3428

On the Failure To Observe Isotropic Electron
Paramagnetic Resonance Spectra for Certain
Chromium(l) Carbonyl Complexes

Alan M. Bond,' Bruce R. McGarvey*
Anne L. Rieger§ and Philip H. Rieger*$

Department of Chemistry, Monash University, Clayton,
Victoria 3168, Australia, Department of Chemistry and
Biochemistry, University of Windsor, Windsor, Ontario N9B
3P4, Canada, and Department of Chemistry, Brown
University, Providence, Rhode Island 02912

Receied February 18, 2000

Despite extensive efforts using in situ electron paramagnetic

resonance (EPR) and voltammetric technidues chemical

oxidation at temperatures down to 200 K, isotropic EPR spectra

are not observed fofac-[Cr(COxL3]™ 22 (L is a phosphine,
phosphite, or phosphonite ligandjac-[Cr(CO)(;72-LL)(7*-
LL)]* (LL = PhP(CH),PPh, n = 1, 2, or pompom=
(MeO),PCH,CH,P(OMe),*5 [Cr(CO)(55-arene)f, cis-[Cr-
(COXL4]™, cis{Cr(CO)(52LL)2]",8 or Cr(COX(55-CsPh)).”
This is in contrast with generally well-resolved spectra recorded
for cis-[Cr(CO)L,] ™8 mer[Cr(CO)L3]",22 mer{Cr(CO)(%
LL)(5*-LL),45 trans[Cr(CO)L4",22 and trans[Cr(CO)(1?-
LL)2]*T #° and the reasonably well-resolved frozen solution
spectra ofac-[Cr(COX(triphos)]" (triphos= (PhP)CH,2 fac-
[Cr(COX(n?-pompom)gi-pompom)i,> and Cr(CO)(5°-Cs-
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metallic radicals subject to Jahifeller distortion may be so
broad as to be undetectable. Thus, the EPR spectrum of \(CO)
could only be observed at low temperature in a rigid matrix
where the JahnTeller distorted form is sufficiently long-livet.
The case of [Cr(CQ)* is somewhat unclear. The early report
by Pickett and Pletch&was almost certainly of an acetonitrile
solvate, but careful work by Mleczkded to a broad signal
(with 53Cr satellites) similar to that reported by Bagchi et'al.,
which might well have been the expected Cr(l) complex.
Interconversion of the epikernel states could be much slower
for the charged Cr(l) radical than for the uncharged V(0) species.
Substitution of a weaker-acceptor ligand, L, for CO gives
[M(CO)sL]* (Ca,) or trans{M(CO)4L2]* (Dan). In both cases,
dxy interacts with four CO ligands and thus is lower in energy
than d; and ¢ which interact with three or two CO’s. Thus,
the expected ground state 3& (Cs,) or 2Eg (Dan). An EPR
spectrum has been reported frans{V(CO)4(PMes),] diluted
into a single crystal of the Cr(0) analogifehut the spectrum
could only be detected at very low temperature. A broad, weak
spectrum [gl= 2.027,[@°0= 18 £+ 2 G), observed fotrans
[Cr(CO)(PPh),]™ at room temperature, was found to improve
slightly at lower temperaturé8 The epikernel principle suggests
a Jahn-Teller distortion fromDg4p, to one of two equivalerd,;,
structures, but interconversion is apparently sufficiently slow
that the isotropic spectrum is detectable.
A similar analysis forcis-[Cr(CO)uL,]" (Cz,), mer[Cr-
(COXL3)* (Co), and trans[Cr(CO)L4]™ (Dan) leads to the

Ph)).” We have sought an explanation for these apparent Unambiguous prediction of nondegenerate ground states well
discrepancies for some years. In this note, we present the (almosfeparated from excited state¥y, Az, and’B,g, respectively-

certainly) correct answer,

In octahedral symmetry, the low-spirP donfiguration is
degenerate and a Jahmeller distortion of thé'T,g ground state
is expected; the epikernel princifleuggests that the distortion
is to one of three equivaleml,, structures. Rapid interconver-
sion among these structurethe dynamic JahnTeller effect-
provides a mechanism for spitattice relaxation. Classic

consistent with the reported isotropic EPR spectra of such
specieg. 516

The cases ofis[Cr(CO)L4] ", cis-[Cr(COX(5?-LL) ], fac-
[Cr(COXL3] T, fac-[Cr(CO)(1?-LL)(7*-LL)] *, and [Cr(COY(®-
arene)f, where no isotropic EPR signals have been detected,
are less obvious. While these species are usually unstable with
respect to isomerization torans[Cr(CO)L4]" and mefCr-

examples of this phenomenon are the EPR spectra of the(COkLs]", extensive electrochemical studies have shown
benzene, triphenylene, and coronene radical anions, which haveconcentrations of theis-dicarbonyl orfac-tricarbonyl cations,

unusally broad line&? Liquid solution EPR spectra of organo-
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which should have been EPR-detectable, but no isotropic
spectrum could be found. A ligand-field argument éis-[Cr-
(CO)L4] ™ suggests that, with the CO ligands along xhend
y-axes, the g orbital, which interacts with both CO ligands,
will lie lower in energy than g or d,,, which interact with only
one CO each. On this basis, thg-énd d-based MO’s should

be nearly degenerate. A closer analysis, taking into account the
(at least approximate,, symmetry, shows that the highest-
energy doubly occupied MO (HOMO) and the singly occupied
MO (SOMO) should belong to thel§dy, + dy,) and & (dx, —

dy,) representations. In other words, there is no symmetry-
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irlrposed requti;]emen_tk of delger)ergcly, andlneiéher_lthe—J‘éé:ier_ f S, — Soig = Small S, = Soig + Snan
eorem nor the epikernel principle apply. Similar analysis o ma = b, T =
fac-[Cr(CO)L3] " with CO ligands along th&-, y-, andz-axes vi=§ Vit§

suggests that because each of th@tbitals interacts with two
CO ligands, the three orbitals will remain nearly degenerate.
However, wherCs, symmetry is imposed, thegtorbitals split
into & and e, and again, there is no symmetry-imposed

) .
requirement of a degenerate ground state. Of course, in the case A’.‘a'YS'S Of the de energy gap forfac-[Cr(CO)ng]_ IS
of fac-[Cr(CO)(n?-LL)(n-LL)] +, the symmetry is at mots, qualitatively similar, albeit somewhat more complex. With,CO

and all levels are expected to be nondegenerate. CO, and CQ along thex-, y-, andz-axes, respectively, tha a

Extended Hokel MO calculation¥ suggest that the,and symmedry-adapted combinations are
b, orbitals are indeed nearly degeneratecie{ Cr(CO)%(PHs)4] ™ 1
with the2B; state 0.052 eV lower thai#\,, an energy difference Vaq =3 (@t dy,+dy)
comparable to a vibrational quantum for a ligand bending mode,
suggesting a mechanism for spilattice relaxation. Similarly, Voo, =
EHMO calculations forfac{Cr(CO)(PHs)s]" predict a2A 1
ground state 0.068 eV lower in energy th#n —
Interestingly, a low-temperature isotropic EPR spectrum was J6(1+S5+9)
reported forfac-[V(CO)3(PMes)3].2° EHMO calculations were
repeated for this complex, keeping bond lengths and angles fixedwhere S; (e.g., betweenry; and ) > S (e.g., betweenrn
at the values used for the Cr calculations. PA¢’E energy ~ ands). We have ignoredr—x overlap integrals, which are
difference is predicted to increase to 0.084 eV, a direct result zero for 90 bond angles (e.g., betweer,; and 7»). The
of the larger 3d orbitals for V and consequent better overlap relevant dr overlap integral then is
with the COx* orbitals2?
EHMO calculations fofac{Cr(CO)(PHs)s] ™ also employed Spa = 2(S‘oig + 2Sma))
C—Cr—C bond angles ranging from 820 92°, holding the ! \/m
trans P-M—C bond angles constant at 80 he2A/2E energy
difference decreased to 0 when the Cr—C bond angle was  The corresponding e combinations are
decreased to 8426 Thus, to the extent that increasing the

Thus, the difference in energy betwe#k, and?B, is due to
Si, small but nonzero, and possibly $gnai, Which is significant
for distorted conformations.

(nyl T,y T, st nﬁ)

P—M—P bond angles leads to a decrease in th/C-C angles, Py = 1 @d, —d,,— d)
we might expect théA/?E energy difference to decrease with  “%& /g "> vz e
increasing steric bulk of the phosphorus ligands. 1
Energy differences obtained from EHMO calculations should VYoo = (2, + 270 — Wy — TWp —
never be taken very seriously. However, the qualitative EHMO V6(2+25,-9)
results follow directly from overlap integrals calculated using Tys — nﬁ)

Slater-type orbitals and thus are independent of the EHMO

formalism. Considecis-[Cr(CO)L4]™ with CO ligands along Pyo = 1 (d,—d,)

the x- and y-axes. The symmetry-adapted combinations of e N/
carbonylsz, and metal 3¢, 3d,, orbitals are 1

Yie, =
L * J2@+2s,-9)

-1 4 _ -1
Yaa = J2 (dy, dyz) Vra, 21— S) (74 = 72) and for either set of functions

(rp+ T3 =~ T3 — )

_i d.+d _ 1 + Sd, _ 2(Soig_ssmaID
wd,bz - \/E ( Xz yz) wn,bz - m (‘7[21 ‘7-[22) T, m

whereS; is the overlap integral for the, orbitals of CQ and f\gam, the /e energy gap is due 1§ and &ma"._(The Slater-
. o . . ype orbitals used by the EHMO program gi&g, = 0.1517.S;
CO,. Overlap of ¢, with Tz 1S identical to that ofgiw!th TTp = 0.0664,S = 0.0218) As the €Cr—C bond angles are
(Shig); the overlap of g with 7> and the overlap of dwith 7z changed, we expect changesJia, which lead to variations
are also identical%mai= O if the bond angles are exactly 90 in the 2A/2E energy difference. In particulaBy, » decreases
The overlap integrals critical to the MO energies then are weakly with increasing eCr—é bond angle \Z?\il in-
@h,e
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on X-ray structural dat&® so sensitive to bond angle that rapid spiattice relaxation is
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