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Airy functions.’> The results we have obtained are reported in
Table I: of course these figures are significant only with regard
to their order of magnitude because of the inherent approxima-
tions.” However, we note that the conversion rate for AQ = 0.1
A is very high at any temperature and faster or of the order of
nuclear motion (1012-10%3 s71) so that only electronic and, perhaps,
vibrational spectroscopies could “catch” molecules in a pure spin
state. Instead, the conversion rates are strongly reduced at low
temperature when AQ = 0.2 A, and consequently, even “slower”
spectroscopies, like Mossbauer spectroscopy (precession time of
the 5"Fe nucleus in the range 107'-107 s), are suitable to detect
spin isomers simultaneously.

At this point it is important to remember that the previous
conversion rates were obtained by considering the overall process
1A, — 3E, as it was shown in ref 53. A more accurate treatment
should take into account two different conversion processes: (i)
I';(*A,) — I,(’E), for which rates very similar to those reported

(55) Abramowitz, M., Stegun, 1. A., Bds. Handbook of Mathematical
Functions; National Bureau of Standards: Washington, DC, 1970; p
447,

in Table [ are evaluated; (i) T';('A,) = I',_s(’E), which is at least
2 orders of magnitude slower than the previous one, because only
small perturbing terms, like low-symmetry fields or strain, can
couple T';(*A,) with the other components of the triplet.

To conclude, when the coupling between the potential wells of
the pure spin states and the energy difference between the minima
are sufficiently small, solid-state effects can stabilize one or both
species in the lattice.!® Instead, in the presence of a strong
coupling, it does not make sense to discuss the simultaneous
presence of different chromophores in the lattice, because spin-
orbit coupling washes out the two wells.

The important point is what we can “see” by means of our
experiments or, in other words, whether the characteristic time
of our measurements is short enough to individuate pure spin
states. Actually, some singlet-triplet spin equilibria in iron(II)
complexes appear to be typical examples of type a systems. In
these compounds, a strong coupling should be effective and a
situation like that depicted in Figure 1b or 2b should occur.
Consequently, with the experiments that have been performed so
far&11.1249 (except, perhaps, electronic spectrascopy!!), their fast
conversion rate prevents the identifying of pure spin states.
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The thermodynamic parameters of complexation of lanthanide cations with N-methylethylenediamine-N,N’,N’-triacetate ion
(MEDTA) were determined by potentiometric and calorimetric techniques. The measurements were conducted at 25 °C and
ionic strength of 0.10 and 0.50 M (NaClO,). The observed decrease in stability as well as in enthalpy values of Ln-MEDTA
chelates compared to EDTA species is attributed to a weaker Ln—N interaction due to the presence of a single acetate arm associated

with one of the nitrogens.

Introduction

Amino polycarboxylic acids form strong chelates with the
trivalent lanthanide metals. Several of these ligands have been
used as reagents for the analytical assay of the lanthanides and
for their separation by ion exchange. The thermodynamics and
kinetics of chelation of many of these lanthanide~ligand systems
have been measured. Of interest in this paper are the complexes
of the lanthanides with N-methylethylenediamine- NV, N’ /N -triacetic
acid (MEDTA). Powell et al.! reported the stability constants
for LnMEDTA complexation. The dissociation kinetics of these
chelates were also described recently.? Qualitative information
on the structure of LnMEDTA in solution was obtained by ‘H
NMR studies, which confirmed pentadentate chelation.?

MEDTA is interesting as a ligand of intermediate chelation
between, for example, iminodiacetic acid (IDA) and ethylene-
diaminetetraacetic acid (EDTA). To allow comparisons with such
ligands, we have determined the thermodynamic parameters of
complexation of lanthanides by MEDTA.

Experimental Section

Reagents. Lanthanide perchlorate solutions were prepared and
standardized as described previously.* A pure, recrystallized sample of
MEDTA in the acid form was prepared as reported elsewhere.>’

Potentiometry. The protonation constants of MEDTA and the sta-
bility constants of the LnMEDTA complexes were determined in a so-
lution of 0.50 M (NaClO,) ionic strength. The potentiometric mea-
surements were made with a pH-meter (Corning 130) fitted with a

* Florida State University.
tUniversity of Leuven.

combination glass—calomel electrode. The electrode was calibrated with
standard “BuffAR” of pH 4.01 and 7.00. In basic media, borax solution
(0.01 M) served as a standard buffer of pH 9.17. Corrections for the
hydrogen ion activity in solutions of 0.10 and 0.50 M ionic strength were
obtained by using the activity coefficients 0.782 and 1.585, respectively.5
The pK values for the free ligand were calculated by minimizing the
residuals in Ay for a series of measurements in the appropriate buffer
region. The values of the stability constants were obtained by titrating
volumes of equimolar amounts of metal and ligand with standard 0.10
M (CO,-free) sodium hydroxide solution. In all measurements, the
ligand concentration was kept at 0.001 M, the temperature was main-
tained at 25 °C, and the ionic strength of the reaction medium was
maintained constant by the addition of the appropriate amount of sodium
perchlorate solution.

The data were processed by using the BETA program based on the
SIMPLEX algorithm and written in this laboratory by Dr. William Ca-
cheris. The uncertainties in these constants were estimated from the
curvature of the sum square residuals with respect to each parameter.
Different models were used in the potentiometric data analysis, i.e. for-
mation of LnMEDTA only and formation of LanMEDTA plus
LnHMEDTA®*. The value of 8y, (81 = [LnHMEDTA*]/
[Ln**][H*][MEDTA?®"]) for the second model was unrealistic (8,;; =
2 £ 57000) and the Ay values for this model were also unacceptable
(<107%). The conclusion was that formation of LhnHMEDTA™ was not
significant under these concentrations and pH conditions.

(1) Powell, J. E.; Johnson, D. A,; Bukholder, H. R.; Vick, S. C. J. Chro-
matogr. 1973, 87, 437.

(2) De Jonghe, M.; D’Olieslager, W. Inorg. Chim. Acta 1985, 109, 7.

(3) Baisden, P. B.; Choppin, G. R.; Garrett, B. B. Inorg. Chem. 1977, 16,
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(4) Choppin, G. R,; Bertrand, P. A.; Hasegawa, Y.; Rizkalla, E. N. I'norg.
Chem. 1982, 21, 3722.

(5) Powell, J. E.; Johnson, D. A. J. Chromatogr. 1972, 74, 269.
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Figure 1. Calorimetric titration curve of the trisodium salt of MEDTA
(0.508 mmol) with 0.1 M perchloric acid. a is the moles of acid added
per mole of ligand, 7 = 0.10 M (NaClOQ,); T = 298 K.

Table I. Thermodynamic Values for Protonation of MEDTA

-AH,, AS,,
reaction log k° kIl molm  JK1mol? ILM

H*+ L= 10.31 £0.005 31.24£0.10 931 0.10
HL*

10.19 £0.04 36.10£080 74%3 050

H* + HL* = 542001 1092%005 671 0.10
H,L-

555+002 1350+£078 61+3 050

H* + H,L- = 245+ 0035 -261£030 S56%1 0.10
H,L°

240+ 001 -276£005 55%1  0.50

H* + H,L0 = 193+ 0.065 -1.79+£030 43+1 0.10
H,L*

1.72 £ 0.02 -290%+0.10 431 0.50

4The values for 0.10 M ionic strength are from ref 1 while those for
0.50 M were determined in the present study.

Calorimetry. Calorimetric measurements were conducted with an
adiabatic calorimeter® interfaced with an Ohio Scientific computer,®
following the general procedure used in this laboratory.!® The heats of
complexation were obtained by titrating the ligand solution adjusted to
pH ~6 into the metal solution adjusted to a pH value between 5 and 6.
For these experimental conditions, reaction 1 was dominant. All mea-

Ln** + HMEDTA?> = LnMEDTA + H* (1

surements were carried out at 25 °C, and the ionic strength of each
solution was adjusted to the proper value with sodium perchlorate as the
background electrolyte. Because of the limited amount of ligand avail-
able, only the protonation enthalpy and several metal complexation en-
thalpy measurements were duplicated. The uncertainties reported are
the deviations from the average of each individual point of the titration
curve(s). The complexation enthalpies were determined in solutions of
0.10 M and 0.50 M (NaClQ,) ionic strength.

Results and Discussion

Figure 1 is a plot of the protonation enthalpy measurements.
These calorimetric titrations showed the three buffer regions
labeled A, B, and C in the graph. In region A, the excess base
and MEDTA?¥ (to HMEDTAZ") are being protonated. In region
B, formation of H,MEDTA™ occurs. HMEDTA?Y and

(8) Orebaugh, E.; Choppin, G. R. J. Coord. Chem. 1976, 5, 123.
(9) Caceci, M. S.; Choppin, G. R. Comput. Chem. 1982, 6, 161.
(10) Choppin, G. R.; Friedman, H. G., Jr. Inorg. Chem. 1966, 5, 1599.
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Table II. Potentiometric Titration Data For Eu-MEDTA (I = 0.50
M (NaClO,); T = 298 K)*

Vtilranu 104[H+]obsdv 104[H+]calcdv 104[Eu3+]’ IOIJ[LJ—L
M M

mL M M f

0.10 13.122 13.154 9.363 0.747 0.223
0.20 11.995 12.035 8.998 0.876  0.252
0.30 10.965 10.976 8.603 1.028 0.283
0.40 9.931 9.973 8.181 1.209 0.317
0.50 9.016 9.023 7.730 1.423  0.353
0.60 8.110 8.123 7.254 1.679  0.392
0.65 7.709 7.691 7.006 1.826  0.412
0.70 7.311 7.269 6.752 1.988 0.433
0.75 6.902 6.858 6.492 2.168 0.454
0.80 6.501 6.457 6.227 2.366  0.476
0.85 6.109 6.066 5.956 2.588 0.498
0.90 5.728 5.683 5.679 2.835 0.521
0.95 5.370 5.310 5.397 3.114  0.544
1.00 5.000 4.945 5.110 3.429 0.568
1.05 4.645 4.589 4818 3.788  0.592
1.10 4.295 4.239 4.522 4.201 0.617
1.15 3.945 3.897 4.220 4.680 0.642
1.20 3.598 3.562 3.915 5.242  0.668
1.25 3.266 3.234 3.604 5.909 0.694
1.30 2.944 2912 3.290 6.713  0.720
1.35 2,618 2.595 2972 7,702 0.747
1.40 2.301 2.285 2.649 8.946 0.774
1.45 1.991 1.980 2.323 10.557  0.802
1.50 1.679 1.680 1.993 12723  0.830
1.55 1.352 1.384 1.659 15.791 0.858
1.60 1.064 1.094 1.321 20.467 0.887

¢ Experimental conditions: cup solution, C; = 1.2168 mM, Cy =
1.2069 mM, Cy = 3.6504 mM, V' = 50.0 mL; titrant, Cn,on = 0.1014
M; calculated constant, log 8,0, = 12.59 % 0.01.

Table III. Calorimetric Titration Data for Ho-MEDTA (I = 0.50
M (NaClO,); T = 298 K)*

Vtitran!’ _Zoobsd! ~AH,q,
mL mJ A 10}[ML], mmol kJ mol™!
0.50 116 0.038 0.491 11.44
1.00 232 0.050 0.979 11.37
1.50 348 0.062 1.463 11.18
2.00 459 0.074 1.942 11.29
2.50 564 0.086 2.415 11.50
3.00 666 0.098 2.883 11.69
3.50 781 0.110 3.344 11.34
4.00 885 0.121 3.797 11.30
4.50 983 0.133 4.244 11.35
5.00 1076 0.144 4.683 11.44
5.50 1172 0.155 5.115 11.40
6.00 1259 0.166 5.540 11.48
6.50 1342 0.176 5.957 11.57

¢ Experimental conditions: cup solution, Cyy = 7.227 mM, ¢ =
0.194 mM, Cy = 0.189 mM, V' = 50.0 mL; titrant, C; = 9.875 mM,
Cy = 9.626 mM; computed enthalpy, ~AH 5 = 11.38 + 0.30 kJ mol™..

H,MEDTA" are protonated at nitrogen. In region C, H;MEDTA
and HIMMEDTA? are formed by protonation of carboxylate groups.
Table I lists the pK,, values reported in ref 1 for 0.10 M ionic
strength and those at 0.50 M from this study. Also given in the
table are the values of AH and AS at 0.10 and 0.50 M ionic
strength as determined in this work.

Tables II and III are sets of typical potentiometric and cal-
orimetric titration data, respectively. The stability constants, 8,
and the corresponding thermodynamic values of complexation are
given for 0.10 (NaClO,) and 0.50 M (NaClOy) ionic strengths
in Table IV. These values refer to reaction 2. In order to use

Ln* + MEDTA?’" = LnMEDTA (2)

the stability constants of ref 1 for the 0.10 M (NaClQO,) ionic
strength system, the values had to be corrected for LnNOQO5%*
formation in the 0.10 M (KNO,) solution used as the inert
electrolyte. The “corrected” values listed in Table IV were cal-
culated from the experimental stability constants of ref 1 by

B101°" = B10,"N(1 + §'[NO;7)) (3)
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Table IV. Thermodynamic Parameters of the Complexation of
Lanthanides with MEDTA

-AGig,
kJ mol!

—AH )y, ASin,

metal  log By0,° kI mol!  JK! mol?!

A. I'=0.10M (NaClO,); T = 298 K

La 11.58 £001 6607 %006 532+18 2046
Pr 12452001 71.03+006 680144 2165
Nd  12.64£002 72.12%0.11 935+028 2111
Sm  13.00£002 74.17 £0.11 8964021 2191
Bu 1308002 7463£011 580024 2311
Gd 1307 £003 7457 £0.17 429014 2361
Tb  13.42£003 7657 £0.17 502£009 240 %1
Dy 13.67%002 7799 £0.11 567017 243 %1
Ho 13.86+001 79.08 4006 635+ 0.18 244 %1
Er 1408 £001 80.33%0.06 6794018 2471
Tm 1435001 81.87£006 687016 2521
Yb 1446 + 001 82.50 £0.06 9.36%0.13 24541
Lu 1454002 8296 %011 799007 2521
Y 13424001 7657006 3.44+009 245%1
B. I=0.50 M (NaClO,); T = 298 K
La 11084002 6322+0.11 12604035 1701
Pr 1189002 67.84+011 1572028 1751
Nd 1214 £ 003 69.27 £0.17 1636021 17841
Sm 12424005 7086 %0.29 14.09 %055 1912
Eu 12594003 71.83%0.17 13.194040 197 %1
Gd  12.63+£002 7206%011 1133 £0.36 2041
Tb 12934004 73.77£0.23 1012051 2142
Dy 13.17£003 75.14%0.17 11.57£059 2132
Ho 13.37£003 7628 £0.17 11.38+030 2181
Er 13534005 7720+ 029 1281 032 2161
Tm 1374 £ 005 7839 £0.29 1392048 2162
Yb 1401 £0.02 7994 £0.11 1505073 2182
Lu 1418002 8091 0.1 1627037 2171
Y 12894002 73.54%011 10.15£020 2131

2The log B¢ values for 0.10 M ionic strength are from ref 1 and are
corrected from KNO; medium to NaClO,.

28
24—
20+
5 ocTa OTPA
R e HEDTA ’E/TDA
(L) '/
o
- 2 NTA, *MEDTA
Digic
8 *EDDA
a4
r- *a-pic
| | Il | N | l

il
4 8 12 16 20 26 o8 32
ZpKq

Figure 2. Correlation of log 8o, of the Sm(IIT) complexes and ¥ pX,
of the ligands (I = 0.50 M).

where [NO;] = 0.10 M and &, the stability constants for LnNO,*
formation, were taken from ref 11. The error limits in log 8,y,,
AGiq; and AS)y, were compounded to include the uncertainty in
the 8’ values.

Figure 2 shows the correlation of the log o and the pK,,
values for Sm(III) with a number of amino polycarboxylic acid
ligands (the pK, values were obtained from ref 12 and 13).
Sm(III) was used for this comparison as it represents the “average”
behavior. Also, Sm(III) has more literature values that could be
used for the comparisons of Figures 2 and 3. The correlation

(11) Choppin, G. R,; Strazik, W. F. Inorg. Chem. 1965, 4, 1250.

(12) Martel], A. E.; Smith, R. M. Critical Stability Constants; Plenum: New
York, 1974; Vol. 1.

(13) Gritmon, T. F.; Goedken, M. P.; Choppin, G. R. J. Inorg. Nucl. Chem.
1977, 39, 2021.
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in Figure 2 has been noted.for many metal-ligand systems and
reflects the strongly ionic nature of the bonding of the complex.
Structural effects can perturb the correlation as in the case of the
dipicolinate complex. The extra stabilization (log 8,0, is above
the “normal” line) of the Sm—dipicolinate complex was attributed
to the rigidity of the aromatic ring, which results in a shorter Ln—-N
distance than would be present in complexes with the more flexible
alkyl ligands.!>4  For Sm-ethylenediamine-N,N’-diacetate
(Sm—-EDDA) complex, each nitrogen is involved in a single O—

Ln—N ring in contrast to the double-ring system for each nitrogen
in EDTA. This would lead to a weakened Ln-N interaction and
decreased value of log 8,0, as the average Ln—N distance should
be greater in EDDA than in EDTA. Similarly, the binding of
Sm(III) to the nitrogen in MEDTA associated with a single
carboxylate group should have a smaller contribution to the
complex stability. Since only one Sm—N bond is weakened in
MEDTA, the decreased stability is less than that in the EDDA
complex where both Sm-N interactions are weaker.

The previous nmr study® had shown that the Ln—-N bond
lifetime associated with the single carboxylate group was shorter
than that of the Ln—N bonds in the EDTA complex. By contrast,
the Ln-N bond of the double carboxylate end of the MEDTA
has a longer lifetime than the Ln~N bonds in LnEDTA.

The entropy of complexation is, within error limits, the same
value as that reported for the NTA and HEDTA complexes. All
three ligands have three carboxylate groups while NTA has a
single nitrogen donor and HEDTA and MEDTA have two ni-
trogen donor atoms. This agreement in entropy is consistent with
the proposal in ref 14 that the lanthanide—carboxylate interactions
alone can account for the entropy changes. Not only was a linear
trend observed in ref 14 between the AS of 1:1 complexation and
the number of carboxylate groups in the ligand (irrespective of
the number of nitrogen donor sites) but the AS value was equal
t0 nAS 5., where n = number of carboxylates and AS . = entropy
of (Sm-acetate)?* formation at the same ionic strength. This
suggested!? that the portion on the enthalpy of complexation due
to metal-carboxylate interaction could also be given by nAH
(AH,, =~ 6.5 k] mol™"). The value of 5(AH), as defined by

8(AH) = AH\g — n(AH,,)

should be a measure of the metal-nitrogen donor interactions. The

(14) Choppin, G. R.; Goedken, M. P.; Gritmon, T. F. J. Inorg. Nucl. Chem.
1977, 39, 2025.
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satisfactory correlation of 6(AH) with 3" pK, ), the sum of the
pK, values for the nitrogen donor sites of the ligand, for the series
of Sm—amino polycarboxylate complexes provided support for such
an analysis. A similar treatment has been used for interpretation
of the thermodynamic data on 1:1 complexation of lanthanides
with 1,4-dinitrilobutane-N,N,N’,N-tetraacetate (TMEDTA).”

The plot of —-8(AHY) vs. 2 pK,y in Figure 3 shows that EDDA,
MEDTA, and TMEDTA do not correlate with other complexes.
In TMEDTA, the explanation offered” was that the 7-membered

N-Ln-N chelate ring is much less stable than the 5-membered
ring of LnEDTA. Consequently, the Ln—N interaction is weak-
ened. Also, interaction with a nitrogen donor apparently is
weakened when a single carboxylate group is associated with that

nitrogen donor as there is only one O-Ln—N chelate ring com-

pared to two such rings

/O\

Ln——N-
~o~
in Ln-EDTA, etc. In Sm—MEDTA, only one of the nitrogen
donor interactions is so “weakened”, whereas in Sm~EDDA, both
Sm-N interactions are affected, which is consistent with the data
in Figure 3.
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Methylviologen (MV?*) is photocatalyticaily reduced by Cu(I) complexes [Cu(NN)(PPh;),]* (NN = 2,9-dimethyl-1,10-
phenanthroline or 4,4’,6,6’-tetramethyl-2,2’-bipyridine) in an alcohol~water mixed solvent. The quantum yields for the MV
reduction decrease in the order NN = 2,9-dimethyl-1,10-phenanthroline > 4,4’,6,6'-tetramethyl-2,2’-bipyridine >> 4,4'-di-
methyl-2,2’-bipyridine > 1,10-phenanthroline, whereas the 2,2’-bipyridine and 4,7-diphenyl-1,10-phenanthroline analogues hardly
reduce MV?* at all. In this catalytic reaction, alcohol reduces the oxidized [Cull(NN)(PPh;),]** so as to complete the catalytic
cycle. A reasonable reaction mechanism is deduced, which is supported by a kinetic study; the Cu(I) complex absorbs near-UV
light to generate its photoexcited state, followed by the formation of the encounter complex with MV?* and then an electron transfer
from the Cu(I) complex to MV?*. An interesting solvent effect is found in the present catalytic system, which is also examined
by kinetic treatment; when the water content in the solvent is increased, the lifetime of the photoexcited Cu(I) complex becomes
longer, and as a result, the catalytic activity of the Cu(I) complex becomes higher.

Introduction

In the last 10 years, many attempts have been made to find
photocatalytic systems capable of reducing H* or MV?* (me-
thylviologen),! and several catalytic systems have hitherto been
reported; for example, [Ru(bpy);]?* (bpy = 2,2’-bipyridine),?
Zn—porphyrin, and Ru-porphyrin complexes? catalytically reduce
MV?* upon visible-light irradiation, yielding H, gas in the presence
of Pt—colloid. Also, [CuCl;]? can reduce H* stoichiometrically
upon UV-light irradiation.* Nevertheless, there are only a few
investigations on photoreduction catalysis of Cu(I) complexes,
whereas Cu(I) complexes with bpy, 1,10-phenanthroline (phen),
or their derivatives have the metal-to-ligand charge-transfer
(MLCT) excited state as the lowest excited state,” similar to

(1) For example, see: Cox, A. Photochemistry 1984, 3; 1985, 4.

(2) For example, see: Kirch, M.; Lehn, J.-M.; Sauvage, J.-P. Helv. Chim.
Acta 1979, 62, 1345. Brown, G. M.; Brunschwig, B. S.; Creutz, C.;
Endicott, J. F.; Sutin, N. J. Am. Chem. Soc. 1979, 101, 1298.

(3) Harriman, A.; Porter, G.; Richoux, M. C. J. Chem. Soc., Faraday
Trans. 2 1981, 77, 1939. Pileni, M.-P.; Braun, A. M.; Gritzel, M.
Photochem. Photobiol. 1980, 31, 423. Kalyanasundaram, K.; Gritzel,
M. Helv. Chim. Acta 1980, 63, 478. Okura, I.; Takeuchi, M.; Kim-
Thuan, N, Chem. Lett. 1980, 765, Okura, I.; Kim-Thuan, N. J. J.
Chem. Soc., Chem. Commun. 1980, 84.

(4) Ferraudi, G. Inorg. Chem. 1981, 20, 1370.
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[Ru(bpy)s]**. To our knowledge, two examples of photocatalytic
reduction by Cu(I) complexes have been reported quite recently:
the catalytic reduction of Co(III) complexes by [Cu(dmp)-
(PPh;),]%, (dmp = 2,9-dimethyl-1,10-phenanthroline)é and the
catalytic reduction of H™ (i.e., H, gas evolution) by [Cu(dmp),]*
and [Cu(2,9-dpp),]* (2,9-dpp = 2,9-diphenyl-1,10-phenanthroline)
in the presence of MV?* and its derivative.’

In this work, the effective photocatalytic reduction of MV2*
has been carried out with [Cu(NNN)(PPh;),]* (NN = bpy, phen,
and their derivatives) in an alcohol-water mixed solvent upon

(5) (a) Bruckner, M. T.; Matthews, T. G.; Lytle, F. E.; McMillin, D. R.
J. Am. Chem. Soc. 1979, 101, 5846. (b) Balskie, M. W.; McM illin, D.
R. Inorg. Chem. 1980, 19, 3519. (c) Ahn, B.-T.; McMillin, D. R. /bid.
1978, 17, 2253; 1981, 20, 1427. (d) Rader, R. A.; McMillin, D. R;
Buckner, M. T.; Matthews, T. G.; Casadonte, D. J.; Lengel, R. K.;
Whittaker, S. B.; Darmon, L. M,; Lytle, F. E. J. Am. Chem. Soc. 1981,
103, 5906. (e) Vante, N. A,; Ern, V.; Chartier, P; Dietrich-Buchecker,
C. O.; McMillin, D. R.; Marnot, P. A.; Sauvage, J. P. Now. J. Chim.
1983, 7, 3. (f) Del Paggio, A. A.; McMillin, D. R. Inorg. Chem. 1983,
22, 691. (g) Dietrich-Buchecker, C. O.; Marnot, P. A; Sauvage, J. P,;
Kirchhoff, R.; McMillin, D. R, J. Chem. Soc., Chem. Commun. 1983,
513. (h) Kirchhoff, J. R.; Gamache, R. E.; Blaskie, M. W ; Del Paggio,
A. A.; Lengel, R. K.; McMillin, D. R. Inorg. Chem. 1983, 22, 2380.

(6) Sakaki, S.; Koga, G.; Sato, F.; Ohkubo, K. J. Chem. Soc., Dalton Trans.
1985, 1959.

(7) Edel, A.; Marnot, P. A.; Sauvage, J. P. Nouv. J. Chim. 1984, 8, 495.
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