700 and 2580 A, the slope of which gives
¢, = 247 x 1075, and the intercept, ¢; = 0-7 X 10-5. Putting the intercept equal to
247 x 1075 in Fig. 3 we can draw the best line for the results between 2700 and 2580 A,
the slope giving ¢; = 070 x 1073. The large deviation from the line of the results at wave-
lengths outside this region is due to normal experimental error magnified by the method of
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plotting. This is shown by considering separately the three possible sources of error.
(@) ¢ in error. The value of ¢ which would give linearity over the whole of the wavelength
region between 2500 and 3000 A can be calculated from Figs. 2 and 3. The error (Ad) in ¢
is the same in each case and can be due either to an error in the optical density equal to
A¢, or to an error in either e,c, or ¢,¢,, best expressed as a percentage error. In Table 2 A¢
has been expressed as a percentage of e,¢;. (D) ¢, in error.  From Fig. 2 the value of ¢,/e3
and hence of ¢, necessary for linearity can be calculated. (c) 5 in error. The value of &5
necessary for linearity can be obtained similarly from Fig. 3.

Examination of Fig. 3 and the calculated corrections expressed as 100eops. [ecaic, (Table 2)
shows that the source of error is most unlikely to be the value of e5.  Although an error of
less than 10%, in ¢, would give linearity between 2770 and 2710 A, much greater errors are
necessary to correct the data for longer wavelengths. The most probable source of error
appears, therefore, to be ¢. Of the terms comprising this, ¢, is so small that it cannot be
the source of error (see Table 2). Although the optical-density measurements were
generally reproducible to 0-005, the possible experimental error was considered to be
4-0-01 and is likely to be greatest where D is changing rapidly with wavelength since both
prism-setting and slit-width are then important factors. This error will not wholly account
for A¢, but since a 19, error in either ¢, or ¢, would eliminate the residue, it is considered
that the deviations from linearity shown in Figs. 2 and 3 are due to normal experimental
errors in determining the optical density of the equilibrium solution or the solutions used
to obtain «,.

TABLE 2.
100A4  100e,(obs) 100 ¢, (obs.)
A (A A D 10%¢,¢, £.6, €101 €, (calc.) €, (calc.)
3000 0-007 1-183 1 1-150 0-6 77-8 71
2900 0-012 0-467 2 0-412 2-9 75-1 6-8
2800 0-020 0-404 6 0-281 71 82-2 12-0
2750 0-010 0-406 8 0-245 4-1 93-8 34:3
2730 0-010 0-400 8 0-222 4-5 94-3 389
2720 0-009 0-395 9 0-209 4-3 93-8 41-3
2710 0-006 0-389 10 0-200 3-0 96-2 586

Method 3. The value of ¢, was taken as 1-713 x 104, giving x = 299 X 105,
Plotting « or B against (s, — ¢,) gives two parallel lines in each case, the points for wave-
lengths between 2720 and 2650 A scattering between the two lines. This region corresponds
to the peak of ¢, and suggests that there is a systematic error in €, on one side of the
absorption peak. Such an error could be due, e.g., to slight disproportionation of the
phosphine-amine complex, used to determine ¢,. If the value of « at 2850 A is to lie on
the line drawn for wavelengths below 2600 A (Fig. 4), then ¢, must be approximately 2800,
not 2349, giving (e, — g5} = 2633. The amended value of B is then 0-0047 and the data
for 2850 A fall precisely on the line drawn for wavelengths below 2650 A. It is apparent,
therefore, that the existence of two parallel lines in this method can be explained
quantitatively in terms of a systematic error in e, on one side of the absorption peak.
Since the lines are parallel, however, the values of ¢, and ¢, obtained are not affected. The
lines do not pass through the origin, and this appears to be due largely to errors in « and 8,
but, again the slopes are not affected. Deviations from the lines occur at wavelengths
above 2850 and below 2560 A for reasons similar to those discussed under method 2. The
value of ¢, obtained from Fig. 4 is 2-29 x 105, and Fig. 6 gives ¢; = 0-75 x 10-5.

Summary of Results.—The results obtained for the equilibrium solution discussed above
are given in Table 3. It is apparent that the value of ¢; obtained by method 1 is valueless,
and ¢, depends on the wavelength chosen for the calculations, being fairly reliable. The
values of ¢, obtained by methods 2 and 3 differ considerably, and although that from the
former is probably the more reliable, the total concentration from the latter is closer to M.
Values of K, and K, are, therefore, calculated from both sets of figures.

Other equilibrium solutions gave results essentially similar to those detailed above.?
Three separate solutions were studied by the techniques described below, each being diluted
sufficiently to give suitable optical densities within the wavelength ranges used to measure

¢ Meddings, Thesis, Southampton Univ., 1955.



1122 Meddings and Burkin :

TABLE 3.
Method 10%c, 105¢, 105¢, 10%, 100(c, -+ c3 + c5) /M 103K, 103K,
1 1-713 2-46 2-02 — — — —
2-42 1-60 105

1-85
2 1-713 2:47 0-7 — — — —

0-70 3-87 101 3-93 7-72
3 — 2-29 0-75 3-79 100 3-47 5-50

M = 2012 X 107¢; ¢, == 4:306 x 102

the three concentrations. Pairs of solutions from the same stock solution are bracketed
together, and in each case ¢, was obtained from the more dilute solution. Concentrations
used in calculating the equilibrium constants were obtained by method 2, since ¢, and ¢,
obtained by method 3 were similar but subject to some uncertainty in choice of the line
through the experimental points.

10UM oo 2-012 6-946 2:510 2-484 1-374
10%Cp neeeeeneeeeenneneaine 4-306 21-01 7-59 2:064 1-142
108 Ky wervevnviienennns 3-59 3-42 3.34 3.45 3-72
108 Ky wvveeveeneeseennenn 3-89 412 4-34 3-08 —

Hence the equilibrium constants for the system at 25° are
log K, =334 — 372; —AG, = 456 — 5-07 kcal.
log K, = 3-89 — 4-34; —AG, = 5-30 — 5-92 kcal.

EXPERIMENTAL

The spectrophotometer used was the Hilger “ Uvispek.”” The wavelength drum was
checked for accuracy periodically, and the density scale was tested by using pure potassium
nitrate solutions of different concentrations in 0-5 and 1-0 cm. cells, at 3010 A. Plotting the
extinction coefficient found for each solution against the optical density should give a straight
line parallel to the density axis. It was found that optical density values smaller than 0-4
became increasingly unreliable (usually too high), and that values larger than 1-3 are "also
unreliable (too low). Accordingly, wherever possible, optical density measurements were
confined to the range D = 0-4—1-3. The silica absorption cells were cleaned in hot detergent
(“ Teepol *’) solutions, thoroughly rinsed in running hot water and a jet of distilled water, and
dried i% vacuo over phosphoric oxide.

It was found that the tributylphosphine in the equitibrium mixture was decomposed by
oxygen or water, so the solutions were prepared and studied in an inert atmosphere. A new cell
holder for the spectrophotometer was made, therefore, so that the cells could be kept air-tight
and maintained at a constant temperature. A block of high-purity copper was used, drilled so
that water pumped from a constant-temperature bath circulated through the walls of the
holder, keeping the temperature constant within -£0-1°. The bottom of each cell compartment
was covered by a strip of soft thin rubber, and the undersurfaces of the cell lids were ground
flat and covered with a cellulose adhesive tape. The mild-steel cover of the cell holder screwed
down, and pressure screws on to the individual cell lids could be tightened to make gas-tight
seals. Solutions were prepared and the cells filled and sealed in a ‘‘ manipulation box”’
containing commercial nitrogen and a residual air concentration of less than 0-19%, of the gas

resent.

P Preliminary experiments indicated that, if appreciable concentrations of amine-containing
complexes were to be present in the equilibrium mixture, the concentration of tributylphosphine
present must be very small and the amount of z-octylamine relatively large. These require-
ments were most easily met by using the bis-phosphine—palladium complex and adding amine.
In view of the small quantities of the complex required and the relative complexity of the
technique used to make up the reaction solutions, stock solutions of the materials were made
up for each set of mixtures studied. To increase the accuracy with which the starting con-
centrations were known, the quantities of stock solutions and solvent used were weighed. If
suitable precautions are taken, this is probably unnecessary now that the validity of the
methods used to treat the data is established.

Stock solutions of the phosphine complex were prepared in a stoppered volumetric flask by
weighing solid and solvent. Stock solutions of n-octylamine were prepared as follows. Pure
redistilled amine was again distilled at 16 mm. immediately before use, the condenser passing
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through a sealed hole into the manipulation box. The requisite volume of amine was added to
a weighed quantity of isooctane in a weighed Pyrex-glass tube with a constriction a little below
the top. A quill tube inside a second tube was used for the introduction to avoid wetting the
top or neck of the tube. Into the constriction was put a piece of glass rod which fitted tightly
but did not fall through. The tube was suspended by a clamp above the constriction, and a
coil of nichrome wire wound around this was connected through a suitable resistance to the
A.C. mains. As the glass softened, the weight of the bulb and contents caused the neck to pull
out until it was in contact with the rod, which then softened and sealed the bulb. This was
later removed from the box and weighed to obtain the weight of amine present.

The tubes in which equilibrium was attained were similar but had a second constriction at
the top. After they had been cleaned and dried by repeated evacuation and introduction of
dried air, the tubes were evacuated to 102 mm. and tested to ensure that no pinholes were
present, and the top constriction was sealed, a deep scratch being made later. Each tube
was put in a wire cradle so that it would stand upright and had a piece of rubber tubing sealed
with glass rod fitted over the sealed constriction to act as a stopper later. The tube, stopper,
and rod to be used for sealing the lower constriction were weighed together and a number of
such sets were introduced into the manipulation box. The top seal was broken off at the
scratch and a measured amount of the stock phosphine complex was introduced through a
quill and guard tube. The tube was stoppered, removed from the box together with the glass
fragment broken off, and weighed. It was put back into the box, amine solution was added
in the same way, and the tube removed and weighed. In each case the stoppered tube was in
the air for only a few minutes. Itwas then sealed, or the mixture was divided into several
portions by pouring into other tubes in the box, each of these being sealed by electric heating
as described above, removed from the box, re-sealed in a flame just below the stopper, and kept
at 25°. When necessary, the solutions were further diluted by a similar technique before
measurements were made. The absorption cells were filled and clamped in the cell holder in
the nitrogen-filled box.

Solutions of the bis-phosphine, phosphine-amine, and bis-amine complexes to be used for
measurement of the extinction coefficients were prepared by weighing in the open laboratory.
To obtain appreciable optical-density values, the concentration of n-octylamine used in the
determination of ¢, had to be approximately 100 times the concentration present in an
equilibrium mixture.

Since all solutions were prepared by weight while concentrations were required to be
expressed in moles/l., it was shown that mixtures of #-octylamine and ¢sooctane containing up
to 389, of amine show a linear relationship between amine concentration and density.

Materials—isoOctane (2:2: 4-trimethylpentane) was obtained from the Esso refinery
at Fawley, Hants. It was redistilled before use; 42 0-6877.

n-Octylamine. The commercial material from Armour and Co. was fractionated in vacuo
several times, b. p. data given by Ralston ef al.¢ being accepted.

Di-(n-octylamine)dichlovopalladium(i1). Palladous chloride (2-7 g.) and ammonium chloride
(1-63 g., 2 mol.) were dissolved in water (150 c.c.) in a 250 c.c. stoppered bottle, and #-octyl-
amine (4-0 g., 2 mol.) added. After 2 hours’ shaking, the precipitated complex was filtered off,
dried, and recrystallised from light petroleum (b. p. 80—100°); it had m. p. 112-5° (Found :
C,44-5; H, 86; N, 6-6. C,;H;;N,Cl,Pd requires C, 44-1; H, 8:8; N, 6-49,).

(Tri-n-butylphosphine)(n-octylamine)dichlovopalladium(i1). Di(tri-n-butylphosphine)dichloro-
u-dichlorodipalladium(11) (1-906 g.) was dissolved in the minimum amount of warm benzene,
and #n-octylamine (0-643 g., 2:00 mol.) added to the cooled solution. The benzene was
removed iz vacuo, leaving the required complex as a viscous, golden-yellow oil. Attempts to
crystallise this by cooling it, or its solutions in many solvents, to —40° were unsuccessful, but
disproportionation occurred in some solvents, the phosphine complex crystallising (Found:
C,46-6; H, 9-1; N, 3-0. C,H,,NCLPPdrequiresC, 47-2; H, 9-1; N, 2:75%,). The absorption
spectrum proves that the compound is not a mixture of the bis-phosphine and bis-amine
complexes and contains no bridged compound. '

This work was carried out in the Department of Chemistry, Southampton University, during
the tenure of a University research award by one of us (B. M.).

IMPERIAL COLLEGE OF ScIENCE, LoNDON, S.W.7.
[Present address (B. M.) : OrcaNIc CHEMISTRY RESEARCH DEPT.,
IMPERIAL CHEMICAL INDUSTRIES LIMITED, BILLINGHAM.] [Received, August 16th, 1955.]

¢ Ralston, Selby, Pool, and Potts, Ind. Eng. Chem., 1940, 32, 1093.



