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in a displacement reaction. The central carbon 
atom is somewhat positive, but not greatly so. 
The orbitals surrounding carbon are all rilled, 
but the electrons in them are somewhat removed 
from the critical region by bonding to other atoms 
or groups. The general situation is clearly inter­
mediate between that of a proton as the substrate 
and an oxygen atom of a peroxide as a substrate, 
but rather closer to the oxygen atom case. As one 
goes from tetrahedral carbon compounds, R3CX, 
across the periodic table to R2NX, ROX and finally 
FX, one expects polarizability to become more im­
portant and basicity less important, as found. 
The fact that tetrahedral boron compounds, 
R3BX, depend more on basicity than does R3CX, 
is also expected. 

I t might also be predicted that as the groups 
surrounding carbon in R3CX promote a mechanism 

Introduction 
Molecular association of solute molecules in sol­

vents of low coordinating power1-4 and in the solid 
state has been invoked recently to explain the 
paramagnetism of some "quadricoordinate" Ni(II) 
chelates. In particular rather strong evidence has 
been presented2'3 to suggest that the paramagne­
tism of Ni(II) acetylacetonate, Ni(AA)2, is due to 
molecular association. In the solid state, X-ray 
crystal structure analysis has shown a trimeric ar­
rangement of Ni(AA)2 units with each Ni(II) atom 
surrounded by a distorted octahedron of oxygens.6 

Diamagnetic molecules can be obtained if the 
methyl groups in acetylacetone are replaced by 
bulky residues which tend to prevent polymeriza­
tion of the nickel(II) 0-diketonate units. Some of 
the diamagnetic solids such as nickel(II) dibenzoyl-
methane and nickel (II) phenylacetylacetonate be­
come partially paramagnetic in non-coordinating-
solvents.2'3 Nickel(II) diisobutyrylmethane, which 
is paramagnetic in the solid state, becomes less 
paramagnetic in solvents of low coordinating power 

(1) J. P. Fackler, Jr., and F. A. Cotton, / . Am. Chem. Soc, 82, 
5005 (1960). 

(2) F. A. Cotton and J. P. Fackler, Jr., ibid., 83, 2818 (1961). 
(3) J. P. Fackler, Jr., and F. A. Cotton, ibid., 83, 3775 (1961). 
(4) R. H. Holm and T. M. McKinney, ibid., 82, 5506 (1960). 
(5) G. J. Bullen. R. Mason and P. Pauling, Nature, 189, 291 (1961). 

with more carbonium ion-like chaiacter, the de­
pendence on basicity should increase. This would 
follow from the increased positive charge on carbon 
in the transition state. It must be remembered, 
however, that groups that favor an S N I mechanism 
do so by processes which remove positive charge 
from the central carbon atom. This greatly 
reduces the expected effect, as was pointed out by 
Swain and Scott.2a The experimental facts are 
not quite enough at present to make the situation 
clear. 
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as the temperature is increased and the concentra­
tion is decreased.2 Polymerization in solution 
similar to that of the Ni(AA)2 in the solid state ap­
parently causes these peculiar magnetic effects. 
Molecular weight determinations in benzene2 for 
the Ni(AA)2 have suggested a trimer for the anhy­
drous material in this solvent. The association 
factor of 2.96 ± 0.2 is quite significant considering 
the difficulty in obtaining perfectly dry samples and 
solvent. 

The trimeric units of Ni(II) acetylacetonate are 
broken by coordinating solvents. The dihydrate6 

and bis-pyridine7 compounds are well known and 
easily obtainable. Changes in the ligand field sur­
rounding the Ni(II) atom occur when the trimer is 
broken and the solvated material is formed. This 
field change produces a shift in the visible absorp­
tion spectrum of the material.6 Since pyridine 
readily coordinates with Ni(AA)2 in hydrocarbon 
solutions, producing a measurable spectral shift, 
it was hoped that additional information concerning 
the polymeric Ni(AA)2 might be obtained by a spec-
trophotometric titration of the acetylacetonate in 
benzene with pyridine. Further interest in this 

(6) G. Maki, J. Chem. Phys., 29, 162 (1958). 
(7) A. E. Martell and M. Calvin, "Chemistry of the Metal Chelate 

Compounds," Prentice-Hall, Inc., New York, N. Y., 1952. 
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The visible spectrum of anhydrous nickel(II) acetylacetonate in benzene containing pyridine is described. The data 
support the premise that the spectral and magnetic behavior of nickel(II) acetylacetonate is due to molecular association in 
solvents of low coordinating power. Furthermore, the data indicate that polymerization occurs in a fashion similar to that 
existing in the solid, namely, trimeric units of Ni(AA)2 with six oxygens surrounding each Ni(II) . The spectra show the 
formation of a species containing two Ni(AA)2 units per pyridine and that the bis-pyridine product is formed only after 
the pyridine to nickel ratio exceeds 0.5. The preparation and characterization of the heretofore unknown compound 
[Ni(AA)2]2-py is described. The equilibrium constant for the reaction [Ni(AA)2]2-py + 3py = 2Ni(AA)2-Py2 has been de­
termined from the spectra. An estimate is made for the equilibrium constant of the initial reaction, 2[Ni( AA)2J3 + 3py = 
3[Ni(AA)2]2-py. 



Jan. 5, 1962 REACTION OF NICKEL(I I ) ACETYLACETONATE WITH PYRIDINE 25 

system stems from the possibility of forming a five-
coordinate mixed complex before the bis-pyridine 
product appears. Graddon8 has shown that cop-
per(II) acetylacetonate appears to form a mono-
pyridine adduct. No spectrophotometric evidence 
was obtained for a bis-pyridine derivative in a 
titration of the acetylacetonate with pyridine. 

In this paper the spectrum of Ni(II) acetylace­
tonate in benzene is described as pyridine is added 
to the solution. The data obtained are analyzed 
for equilibria involving the anhydrous trimer and 
species containing pyridine. Two pyridine con­
taining compounds are found to be stable under the 
experimental conditions. The expected bis-pyri­
dine derivative forms only after an intermediate 
containing one pyridine per two Ni(II) atoms be­
comes the major constituent of the solution. The 
isolation and characterization of this intermediate 
is described. 

Experimental 
Nickel(II) acetylacetonate was prepared as cited in 

earlier communications.8 The material was triply sublimed 
and kept under vacuum until used. Solutions of Xi(AA)2 
in benzene were prepared by diluting 15 ml. aliquots of a 
benzene solution of known concentration. Known amounts 
of pyridine were added to the samples by titration from a 
stock solution of pyridine in benzene. The stock solution 
of pyridine in benzene was prepared by accurately weighing 
a known volume of pure pyridine into the benzene. Fifty 
ml. solutions were prepared and the visible spectra from 
800-400 m/j were observed in a 10-cm. quartz cell using a 
Cary Model 11 spectrophotometer. 

Benzene used in this study was distilled from phosphoric 
anhydride or Linde Molecular Sieves in a 30-cm. Vigreux 
column, excluding moist air, immediately prior to use. The 
pyridine (Brothers reagent grade) was used as obtained in 
the preliminary samples 1-12. In samples 13-31 particular 
care was taken to purify the pyridine by distillation of the 
commercial material from barium oxide immediately prior 
to use. Moist air was excluded from the column and only 
the center-cut, b .p . 115°, was retained. 

Pyridine-tetrakis-(2,4-pentanedionato)-dinickel(II).—In a 
small dish, 16.3 ml. of 0.1248 M solution of purified 
pyridine in dry benzene was mixed with 1.0568 g. of Ni(II) 
acetylacetonate until the complex completely dissolved. 
Upon evaporation in a vacuum desiccator, the crude pyri-
dine-containing complex was formed. After all the solvent 
was removed, pumping was continued at room temperature 
for 24 hr. Analysis showed the crude material contained 
approximately one pyridine for each two Ni(II) atoms 
(found: N, 2.29). The crude material was redissolved in 
anhydrous benzene, approximately 10 ml. for a gram of 
material, and 30 ml. of anhydrous 2,2,4-trimethylpentane 
was added. The solution was filtered, sealed from the air 
and stored at 0° for four days. Light green crystals were 
formed on the walls of the flask. These were removed and 
dried thoroughly in a vacuum desiccator. 

Anal. Calcd. for C25H33O8NNi2: C, 50.64; H, 5.6; N, 
2.36. Found: C, 50.3; H, 5.4; N, 2.40. 

Magnetic susceptibility measurements on the new com­
pound and X-ray powder patterns on Ni(AA)2, Ni(AA)2-py2 
and the new compound were obtained through the courtesy 
of Professor Burris Cunningham and Mrs. Helena Ruben 
of the Lawrence Radiation Laboratory. A Faraday balance 
was used to determine the magnetic susceptibility of the 
compound. 

Results and Discussion 

Figure 1 presents selected spectra of Ni(II) acetyl­
acetonate in benzene with different amounts of 

(8) D. P. Graddon, Nature, 183, 1610 (1959). See also W. R. 
Walker, Australian J. Chem., 14, 161 (1961), and references therein. 

pyridine. The pyridine varies from a concentration 
of approximately four times that of the Ni(II), in 
sample 25, to zero in sample 13. The exact con­
centrations for each sample are listed in Tables I 
and II. The molar extinction coefficient, eo = 
(log ItS1H)IIc cm."1 M-1, is based on the total Ni(II) 
concentration. 
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Fig. 1.—Visible spectra of Ni(II) acetylacetonate in 
benzene and in benzene-pyridine mixtures. Pyridine in­
creases from 15-25. 

At approximately 600 m^ an isosbestic point is 
observed for solutions 20-25. Over the indicated 
range of pyridine concentrations only two species 
are present in appreciable concentrations. One 

TABLE I 

SUMMARY OF SPECTRAL DATA AT 600 m/i FOR THE REAC­

TION OF PYRIDINE WITH N I C K E L ( I I ) ACETYLACETONATE 

No. 

I 1 
3 
4 
5 
6 

13 1 
26 

14 
27 

15 
28 

16 
29 

17 
30 

18 
31 

19 
20 J 

-Solution . 
Concn. Ni(AA)!, 

M 

5.38 X 10"3 • 

• 1.153 X 10-2 

pyridine to 
Ni(II), 
Cpy/Cr 

0.00 
.0923 
.184 
.369 
.563 
.738 

' o . o o 
.00 
.0650 
.0650 
.1298 
.1298 
.2162 
.2162 
.3241 
.3241 
.4325 
.4325 
.4975 
.649 

absorbance 
(liter/mole 

cm), eo 

4 .93 a 

5.93 
6.23 
7.62 
8.00 
8.45 

5.07" 
4.86" 
5.46 
5.33 
5.73 
5.63 
6.01 
6.06 
6.75 
6.84 
7.22 
7.28 
7.39 
7.74 

Mole fracti 
species 

Ni(AA)2 

1.00 
0.803 

.632 

.236 

.126 

1.00 > 1 
1.00 
0.856 > 0 

.836 

.752 > 

.733 

.649 > 

.584 

.372 > 

.312 

.194 > 

.159 
0.13 

Dn 

00 

85 

74 

62 

34 

.18 

° Molar absorbance of anhydrous Ni(AA)2. 

species has its maximum absorption at ^645 mju 
while the other has its peak at ^~590 m/u. The 
latter band appears at the position observed by 
Maki for nickel(II) acetylacetonate dihydrate dis­
solved in pyridine, and with comparable intensity. 
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For purposes of discussion we shall label the mate­
rial producing this band species 3, the bis-pyridine 
derivative,7 Ni(AA)2-py2. The material in equili­
brium with the bis-pyridine derivative over the 
above range of pyridine concentrations we shall 
label species 2. Anhydrous Ni(AA)2, species 1, 
produces an absorption maximum at ~660 m^ 
which is in agreement with other work.2,9 

TABLE II 

SUMMARY OF THE SPECTRAL DATA FOR THE REACTION OF 

PYRIDINE WITH N I C K E L ( I I ) ACETYLACETONATE 

Sample0 

6 
7 
8 
9 

10 
11 
12 
20 
21 
22 
23 
24 
25 

Ratio of 
pyridine to 

Ni(II), 
Ccy/Cr 

0.739 
1.10 
1.47 
1.84 
2.74 
3.68 
7.37 
0.649 
1.084 
1.295 
1.515 
1.952 
4.32 

Molar absorbance& 
(liter/mole cm.) 
eo(Xl) eo(Xs) 

4.28 
4.65 
5.30 
5.89 
6.94 
7.66 
7.86 
5.34 
5.94 
6.16 
6.36 
7.01 
7.67 

8.50 
7.88 
7.05 
6.45 
5.61 
4.84 
4.73 
4.54 
3.69 
3.35 
2.84 
2.20 
1.82 

Average for 
mole 

fraction 
species (2) 

0.958 
.755 
.638 
.484 
.237 
.043 
.003 
.962 
.729 
.632 
.510 
.303 
.025 

K X l O 
(mole~! 

l i ters 

4 .1 
1.8 
2 .1 
1.3 
2.9 

2 .8 
2.7 
2.2 
3.1 
3 .6 

" In samples 6-12, the total concentration is 5.38 X 10~3 

M and in samples 20-25 the concentration is 1.153 X 10"2 

M. b In samples 6-12, X1 is 560 m«, «3 = 4.15, ts = 7.87; 
X2 is 660 m/x, e2 = 8.70, E3 = 4.72. In samples 20-25, 
Xi is 575 nu», «2 = 5.22, e3 = 7.72; X2 is 725 mu, e2 = 4.64, 
e3 = 1.78. 

At low pyridine concentrations, species 2 appar­
ently is in equilibrium with the anhydrous trimer 
Ni(AA)2. This is evident from the isosbestic point 
appearing at ~537 mix. The spectra of the anhy­
drous material (13) and solution 14 (not shown) 
also cross curves 15-20 at wave lengths above 650 
m^. Since samples 1-6 and 26-31 displayed no 
similar inconsistency in their spectra, it is suspected 
that either solutions 13 and 14 had not reached 
equilibrium with the small amount of water per­
sistent in the solvents or that these solutions ab­
sorbed less water from the air than the solutions 
with higher pyridine concentrations. Samples 26 
and 27 show the largest deviations (decrease) in 
molar absorbancies from the same solutions (13 and 
14) run 24 hours earlier (see below). Since the 
molar absorbance of the hydrated species, Ni(AA)2-
2H2O, never exceeds ~ 3.2 in the 500-800 nm re­
gion,6 small amounts of water would be expected to 
produce a general decrease in the molar absorb-
ances of the spectra. The most sensitive region 
of the spectrum will be where the difference be­
tween the molar absorbancy of the anhydrous ma­
terial and the hydrated species is the greatest. 
This appears to be the 630-750 mix region of the 
spectrum for the anhydrous species. Beer's law 
was found to be obeyed at 600 mn for three freshly 
prepared samples of the anhydrous Ni(AA)2 while 
deviations occurred in the direction of increasing 

(9) C. K. Jorgensen, Acta Chem. Scand., 9, 1362 (19SS). 

molar absorbancy with increasing concentration at 
660 mix. 

On the premise that only three Ni(II) species are 
present in substantial amounts in benzene solutions 
of Ni(AA)2 containing pyridine, the observed molar 
absorbance at any wave length is expressed by the 
relationship 

«o = /J«I + Jm + /36» 

The/i 's are ratios of Ni(II) in species i to the total 
Ni(II) and the a's are the extinction coefficients 
per mole Ni(II) for these species. At the isosbestic 
pointforspecies2and3,~600nni,/i= (en— e2)/(«i — 
e2), since «2 = e3. Species 3 does not contribute to 
the spectrum until the pyridine concentration ap­
proaches 1A the Ni(II) concentration and has been 
neglected in analyzing the data listed in Table I. 
Similarly the trimer, species 1, apparently does not 
contribute to the spectrum after the isosbestic point 
at ~600 m/u is observed. It has been neglected 
from the analysis of the data in Table II . 

In Table I are found the data obtained from two 
concentrations of Ni(AA)2 over the pyridine range 
showing dominance of species 1 and 2. Two sets of 
spectra are shown for the 1.153 X 1O-2 M Ni(II) 
concentration. The second set, samples 26-31, 
was obtained 24 hr. after observing the spectra ini­
tially, samples 13-20. The small changes observed 
are due to the presence of water from the air intro­
duced in filling the cells. Since water was not en­
tirely avoided in making the solutions and filling 
the cells, the molar extinction coefficient for each 
species was determined by graphical extrapolation 
in each set of spectra. The reliability of the data at 
the lower concentration is not as good as that ob­
tained for the higher concentration due to the low 
absorbances and uncertain purity of the pyridine. 
However, the results are entirely consistent with 
subsequent work at the higher concentration. 

Neglecting species 3 over the pyridine to Ni(II) 
ratio (rpy/CT) of 0 to 0.5, the fraction of species 1 
present is given by the expression/i = — aCpy/Cr 
+ 1, in the limit of no non-coordinated pyridine. 
The constant a is the Ni(II) to pyridine ratio in 
species 2 and is expected to be one-half for Ni(AA)2-
py2, one for Ni(AA)2-py, and two for [Ni(AA)2]>-py, 
etc. In Fig. 2, J1 is plotted against the ratio 
Cpy/Cr. The dashed line of minus 2 slope in the 
plot corresponds to the formation of a species con­
taining two Ni(AA)2 to each pyridine. The extent 
of the linearity of the plot indicates that little 
"free" pyridine is present until the Cpy/Cr ratio 
approaches 0.5. This indicates a large equilibrium 
constant for the reaction of anhydrous Ni(AA)2 
with pyridine and suggests that species 2 might be 
isolated. An equilibrium constant for the reaction 
2 [Ni(AA)8]3 + 3py = 3[Ni[AA)2]rpy is estimated 
to be approximately 1010. The curve drawn in 
Fig. 2 corresponds to the deviation from linearity 
expected for solutions with CT = 1.153 X 10~2 M 
and K = 1010 liter+2 mole-2. 

By dissolving nickel(II) acetylacetonate in 
benzene which contained an appropriate quantity of 
pyridine, species 2 was isolated as described. An 
X-ray diffraction pattern confirmed the visual ob­
servation that the pure material was crystalline. 
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Furthermore, the powder pattern was significantly 
different from the powder patterns of the trimeric 
anhydrous material and the bis-pyridine product. 
New lines, not present in either known species, 
excluded the possibility that species 2 was a mix­
ture of species 1 and 3. The magnetic moment of 
the material, Mes. = 3.31 B.M. (xs = 16.2 X 10~4 

c.g.s. units ± 3 % at 20°) confirmed the existence 
of a triplet ground state.2 

Spectral data for solutions with a pyridine to 
nickel ratio greater than 0.5 are presented in Table 
II . Assuming an equilibrium between species 2 
and 3, the data were treated in the usual manner. 
The wave lengths used for obtaining absorbances 
are those which gave the greatest change in inten­
sity for the smallest change in the pyridine concen­
tration. Molar extinction coefficients for each 
species at each wave length were obtained by extrap­
olation. An equilibrium constant for the reaction 
[Ni(AA)2]2-py + 3py = 2Ni(AA)2-py2 was com­
puted at each pyridine concentration. An average 
value of 2.7 X 106 mole - 2 liter+2 was obtained with 
a standard deviation of ± 0.3. The constancy of 
this equilibrium quotient with respect to total Ni-
(II) indicates that species 2 is not a polymeric mul­
tiple of [Ni(AA)a]2-py. 

The results show quite conclusively that the 
nickel (II) acetylacetonate readily bonds to two 
donor molecules. The apparent stability of these 
pyridine adducts is to be compared with the equi­
librium constant of 3.2 obtained by Graddon8 for the 
reaction of pyridine with copper(II) acetylacetonate 
in CHCl3. One does not expect distortions in the 
spin-free nickel(II) systems to weaken axial bonds, 
as in copper(II) complexes. 

The spectral evidence presented here directly 
supports the postulate that intermolecular associa­
tion is responsible for the paramagnetism of Ni-
(AA)2. Furthermore the existence of a stable [Ni-
(AA)2 J2 -py molecule coincides well with the premise 
that the structure of the acetylacetonate in solution 
is similar to the structure in the solid. Only 
one coordination position is available on the 
dimer if a Ni(AA)2 is broken from the trimer leaving 
the remaining two Ni(AA)2 units associated by 
means of shared octahedral faces. A structure 
whereby the pyridine is involved in bridging fits 
the stoichiometry but requires the unlikely situa­
tion of two Ni(II) atoms coordinated to one pyri­
dine. In a previous communication,2 it was stated 
that planar molecules could come together with 
their planes parallel so that each nickel atom could 
be coordinated by an oxygen atom of the other 
molecule. If the trimer were of this form in solu­
tion, one would not expect to find a pyridine inter­
mediate with the stoichiometry of species 2 without 
observing a species involving a single pyridine for 
each Ni(II) atom. If one maintains octahedral 
coordination of the Ni(II) by means of shared 
faces, species 2 is the only one to be expected in 
going from the trimer to the bis-pyridine monomer. 
Other species are possible only if the premise of 
shared octahedral faces is rejected. All other 
species apparently are less stable thermodynami-
cally than species I1 2 or 3.10 

(10) D. P. Graddon and E. C. Watton, Nature, 190, 906 (1961), 
published a note which appeared during the preparation oi this manu-

Having obtained an understanding of the struc­
ture of the anhydrous nickel(II) acetylacetonate, it 
seems appropriate to ask why the visible spectrum 
of the dihydrate is so similar to the spectrum of the 
anhydrous species.6 Maki previously has con­
cluded that the spectra of the anhydrous and hy-
drated species may be explained by the assumption 
that in both cases the axial perturbation is small 
compared to the effect of the chelate oxygen atoms. 
The distorted octahedral configuration2 of the 
anhydrous trimeric material discounts the possi­
bility that this explanation is correct. 

0 0.1 0.2 0.3 0.4 0.5 0.6 
MOLAR RATIO PYRIDINE. 

Fig. 2.—Plot of mole fraction Ni(AA)2 versus molar ratio 
pyridine to Ni(II). Circles represent total concentration of 
5.38 X 10 -3 Af Ni(II); triangles correspond to concentra­
tion of 1.153 X 10 _ s M Ni(II). 

Upon comparing the visible spectrum of Cu(II) 
acetylacetonate in alcohol with the spectrum of the 
aqueous copper(II) ion, broad bands are observed 
at ~15,000 cm. - 1 and 12,600 cm."1 respectively.11-12 

Belford, Calvin and Belford11 have performed a 
Gaussian analysis of the copper(II) acetylacetonate 
band in 1-pentanol assuming peaks at 17,000, 15,200 
and 13,000 cm. - 1 which they assign to the three ex­
pected crystal field transitions from filled d orbitals 
to the partially filled dx>_ya orbital. A similar 
analysis of the visible spectrum of CuSO4 -5H2O by 
Holmes and McClure13 indicates that the three 
bands occur at 14,500, 13,000 and 10,500 cm.-1. 
The red shift observed for the bands of the aqueous 
complex compared with the acetylacetonate sug­
gests that the acetylacetonate produces a ligand 
field splitting somewhat larger than the splitting 

script in which they analyzed the visible spectrum of anhydrous Ni-
(AA)< in toluene upon the addition of 4-methylpyridine and 2,6-di-
methylpyridine at one concentration of Ni(II). The results are in 
direct disagreement with this work over the species present upon addi­
tion of base. The above authors claim the presence of a 1:1 adduct in 
contradiction to the isolation of [Ni(AA)i]s'py presented in this paper. 

(11) L. Belford, M. Calvin and G. Belford, J. Chem. Phys., 26, 1165 
(1957). 

(12) T. M. Dunn in J. Lewis and R. G. Wilkins, "Modern Coordina­
tion Chemistry," Interscience Publishers, Inc., New York, N. Y., 1960. 

(13) O. G. Holmes and D. S. McClure, J. Chem. Phys., 26, 1686 
(1957). 
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produced by water.14 Comparing the bands of 
the anhydrous nickel(II) acetylacetonate with the 
hydrated ion, one observes that the effective ligand 
field splittings are approximately equal. 

Ni(AA)2-2H20 in 
Ni(AAJi (cm.->)« C H J O H (cm. -i)« Ni(H1O).+ + (cm. "O" 

8,810 9,217 8,500 
12,900 (13,423) 13,500 
15,280 15,873 15,400 

The decrease in the apparent ligand field strength 
of the acetylacetonate anion relative to water in the 
Ni(II) complex presumably can be described in 
part as due to the specific configuration of the 
anhydrous nickel(II) acetylacetonate^ In the tri-
mer, the Ni-Ni distance is ~2 .8 A.,16 implying 
metal-metal interaction. Since the t2g orbitals of 
the nickel atoms give maximum density between 

(14) Y. Shimura and R. Tsuchida, Bull. Chern. Soc. Japan, 29, 311 
(1956), indicate that both the acetylacetonate anion and water produce 
stronger fields than the oxalate anion but weaker fields than ammonia. 
R. H. Holm (Ph.D. Thesis, M.I.T., 1959) has compared spectral 
data for M(OXJs, M(H2O)8 and M(AA)3 complexes of V(III), Cr(III), 
Mn(III) , Fe(III), Co(III) and Rh(III) . I t appears that the fields 
in M(HaOJe are ~ o % greater than those in M(OXJa and —5% less 
than in M (AA) 3, but there are complications in some of these spectra 
which raise some doubt about the validity of these crude generaliza­
tions. 

(15) A. D. Liehr and C. J. Ballhausen, Ann. phys., 6, 134 (1959). 
(16) G. J. Bullen, Nature, 177, 537 (1956J. 

The method of determining vapor pressures by 
the measurement of the absorption of the resonance 
line is particularly adapted to the study of mixed 
vapors because it determines directly the concen­
tration of each component. The method of 
Scatchard and Boyd2 of measuring the absorption 
photoelectrically has been applied to the vapor 
pressures of both zinc and cadmium from four 
ternary a-silver-zinc-cadmium alloys and the 
results have been combined with those of Scatchard 
and Westlund3 for a-silver-zinc and those of 
Scatchard and Boyd for a-silver-cadmium2 bi­
nary alloys to obtain analytic expressions for the 
thermodynamic properties of the ternary alloys. 

(1) Taken from the Ph.D. Thesis of Tung-Po Lin, M.I.T., 1958; 
Frank M. Shu Scientific Fellow during 1955-1957. The spectroscopic 
work was carried out in the Spectroscopy Laboratory of M.I.T. This 
work received financial support from the United States Atomic Energy 
Commission. 

(2) G. Scatchard and R. H. Boyd, J. Am. Client. Soc, 78, 38S9 
(1956). 

13) G. Scatchard and R. A. Westlund, Jr., ibid., 75, 4189 (1953). 

the ligand atoms, the presence of filled t2g orbitals 
from the adjacent nickel atom or atoms in the octa­
hedral faces should lead to decreased stability of 
the t2g orbitals and increased stability of eg orbi­
tals. Consequently the ligand field splitting pro­
duced by the acetylacetonate in the trimer would 
be smaller than expected in the absence of nickel-
nickel interactions. The approximately equal 
splittings observed in the trimeric acetylacetonate 
and the aqueous Ni(II) complex qualitatively coin­
cide with a weakened acetylacetonate field. Nickel-
nickel interaction is removed in forming the Ni-
(AA)2-2H2O. Thus one expects a slightly larger 
ligand field splitting in this molecule compared with 
the aqueous Ni(II) species. The observed spec­
trum6 of Ni(AA)2-2H20 does not contradict this 
conclusion. The spectral shifts are too small to 
conclusively show the above reasoning to be valid, 
however. Furthermore the effect of distortion 
from an octahedral configuration should be con­
sidered when quantitatively comparing the spectra 
of the acetylacetonates with the aqueous Ni(II) 
species. 
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A marked improvement in the hollow cathode 
discharge tube has permitted several develop­
ments which have increased the precision of the 
measurements. 

Light Source.—It was important to have a single 
light source for both cadmium and zinc to avoid 
realigning the apparatus after each measurement. 
Hollow cathode lamps with the two metals electro­
plated successively were unsatisfactory because 
they became unsteady and flickering after a short 
time. The fact that they required at least seven 
days baking to give a satisfactory small degassing 
rate indicated that the difficulty was due to con­
tamination from the plating solutions. We made 
a satisfactory source by reducing the impurities 
to a very low level. It was essentially the same 
as the one previously used,2 but several changes 
were made. 

The first change was to replace the Pyrex window 
with a quartz window and a graded quartz-Pyrex 
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An improved hollow cathode discharge tube has been developed which gives simultaneously the spectra of zinc and cad­
mium intense enough to be measured with a photomultiplier tube and galvanometer without further amplification, even 
after the light beam is halved by splitting mirrors and monochromated in a spectrograph. The vapor pressures of both zinc 
and cadmium in four ternary a-silver-zinc-cadmium alloys have been determined at several temperatures by means of the 
absorption of their resonance lines. The results are combined with earlier ones for the binary a-silver-zinc and a-silver-
cadmium alloys to determine the thermodynamic properties of the ternary alloys. 


