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O'—‘O CHa
/ / 5 hr 2 days recrystn
((CeHs)aP)th C\ —_— I —_— II ((CeHs)aP)th(OCOCHa)z
D
COCH;
[e]
A
Ir 1710 vs 1825 m 1715 vs 1625 vs
C=0 162O}vs 1620}vs
1600 1600
Nmr 2.29 (3) 2.19 (3) 2.07 (3) 1.37 (b)
Alkyl 'H 1.43 (3) 1.32 (3) 1.32 (3)

2,4-dinitrophenylhydrazine derivative of ((CeHs)sP)o-
PtO;  C;H;COCOCH; and the dinuclear adducts are
quite stable.

Experimental Section
Materials.—The diketones, with the exception of p-methoxy-

rated ethanolic solution of the reagent to a solution of the complex
in the minimum CHyCl;. The orange derivative precipitated
almost immediately, was filtered off, washed with ether, and
dried i vacuo. See Table II for analytical results.

Physical Measurements.—Proton nmr spectra were obtained
on a Varian A-60 spectrometer and the ir spectra on a Perkin-
Elmer 700 (correct to =5 cm™1).

TaABLE II
ANALYTICAL RESULTS

Compound Mp, °C
R, = CH;, R; = CH;
Adduct A 106-108 dec
Dinucl adduct C# 111-115 dec
Carboxylate D 203-205
R, = C2H5, R; = CH;
Adducts A and B 138-140 dec
Carboxylate D 205-210
2,4-DNPH deriv of A and B? 275 dec
R; = CiHs, Ry = CH,
Adducts A and B 105-108 dec
Carboxylate D 175 dec
R; = P-CHaOCsHh R; = CH;
Adducts A and B 110-125 dec
Carboxylate D 145-150 dec
Rl = CGHE, RZ = CGHE
Adduct A 108-112 dec
Dinucl adduct C
Carboxylate D 206-208
R; = CH;COCH.CH,, R: = CH;
Adduct A 131-133 dec
Dinucl adduct C¢ 122-126 dec

¢ Molecular weight: caled, 15689; found, 1387.
found, 10385. There is considerable dissociation in solution.

1-phenyl-1,2-propanedione were Eastman Organic Chemicals.
The latter was prepared by oxidation of anisylacetone (ROC/
RIC Co., Sun Valley, Calif.) with selenium dioxide using an
adaptation of the method of Riley and Gray.® The required
product was distilled under reduced pressure at 77° and was
recovered as bright yellow-green crystals, mp 42—44°. The purity
of all the diketones was checked by nmr, and in most cases, no
further purification was considered necessary. The complex
((CeH;)3P)PtO: was prepared as previously described.?

Preparation of the Complexes.—Monoadducts were prepared
as previously described.? The dinuclear compounds were pre-
pared by warming gently, under an atmosphere of nitrogen, a 1:1
mixture of the mononuclear adduct and ((CsHj;)sP)PtO; in the
minimum of CH:Cl; until the orange color of the solution faded
to a pale yellow (ca. 5 min). Ether was added to precipitate the
complexes, the purity of which could readily be checked by the
disappearance of the ir bands due to starting materials at 820
and 1700 cm~!. Excessive or prolonged heating caused de-
composition of the complexes.

Dicarboxylates formed on allowing the mononuclear adducts
to stand for periods varying between a few hours and several days
(see discussion in text) in CH,Cl; solution. Some unidentified
dark organic material also formed but this could be minimized if
the solution was kept under an inert atmosphere (N: or Ar).
The 2,4-dinitrophenylhydrazine derivative of ((CeH;)sP)PtO2:
C:H;COCOCH; was prepared by adding, dropwise, a hot satu-

(6) H. A. Riley and A, R. Gray in ‘“‘Organic Syntheses,” A. H. Blatt,
Ed., Collect. Vol. 2, Wiley, New York, N. V., 1943, p 509.

b Nitrogen analysis:

———% s —~—% H ——% P
Caled Found Caled Found Caled Found
57.3 57.3 4.3 4.3 7.4 7.1
57.4 56.9 4.2 4.0 7.8 7.5
57.3 56.9 4.3 4.4 7.4 6.9
57.8 57.5 4.5 4.6 7.2 7.0
57.8 57.3 4.5 4.4 7.2 7.2
54.7 54.1 4.1 3.9 6.0 6.0
60.0 59.7 4.3 4.4 6.9 7.1
60.0 59.7 4.3 4.3 6.9 7.0
59.4 58.9 4.3 4.4 6.7 6.4
59.4 58.6 4.3 4.0 6.7 6.1
62.4 61.3 4.2 4.2 6.4 6.0
60.3 58.9 4.1 3.9 7.2 6.2
62.4 61.6 4.2 4.1 6.4 6.1
58.3 58.4 4.6 4.5 7.2 7.3
57.9 57.6 4.4 4.1 7.6 7.5
caled, 5.4; found, 5.2. ©Molecular weight: caled, 1617;
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We have continued our examination of ionization
potentials measured with a mass spectrometer for series
of metal acetylacetonates where each ring has a dif-
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ferent local jonization potential.®* These complement
others’ wide-ranging studies of chelate complexes where
all the ligands are the same in a given complex.5$

If ionization is efficient from the highest filled orbital,
Hiickel theory” with parameters set for agreement with
visible spectra predicts a series of ionization potentials
for the first transition series which are not observed even
qualitatively;® on the other hand, the calculation is
crude and may be of little predictive value.® At any
rate, it calls for ionization from a metal-dominated or-
bital, and its failure has prompted much discussion about
the possibility of ionization from a ligand orbital.

Our interest in the rhodium(III) complexes arose
from two considerations: first, no data were available
to compare magnitudes of trends in the first and second
transition series; second, the electronic transitions ob-
served for rhodium acetylacetonate complexes are
qualitatively different from those observed for members
of the first transition series. The low-energy bands in
the spectra of the successively substituted chromium
and cobalt complexes Ia-IVa and Ib-IVb have been

M(acac);
I
M(acac)s(3-NOsacac)
II a, M = Cr
b,M = Co
M(acac)(3-NOQOacac), ¢, M = Rh
III
M(3-NOsacac)s
v

assigned® to the usual d—d transitions; these are not
present in the rhodium series Ic~IVc, where the lowest
energy transition corresponds to the m—=* transition of
the ligand® near 315 nm in the spectrum of each com-
pound. The possibility therefore existed that ioniza-
tion from the ligand and the metal might play different
roles in this series of compounds because of the signifi-
cantly altered ordering of levels near the highest occu-
pied molecular orbital. The alteration is seen not only
in absorption results but in luminescence: while
luminescence of Cr(III) chelates has generally been
classified as metal-dominated d-d transitions,0-12
the luminescence of rhodium acetylacetonate has been
classified as ligand dominated (z—=* triplet to singlet).1?
The luminescence results are not directly applicable
but serve merely to illustrate further aspects of the
altered reactivity of rhodium.

If ionization occurs from the highest filled orbital on
any of the ligands, the simple picture assuming inde-

(3) H.F. Holtzclaw, Jr., R. L. Lintvedt, H. E. Baugarten, R. G. Parker,
M. M. Bursey, and P. F. Rogerson, J. Amer. Chem. Soc., 91, 3774 (1969).

(4) M. M. Bursey and P. F. Rogerson, Inorg. Chem., 9, 676 (1970).

(5) (a) G. M. Bancroft, C. Reichert, and J. B. Westmore, ibid., T, 870
(1968); (b) G. M. Bancroft, C. Reichert, J. B, Westmore, and H. D. Gesser,
ibid., 8, 474 (1969); (c) C. Reichert and J. B. Westmore, bid., 8, 1012
(1969); (d) C. Reichert, G. M. Bancroft, and J. B. Westmore, Can. J.
Chem., 48, 1362 (1970).

(8) S. M., Schilderout, R. G. Pearson, and F. E. Stafford, J. Amer. Chem.
Soc., 90, 4006 (1968).

(7) D. W. Barnum, J. Inorg. Nucl. Chem., 21, 221 (1961); 23, 183 (1961).

(8) E. A. Magnusson, K. A. Thomson, and A. G. Wedd, Chem. Commun.,
842 (1969).

(9) W. L. Young, III, Ph.D. Dissertation, The University of North
Carolina, Chapel Hill, N. C., 1964.

(10) K. DeArmond and L. S. Forster, Spectrochim. Acta, 19, 1403 (1963).

(11) K. K. Chatterjee and L. 8. Forster, 7bid., 20, 1603 (1964).

(12) G, B. Porter and H. L. Schlafer, Z. Phys. Chem. (Frankfurt am
Main), 40, 280 (1964).

(13) M. K. DeArmond and J. E. Hillis, J. Chem. Phys., 49, 466 (1968).

NotEeS

pendence of the orbitals of each ligand would require
that as long as any ring in compounds I-III remains
unsubstituted, the electron should come from that or-
bital; hence, for ionization from the ligand, these com-
pounds should come from that orbital; hence, for ioniza-
tion from the ligand, these compounds should have
nearly the same ionization potential while that of IV
should be considerably higher. Ionization from a
metal-dominated orbital or any orbital in which each
ligand influences the orbital energy equally should give
a steady progression of ionization potentials, Refer-
ence to Figure 1 indicates that this second picture fits
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Figure 1.—Linear progression of ionization potentials on suc-
cessive introduction of 3-nitro substituents in tris(acetylaceto-
nato)rhodium(III). Values determined for various compounds:
Ic, 7.34 =+ 0.01 eV; Ilc, 7.65 = 0.02 eV; Illc, 7.97 = 0.03 eV;
IVe, 8.39 &= 0.04 eV. The quoted errors are standard deviations
of data obtained in triplicate on each of 2 different days (total
determinations, six) and do not represent estimates of accuracy.

the experiment and in comparison with the data for
Cr(I1I)% shows that there is no qualitative change in the
susceptibility of ionization potentials to substitution on
going from Cr'4 to RhL, in spite of the altered order of
energy levels. Once again, adherence to one or the
other of these simple pictures requires that ionization
come from the metal. More complex models can be
envisioned in which ionization from the ligand is com-
patible with the observed results, however.

One of these requires that energy be transmitted very
inefficiently through the central metal atom and that
ionization occur from the ring first interacting with the
ionizing electron. The ion current would then be a
composite of the appropriate jon current from ionized
unsubstituted and the appropriate ion current from
ionized substituted rings, which should be additive
under the conditions of low transmittal of energy. The
ionization efficiency curve for a compound with mixed
chelate rings such as II or III would then be expected to
fall between the curves for the completely substituted
and the completely unsubstituted compounds, the
spacing being determined by weighting of the contri-
butions from each type of ring. On the other hand,
there would be breaks in the ionization efficiency curves
if this is the case; Figure 2 shows that no breaks are
observed. They may be masked by the convolution
of the ionization efficiency with the thermal electron

(14) Or Co, for which the ionization potentials of the successively sub-
stituted compounds Ib-IVb are also equally spaced. The low intensities of
the molecular ions of IIIb and IVb make assignment of absolute values to the
IP’s difficult, though they appear to be in the same range as the other series.
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Figure 2.—Ionization efficiency curves representative of data
from which the values plotted in Figure 1 were taken at the 19
level; the curves, left to right, are for compounds Ic, Ilc, I1lc,
and IVe.

energy spread.’®-1" There is evidence that for some
mechanisms of intersystem crossing (but not all) energy
transmission to the metal in the rhodium complex Ic
is an inefficient process as the weak influence of spin—
orbit coupling on triplet-state lifetimes indicates.!?
Otherwise there is little precedent for this model, since
ionization usually occurs from the orbital of highest
energy in the entire molecule.!®

Alternatively, the possibility exists that substitution
in one ring influences the ionization potential of the
whole system so greatly that it is improper to speak of
localization on an individual ring. Again in organic
systems, 7 systems of the same molecule, perpendicular
to each other but in close proximity, influence each
other’s energy manifolds dramatically.'?

Finally, the magnitude of the shift of the IP (1.05
=% 0.05 eV for three groups) on nitration of the Rh(III)
complex differs from the magnitude of the same shift
for the Cr(III) complex (0.75 £ 0.08 eV). This dif-
ference is real, as a review of our error analysis shows.
Interior points fall close to the line in these examples;
the usual deviation from anticipated linear correla-
tions?® produced by our method is on the order of
0.02-0.03 eV. Consequently, there is a distinct dif-
ference between the susceptibility of the ionization po-
tential to the substituent in the Cr(III) series and in the
Rh(III) series. This fact is difficult to reconcile with
the picture in which ionization occurs entirely from the
ligand in both systems and indicates that some other
picture~—possibly one of those we have noted above for
both systems or different models for each system—must
be maintained.

(15) Even at 4.5 orders of magnitude below the normal intensity of the
molecular ion we do not detect breaks in the curve which might be expected
if inefficient (1%,) ionization processes existed from other orbitals besides the
one which produces ions efficiently, a model suggested by photoelectron
spectroscopy studies.!’® We note that present-day photoelectron spectros-
copy does not include mass analysis.1?

(18) D. R. Lloyd, Chem. Commun., 868 (1970).

(17) Note the likely error in ref 16: S. Evans, A. Hamnett, and A. F.
Orchard, ibid., 1282 (1870).

(18) For a demonstration of this in organic molecules, see H. J. Svec and
G. A. Junk, J. Amer. Chem. Soc., 89, 790 (1967).

(19) F. L. Minn and N. Filipescu, Abstracts, 160th National Meeting of
the American Chemical Society, Chicago, Ill., Sept 14-18, 1970, No, PHYS
015.

(20) C. G. Pitt, M. M. Bursey, and P. F. Rogerson, J. Amer. Chem. Soc.,
92, 519 (1970).
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Of the numerous parameters which can be extracted
from !1°Sn Méssbauer spectra, the isomer shift (IS) and
quadrupole splitting (QS) have been of greatest interest
to the chemist.? In relating the IS of tetrahedral tin-
halogen compounds, SnX,, to other parameters which
describe the bonding interaction between the metal
atom and its ligands, it was noted? that for X = (I,
Br, or I, there is a linear relationship between the ligand
electronegativity and the IS extracted from the Moss-
bauer spectrum. Such an IS-electronegativity corre-
lation has recently been extended to octahedral SnX?~
complexes,*® making use of Mulliken electronegativi-
ties. For both the tetrahedral and octahedral com-
pounds it is observed that the isomer shift decreases as
the electronegativity increases (Figure 1). From the
relationship between the IS parameter and the elec-
tronic wave functions for the s electrons surrounding the
13%8n nucleus it is by now well established® that a de-
crease in the isomer shift implies a decrease in the 5s
electron density at the nucleus assuming that all mea-
surements either are made using the same *°Sn source
or (preferably) are referred to a standard absorber.”

A similar linear correlation for trimethyltin halides is
also observed, despite the fact that there are significant
structural differences between (CHj;);SnF (which is a
nearly trigonal-bipyramidal polymer?) and (CHjs);Snl
(which can be described as having a distorted tetra-
hedral structure). It should be noted, however, that
the slope d(IS)/dx for these compounds is very much

(1) Fullbright~Hayes Scholar, 1968-1969.

(2) For a general review of this field, see V. I. Gol’danskii and R. H.
Herber, Ed,, ‘‘Chemical Applications of Méssbauer Spectroscopy,’”’ Academic
Press, New York, N, Y., 1968,

(8) V. I. Gol'danskii, Af. Energy Rev., 4, 3 (1963); see also the discus-
sion by M. Cordey-Hayes and by V. I. Gol’danskii and E. F. Makarov in
ref 2.

(4) R. H. Herber and H.-S. Cheng, I'norg. Chem., 8, 2145 (1969).
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