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good approximation in view of the fact that the emis-
sions lie in the same spectral region.

Nonradiative decay rates vary considerably as X is
changed, and the series in which the sixth ligand is an
aliphatic amine is especially interesting. Decay rates
tend to decrease as the number of hydrogen atoms
attached to the nitrogen atom is decreased, i.e., 1° >
2° > 3°. This is consistent with the general theory of
Robinson and Frosch,!! if we assume that N-H vibra-
tions play an important role in the internal conversion
process. The result is also reminiscent of the effect of
successive substitution of methyl groups for hydrogen
atoms on the nonradiative decay rates of the excited
singlets!? and triplets!® of acetone and its derivatives.
However, comparison of the results obtained with
oxygen bases shows. that other factors must be of
importance since the longest lifetime observed with
any oxy base was obtained with ethanol and there is no
significant separation between the compounds which
bear a hydrogen atom attached to the basic oxygen
and those which do not.

In solution at room temperature the compounds all
undergo photodissociation of the X ligands with high
quantum yields and emission is totally quenched. The
relationship between decay by chemical reaction and
the fast nonradiative decay rates at low temperature is
uncertain, but the processes may involve similar, or
even identical, micromechanisms for internal conversion
of electronic to vibrational energy.
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Different forms of cobalt(II) phosphinates have been
studied in our laboratories! and elsewhere,? but all of
the previously known compositions were reported to
contain tetrahedral cobalt(II) and symmetrical bridg-
ing O,0’-phosphinate groups. Polymeric structures
are formed, such as
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The recent synthesis in our laboratories of a new
form of cobalt(II) phosphinate which probably con-
tains six-coordinate metal centers is therefore of con-
siderable interest. This report presents the prepara-
tion and characterization of the new form of cobalt
dioctylphosphinate and compares it to the tetra-
hedral form of this compound.

Experimental Section

Dioctylphosphinic acid, which was supplied by Hynes Chemical
Research (Durham, N. C.), was purified by recrystallization from
ethanol. Other chemicals and solvents were reagent grade and
were used without further purification.

Co[OP(CsH;7):0]2-1.—This material was prepared using the
same general procedure as described for the previously reported
tetrahedral phosphinates.! In one experiment 2.5 g of Co(CHj;-~
C0O0);-4H:0 (0.010 mol) in 100 ml of 959, ethanol was added
with stirring to a solution containing 6.3 g of (CsHi7):P(O)OH
(0.022 mol) in 200 ml of 959, ethanol. A blue precipitate rapidly
formed. The suspension was brought to boiling, an additional
100 m1l of 959, ethanol was added, and the solvent was evaporated
until the volume reached 100 ml. The suspension was then
filtered, and the precipitate was dried under vacuum at 70° for
2 hr, yield 6.3 g. Awnal. Caled for Cs:HesCoOsP2: C, 60.27;
H, 10.75; Co, 9.24; P, 9.72. Found: C, 59.71; H, 10.42;
Co, 9.17; P, 10.23.

Co[OP(CsH;7):0]:-II.—Anhydrous CoCl, (1.3 g, 0.010 mol)
was combined with (CsH;7):P(O)OH (6.09 g, 0.0217 mol) in 200
ml of absolute ethanol. The ethanol was distilled off, and the
residue heated to 60° under vacuum for a short time. The residue
was then washed with 959, ethanol and dried under vacuum for
several hours. Anal. Caled for Ci;sHegCoOuPe: C, 60.27; H,
10.75; Co, 9.24; P, 9.72. Found: C, 60.36; H, 10.60; Co,
9.35; P, 9.82.

Visible spectra were recorded on a Perkin-Elmer Model 450
spectrophotometer. Solid samples were prepared as mulls with
Nujol. Magnetic meastirements were made on a standard Gouy
balance. Infrared spectra were recorded on a Perkin-Elmer
Model 337 spectrophotometer. The samples were run as mulls
with Nujol between KBr plates and as solutions in CCl;. The
X-ray powder patterns were obtained with a General Electric
XRD-5 X.ray diffraction unit with vertical tube mount and
standard General Electric 14.32 cm diameter cameras. The
dsc curves were obtained on a Du Pont differential scanning
calorimeter.

Results and Discussion

Previously Col[OP(CsHy):O): polymers (form I)
were generally prepared from cobalt(II) acetate and
dioctylphosphinic acid,® whereas the new form (form
II) can be isolated from the reaction of cobalt(II)
chloride and dioctylphosphinic acid. Since the sub-
stitution of potassium dioctylphosphinate for dioctyl-
phosphinic acid has no effect on the outcome of either
reaction, it appears that the cobalt salt starting ma-
terial is the main factor in determining the form of the
product.

The visible and near-infrared spectra of both forms
are given in Figure 1. The fine structure and peak posi-
tions in the spectra of form I are quite consistent with
the spectra of known tetrahedral cobalt(II) complexes
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Figure 1.—Visible and near-infrared spectra of Co[OP(CsHnr):O]:-I (dashed line) and Co[OP(CsHir)0]2-11 (solid line), in Nujol mull.

The symbol 1t indicates a change in the frequency scale.

with the band in the visible region due to the A,(F) —
4T4(P) transition, whereas the one in the near-infrared
is due to the *Ay(F) — 4Ty(F) transition. The absence
of the peak associated with the *“A,(F) — *Ty(F)
transition in the spectra of form II as well as the changes
observed in the visible band from that of form I in-
dicate that form II is not tetrahedral or even distorted
tetrahedral. Indeed, the spectrum of form II is
consistent with that of six-coordinate cobalt(II) with
the band at 9100 cm~! due to the *‘Ty(F) — *To(F)
transition and the higher energy bands due to the Ty (F).
— 4A,(F) and *T1(F) — *T,(P) transitions.%® This is
in agreement with the qualitative observation that form
I has a much more intense color than form II. This
evidence does not completely eliminate other structural
possibilities for form II. However, the most probable
structure for form II is six-coordinate since the vast
majority of cobalt(II) compounds are either octahedral
or tetrahedral and the spectrum of form II is clearly
different from that of form I which is kown to be tetra-
hedral.

Since the magnetic properties of cobalt(II) complexes
can sometimes be used to differentiate between four-
and six-coordinate structures, the magnetic moments
of both forms of Co(OP(CsHy).0), were determined.
The moment of form I was found to be 4.8 BM, whereas
that of form II was 4.9 BM. Unfortunately the small
difference in these values is within the experimental
error. Moreover, both values are in the range of those
values previously reported for both four- and six-co-
ordinate cobalt(II) complexes. Thus, these magnetic
moments do not provide sufficient basis for a structural
assignment.
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Figure 2.—Infrared spectra in Nujol mull: I, Co[OP(CsH;7):0]e-
I; II, Co[OP(CsHyr)0]s-11,

In Co[OP(CsHi7):0]: the oxygens are the only ap-
parent donor groups and there are only four oxygen
atoms per cobalt atom; therefore a six-coordinate
structure would require some of the oxygens to co-
ordinate to more than one cobalt center. The in-
frared spectra—particularly in the PO, stretching
region—of the six-coordinate complex would thus be
expected to be considerably different from the spectra
of the tetrahedral poly(metal phosphinates). The
infrared absorption spectra for form I and form II in
the solid state are given in Figure 2. The spectrum of
form I is similar to the spectra obtained for other
poly(metal phosphinates) which contain tetrahedral
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metal centers. The dissimilarity of the spectra of the
two forms is consistent with form II being six-coordi-
nate. The most striking difference between the spec-
tra of the two forms is in the PO, stretching region
where form I has two strong bands and form II has
three. The two bands observed for form I are quite
readily assigned to the antisymmetric and symmetric
PO, stretches.” The intensity and position of the three
bands in form II’s spectra are characteristic of PO,
stretching vibrations, but for Ci, or C; symmetry of
the phosphinate anion only two strong PO, stretching
bands are expected. It may well be that form II
contains more than one structural type of phosphinate.

The thermograms for both forms were recorded by
dsc, and the results are given in Table I. The tempera-

TaBLE I
Dsc ExpotrERMS FOR Co[OP(CgHir),0],
Approx
transition
Form temp, °C AH, cal/g Assignment
I 54 5.1 Solid state transition
from one crystalline
form to another
111 5.8 Transition from crystal-

line form to para-
crystalline form

11 68 24.9 Transition from form II

to form I

tures of the transitions were found to vary with the
thermal history of the sample as well as its size and
heating rate, so that the values given are only approxi-
mate. The transition temperatures and energies of
form I are in the range of those previously observed
for Zn[OP(CsHy;):0]s® which is isomorphous with form
I. The assignment for the endothermic transformation
at 54° for form I is based on that made for the iso-
morphous Zn[OP(CsHy;).0): polymers, whereas the
assignment of the transition at 111° was made after
a careful study with a light polarizing microscope. The
higher temperature transition for Zn[OP(CsH7):0],
was previously assigned as a melting. However, even
well above 170° birefringence was observed for both
Co [OP(C3H17)20]2 and Zn [OP(CgHu)zO]z. Thus the
high temperature transition is most probably a transi-
tion from a crystalline form to a paracrystalline form,
similar to that described for other zinc and cobalt
phosphinates.? The thermogram of form II shows one
transition which corresponds to its conversion to form
I and which was found to be irreversible.

Although both forms are soluble in nonpolar solvents,
infrared spectra indicate that form II converts ir-
reversibly to form I upon dissolution and consequently
no molecular weight data could be obtained for form
II. Form II is crystalline with a considerably dif-
ferent X-ray powder pattern than form I which can be
either crystalline or amorphous. The d spacings for
both forms are given in Table IT.

This appears to be the first example of a poly-
(metal phosphinate) which exists both in four- and six-
coordinate forms. However the two isomers have some
similarities to the well known « and 8 forms of Co(py).-
Cly.* In both systems the six-coordinate form converts
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NotEs
TaBLE 11
X-Ray PowpeR PATTERNS OF Co[OP(CsHir):] O
Form I Form I1

d, & It d, A 1t
16.07 100 14.04 100
10.07 40 10.32 30
9.10 30 8.81 80
8.42 100 4.71 60
7.09 30 4.35 90
6.24 10 4.06 20
4.94 60 3.63 50
4.58 5

4.27 50

¢ Cu K« radiation was used. ? Relative intensities estimated

visually.

to the four-coordinate form on heating or dissolution;
on the other hand, the conversion in the Co(py).Cls
system is reversible, whereas in the Co(OP(CgHi7):0)2
system it is not.
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Accurate binding energies cannot usually be ob-
tained from Hartree-Fock (HF) calculations because
the changes in correlation energy are often of the same
orders of magnitude as the corresponding changes in
the HF energy.! The HF binding energies are still
of interest, however, when some estimate of the sign
and magnitude of the correlation energy changes can
be made. We report in this note ab instio self-consistent
field (SCF) calculations? of the energies of formation,
AEf, for BoHg and BoH; .

An extensive calculation of the AE: for the reaction

2BH;(g) —> ByH¢(g) (1)

has been reported by Gelus, Ahlrichs, Staemmler,
and Kutzelnigg (GASK).? This calculation employed
a large Gaussian basis set and the correlation energy
corrections were estimated using the independent
electron pair approximation.®* The total AE:; was
estimated to be —36.0 = 5 kcal/mol. These authors
attributed —11.5 keal to the HF energy changes, and
—24.5 keal to changes in the correlation energy; these
values included estimates of —3.0 kcal/mol and —7.7
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