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The hypersensitive transitions in absorption spectra of solutions of lanthanide g-diketonates show differences that are char-
acteristic of the coordination and the symmetry of the lanthanide ion. This conclusion is based on: (1) comparison of a
hypersensitive transition in the absorption spectra for neodymium, holmium, and erbium six-, seven-, and eight-coordinate
B-diketonates, (2) a demonstration that the spectra of six-coordinate chelates comiplexed with 1 and 2 additional moles of the
coordinating ligand hexafluoroacetylacetone (HFAA) closely resemble the spectra of seven- and eight-coordinate chelates,
(3) a demonstration that dehydration of benzene solutions of Lu(CF;COCHCOCF;);-2H;0 (Ln = Nd, Ho, or Er) is accom-
panied by changes in the absorption spectra that can be correlated with a change from an eight-coordinate to a six- or seven-
coordinate chelate, and (4) a correlation of the oscillator strengths of hypersensitive transitions with the coordination num-

ber of the lanthanide chelate.

Changes in the absorption spectra with changes in coordination of the lanthanide ion were

also observed for praseodymium, samarium, europium, dysprosium, thulium, and ytterbium chelates.

Introduction

The absorption spectra of several of the trivalent
lanthanide ions lhave been found?~® to have certain
bands that change in intensity between aqueous and
nonaqueous solutions and between aqueous solutions
containing varying concentrations of chelating ligands.
Tlese effects are most pronounced for Nd(III) and
Er(I11), but attempts?—4 to correlate these changes with
the ratio of lanthanide ion to complexing ligand were
unsuccessful. Changes in the coordination number of
lanthanide ions have been suggested? as a possible
cause for intensity and fine-structure differences.

The intensity of the absorption bands in Ln3+ spec-
tra has been studied both theoretically and experi-
mentally.”~13 The theory proposed independently by
Judd” and by Ofelt® has been reasonably successful in
accounting for the intensity for most transitions on the
basis of crystal-field-induced electric dipole transitions
between individual Stark components.

The absorption bands that show abnormal variations
in intensity and fine structure are classed as ‘‘hyper-
sensitive.”” These- variations are attributed? to the
action of an inhomogeneous electromagnetic field from
the medium. The intensities of normally weak quadru-
pole transitions increase as a result of the inhomo-
geneous field. Judd'? has also suggested that the
hypersensitive lines are strongly affected by changes
in the symmetry of the field on the lanthanide jon.

In the present work, the hypersensitive transitions
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(2) L. 1. Katzin and M. L. Barnett, J. Phys. Chew., 68, 3770 (1964).
(3) T.Moeller and W. F, Ulrich, J. Inorg. Nucl. Chem., 2, 164 (1956).
{4) T. Moeller and E. P. Horowitz, tbid., 12, 49 (1959).

(6) T. Moeller and D. E. Jackson, Anal. Chem., 22, 1393 (1950).
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in the absorption spectra of six-, seven-, and eight-
coordinated Nd, Ho, and Er j-diketonates in non-
aqueous solvents were studied to assess the effect of the
coordination number on the intensity and fine structure
of the absorption spectra. Lanthanide B-diketonates
were selected for investigation since all ligands are
bonded to the lanthanide ion through oxygen atoms,
and the effects of asymmetric bonding can be mini-
mized. The organic liquids used as solvents were of
low polarity to avoid solvent contributions to the
crystal field of the lanthanide ions.

Experimental Section
Compounds.—The lanthanide B-diketonates were prepared
using published methods or minor modifications of published
methods. The compounds, their abbreviations, and refer-

ences!4™Y7 to their preparation and characterization are listed in
Table I.

TaBLE I
LANTHANIDE $8-DIKETONATES

Compound Abbreviation Ref
Ln[(CH;),CCOCHCOC(CHz)sls Ln(thd)s 14
Ln( CFsCOCHCOCHa)a . ngoﬂ Ln(tfaa)g . tzO 15

Ln(CF;COCHCOCF;); - xH.0
(CH;,)NHLn(CF;COCHCOCF; )4
Ln( CeHsCOCHCOCeHs)s

ey = lor2.

Ln(hfaa); - xH,O 15
(CH;);NHLn(hfaa), 16
Lu(DPPD); 16,17

Chelates of praseodymium, neodymium, samarium, europium,
dysprosium, holmium, erbium, thulium, and ytterbium were
prepared for most of the compounds listed in Table I. The
lanthanide nitrates were purchased as 99.99; grade from com-
mercial vendors. Some compounds of each type were com-
pletely analyzed; metal analyses of the analogs were assumed
to be sufficient to assure proper identification. For Ln(DPPD);
compounds, the absence of water was verified by infrared ab-
sorption. Analyses of the compounds used were in reasonable
agreement with the formula composition. Solvents used were

(14) K. J. Eisentraut and R. E. Sievers, J. Am. Chem. Soc., 87, 5254
(1965).

(15) F. Halverson, J. S. Brinen, and J. R. Leto, J. Chem. Phys., 40, 2790
(1964).

(16) L. R. Melby, N. J. Rose, E. Abramson, and J. C. Caris, J. Am. Chem.
Soc., 68, 5117 (1964).

(17) R. G. Charles and A. Perrotto, J. Inorg. Nucl. Chem., 26, 8373 (1964),
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of chemically pure grade and were further purified by drying
in a column of 4A molecular sieve. Anhydrous hexafluoroacetyl-
acetone (HFAA )" was prepared by drying the commercially
available monohydrate with concentrated sulfuric acid and distill-
ing.18

Absorption spectra were measured with Cary Models 11 and
14 spectrophotometers, with solutions contained in stoppered
quartz cells.

Absorption intensities were determined by planimeter measure-
ment of the area under the absorption curve and are presented as
oscillator strengths calculated from the reduced expressiont!

P =431 X 10‘9[(772—9_;752} fe(v)dv

where 7 is the refractive index of the solution and e(») is the molar
extinction coefficient at wavelength ». Handbook values for
the refractive indices of the solvents were used in calculations.

The linear dependence of absorption intensity on concentra-
tion was demonstrated over a concentration range of (2-4) X
1072 M to (5-10) X 10~* M for all chelates investigated.

Results

General Material.—The g-diketonates investigated
were considered to provide either six-, seven-, or eight-
coordination for the lanthanide ion. Ln(thd); and
Ln(DPPD); have been classified as six-coordinate,!4 7
based on their composition and properties. Ln(thd)s
compounds are reported to be monomeric in benzene ;!
Ln(DPPD); has not been investigated in solution, so
the possibility of a polymeric species cannot be ignored.

Ln(tfaa); and Ln(hfaa); may be either anhydrous,
monohydrate, or dihydrate;%!° only hydrated com-
pounds were prepared. Analytical data, infrared ab-
sorption, and internal evidence of absorption band
shape were used to distinguish between seven- and eight-
coordinated chelates.

The eight-coordination of the yttrium in the Y-
(hfaa):~ ion has been established crystallographically,®
and the assumption of the same coordination for lan-
thanide derivatives is supported by emission spec-
troscopy?“'2? and molecular weight measurements in
CH,Cly solution. Absorption shapes and intensities
were identical for Nd(hfaa),~, Ho(hfaa),~, and Er-
(hfaa),~ anions in ethanol, CH,Cl;, and CHCI;, but
were normally measured in ethanol because of higher
solubility.

The solvents are considered noncoordinating or co-
ordinating, depending upon their effects on the spectra
of the lanthanide §-diketonates. No coordination by
CH;Cl,, CHCI;, benzene, or petroleum ether (bp 20—
40°) was either exhibited or expected; ethanol is a
noncoordinating solvent to Ln(hfaa),~ species and to
Ln(thd);, but on the basis of spectral data it coordi-
nates with Ln(hfaa);. HFAA has been shown to be

(17a) NoTE ADDED IN PRooF.—The g-diketone is indicated by capital
letters as HFAA; combined as a ligand, it is represented by lower case
letters as in In(hfaa)s*H»O; in addition compounds, it appears as in
Ln(thd)s*HFAA.

(18) R. L. Belford, A. E. Martell, and M. Calvin, J. Inorg. Nucl. Chem.,
2, 11 (1956).

(19) M. L. Bhaumik, ¢bid., 2T, 261 (1865).

(20) S. J. Lippard, F. A, Cotton, and P. Legzdins, J, Am. Chem. Soc., 88,
5030 (1966).

(21) H. Bauer, J. Blanc, and D. L. Ross, tbid., 86, 5125 (1964).

(22) C. Brecher, A. Lempicki, and H. Samelson, J. Chkem. Phys., 41, 279
(1964).
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1009, in the enol form and was found in this work to
function as a unidentate ligand in nonionizing solvents.
Neodymium.—The absorption spectrum of Nd?** due
to the %L, — *Gs;, *Ciy, transitions®? exhibits® 2524
striking changes in intensity in different environments.
The absorption spectra for four 8-diketonates are
shown in Figure 1: the eight-coordinate Nd(hfaa).~
ion, the seven-coordinate Nd(tfaa);H,O, and the six-
coordinate chelates Nd(thd); and Nd(DPPD),.

Absorbance

0 | ; ! I |
5600 5700 5800 5900 6000 6100 6200 6300
A A

(a) (CH,);NHNd(hfaa)
(¢) Nd(thd)s in

Figure 1.—Spectra of Nd chelates:
in CGH;OH; (b) Nd(tfaa); H.O in CH;0H;
CHCl;; (d) Nd(DPPD); in CsH,

The intensity of absorption and the appearance of
the absorption bands of Nd?®+* are both altered by the
addition of HFAA to solutions of Nd(DPPD); and Nd-
(thd);. The absorption bands for HFAA:Nd chelate
mole ratios of 0, 1, and 2 are shown for Nd(thd); in
Figure 2; those for Nd(DPPD); are similar. The
changes in spectral shape and inflections in a graph of
oscillator strength ws. HFAA : Nd chelate ratio (Figure 3a
and b) coincide with the stoichiometry required for a
stepwise addition of two molecules of HFAA to the co-
ordination sphere of the Nd®+ ion. The spectral shape
after addition of 2 mole equiv of HFAA to both chelates
is neatly identical with the spectral shape of the eight-
coordinate Nd(hfaa),~ ion (Figure 1a).

A spectral change due to a reduction in coordination

(23) B. G. Wybourne, ibid., 32, 629 (1960).
(24) E. A. Boudreaux and A. K. Mukherji, Inorg. Chem., 5, 1280 (1966).
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Figure 2.—Spectra of Nd(thd);~HFAA in CHCl;: (a) no HFAA;
(b) HFAA :Nd(thd); = 1; (¢) HFAA:Nd(thd); = 2.
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Figure 3.—Oscillator strengths for Ln chelates-HFAA: (a)
NA(DPPD);; (b) Nd(thd)s; (c) Ho(DPPD); (d) Ho(thd);
(e) Er(DPPD);; (f) Er(thd)s.

number of Nd3+ was shown by removing coordinated
water from a benzene solution of the Nd(hfaa);- 2H,0
chelates with a column of 4A molecular sieve. The
spectrum of Nd(hfaa);-2H,O (Figure 4a) is identified
as similar to that of the eight-coordinate Nd3+ chelate;
after the solution was passed through the molecular
sieve column, the spectrum corresponded to that of a
seven-coordinate Nd3+ chelate (Figure 4b). The addi-
tion of a small amount of water to the spectrometer
cell and agitation restored the eight-coordinate Nd®+
spectrum (Figure 4c). Attempts to remove water
from Nd(hfaa); HoO with a molecular sieve column
were unsuccessful; apparently Nd(hfaa); absorbs on the
molecular sieve and could be removed by ethanol, but
not by benzene. The spectrum of this ethanol solu-
tion was that of seven-coordinate Nd3*; ethanol ap-
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Figure 4.—Spectra of Nd(hfaa)s;-2H,O and Nd(hfaa);-H,O:
(a) Nd(hfaa)s*2H;O in benzene; (b) Nd(hfaa)s+ H;O—solution of
(a) after drying with 4A molecular sieve column; (c) solution
from (b) shaken with H,O.

5900

parently acted as coordinating solvent toward Nd-
(hfaa)s.

The measured oscillator strengths for Nd3+ chelates
are listed in Table II. This table includes values ob-
tained from the additions of HFAA to solutions of the
six-coordinate chelates and for HFAA addition to Nd-
(tfaa);-H,O (assuming that one HFAA replaces the
water molecule without changing the coordination and
the second HFAA increases the coordination).

TABLE II

OSCILLATOR STRENGTHS FOR THE Nd3* ‘Is/, — ‘Gsy,, 2Gr),
TRANSITION AT 16,949-17,606 Cm™!

Compound (complex) Solvent 108P
Six-coordinate

Nd(thd)a CsHs 18.7

Nd(DPPD); CsHs 43.5
Seven-coordinate

Nd(thd);- HFAA CHCl; 16.3

Nd(DPPD);-HFAA CsHs 37.0

Nd(tfaa)g . Hzo CQH{;OH 17.3
Eight-coordinate

(CH;):NHNd(hfaa), C.H;OH 24.0

Nd(thd);-2HFAA CHCL 18.5

Nd(DPPD);-2HFAA CsHe 40.0

Nd(tfaa);-2HFAA G:H,O0H 19.4

Holmium.—The absorption spectra of Ho?t due to
the hypersensitive ®Is — 5Gq, 5F; transitions® for the
six-, seven-, and eight-coordinated Ho?* chelates are
shown in Figure 5. A suggested cause for the difference
in band shape between the six-coordinate compounds
Ho(thd); and Ho(DPPD); is a different geometrical
arrangement of the ligands about the Ho®* ion.

Incremental additions of HFAA to solutions of six-
coordinate Ho®* chelates altered both the shape of the
absorption bands and their intensity. Figure 3c and d
shows the effect of HFAA on the oscillator strength,
and Figure 6 shows the changes in the appearance of
the absorption band for the addition of HFAA to Ho-
(thd)s.

(26) M. H. Crozier and W. A. Runciman, J. Chem. Phys., 38, 1392 (1961.)
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Figure 5.—Absorption spectra of Ho chelates: (a) (CHs)s-
NHHo(hfaa); in C;HsOH; (b) Ho(tfaa);- HoO in C.H;0H; (c¢)
Ho(DPPD); in CeHg; (d) Ho(thd)s in petroleum ether.
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Figure 6.—Spectra of Ho(thd);~HFAA in petroleum ether: (a) no
HFAA; (b) HFAA:Ho(thd); = 1; (c¢) HFAA:Ho(thd); =

The measured oscillator strengths for Ho chelates are
listed in Table II1I. Aside from DPPD complexes, the
intensities agreed with species of the same coordination;
the combination of band shape and oscillator strength

Inorganic Chemistry

TasLE 111

OSCILLATOR STRENGTHS FOR THE Ho?™* *I; — 5Gg, °F
TRANSITION AT 22,727-21,505 Cy 1

Compound (complex) Solvent 106P
Six-coordinate
Ho(thd)s Pet. ether 65
HO( thd)3 CGHG 61
HO(DPPD);} CsHe 228
HO(DPPD)SHzo CsHs 132
Seven-coordinate
Ho(thd);- HFAA Pet. ether 79
Ho(DPPD);- DMSO DMSO 80
Ho(tfaa)s ‘ HQO CQHJOH 75
Ho(DPPD); - HFAA CsH; 228
Eight-coordinate
Ho(thd);- 2HFAA Pet. ether 110
Ho(DPPD);-2HFAA CeHs 136
(CHg)aNHHO( hfaa)4 CszOH 138

may distinguish between seven- and eight-coordinated
Ho?+.

A benzene solution of Ho(hfaa);-2H,O was dehy-
drated by passage through a column of 4A molecular
sieve. The absorption spectra (Figure 7) show the con-
version of most of the Ho(hfaa);-2H,0 to the anhy-
drous Ho(hfaa);. The addition of excess water to the
dehydrated benzene solution of Ho(hfaa); resulted in a
solution whose absorption spectrum was identical with
that of Ho(hfaa);-2H,O. Ho(hfaa); and Ho(thd);
have similar appearances for their absorption bands,
implying a similarity of structure.

Erbium.—The absorption band investigated for
Er$+ chelates is due to the *Is,, — *H.,, transition.?
The spectra of Er3+ in the eight-coordinate Er(hfaa).™
anion, seven-coordinate Er(thd);-HFAA, and two six-
coordinate chelates, Er(thd); and Er{(DPPD);, are dis-
played in Figure 8. As with the six-coordinate Ho®*
chelates, there is a pronounced difference between the
two six-coordinate Er®+ chelates, possibly because of
different structures.

Incremental additions of HFAA to solutions of Er-
(thd); and Er(DPPD); altered the appearance and
intensities of the Er®+ absorption band. Figure 3e and
f shows the effect of HFAA on the band intensities.
The appearance of the absorption band is similar for
Er(thd);-HFAA and Er(DPPD);-HFAA, which are
seven-coordinate, and for Er(thd);-2HFAA, Er-
(DPPD);-2HFAA, and the Er(hfaa),~ ion, which are
eight-coordinate.

The measured oscillator strengths for Erd+ chelates
are listed in Table IV. Except for DPPD compounds,
the oscillator strengths are consistently in the same
range for compounds (or coniplexes) of the same co-
ordination number.

A benzene solution of Er(hfaa);-2H,O that was de-
hydrated by passage through a column of 4A molecu-
lar sieve gave a spectrumn that corresponded to that of
seven-coordinated Er®+, Addition of water Lo the par-
tially dehydrated solution restored the original spec-
trum; ethanol eluted the absorbed chelate from the
molecular sieve column.

(20) G. H. Dicke and 8. Singh, J. Chem. Phys., 85, 553 (1861).
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1.6 TABLE IV
OSCILLATOR STRENGTHS FOR THE Er3* ¢lu/, — i,
a4 — TRANSITION AT 18,605-19,572 Cm !
Compound (complex) Solvent loéP
12 - Six-coordinate
Er(thd); Pet. ether, CoH; 24.5
Er(DPPD)s CﬁHg 374
1.0 = .
Seven-coordinate
g Er(thd);. HFAA Pet. ether, CsH; 20.9
g o8- b . Er(DPPD);- HFAA CeH, 37.4
§ Er(hfaa);-H.O C.H;OH 27.4
< g6 ] Er(DPPD);- DMSO DMSO 25.9
Eight-coordinate
0.l C _ Er(thd);-2HFAA Pet. ether, C¢Hs 34.4
' Er(DPPD);-2HFAA CeH; 39.0
(CH;);NHEr(hfaa)s C.H;0H 33.6
0.2 - Er(hfaa);-2H,0 C.H;0H 31.7
o i | spectra of Ln(thd), solutions in pure HFAA were similar
4400 4500 4600 4700

Figure 7.—Spectra of Ho(hfaa);*2H;O and Ho(hfaa): (a)
Ho(hfaa);- 2H:0 in benzene; (b) Ho(hfaa);—solution of (a) after
drying with 4A molecular sieve column; (c) solution of (b) after
addition of HyO.
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Figure 8.—Spectra of Er®* chelates: (a) (CH;);sINHEr(hfaa).
in ethanol; (b) Er(thd)s;- HFAA in benzene; (c¢) Er{(DPPD);in
benzene; (d) Er(thd); in petroleum ether.

Other Lanthanide Chelates.—A comparison of the
absorption spectra of solutions of Ln(thd); and (CHj)s-
NHLn(hfaa);, where Ln is praseodymium, samarium,
europium, dysprosium, thulium, or ytterbium, showed
differences in the appearance of at least one absorption
band for each lanthanide ion that were attributed to
differences in the coordination of the lanthanide ion in
six- and eight-coordinated chelates. The absorption

in band shape to the spectra of the eight-coordinate Ln-
(hfaa);~ ion. The transitions and the regions of the
spectra where these effects were observed are listed in
Table V. The transitions investigated are not always
hypersensitive, indicating that other transitions of
lanthanide ions also show changes in shape with differ-
ences in coordination.

TABLE V
COORDINATION EFFECTS ON LANTHANIDE SPECTRA

Lanthanide Transitions Wavelength, A
Praseodymium $Hy — 5P, 4,730
Samarium OHs ), — 6Ps/,% 3,950, 4,100
Europium Fo — 5D, 4,650
Dysprosium ¢His/, — Hsy, 13,000
Thulium *Hy — 3F, 7,900
Ytterbium B/, — *Fs), 9,510

¢ W, T. Carnall and K. Rajnak, unpublished work; private
communication from K. Rajnak.

A striking qualitative effect is the bright fluores-
cence of eight-coordinate Eud* chelates—Eu(hfaa);-
2H,0 and (CH;);NHEu(hfaa)s—under irradiation from
a simple ultraviolet light. Similar observations have
been reported for solutions of Eu®* chelates.” TUnder
similar conditions, no fluorescence could be detected
from the six-coordinated Eu(thd); and Eu(DPPD),
chelates. The six-coordinate Thb(thd); fluoresces
brightly under these conditions, but no fluorescence is
observed from the eight-coordinate (CH;);NHTb-
(hfaa)..

Discussion

The experimental results can be summarized as
demonstrating the following effects: (1) there is a dif-
ference between the appearance of the absorption bands
for hypersensitive transitions between six-, seven-, and
eight-coordinate lanthanide ions; (2) addition of HFAA
to solutions of six- and seven-coordinate chelates re-
sults in changing the spectra of these chelates to spectra
resembling those of seven- and eight-coordinate
chelates; (3) the removal of water from solutions of
hydrated chelates results in changing their spectra to
spectra resembling chelates of lower coordination; (4)

(27) C. Brecker, A. Lempicki, and H. Samelson, J. Chem. Phys., 41, 279
(1964).
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oscillator strengths for chelates of the same coordina-
tion are approximately the same value, except for Ln-
(DPPD); compounds.

The explanation proposed to explain these results is
that the appearance of the absorption bands is indica-
tive of the coordination number and symmetry of the
lanthanide ion. Generally, a difference in absorption
spectra demonstrates a difference in the environment
of an ion; for these compounds, all groups are at-
tached to the lanthanide ion through oxygen atoms,
leaving the number and geometry of the bonding
groups as the major experimental variable. The evi-
dence is essentially circumstantial, but the variety
and consistency of the effects observed are considered
to provide a strong basis for the proposed explanation.

The experimental results and the explanation pro-
posed for them conform to Judd’s theoretical predic-
tion.!? Given a symmetry effect on the hypersensitive
transitions, the occurrence of similar spectra for similar
symmetries is a predictable result. The effect of media
on the intensity of hypersensitive transitions is well
known, and hypersensitive bands have been predicted
theoretically.”®  Again, for a similar environment, a
similar intensity is a reasonable result. It is tempting
to speculate that the occurrence of hypersensitive tran-
sitions implies an extension of the f orbitals in the higher
state, compared to the ground state of the ion.

Consistent with the hypothesis proposed in this
paper, the differences in the appearance of the spectral
bands between two compounds of the same coordina-
tion are considered to be due to differences in sym-
metry of the field on the ion. The DPPD and thd
chelates of Nd®T have similar spectral bands, but the
Ho3t and Er®* analogs show marked differences; dif-
ferent intensity effects result from the addition of HFAA
to Nd chelates, on one hand, and Ho and Er chelates,
on the other. A consistent explanation is that both
Nd3t six-coordinate chelates have the same structure,
but that the Ho®+ and Er3+ chelates do not. The ionic
radii of Ho®t and Er®* are 0.894 and 0.881 A, respec-
tively, compared to 0.995 A for Nd3*.2® It is quite
probable that the decrease in ionic radius in the lan-
thanide series results in an adjustment in the struc-
ture of one or both chelates to accommodate the lig-
ands sterically, and structures that are similar for Nd?*~
become dissimilar for Ho®**, Er?+, and smaller lanthan-
ide ions.

The shape of the absorption bands of these lanthanide
ions in seven-coordinate chelates shows a general re-

(28) D. H. Templeton and C. H. Dauben, J. Am. Chem. Soc., 76, 5237
(1954),
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semblance to the shape of the bands of either six- or
eight-coordinate chelates of the same ion. For ex-
ample, the spectrum of seven-coordinate Nd*+ in Nd-
(tfaa)s; - H,O resembles that of eight-coordinate Nd3+;
the spectrum of seven-coordinate Nd®* in Nd(thd)s-
HFAA is not greatly different from six-coordinate Nd?®~,
Seven-coordinate structures are often the result of
addition of a monodentate ligand to a six-coordinate
structure or a ccordination vacancy in an eight-coordi-
nate structure.?® The observed resemblances of the
spectra of seven-coordinate chelates to the spectra of
six- or eight-coordinate chelates might thus be expected.

Solid addition compounds could not be isolated either
from addition of a stoichiometric ratio of HFAA per six-
or seven-coordinate chelate or by treating the chelate
with a large excess of HFAA. In the first case, HFAA
was removed during vacuum drying. In the second case,
HFAA apparently exchanged?® with the chelating ligand
to yield a chelate with mixed ligands. The addition of
HFAA to six-coordinate chelates in solution probably in-
volves an equilibrium that strongly favors complex
formation.

This report shows that, under restricted conditions,
the symmetry of the chelate is indicated by its absorp-
tion spectrum. Several examples can be found in the
published literature—Moeller and TUlrich studied the
spectra® for several lanthanide acetylacetonates [Ln-
(acac);] in benzene solution, with the assumption that
the chelates were anhydrous. Their data indicate that
the Nd(acac)s product is seven-coordinate, and the
Ho(acac); and Er(acac); compounds are either seven-
or eight-coordinate. Subsequent work by Pope, Stein-
bach, and Wagner?®! has demonstrated that all acetyl-
acetonates of the lanthanides include coordinated water
bound so tightly that its removal leads to decomposition
of the chelate. Properly applied, the effect of coordi-
nation on spectral shape should be a useful tool for
investigations of lanthanide chelates; an obvious area
for further study is the spectra of solid lanthanide
chelates.
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