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Dinuclear Cobalt Bis(dioxolene) Complex Exhibiting Two Sequential
Thermally Induced Valence Tautomeric Transitions

Nigel G. R. Hearns, Jasmine L. Korc "ok, Michelle M. Paquette, and Kathryn E. Preuss*

Department of Chemistry, Usersity of Guelph, Guelph, Ontario, Canada N1G 2W1

Received May 23, 2006

4,6-Di-2'-pyridylpyrimidine is employed as a bis(diimine) ligand
bridging two cobalt bis(dioxolene) centers. The thermally induced
valence tautomeric transitions of these two metal centers are
coupled through the ligand. The result is that sequential switching
from high-spin Co" to low-spin Co" of one center, followed by the
onset of switching of the other center at lower temperature, is
observed in a solid amorphous thin film by IR absorption
spectroscopy.

One of the foremost goals in the pursuit of new molecular
materials is the design of compounds that exhibit electronic
bistability, the property existing in one of two electronic
states depending on externally applied conditibiis.is

commonly acknowledged that such materials have potential (Co

applications for future electronic devices. The phenomenon
of valence tautomerism (VT), an intramolecular electron

transfer often accompanied by spin crossover, is a well-
known example of electronic bistability, often induced by

variation in the applied temperattie.

VT has been observed in a wide variety of cobalt bis-
(dioxolene) diimine complexesThe low-temperature state
is low-spin Cd'(SQ)(Cat)(NN), where SQ is a dioxolene
ligand in a semiquinonato oxidation state, Cat is a dioxolene
ligand in a catecholato oxidation state, and NN is a diimine
ligand such as 2}2bipyrimidine. The VT transition involves
an intramolecular electron transfer that results in the oxidation
of the Cat ligand to an SQ ligand and the reduction of' Co
to Cd', accompanied by spin crossover such that the high-
temperature state is high-spin 'G8Q)(NN).
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Recently, several dinuclear cobalt (bis)dioxolene valence
tautomers have been reported. Designs include the use of
2,2-bipyrimidine as the diimine ligantithe synthesis of a
dinuclear cobalt tetraoxolene compfexdinuclear cobalt
complexes of extended conjugated bis(dioxolene) lig&nds,
and most recently dinuclear cobalt complexes of extended
diimine ligands’ Although, in principle, these dinuclear
valence tautomers constitute potential designs for a tristable
molecular switch, none of these complexes are reported to
exhibit all three possible states, (§g [(Co")(Cd")], and
(Cd"),, over a given temperature range observed using a
single experimental technique. Herein we provide the first
observation, using near-IR absorption spectroscopy, of
switching in the solid state between the (Goand [(Cd')-
(Cd")] states, followed by the onset of switching to the
), state in a dinuclear cobalt bis(dioxolene) complex
using 4,6-di-2-pyridylpyrimidine as the diimine ligand.
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Complex1 was prepared by adding a solution of,G20)
in dry cyclohexane to a solution of 3,5-tht-butyl-1,2-
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Figure 1. Absorption measurements of the IVCT band of a thin film of baseline function.

1 on a Cal; plate at various temperatures from 88 to 428 K.

£ 061
benzoquinone and 4,6-di-pyridylpyrimidine in dry cyclo- g 0.5
hexane under an Ar(g) atmosphere, yieldihg@s a black *
precipitate (35.1%). 5 o4

The intervalence charge-transfer (IVCT) band of an §0-3-'

amorphous film (no peaks in X-ray powder diffraction, E 0.2
XRPD) of 1 was observed as a function of temperature from <
88 to 428 K. The film was prepared by evaporation of a $ 01
CH,CI; solution onto a single-crystal Caplate under Ar- % 0.0+

&

(9) and submitted to a dynamic vacuum (&0 orr) in the 100 200 300 400 500
instrument cavity for 15 min prior to and throughout the Temperature (K)

duration of the measurements. Multiple films were tested Figure 3. Temperature dependence of the IVCT band at 4900 riotted
with multiple temperature cycles in order to ensure reproduc- as the normalized area under the absorption cujeahd simulated fit
ibility. Representative data are shown. The IVCT band occurs ggam%g:stﬁte'zgzgr%ﬂ ffr'\]g ass ?Sngm’rioéﬁei;;;?zﬂ?g?al'Zed
in the near-IR region (centered at 4900 ¢jnof the

absorption spectrum (Figure 1) and arises from ligand mixed .
valensy in tf?e CB(SE})(gCat) anng Because IVC'?’ is not not vary with temperature and therefore should have no effect
’ on the relative absorption intensities as a function of

expected for a C{SQ). unit, the intensity of the IVCT .
absorption band can be directly correlated to the concentra—tenlperatur_e' we have opted to include the area of the 5500-
cm ! peak into the area of the 4900-chpeak in order to

tion of Cd" in the sample. We also observe a broad shoulder : oo . .
decrease the error inherent in fitting a low-intensity peak

in our lower temperature spectra, centered at 3900 ctihat _ o i
has not been observed in previously reported cobalt bis_buned un(_jeralarger peak. The plot of the relative intensity
(dioxolene) valence tautomers. The asymmetric shape of the?s ;;;:c;gc;? ZLtaeFr:;p?A:;:‘urg f;g?;ﬁgg?gi?;re;eﬂiver
higher temperature spectra suggests that there may be anoth

9 b b 99 y emperatures (ca. 12225 K) and a clear upward trend

low-intensity absorption centered at 5500 ¢milo decon- . ; .

volute these three absorptions, the spectra were modelecp ello \;V 125f tﬁ. ng pclacljt”eau tc?nbbe a55|gnfegtr:o tge partial

using four fitting equations: three mixed Gausstmorent- Isoiation ot the [(CE)(CI™] s ate because a uriner decrease
in the temperature results in a further increase in the

zian functions and a linear baseline equation (Figure 2), aSabsorption intensity, indicating the onset of switching to the
rovided in the Grams/Al(7.02) modeling software package. ' :
provi ! (7.02) ng software p g (Cad"), state. As such, we have plotted the relative absorp-

absorpon itenshy approaches zero, indicating that o sites 1S O (e 4900-cT peak, assuing that the approximate
P yapp ' g midpoint of the plateaulike feature (ca. 175 K) represents

are predominantly in a-2 oxidation state fi-e., (C9 s_tat_e]. . half of the Co sites in the2 oxidation state and half in the
At lower temperatures, the IVCT band is observed, indicating I .
3+ oxidation state (Figure 3.)

the presence of the ®osites. Plotting the peak areas of all . . L . .
threz modeled peaks as a functiorgwJ of tgmperature reveals Plotting the rglatlve absorption intensity of the 390(.)-ém.
that the absorptions at 4900 and 3900 &are temperature- peak as a function of temperature also generates a sigmoidal

dependent but the absorption at 5500-&ns not. The curve. Interestingly, the relative intensity of this curve
absorption at 5500 cm may be an undetected minor changes dramatically in the 12225 K temperature range,

impurity, or it may be a mathematical requirement of the the same range in which the 4900cmpeak intensity

peak-fitting process because the real absorptions may no lateaus. We suggest that the origin of this slightly lower
be strictly GaussianLorentzian in shape. Because it does energy peak may be IVCT between the SQ and Cat ligands

of neighboring Co sites, which are likely in closer spatial

(8) Adams, D. M.; Noodleman, L.; Hendrickson, D.INorg. Chem1997, prOXimit)/ than the SQ and Ca_t Iigands ofa singlé"((}éQ)-
36, 3966. (Cat) unit. It should, then, be directly correlated to the amount
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Table 1. Thermodynamic Parameters Used To Fit IVCT Band Intensity electron paramagnetic resonance (EPR) as a function of

Data for Complexi temperature. A broad peak, centeredgat 2.006, was
AH° (kcal mol™) AS’ (cal K"t mol™) observed over the entire measured temperature range without

Ky 1.3+ 0.4 15.5+ 3.9 a significant decrease in the intensity (28860 K), sug-

Kz 5.3+03 17.1+1.2 gesting that, in constrast to the thin film, €persists and

the (Cd), state is not realized in the powder sample at 360
K. This is in agreement with the magnetometry measure-
ments.

Absorption measurements of a toluene solutiod wfere
performed in the visible and near-IR regions as a function
of temperature. A broad peak at 4900 ¢nwas observed to

of [(Co")(Cad")] present in the sample and should not increase
in intensity any further with the onset of switching to the
(Co"), state, as is observed.

The normalized absorption intensity of the 4900-émeak
was fit using eq 1,

1 _’_i vary in intensity with temperature such that it diminished to

KK, 2K, near-zero intensity at 345 K and grew in intensity down to

Xeon = 1 1 1) 194 K reproducibly over multiple temperature cycles. The
KK, + E +1 signal-to-noise ratios for these spectra were much smaller

than those of the thin film in the near-IR region, and
wherexcg' is the fraction of C8 per metal site an&; and modeling of distinct peaks was not reliable. Plots of the entire
K are the equilibrium constants that govern the three possiblepeak area as a function of temperature did not reveal any
states: plateaulike features, nor did the peak intensity seem to be
approaching a steady value at low temperature. These results
(ca") & [(ca"y(ca") g(coll) suggest that, at high temperatures in a toluene solufion,
2 2 achieves the (C, state and that the onset of switching to
Thermodynamic parametersH® and AS® for the two the [(Cd')(Cd")] state is observed upon cooling. This is
equilibria were set as variables in the fitting process using supported by the absorption spectra in the visible region, by
the equalityKeq = exp(—~AH°/RT + AS’/R). The optimized H NMR, and by EPR measurements in toluene as a function
values are given in Table 1. The fit values for these of temperature (see Supporting Information). Again the
thermodynamic parameters are small but still reasonableimportance of the physical phase must be acknowledged.
compared to those of previously reported cobalt bis(diox-  Finally, preliminary cyclic voltammetry (CV) measure-
olene) valence tautomets. ments in CHCI, at room temperature (see the Supporting
In addition to the near-IR absorption measurements, the Information) reveal a rich redox manifold more complex than
absorption spectra of a thin film df on a Cak plate were that previously reported for mononuclear speéfedn
measured in the mid-IR (468000-cm?) region as a particular, it appears that peaks assigned to the oxidation of
function of temperature. The expected spectral changes weréghe Cat ligand and reduction of the SQ ligand in thé'Co
observed. These include an absorption at 1285dit. ® form of mononuclear species are split in the CVIofas
»(C—0) Cat] with significant intensity at lower temperatures would be expected given electronic coupling between the
and zero intensity at higher temperatures (see the Supportingwo Co centers.
Information). Attempts at measuring the absorption spectrum Results herein suggest the first observation of tristability
of a film as a function of temperature in the visible region in a dinuclear valence tautomer but only as a thin amorphous
(400-800 nm) generated inconclusive results. Although it film. Two of the possible states, and the onset of the third,
appeared that the spectral features changed with temperaturegre observed by near-IR absorption spectroscopy through
the absorptions were very weak, probably owing to the “low measurement of the IVCT band intensity in this physical
concentration” of the thin film. phase.
In addition to our investigations of the thin film, complex
1 was characterized in the solid state as an amorphous Acknowledgment. K.E.P. gratefully acknowledges the
powder and as a toluene solution. The magnetic susceptibilityNatural Sciences and Engineering Research Council (NSERC)
of a solvent-free solid amorphous sample (no peaks in Of Canada for a Discovery Grant and Research Tools and
pressed-powder XRPD on an Al substrate) bfwas Instruments Grant. Prof. L. K. Thompson at Memorial
measured by DC-SQUID at an applied field of 100 Oe over University performed the DC-SQUID measurements. We
a 2-300 K temperature range (see the Supporting Informa- also appreciate discussions with Prof. D. A. Shultz at North
tion). In contrast to the thin-film IVCT measurements, only Carolina State University and Prof. D. F. Thomas at the
the [(Cd')(C0")] state is observed by this method, with University of Guelph.
evidence of the onset of the (g state at higher temper-
atures, underscoring the importance of previous reports on
the influence of the physical phase on the VT properties.
The amorphous powder was also characterized by X-band
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