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Pentaammine- and pentacyano-L complexes of group 8 metals

(L = pyridine (py), pyrazine (pz), and derivatives) have been
widely used for systematic studies on structure and reactivity.
The M' compounds display intense charge transfer (CT) bands,

whose number and origin have been used to probe their electronic

structuret Specific donor-acceptor interactions of the coligands
with the solvent are observed, with significant shifts of the CT
bands and the redox potentials at the metal *sitbese MX%

fragments also have been used to prepare mixed-valent dinuclear

complexes, either symmetric or asymmetrited for studying
energy- and electron-transfer, and bridge-mediated metetal
coupling? Overall, they have played a key role in the understand-
ing of electron-transfer processes.

The [O4(CN)sL]"™ compoundsn aqueous solutioshow two
CT bands (CT and CT, for the high- and low-energy compo-
nents), with the intensity ratidy, close to 2:1 and the energy
difference, AEct, around 4200 cmt. AEcr remains roughly
constantindependentlyof L and, for most ligands, also of the
solvent, as exemplified by [®E&N)spz]® (Figure 1a). We
interpreted our results on the basis of a simplified model
previously used for Os(Il) compounésAlthough the low-spin
dé configuration is not split under spirorbit coupling effects,
the excited-state®dconfiguration leads to A and E states. Two
transitions should then be observed witbomstantAEct of 3/24
(Aos= 2800 cnTY),” andR alwaysnear 2:1. In a subsequent wirk
we observed solvent-dependehEcr in the CT bands of the
[OS'(CN)sMepzP~ complex and weakening of GTFigure 1b),
as for the analogous [®@Hs)sL]™". Hence, the spinorbit
coupling-only model fails in providing a comprehensive descrip-
tion for the CT spectroscopy of all the osmium complexes.

In this Communication we report an interpretation, based on
Magnuson and Taube’s (MT) molecular orbital model for the
[Os'(NH3)sL]™ CT spectroscop§Our present description, which
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Figure 1. Electronic spectra of [J$CN)sL]" (L = pz (a), Mepz (b))
in (from top to bottom) water, MeOH, EtOH, and acetonitrile.
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introduces the effect of spirorbit coupling, explains the CT
pattern inall [Os'(CN)sL]"™ compounds, and questions the
previous spectral assignment in the [@¢Hs)sL]"" series. It
provides simultaneously a straightforward methodology to evalu-
ate the degree of metaligand coupling.

Magnuson and Taube assumed that the two bands observed in
[OS'(NH3)sL] "™ compounds originated in different metal orbitals.
UnderC,, symmetry, thez; set splits into g&x>—y?), by(x2), and
by(y2).° The ky(y2) orbital interacts with the lowestfr* ) orbital
leading to the formation of two molecular orbitals: a lower lying
@a = Cudy, + cur* and a higher lyingps = cun*L — c.dy,
while by(x2) and a(x¥*—y? remain nonbonding and roughly
degenerate. CTand CT, of [Os'(NHs)sL]™ were assigned to
the symmetry alloweddpa) — bx(ge) and a(x*—y?) — by(¢s)
transitions, respectively. The L-dependéicr was taken as a
measurement of ML coupling. Quantitative relations were
derived, affording the orbital energies and the ground state mixing
coefficientscy andc, in terms of Ay = [&* |H|z* O [d,/H|d.[
and Hy. = [dJH|7* 0O(see Supporting Information). These
notably intuitive concepts were also applied to explain the sol-
vent dependence of the two CT bands present as well in
[RU"(NH3)sMepzF*.22 Further studi€’$ on M—L coupling, though
based on different methodologies, also rely on the MT spectral
assignment.

Some crucial facts interfere with the MT assignment of the
CT spectroscopy in the osmium compounds. As noted previ-
ously°the poor overlap between thg@e_,?) and b(gs) orbitals
requires a low-energy transition of very low intensity. The low
oscillator strength observed in ¢Tor [Os'(NH3)sL]™" and
[Ru"(NH3z)sMepzFt spectra might be consistent with an overlap-
forbidden charge transfer. However, high intensity for,@hd
constantAEct for many [O$(CN)sL]" '€ cannot be explained
under the MT assignment, unless we depart from a one-electron
description.
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Table 1. Parameters Calculated for [t§E€N)sMepzF-

Alo) U ay, +A A ARy CTA CT2 Aw?® Hwl c2° A* c?° Reac(Rex)?

A .
Ay +2A — ‘ 2 4 2 water 188 145 168 25 002 04 029 25(4.1)

MeOH 171 116 109 6.1 0.17 28 0.12 7.3(8.1)
) EtOH 169 110 97 6.6 020 3.3 0.10 9.0(9.9)
A : Y, AcN 171 87 40 82 038 6.4 0.04 24(21)

AE, aCT; and CT, stand for transitions t8’; = csA1(@a) + i27V%cr(A1(X2)
: . + Ai(x>—y?) and W3 = ictAi(pa) — 27 Y2cs(A1(x2) + Ai(X>—Yy?),
Ay +A == respectively. Energies in units of 36ém! ® Orbital mixing coefficient,
A (3 : lcL]? + |om|? = 1. ¢ Excited state mixing coefficientgs|? + |cr|? = 1.
(x2) dntensity ratio,R = f./f,.
32 2 Y.
A(X-Y)

A+ 34 A AE, magnitude ofA becomes negligible compareditpmakingAEct
. My 4 9 reach its minimum value of 312 This figure is consistent with
A =1(AML2+4HML2)7—M the s-o coupling-only model depicted above and suggests a
2 2 negligible degree of ML coupling for most [O%(CN)sL]"" in
aqueous solution (i.ec; > ~ 0). For [O4(CN)sMepzF~, however,
the situation changes. The greatdtcr andR are indicative of
Os-MepZ mixing, as shown in Table 1. Variations with solvent
arise largely because the electron-donor abiE)(1"'/M")) of
the M(CN) moiety is very solvent dependent, while the acceptor
ability of L is not* This translates into largeky, in water than
Figure 2. Effect of s—o coupling on the relevant excited states. in organic media.
We estimatedR by evaluating the mixing coefficients between
On the basis of their spatial symmetry properties, the CT the zero order singlet and triplets. Far= 0, c;2 is 0.33 and
excited configurations are /A= (¢a){(dn)*(de—2)(@s)t, Az = Realc Simply becomes 2:1. For increasimgmixing, theReqc values
(a)4(de) (de—)A(@e)t, and B = (¢a)X(d)*(de—y?)(¢s):. One agree with the experimental results, being good evidence for the
intense CT involving the Aconfiguration is expected if the  correctness of the model and hence for the assignments of the

0=

AEq; = %[(m +1.) +8¢, 2 |

S 1[2a+n+208, T
£ 8 Acy,

symmetry-allowed but overlap-forbidden CT tg B neglected. CT transitions and the assumptions made in its derivation.
Electron repulsion resolves the;,AA,, and B excited states The [O¢/(NH3)sL]"™ complexes show L-dependefnEcr due
arising from the MO description into singlets and ;riplétslcl)w, to largerz-mixing (largeA). The growth inA reduces the spia
the twelve CT microstates can mix due to spiorbit coupling. orbit mixing, explaining the low intensity of GT Despite the

The spin-orbit coupling operatoHs, spans the totally sym-  scarce intensity data found for the pentaammmine complexes in
metrical representation and only mixes states which share the samehe literature, our preliminary estimations suggest consistent results
total spin-orbital symmetry designation. Only the totally sym- and interpretation for the relevant parameters, as in Table 1.

metric triplet componem;(3x2) = ¥5(|dwps— |ped(lafTH Pursuing a unified picture of CT spectroscopy in all the relevant
By andAy(*x2—y?) = Y/5(|de- sl |@ade—yD(|aal— |BA0) d® systems, we are presently extending our analysis to the Ru
states will mix with the orbitally and spin alloweh(*¢,) singlet and Fe analogues, using the appropridtevaluest® With

Yoleape+ |@epal(lafO— |pal), providingat mostthree CT [RU"(NHs)sMepzP*, spin—orbit scrambling still occurs, so that
bands to states of totgh; symmetry. We can constrain the  CT,, even with diminished singlet character, still bears appreciable
computation of the spiorbit coupling matrix elements (see intensity. The overall agreement is encouragifidy(| = 8.800
Supporting Information for details) to these three sypnbitals*? cm™l, Ay, = 5.700 cn?, ¢.2 = 0.35,A = 6.400 cmit, 2 =

The zero-order diagonal elements were estimated from the MT- 0.01, Rex, = 93, Reaic = 99) 18 For other less acceptor L ligands
MO energies, neglecting the electron repulsion terms. Thus  we propose that the absence of Ghould not be related to poor

the energy difference between the uncoupledA;(*pa) and orbital overlag?but to the smaller ML and spin-orbit coupling.

the triplet component8.,(®x*—y?) andA1(®x2), becomes a direct  Thus,AEcr becomes very small (ariRltoo large), making difficult

measurement of-back-bonding. the observation of CJ which might be buried below the high-
Figure 2 shows the effect of spiworbit coupling and provides energy component. Detailed experimental and theoretical work

quantitative relations linking the observed CT wiith,.| andAy. is under way for assessing the above predictions and will be

W, = 27Y4Ay(*2) — A1(®>x*>—y?)) remains a pure triplet, and does  reported soon.

not contribute to the observed spectrifh. = csAi(1pa) + 2712
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