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known isomers of the triethylenetetramine complex
Co(trien)OX+.* To demonstrate the correctness of
our assignments of configuration, we have followed the
procedure of Buckingham, Marzilli, and Sargeson,’
converting each optically active oxalatotetramine com-
plex into the corresponding ‘rans-dichlorotetramine
derivative. The preference of the tetramines 2,3,2-
tet and 3,2,3-tet for the frans configuration facilitates
this transformation in the acidic medium required for
retention of configuration at the coordinated secondary
amine nitrogen atoms. We have assigned the absolute
configurations to the tramns-dichlorotetramine complexes
by comparing their ORD and CD curves with those of
the known triethylenetetramine complexes. The con-
figurations of this family of complexes are related by
the scheme
BH;0H-HC!
A-B-(SS)-[Co(trien)CL]ClOy T————
[M]p = +880° reflux 30 min
trans-(SS)-[Co(trien )Cle] C10,4
[M]p = +3000°

HCI
A-B-(RR)-[Co(2,8,2-tet)OX]ClO; =—>
[M]ses = +5050° H2C204
irans-(RR)-[Co(2,3,2-tet)Cl] Cl0,
[M]p = —880°
HCl
A-a-(RR)-[Co(3,2,3-tet)OX]CIO, 2—>
Ml = —5000° HaCeO4
trans-(RR)-[Co(3,2,3-tet)Cl] Cl0,4
[M]p = +390°

It has been shown that the configuration of the co-
ordinated secondary nitrogen atoms control the course
of the interconversion of trans-Co(trien)Cly* and §-
cis-Co(trien)Cly T, which involves the shift of one donor
atom.® The interconversion of rans-Co(3,2,3-tet)Clyt
and «-cis-Co(3,2,3-tet)OX + is the only example known
to us in which the configuration of the secondary amine
groups controls the stereochemistry of the shift of fwo
donor atoms. In contrast with the chemistry of co-
balt(III) complexes with triethylenetetramine, we find
that the oxalato and dichloro 2,3,2-tet and 3,2,3-tet
complexes are completely interconvertible within each
series—oxalato to dichloro in excess hydrochloric acid
and dichloro to oxalato in excess oxalic acid. In each
case, interconversion proceeds to give a single product
with more than 909, retention of configuration.

These reactions not only demonstrate the power of
dissymmetric donor atoms to control the steric course
of isomerization within the coordination sphere of a
metal ion but also suggest that reaction pathways in
which more than one donor atom is shifted are more
readily accessible than has been supposed.
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In the past few years photoelectron spectroscopy has
been refined to the point where it can now be used to
relate the chemical environment of an atom and the
electron density about that atom by means of an ab-
solute determination of electron-binding energies.? We
wish to report the results of a study utilizing this
method on some coordination compounds where back-
donation may be important.

The use of photoelectron spectra to determine the
effect of coordination on the electron density of a
ligand is based on the fact that changes in the electron
density about an atom are reflected in changes in the
binding energies of the core electrons. Larger binding
energies are associated with smaller electron densi-
ties.?? Since coordination by simple electron pair
sharing is always expected to lead to a decrease in the
electron density of the ligand, one can anticipate that it
should lead to larger values for the binding energies of
the core electrons of the literal donor atom of the ligand.
This effect will be altered where = bonding is also
involved. Where = bonding involves back-donation
from filled metal ion orbitals to empty ligand orbitals,
the effect of = bonding is expected to counter the effect
of ¢ bonding. In addition, in a series of compounds,
there will be effects that are related to the electroneg-
ativity differences between the coordinated atoms.

In order to examine the use of photoelectron spectra
in estimating the relative importance of these factors
we have used such spectra to obtain the binding ener-
gies of the phosphorus 2p electrons in the compounds
(CeHs)sP, (CeH;)sP=0, Ni(P(CsH;)s)oCl, PdA(P(Cs-
H5)3)2C12, and Cd (P (C6H5)3)2C12.

Experimental Section

The spectra were obtained by means of a 35-cm double-focusing
electron spectrometer of the split-coil solenoidal type.®! The
majority of runs were taken at an instrumental momentum
resolution of 0.059,. The spectra were calibrated using the
carbon 1s line of triphenylphosphine as an internal standard.
The Cis binding energies and 8p values corresponding to the
anodes used are listed in Table I.

All analyses were performed by Galbraith Laboratories, Inc.,

Knoxville, Tenn. The nickel complex was prepared by the
method of Cotton, Faut, and Goodgame.* A similar procedure
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Notes

TaBLE 1
ELECTRON-BINDING ENERGIES IN (Cg¢H;);P AND SoME
oF Its COMPLEXES

Binding energies,% eV-

Compound Pp Clzp M
(CsHs)sP 131.9 = 0.4
(7 runs)
(CsH;);P=0 132.9 = 0.1
(4 runs)
Ni(P(CsH;s))Cl 131.6 = 0.3 199.1 = 0.2 855.2 = 0.8
(5 runs) (4 runs) (5 runs)
PA(P(CsH;);):Cle 181.7 &= 0.1 198.8 & 0.5 343.1 == 0.3°
(5 runs) (8 runs) 338.1 =% 0.3¢
(3 runs)
Cd(P(CsH;)3).Cly 131.6 £ 0.2 198.9 == 0.6 413.0 %= 0.2¢
(7 runs) (6 runs) 406.1 == 0.2/
(7 runs)

* The C;s line of triphenylphosphine was used to calibrate all
runs. BE = 285.0 eV; 8p = 116.780 for CH carbon using an
aluminum anode; Bp = 104.500 for CH carbon using a magnesium
anode. ?Ni 2pss,. ©Pd 3dss,. ¢Pd 3dsys,. ¢ Cd 3dsy,. 7 Cd
3ds/,.

was used for the palladium and cadmium complexes with ethanol
as the solvent.

Triphenylphosphine was obtained from the City Chemical Co.,
New VYork, N. Y., and was used without further purification;
mp 79-80°. Amnal. Caled for CiHpP: C, 82.44; H, 5.72;
P,11.83. Found: C, 82.49; H, 5.61; P, 11.59.

Triphenylphosphine oxide was obtained from Dr. D. E. Pear-
son, Vanderbilt University. It was first dissolved in ethanol
and then precipitated by the addition of water. The precipi-
tate was collected, dried, and finally sublimed ¢# wacuo at 150°;
mp 155-156°. Amnal. Caled for CHyi:PO: C, 77.70; H,
5.40; P, 11.15. Found: C, 77.47; H, 5.46; P, 11.16.

Dichlorobis(triphenylphosphine )nickel(II).—A solution of Ni-
Cly-6H,0O (2.38 g, 0.01 mol) in 2 ml of HyO was added to a
solution of (CeH;)sP (5.25 g, 0.02 mol) in 250 ml of glacial acetic
acid. The cloudy mixture was allowed to sit overnight in a re-
frigerator during which time dark blue-green crystals formed;
yield 5.6 g (86%). Amnal. Calcd for NiCyiHgP2Cl:  C, 66.09;
H, 4.62; Ni, 8.97. Found: C, 66.06; H,4.64; Ni, 8.82.

Dichlorobis(triphenylphosphine)palladium(1I).—A solution of
triphenylphosphine (0.161 g, 0.0006 mol) in 50 ml of ethanol was
added dropwise to a solution of K.PdCl, (0.0971 g, 0.0003 mol)
in 75 ml of ethanol with a minimum of water (<5 ml) to effect
solution. A fine yellow solid precipitated immediately. This
was filtered and washed consecutively with ethanol and water
several times and then recrystallized from toluene; yield 0.199 g
(95%)- Anal. Caled for PngeHaonClzZ C, 61.59; H, 4.28,
P,8.83. Found: C,61.52; H, 4.19; P, 8.67.

Dichlorobis(triphenylphosphine)cadmium(II).—Triphenyl-
phosphine (1.2 g, 0.003 mol) in 100 m1l of ethanol was added to a
solution of anhydrous cadmium chloride (0.275 g, 0.0015 mol)
in ethanol (30 ml) and water (6 ml). The resulting solution was
cooled in a refrigerator for 1 hr, during which time the white
crystalline product precipitated. The complex was recrystal-
lized from 957, ethanol; yield 0.88 g (83%). Anal. Caled for
CyHynP.CdCl,: C, 61.07; H, 4.26; P, 8.76. Found: C,
60.91; H, 4.37; P, 8.68.

Results and Discussion

The results are of interest in showing how this tech-
nique can indicate information of an otherwise almost
inaccessible type on the bonding in coordination com-
pounds. The results are presented in Table I.

There are several aspects of the data which are quite
striking. The first is that the difference between the
phosphorus 2p bonding energies of the free and coor-
dinated triphenylphosphine of the complexes studied is
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so small that there is considerable overlap of their ex-
perimental ranges. At first glance this would seem to
indicate that the phosphorus lone pair is not signifi-
cantly perturbed by coordination in these complexes,
but this seems to be a rather unlikely possibility in view
of the stability of the complexes. Upon examining the
data carefully, it can be seen that the binding energies
of the phosphorus 2p electrons of the complexes fall
within a very narrow range. While this range does
overlap the experimental range of the free triphenyl-
phosphine, it seems significant that it is at the Jow
energy end. This indicates a probable net drift of elec-
tron density foward the phosphorus atom in the com-
plexes. Thus it can be seen that in each of the com-
plexes studied, the binding energies of the phosphorus
2p electrons fall a¢ or below the binding energy of the
same electrons in the free triphenylphosphine, indi-
cating that the total electron density around the phos-
phorus remains the same or increases upon coordination.
Pelavin, Hendrickson, Hollander, and Jolly® reported
data on two other coordination compounds of triphenyl-
phosphine which fall very close to the range of the com-
pounds studied here. Their value. for the uncoordi-
nated triphenylphosphine, on the other hand, differs
from the values we obtained by 1.3 eV, which is outside
our error limits. Pelavin, e al., did not report error
limits for their data. We can offer no explanation for
this disagreement; however, other investigators in this
laboratory® have found a value for uncoordinated tri-
phenylphosphine which is within 0.2 eV of the value we
report.

Since the lack of perturbation of the lone pair ap-
pears to be ruled out by the stability of the complexes,
other effects must be considered. A possible explana-
tion of the constancy of the electron density on the
phosphorus atom in the complexes and the free tri-
phenylphosphine is that opposing features of ¢ bonding
(P-—>M donation) and 7 bonding (M—+P donation)
result in near cancellation of total electron drift and a
negligible effect on the total electron density in the
neighborhood of the phosphorus atom. Hendrickson,
Hollander, and Jolly” have noted chemical shifts of
nitrogen 1s electrons in a series of coordination com-
pounds involving nitrogen ligands with m-acceptor
orbitals, which they ascribe to this same M—L ‘back-
bonding.”

Both the tetrahedral (Ni® and presumably Cd) and
square-planar (Pd) complexes have at least two filled
metal d orbitals of appropriate symmetry for the for-
mation of = bonds with the phosphine ligands. In the
case of the tetrahedral complexes, any appropriate pair
may be used, while in the square-planar complex the
filled d,, and d,, orbitals can be utilized. It is inter-
esting and perhaps somewhat unexpected that the
tetrahedral and square-planar complexes 7 bond to
about the same extent, but indeed the experimental
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binding energies bear this out (¢f. Table I). If the
M—P = bonding were more important in the complex
formation than the P—M ¢ bonding, the increased
M—P donation would increase the electron density of
the phosphorus and thus decrease the electron binding
energy, which is exactly the effect noted. The very
slight drop in binding energy of the phosphorus 2p
electrons between f{ree triphenylphosphine and tri-
phenylphosphine in the complexes indicates that back-
donation from the occupied d orbitals of the metal
atoms probably occurs to a greater extent than the
sharing of the phosphorus lone pair with the cadmium.
Here the assumption must be made that the o-bonding
electrons have at least equal if not greater effect on core-
electron binding energies than w-bonding electrons.
Another aspect of the data is the considerable shift
which occurs when the phosphorus is bound to an
oxygen, an element of very high electronegativity. In
this case a ¢ and a = bond are also formed between the
atoms?®?® with the ¢ bond involving P—O and the =
bond involving O—P donation. The significant shift

(8) H. K. Wang, Acta Chem. Scand., 19, 879 (1965).
(9) C. I Branden and I. Lindqvist, ¢bid., 16, 167 (1961).

CORRESPONDENCE

here indicates a depletion of electron densily from
around the phosphorus atoni. The high electronega-
tivity of the oxygen atom leads directly to a low polar-
izability. The combination of high electronegativity
and low polarizability could cause the oxygen to dom-
inate the o¢-bonding electrons while = bonding less
efficiently and thus effect the drift of electron density
away from the phosphorus.

Little can be said regarding the spectra of the coor-
dinated chloride. The low polarizability of the chlo-
ride ion would lead one to expect very little change in
the binding energy of the chlorine core electrons among
similar complexes, and indeed a very constant value is
obtained.

Since we are here coucerned only with the relative
binding energies of atoms within similar compounds, wc
assume that any solid-state interactions that might
affect the data will be small and/or essentially invariant.

Spectra of this sort seem to be capable of providing a
kind of information on bonding in complexes which
allows a direct assessment of the relative importance of
donation via o bonds ws. back-donation from appro-
priate metal orbitals.

Correspondence

Exchange Coupling in Tetranuclear
Complexes. The Modeland Some
of Its Limitations

Sir:

Recently Hatfield and Inman! set up a four-center
exchange-coupled model to describe the magnetic prop-
erties of acetylacetonemono(o-hydroxyanil)copper-
(I1), 1, and its analogs. 1 had previously been treated

P
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( /Cu< >CU<N)
N _ 0 0
1

as a dimer,? whose magnetic properties therefore fol-
lowed the Bleaney—-Bowers equation®

NgZ 2

xew = 7 (8 + ¥ 4 Na (1)

where the symbols have their usual meaning, but 1
is in fact a weakly linked tetramer.* The general
treatment of such multinuclears involves a calculation

(1) W. E. Hatfield and G. W. Inman, Jr., Inorg. Chem., 8, 1376 (1969).

(2} G. A. Barclay, C. M. Harris, B. F. Hoskins, and E. Kokot, Proc.
Chem. Soc., London, 264 (1961).

(3) B. Bleaney and K. D. Bowers, Proc. Roy. Soc., Ser. 4, 214, 451 (1952),

(4) G. A. Barclay and B. F, Hoskins, J. Chem. Soc., 1979 (1965).

outlined elsewhere,5® specific results for which have
been given for tri-, tetra-, and multinuclear interacting
complexes.57 The general results, applicable to com-
plex 1, based on a spin-only Heisenberg exchange

model with all integrals Jy; (between the ith and jth

spins) independent, have been given.® The Hamil-

tonian is

x=-2 Z ]«;jsi‘sj (2)

i>i=1

and the magnetic susceptibility is given by

Ng'?
XM = —
’ 4T
10e—E/5T + g~ KT + 26-—E‘b/kT -+ 2o —E1° /KT +
5€—E2/kT+ 36—E1“/kT+
BT 4 3e—EAT @B T | e—Egﬁ/kT
Na (3)

where the FE,, etc., are the energies of the total spin
states St = 2, 1, 1, 1, 0, 0. The validity of the treat-
ment of the multinuclear spin model is demonstrated
by its ability to predict the results of the extended
Kambe method,?®%® but like all spin-spin coupling
models its applicability is limited by experimental
error, by the possibility of paramagnetic impurities,
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