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The synergistic interactions that can occur between transition Figure 1. Electronic absorption spectra of [MO(qdt] ™ in a polystyrene
metal ions and redox active ligands form the basis for a myriad film at 89 (solid line) and 292 K (dashed line).

of complex phenomena including facile redox beha¥idr,
enzymatic catalysié® novel optical propertied’ and valence
tautomerisn®~2° A judicious choice of metal and ligand allows

“valence tautomerism” was meant to describe a true mégand
electron-transfer process, where a full electron equivalent is
transferred between the metal and ligand. Presumably, the metal

for the occurrence of accessible low-lying electronic states and ligand wave functions must be localized to facilitate a discrete
possessing considerable charge-transfer character. This-metal redox interconversion. However, metallodithiolates possess a
ligand redox interplay can, in principle, be exploited to construct highly delocalizedbonding descriptiot24 compared to the
novel molecular and molecule-based multiproperty materials. The corresponding metallodiolates and therefore valence tautomerism
fundamental goal is the ability to control these various properties has not been anticipated for this class of molecules. Here we show
and ultimately “switch” between them via an external perturbation. variable-temperature absorption data for the oxomolybdenum
This is extremely important in the development of all-optical dithiolate complex [MoO(qd}], (qdt = quinoxaline-2,3-dithi-
molecular switchésand molecular RAM devices. One of the most  olate)], which clearly reveals the highly thermochromic nature
fascinating properties displayed by transition metal complexes of this compound. Although the observed thermochromism may
possessing redox active ligands is valence tautomerism (redoxbe explained within the context of valence tautomerism we prefer
isomerism). To date all of the complexes which display valence a more general description, namely thermally driven intramo-
tautomerism have utilized ene-1,2-diolate (dioxolene) dofdrs, lecular charge transfer, as this reflects more accurately the highly
or their Schiff-base variant§;'*to facilitate a thermally induced ~ covalent nature of the MeS bond3-24 and the extreme non-
intramolecular redox reaction utilizing the catecholato/semi- innocence of the qdt ligari:26 Herein, we discuss the unique
quinonato couple. It has been stated that this redox interconversionproperties of [MoO(qd] ~ in terms of molecule-based switching

is dependent upon a low degree of covalency in thelMbonding devices and charge redistribution in the catalytic cycle of
schemé. This initial qualifier for complexes which may display  pyranopterin enzymes.

Substoichiometric addition of ferrocenium hexafluorophosphate
to a dry toluene:DMF (70:30) solution of the dark blue Mo(IV)
compound (PPH[MoO(qdty] generates the one-electron oxidized
[MoO(qdt),] ~.?” Bottle green [MoO(qdt]~ is highly thermo-
chromic, turning dark orange almost instantaneously upon
submersion into liquid nitroget¥. The extent of the observed
thermochromism is clearly evident in the variable-temperature
electronic absorption spectra shown in Figure 1. The 89 K
absorption spectrum displays two intense low-energy charge-
transfer features at 14 750 and 18 000 ¢nand these bands are
characteristic of all the [MtO(dithiolate}] ~ compounds we have
studied to daté* The observation of magnetic circular dichroism
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Figure 2. Temperature vs intensity plot for the band at 18 000 &m
at The solid line represents the best fit of the data to eq 1. The best fit
g Parameters arAH = 74.5 kdmol~! and AS = 264 JK~1-mol-1.

(MCD) intensity (Figures S1 and S2, Supporting Information)
low temperature (5 K) confirms that the oxidized species i

paramagnetic and is best described as\{®i@dty] . Further- the thermally induced charge-transfer process may be obtained
more, the one-to-one correspondence between the low-temperatur®y fitting the data in Figure 2 togl . It is clear that this
absorption and MCD spectra below20 000 cm! (Figure S1) o ) 1

proves that the observed low-energy charge-transfer bandsabsorption intensity] f,,,, = 1)

observed in the absorption spectra arise from a Mo(V) center with eXpAH/RT— ASR) + 1
electronic configuration (g)*. Detailed spectroscopic studies of interconversion is entropically driven, and the best fit parameters
mono-oxo Mo(V) complexes reveal an extremely large splitting for the [Mo'O(qdty]~ — [Mo'VO(qdt)(qdt)]™ interconversion are

of the metal 4, orbitals?1~242° These complexes possess empty AH = 74.5 kdmol~* and AS = 264 JK :mol % This is a
dxzy, acceptor orbitals that are highly destabilized due to their relatively large entropic term which falls between that determined

strong Ma=0 z* antibonding character and lie 14 06Q@8 000 for the solid and solution state interconversion of Q& —N)-
cmt to higher energy than thedorbital. Thus, all the low- (CAT);] and [Cd"(N—N)(CAT)(SQ)]&* The origin of this
energy charge-transfer bands bele®0 000 cm* involve one- entropic term undoubtedly arises from distortions along-8o

electron promotions to. and a combination of MCD, electronic  and intraligand gdt normal modes that occur as a result of the
absorption, and resonance Raman spectroscopies have been uséidermally induced charge redistribution.
to assign these bands asBlo d, charge-transfer transitiod’s:42° The observed thermochromism in [MoO(gdit) is most
The observation of tight isosbestic points in Figure 1 indicates consistent with an induced intramolecular charge transfer between
that [MoO(qdty]~ interconverts with a single species as the Mo and at least one of the qdt ligands. Therefore, [MoOgdt)
temperature is increased. Interestingly, the low-energi® d,, represents the first example of valence tautomerism in a Mo
charge transfer transitions essentially disappear and the verycomplex and the first example exploiting the inherent redox
intense bands at 26 800 and 25 700 ¢are attenuated by roughly  activity of a dithiolate ligand. Prior to this study valence
half upon increasing the temperature. The latter transitions havetautomeric behavior had only been observed in complexes which
been assigned as gat>* transitions due to their similarity with utilize the catecholato/semiquinonato couple, and it has been
bands assigned in (Ns;)MoYO(qdt)?22339The lack of low-energy suggested that weak metdigand bond covalency is a necessary
S—Mo d,, charge-transfer transitions in the high-temperature criterion for this interconversion. However, this does not appear
absorption spectrum is very similar to the lewnergy spectra  to be the case in [MoO(qdl), as the Me-S bonds arevery
of [Mo"VO(dithiolate)]?~ complexes, including [MBO(qdt)]? .31 covalent. The results of this study may be significant with respect
Oxo-molybdenum(lV) complexes possess gy)tdelectronic to the role of the pyranopterin cofactor in various Mo enzymes.
configuration and no -SMo d,, charge-transfer transitions are Mo
observed since thgdorbital is completely filled. Therefore, we o 4 S \
propose that a thermally induced intramolecular electron/charge HN NS
transfer (valence tautomeric) process is operable and responsible PN | | .
for the observed thermochromism. A thermally inducedNgo HN™ "N TN 707 N~OPOs
dyy charge transfer process would formally result in the conversion
of [MoVO(qdt)]~ to the Mo(1V) species [MEO(qdt)(qdt)]~, and Although the pyranopterin is not covalently linked to the protein,
this description is consistent with the attenuation of both the an extensive hydrogen bonding network anchors the cofactor to
S—Mo d,, charge transfeandthe dianionic qdtz——x* bands.The the protein®*3 Therefore, the pyranopterin may function as a
normalized intensif{? of the 18 000 cm! band is plotted as a  transducer, transferring vibrational energy associated with protein
function of temperature in Figure 2, and the [K@qdty]~ — conformational changes directly to the active site. This would
[Mo'VO(qdt)(qdt)]™ interconversion is found to be very abrupt have the overall effect of mediating substantial charge redistribu-
(AT ~ 25 K) with a Ty, near room temperature (270 K). Since tion at the active site and facilitating crucial atom transfer and
low-energy S-Mo dy, charge transfer transitions are only electron-transfer processes. Finally, materials based on [Mog)(qdt)
observed for [M8O(qdty] -, the intensity of this band is directly ~ should possess the desired properties of a molecular switch,
proportional to the mole fractioriy{ov) of [MoYO(qdt)] ~ present namely an abrupt interconversion between two accessible states
at a given temperature and the thermodynamic parameters forat ambient temperature.
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