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An air and thermally stable iron(II) complex of 1,1,1-tris(dimethylphosphinomethyl)ethane (mmtp), [Fe-
(mmtp)2](BF4)2-2H20, has been prepared, and the crystal structure has been determined by X-ray analysis.
The complex was crystallized in the orthorhombic, space group Pca2; with four molecules in a unit cell of
dimensions a=17.448(4), b=17.574(4), ¢c=11.367(2) A, and V=3485(1) A®. Final R was 0.047 for 1671
reflections. The average Fe—P bond length of 2.312(5) A is intermediate between those of [Co(mmtp)2][Co-
(CN)g)-2.25H20 (av Co-P=2.331(9) A) and [Cr(mmtp),] (av Cr—P=2.287(1) A), in which Fe(1l), Co(IlI), and
Cr(0) have the same low-spin d® electron configuration. A less stable dimeric complex, [Fez(u-Cl)s(mmtp)2]-
B(Ce¢Hs)4-H20, has also been isolated. Absorption spectra and cyclic voltammograms have been compared

between the Fe(II) and Co(1II) complexes.

In previous studies, we prepared a number of
[CoX3(mmtp)]|™*-type complexes, and determined the
crystal structures of the complexes with X3=mmtp,
(Cl)s, and (CN)3. The structural study revealed
that the Co—P bond lengths (av 2.331(9) A) in [Co-
(mmtp),]3t were appreciably longer than the Cr-P
ones (av 2.287(1) A) in [Cr(mmtp)],> both the Co-
(ID) and Cr(0) having a low-spin d® electron config-
uration. The difference in the bond lengths was at-
tributed to a difference in extent of the 7m-back donation
from the metal to phosphorus donor atoms. In order
to extend the study we have prepared [Fe(mmtp),]?t,
in which the Fe(Il) ion also has a low-spin d® electron
configuration, and determined the crystal structure in
order to compare M—P bond lengths among these metal
complexes. To our knowledge,? [Fe(mmtp)s]?* is the
first example of a mononuclear [Fe(P)g]*t-type com-
plex, although several iron(II) complexes of a dimeric
[(P)sFe(u-X)3Fe(P)s]"*-type with similar tripod-type
phosphine ligands ((P)3), such as [{(MeC(CH,PPhy)3)-
Fe}z(N—H)3]BPh4'2C4H805) and [{(MGC(CH2PEt2)3)~
Fe}a(u-Cl)3]BPhy-CH>Clz,® have been reported.

Experimental

The mmtp ligand was prepared by a literature method,”
and handled under a N2 atmosphere by the use of Schlenk

techniques until its iron(II) complexes had formed. All of
the solvents used for preparing the ligand and its com-
plexes were made oxygen-free by bubbling nitrogen for 20
min immediately before use. The absorption as well as
'H, 13C, and 3'P NMR spectra were recorded on a Hitachi
U3400 spectrophotometer and a R-90H spectrometer, re-
spectively. Cyclic voltammograms were measured on a Fuso
HECS 321B potential-sweep unit and a Fuso HECS 317B
potentiostat at a scan rate 200 mV s~! in CH3CN solutions
([complex]: 1.0x107% moldm ™2, 0.1 moldm™3 BusNBF4)
as those described in a previous paper.®) A grassy-carbon
disk, a platinum wire, and a Ag/Ag™ electrode (Ag/0.01
moldm ™2 AgNOQ3) were used as the working, auxiliary, and
reference electrodes, respectively, the oxidation wave of fer-
rocene being observed at +0.09 V vs. Ag/Ag*.
Preparation of the Complexes. [Fe(mmtp)2]-
(BF4)2-2H20. The mmtp ligand (1.0 g, 4.0 mmol) was
added dropwise to a methanol solution (30 cm®) of FeCl,
(0.25 g, 2.0 mmol). The solution was refluxed for 5 h,
and then diluted ten times with water. The unreacted
free mmtp ligand was extracted with diethyl ether several
times. The aqueous solution was applied to a column (¢3
cmx60 cm) of SP-Sephadex C-25 ion-exchange resin (Nat
form), and the adsorbed products were eluted with an aque-
ous 0.2 moldm™2 solution of NaBF4. The eluate of the
major yellow-orange band was evaporated to dryness un-
der reduced pressure. From the residue a yellow-orange
complex was extracted with nitromethane, and the extract
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was evaporated again to dryness under reduced pressure.
The product was recrystallized from acetone to give yellow-
orange plate crystals. Yield 0.65 g (44%). Anal. Found:
C, 34.46; I‘I7 7.59%. Caled for 022H58B202F8P6Fe: C,
34.32; H, 7.59%. 'HNMR (CD3CN) 6§=1.20 (br. s, ~-CHs),
1.61 (br. s, P(CHs)2), 1.74 (br. s, -CHo-). *C{'H} NMR
(CD3NO2) 6=23.2 (br.s), 334 (s), 34.8 (gn.), 404 (t).
3P NMR (CD3CN) §=7.33 ppm vs. 85% H3PO4. The com-
plex is soluble in methanol, ethanol, acetonitrile, nitrometh-
ane, acetone, and water, but insoluble in dichloromethane
and chloroform.

[Fez(p-Cl)s(mmtp)2]B(CeHs)a-H20.  To a 1-bu-
tanol solution (30 cm®) of FeCly (0.25 g, 2.0 mmol) was
added dropwise a dichloromethane solution (30 cm?®) of
mmtp (0.50g, 2.0 mmol). The solution was stirred for 30
min, and then mixed with sodium tetraphenylborate (0.34
g, 1.0 mmol), yielding a red-violet precipitate. The pre-
cipitate was collected by filtration, and recrystallized from
dichloromethane. Yield, 0.91 g (44%). Anal. Found: C,
52.07; H, 7.15%. Calcd for C4¢H76BOPsClsFes: C, 52.13;
H, 7.23%. The complex is soluble in dichloromethane, chlo-
roform and acetone, but insoluble in water, methanol, and
ethanol. '

X-Ray Analysis. A crystal of [Fe(mmtp)z]-
(BF4)2-2H20 with approximate dimensions, 0.55%0.35x0.05
mm?, grown from an acetone solution of the complex, was
used for the data collection. The crystal data are: or-
thorhombic, Pca2;, a=17.448(4), b=17.574(4), c=11.367(2)
A, Vv=3485(1) A3 D,=1.47 gem™3, Dyp=1.45 gem 3,
Z=4, and p(Mo Ka)=7.66 cm™!. Diffraction data were col-
lected on a Rigaku AFC-5R diffractometer with graphite
monochromatized Mo Ko radiation (A=0.71073 A). The
60-20 scan technique was employed. A total of 2250 re-
flections within the range 20 <60° were measured, of which
1671 reflections were unique with |Fo|>30(|F,|). The posi-
tions of Fe and six P atoms were determined by direct meth-
ods (SHELXS-86%) and the remaining non-hydrogen atoms
were located by the subsequent Fourier synthesis. The struc-
ture was refined by full-matrix least-squares techniques with
anisotropic thermal parameters for the non-hydrogen atoms.
All of the hydrogen atoms were located at the calculated po-
sitions with isotropic displacement parameters of their par-
ent carbon atoms. The calculations were carried out with
Xtal3.2!? software. The refinement of the positional and
thermal parameters converged to R=0.047 and R,,=0.056.
The atomic parameters of non-hydrogen atoms are listed in
Table 1. Tables of the anisotropic thermal parameters of
non-hydrogen atoms and the observed and calculated struc-
ture factors are kept as Document No. 68069 at the Office
of the Editor of Bull. Chem. Soc. Jpn.

Results and Discussion

A yellow-orange and air and thermally stable iron-
(I1) complex of the [Fe(P)g]?*-type, [Fe(mmtp)s]?*, was
readily obtained by the reaction of mmtp with FeCl; in
a molar ratio of 2:1 in methanol. The complex is stable
in hot aqueous (60 °C) and 6 mol dm—3 HCI (20 °C) so-
lutions. The 'H, 13C{'H}, and 3!P{'H} NMR spectra
show three, four and one kinds of signals for proton, car-
bon, and phosphorus nuclei, respectively, as described
in Experimental. The spectral patterns of the 'H and

Fe(Il) Complex of Tripod-Type Phosphine

Table 1. Positional Parameters and Equivalent
Isotropic Displacement Parameters (A%) of [Fe-
(mrntp)g](BF4)2-2H20

Atom z/a y/b z/c Ueqa)
Fe 0.50803(9)  0.2542(1) 1/2 0.0205(5)
P(1) 0.4978(2)  0.3758(2) 0.5769(4) 0.028(1)
P(2)  0.4658(2) 0.2145(2) 0.6865(5) 0.028(1)
P(3)  0.6282(2)  0.2569(2) 0.5894(4) 0.029(1)
P(4)  0.3856(2) 0.2310(2) 0.4337(5) 0.028(1)
P(5)  0.5310(2)  0.3049(2) 0.3191(5) 0.029(1)
P(6)  0.5394(2)  0.1404(2) 0.4133(4) 0.030(1)
F(1)  0.3164(6)  0.4902(7) 0.314(1)  0.102(5)
F(2)  0.1889(6)  0.4632(7) 0.311(1)  0.096(5)
F(3)  0.2700(6)  0.3998(5) 0.195(1)  0.075(4)
F(4)  0.2435(6)  0.5252(5) 0.162(1)  0.072(4)
F(5) 0.3341(6) —0.1501(6) 0.484(2)  0.117(6)
F(6)  0.3838(9) —0.0511(7) 0.388(1)  0.125(7)
F(7)  0.3762(9) -0.0477(8) 0.578(1)  0.128(7)
F(8)  02755(6) —0.0411(6) 0.484(2)  0.132(7)
O(1) 0.250(1)  0.0453(7) 0.732(2)  0.136(8)
O(2) 0.3712(6)  0.3685(6) 1.000(1)  0.071(5)
C(1)  0.5696(9)  0.4443(7) 0.529(1)  0.036(5)
C(2)  0.4126(9) 0.4335(8) 0.562(2)  0.047(6)
C(3) 0.5114(9)  0.3837(9) 0.739(1)  0.037(6)
C(4)  0.5638(8)  0.3253(8) 0.800(1)  0.030(5)
C(5)  0.5223(9)  0.2495(8) 0.814(2)  0.031(5)
C(6)  0.458(1)  0.1130(9) 0.732(1)  0.044(6)
C(7)  0.3709(9)  0.2469(9) 0.736(1)  0.037(5)
C(8)  0.6363(9)  0.3158(8) 0.725(1)  0.033(6)
C(9)  0.6648(8)  0.1642(9) 0.647(1)  0.035(5)
C(10) 0.7151(7)  0.2895(8) 0.515(2)  0.044(6)
C(11) 0.5853(8)  0.3550(9) 0.919(1)  0.041(6)
C(12) 0.3054(8)  0.2058(8) 0.451(2)  0.045(6)
C(13) 0.3381(8)  0.1422(8) 0.484(2)  0.041(5)
C(14) 0.378(1)  0.2134(8) 0.274(2)  0.040(6)
C(15) 0.4479(8)  0.1792(7) 0.213(1)  0.029(5)
C(16) 0.5091(9)  0.2407(8) 0.192(2)  0.036(6)
C(17)  0.6241(9)  0.3403(9) 0.268(1)  0.042(6)
C(18) 0.472(1)  0.3879(9) 0.277(1)  0.045(6)
C(19) 0.4799(9)  0.1143(9) 0.285(1)  0.029(5)
C(20) 0.6337(9)  0.1350(9) 0.346(1)  0.045(6)
C(21) 0.5408(9)  0.0477(7) 0.491(2)  0.048(6)
C(22) 0.422(1)  0.1487(9) 0.089(2)  0.054(7)
B(1)  0.254(1)  0471(1)  0.246(2)  0.047(7)
B(2) 0.345(1) —0.076(1) 0.483(3)  0.055(8)

a) Ueq=1/3{zz U’ij a;"a;‘ai-aj}.
7

13C{1H} NMR are similar to those for the correspond-
ing Co(Ill) complex. Therefore, the Fe(II) complex can
be assigned to a diamagnetic, low-spin d°-type complex
with six equivalent phosphorus donor atoms.

The reaction of mmtp with FeCly in a molar ratio
of 1:1 gave a red-violet complex. The complex which,
was isolated as a B(CgHs)s4 ™ salt, slowly changed to
give yellow-orange [Fe(mmtp)2]?" in solution at room
temperature. An elemental analysis of the red-violet
complex showed a composition of [Feg(u-Cl)3(mmtp)s]-
B(CgHs)4-H20, which is an analogue of the X-ray ana-
lyzed [{(MGC(CHsztQ);g)Fe}z(/,L—Cl)3]BPh4-CH2012.6)
The absorption spectrum of the red-violet complex ex-
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hibits the first ligand field band at 19000 cm~! (loge=
3.03), and the spectral pattern is similar to that of
[CoCl3(mmtp)]V in the 15000—30000 cm™! region (1st
band: 20100 cm™! (loge=3.18)). Both the Fe(Il) and
Co(I) complexes of mmtp have the same low-spin d®
electron configuration.

The crystal structure of yellow-orange [Fe(mmtp),]-
(BF4)2-2H;0 was determined by an X-ray analysis.
Perspective views of the complex cation are shown in
Fig. 1. The selected bond lengths and angles are given
in Table 2. The Fe atom is surrounded by six phos-
phorus atoms of two facially coordinated tripod-type
mmtp ligands to form a slightly distorted octahedron.
The Fe(II)-P bond lengths are 2.277(5)—2.351(5) A.
The average value 2.312(5) A is intermediate between
those of the Co(Il)-P bond lengths in [Co(mmtp)2][Co-
(CN)g]-2.25H20 (av Co-P=2.331(9) A)V and the Cr-
(0)-P bond lengths in [Cr(mmtp)s] (av Cr-P=2.287(1)
A),® where all of the Fe(Il), Co(Il), and Cr(0) ions
have a low-spin d® electron configuration. Since the
M-P bonds in these complexes lengthen as the oxida-
tion number of the central metal atom becomes higher,
Cr(0)-P <Fe(II)-P < Co(Il)-P, it is suggested that the
contribution of 7t-back donation from the filled metal dmt
orbitals (d®) to the vacant phosphorus 7 orbitals (3d)
is involved in these bonds. The metal d7t orbital ener-
gies in these complexes would increase in the order of
Co(II) < Fe(I1) < Cr(0), and the 7-back donation would
become more effective to strengthen the M—P bond in
this order.

The structures of several Fe(II) complexes containing
analogous tripod-type phosphine ligands have been de-
termined by X-ray analysis. The Fe(II)-P bond lengths
are 2.207(5)—2.235(5) A (av 2.221(5) A) for [{(MeC-
(CH2PPhy)s)Fe}a(u-H)3]PFg-1.5CH2Cly,> 2.196(3)—
2.211(3) A (av 2.201(3) A) for [{(MeC(CH2PEt;)3)-
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Fig. 1. Perspective views of the complex cation in [Fe(mmtp)2](BF4)2:2H20.
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Fe}a(u- Cl)3]BPhy-CH,Clp,®  2.181(6)— 2.217(6) A
(av 2.201(6) A) for [{MeC(CHyPEt;)3}Fe(u-n3-P3)-
CO{MGC(CH2PPh2)3}](PF6)2'CH2012,11) and 2.154-
(2)—2.216(2) A (av 2.177(2) A) for [{(MeSi-
(CHyPMes)s3)Fe}a(u-C=CHz)(u-H)2].*» The Fe(Il)-P
bond lengths (av 2.312(5) A) in [Fe(mmtp))-
(BF4)2:2H20 are much longer than those in these
tripod phosphine complexes, and similar to those
of the two mutually trans Fe(II)-P bonds (2.338(5)
and 2.306(5) A, av 2.322(5) A) in [FeCly{P-
(CH2CH2CH2PMes)3}].*® The Fe(II)-P bonds trans to
Cl™ in this complex are short, 2.202(5) and 2.231(5) A
(av 2.217(5) A). Thus, the long Fe(II)-P bonds in [Fe-
(mmtp)2](BF4)2-2H20 can be attributed to the strong
trans influence of the phosphino group, although the
crowded structure around the metal ion arising from
the six dimethylphosphino donor groups may be an ad-
ditional factor of lengthening the Fe(II)-P bonds.

The chelate conformations and angles of mmtp in [Fe-
(mmtp),]2* are quite similar to those in [Co(mmtp)sz]-
[Co(CN)g)-2.25H20.” As shown in Fig. 1(b), the two
mmtp ligands are twisted to the same hand around the
(3 axis, affording chirality of the complex ion, although
the crystals are a racemate which consists of a pair of
enantiomers in the unit cell. The bite angles of mmtp
are 83.4(2)--86.4(2)° (av 84.9(2)°). The cis P-Fe-P
angles formed by two mmtp ligands are classified into
two groups, 87.2(2), 89.5(2), 89.6(2)° (av 88.8(2)°) and
101.7(2), 102.5(2), 103.2(2)° (av 102.5(2)°). The three
small and three large angles are arranged alternatively
when viewed from the direction of the chemical Cs
axis. The torsion angles of the Fe-P—C—C moieties are
26(1)—30(1)° (av 28(1)°). These values are very similar
to those found for [Co(mmtp)z|3+.V

The absorption spectrum of [Fe(mmtp)s|(BF4)s is
compared with that of [Co(mmtp)2]*>* in Fig. 2. Two

(b)
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Table 2.  Selected Bond Distances (I/A) and Bond
Angles (¢/°) of [Fe(mmtp)2](BF4)2-2H20
Distance Distance
Fe—P(1) 2.316(4)  P(5-C(18)  1.85(2)
Fe—P(2) 2.351(5)  P(6)-C(19)  1.85(2)
Fe-P(3) 2.331(4)  P(6)-C(20)  1.82(2)
Fe—P(4) 2.302(4)  P(6)-C(21)  1.85(1)
Fe-P(5) 2.277(5)  C(3)-C(4) 1.54(2)
Fe—P(6) 2.296(4)  C(4)-C(5) 1.52(2)
P(1)-C(1) 1.82(1) C(4)-C(8) 1.53(2)
P(1)-C(2) 1.81(2) C(4)-C(11) 1.49(2)
P(1)-C(3)  1.87(2) C(14)-C(15)  1.53(2)
P(2)-C(5) 1.85(2) C(15)-C(16) 1.54(2)
P(2)-C(6)  1.86(2) C(15)-C(19)  1.51(2)
P(2)-C(7)  1.84(2) C(15)-C(22)  1.57(2)
P(3)-C(8)  1.87(2) F(1)-B(1) 1.37(3)
P(3)-C(9)  1.87(2) F(2)-B(1) 1.37(3)
P(3)-C(10)  1.83(1) F(3)-B(1) 1.40(2)
P(4)-C(12)  1.82(1) F(4)-B(1) 1.36(2)
P(4)-C(13) 1.86(1) F(5)-B(2) 1.31(2)
P(4)-C(14)  1.85(2) F(6)-B(2) 1.35(3)
P(5)-C(16)  1.87(2) F(7)-B(2) 1.32(3)
P(5)-C(17)  1.83(2) F(8)-B(2) 1.36(2)
' Angle Angle
P(1)—Fe—P(2) 84.8(1) C(20)-P(6)-C(21)  98.1(7)
P(1)-Fe-P(3) 83.4(2) P(1)-C(3)-C(4)  118(1)
P(1)-Fe-P(4) 102.5(2) C(3)-C(4)-C(5) 110(1)
P(1)-Fe-P(5) 89.6(2) C(3)-C(4)-C(8) 108(1)
P(1)-Fe-P(6)  169.8(2) C(3)-C(4)-C(11)  109(1)
P(2)-Fe-P(3) 84.0(1) C(5)-C(4)-C(8)  111(1)
P(2)-Fe-P(4) 87.2(2) C(5)-C(4)-C(11) 110(1)
P(2)-Fe-P(5)  170.4(2) C(8)-C(4)-C(11)  109(1)
P(2)-Fe-P(6)  101.7(2) P(2)-C(5)-C(4)  118(1)
P(3)-Fe-P(4)  168.9(2) P(3)-C(8)-C(4)  117(1)
P(3)-Fe-P(5)  103.2(2) P(4)-C(14)-C(15) 117(1)

P(3)-Fe—P(6)
P(4)-FeP(5)
P(4)-Fe—P(6)
P(5)-Fe-P(6)
C(1)-P(1)-C(2)
C(1)-P(1)-C(3)

89.5(2) C(14)-C(15)-C(16) 110(1)
86.4(2) C(14)-C(15)-C(19) 110(1)
85.8(2) C(14)-C(15)-C(22) 108(1)
84.9(2) C(16)-C(15)-C(19) 111(1)
99.6(7) C(16)-C(15)-C(22) 108(1)
99.2(7) C(19)-C(15)-C(22) 110(1)

C(2)-P(1)-C(3)  98.8(8) P(5)-C(16)-C(15) 116(1)
C(5)-P(2)-C(6)  97.9(7) P(6)-C(19)-C(15) 117(1)
C(5)-P(2)-C(7) 98.0(7) F(1)-B(1)-F(2) = 112(2)
C(6)-P(2)-C(7)  98.5(7) F(1)-B(1)-F(3)  108(2)
C(8)-P(3)-C(9)  99.7(7) F(1)-B(1)-F(4)  109(2)
C(8)-P(3)-C(10) 98.4(7) F(2)-B(1)-F(3)  107(1)
C(9)-P(3)-C(10) 98.7(6) F(2)-B(1)-F(4)  109(2)
C(12)-P(4)-C(13) 98.7(6) F(3)-B(1)-F(4)  111(2)
C(12)-P(4)-C(14) 98.9(8) F(5)-B(2)-F(6)  114(2)
C(13)-P(4)-C(14) 97.4(7) F(5)-B(2)-F(7)  115(2)
C(16)-P(5)-C(17) 98.0(7) F(5)-B(2)-F(8)  109(2)
C(16)-P(5)-C(18) 99.4(7) F(6)-B(2)-F(7)  109(2)
C(17)-P(5)-C(18) 98.3(8) F(6)-B(2)-F(8)  108(2)
C(19)-P(6)-C(20) 99.6(7) F(7)-B(2)-F(8)  101(2)

C(19)-P(6)-C(21) 99.5(7)

absorption peaks at 23300 cm™? (log e=2.73) and 28200
cm™! (log e=2.35) for [Fe(mmtp)2]?* can be assigned to
the first and second d—d absorption bands, respectively,
from comparisons with peak positions and intensities of

Fe(Il) Complex of Tripod-Type Phosphine
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Fig. 2. Absorption spectra of [Fe(mmtp)z](BF4)2-

2H;0 in CH3CN (—) and [Co(mmtp)2](BF4)3 in
H>O (—-).

low-spin d® Fe(I) complexes. The first absorption band
is slightly lower in energy than that of [Co(mmtp)s]3+
(24000 cm™1, log £=2.92), which is the same low-spin d®
complex. The energy ratio of the first band of the Fe-
(II) to that of the Co(IIl) complex (23300 cm~* /24000
cm~1=0.971) almost agrees with the Shimura’s spectro-
chemical parameter m for Fe(Il), 0.965.19 Strong ab-
sorptions in the high energy region (>ca. 40000 cm™1)
of [Fe(mmtp)2]?* seem to correspond to the strong band
around 35000 cm™! of [Co(mmtp)s]3* which can be as-
signed to charge transfer transitions from the ligand(o)
to Co(I)(dc™) (LMCT). Since the 3d orbital energies
of Fe(Il) will be higher than those of Co(IIl), absorp-
tions due to LMCT in [Fe(mmtp)2]?* will be shifted to
the higher energy side. For Fe(Il) complexes, however,
charge-transfer transitions from the metal (filled d7) to
ligand (vacant ¢® or * orbital) (MLCT) may also be
possible. It is not clear at present whether the strong
absorptions of the Fe(I) complex are LMCT or MLCT.

Figure 3 compares cyclic voltammograms of [Fe-
(mmtp)z]?*T and [Co(mmtp)s]3* in CH3CN. One and
two reversible one-electron waves were observed for [Fe-
(mmtp)2]?* and [Co(mmtp)z]3t, respectively. The E; /o
value of 0.87 V in (A) can be assigned to the Fe?* /Fe’+
couple, and those of —0.57 V and —0.86 V in (B) to the
Co%t /Co?* and Co?* /Co* couples, respectively. Other
redox waves were not observed in the range of voltage
limits (ca. —2.0—+1.8 V vs. Ag/Ag") of CH3CN. The
oxidation potential of [Fe(mmtp),]2* is related to the
dmt orbital energy (HOMO), while the two reduction
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Fig. 3. Cyclic voltammograms of (A) [Fe(mmtp).]-

(BF4)2-2H2O and (B)
CH;3CN.

[Co(mmtp)2](BF4)s, in

potentials of [Co(mmtp)z]3* to the do™ orbital energy
(LUMO). As shown in the absorption spectra, the en-
ergy differences between the dnt and do™® orbitals are
similar in these two complexes. It can thus be con-
cluded that the 3d orbitals (d7 and do™) of the Co(III)
complex are at appreciably lower energy than those of
the Fe(Il) complex.
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