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Certain metal semiquinone complexes undergo a combined
intramolecular electron transfer and spin-crossover called valence
tautomerisni. 3 Cobalt bis(dioxolené)valence tautomers inter-
convert between als-Cad" form with one unpaired electron on a
semiquinone (SQ) ligandE= 1/2; Cat= diamagnetic catecholate;
bpy = 2,2-bipyridine) to anhsCd' system with two unpaired
electrons on the SQ ligands and three unpaired electrorsson
Cd', as shown in Scheme 1. The driving force behind valence-
tautomeric equilibria lies in the largAS’ and smallAH°. As a
consequenceAG° changes sign as a function of temperature due
to the TAS® contribution to the free energy.

As paramagnetic bistable molecules, valence tautomers are
candidates for a variety of molecular switctte$.The feasibility
of valence-tautomeric complexes as components of molecular
spintronic device®’ is directly related to successful assembly of
addressable arrays and control of the switching process. As an initial
step in this research area, we show how surface confinement
dramatically altersAH° and AS’ of a valence tautomerism.

Assembling valence-tautomeric complexes onto metal nanopar-
ticle surfaces provides the advantages of solution-phase synthesis
and characterization (see Supporting Information) and vyields
sufficient material to cast high optical density films. Along these
lines, we prepared, which is the surface-bound analogue2cdis
shown in Scheme 2. The synthesis lofnvolved generating ca.
2-nm-diameter gold clustéfswith surface-bound 1-mercapto-6-
(4'-methyl)bipyridine'! This cluster served as the precursor to
generate the final complex by reaction with,36-¢-Bu),CeH205)s.12

Films prepared by evaporation of methylene chloride solutions
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of 1 and 2 were studied using variable-temperature infrared Figure lrt (IA) Tem%eratllg&ggpﬁmzem FT"t? spectrd oin ca. 2dn? gold
nanoparticles in the emperature range recorded in ap-

spectroscopy from 20 to 440 K, and singular value decomposition ,oyimately 20 K increments. The first (solid) and second (dashed) spectral

(SVD) analysis of the vibrational modes was performed. The data components of (B) and the corresponding temperature dependence (C)

were used to construct a profile of the mole fraction of thé Co  ©f the first ) and secondl) components. (D) The temperature profiles
. . — of 1 (a) and2 (M) of the second spectral components determined by SVD

form in the usual Wa?:l“The analysis of the data shown in Figure it to eq 6 (solid curve; see Supporting Information).

1A yielded two SVD components shown in Figure 1B,C.

The first component represents the low temperatig€eC¢'"
form) spectrum in the U matrix (wavenumber dimension) and a
relatively constant term in the V matrix (temperature dimension).
The second component represents the difference betweds-the Scheme 2
Cd" andhsCo' forms in the wavenumber dimension (Figure 1B).

The familiar sigmoidal shape expected from a two-state equilibrium Q
is observed for the temperature dimension of this component (Figure

1D). The sigmoidal curve in Figure 1D was least-squares fit to

obtain the thermodynamic parameters as wellTas for the Is-

Cd" to hsCd' conversion. In addition, we examined model
compound2.1® The thermodynamic parameters from our curve fit [ t
for 2 are given in Table 1 for comparison to thoselof

Our results show that the surface-bound complex possesses a
notably differentTy,, AS’, and AH®° compared to the model  number of possibilities, including surface-charge effétidectronic
compound (Table 1). The striking difference between the surface- coupling, spin/vibrational effects, and solvation. The similarity of
bound complex and the model compound could be attributed to athe vibrational spectra of and 2 (see Supporting Information)
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Table 1. Thermodynamic Parameters for Valence Tautomerism of In conclusion, we synthesized a valence tautomer anchored to a

1and 2 nanometer-scale gold cluster, and we showed that surface attach-
parameter 1 2 ment attenuates bothH°® and AS’ for the valence tautomerism.
T2 (K) 318 389 We hypothesize that the thermodynamic parameters have changed

AH?® (kJ/mol)
AS (J/mol/K)

14.3
44.9

475

195 due to a smaller solvent accessible area caused by surface

confinement. Thus, surface confinement itself can be used to “tune”

. . . .__valence tautomerism.
precludes consideration of the gold nanoparticle as a conducting

sphere that has well-defined surface selection rules. If the typical

metallic surface selection rules were operative, we would expect

significant differences in the vibrational spectra dfand 2.
Absorption spectra of aromatic dyes exhibit diminshed intensity
on gold nanoparticle¥.However, these reported changes in spectral
features are inconsistent with the differencesARl® and AS’
betweenl and 2. While electronic coupling clearly plays an

important role in altering the electronic properties of the adsorbed

chromophore, it cannot strongly affect teatropyas would be
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electronic coupling as major contributors to the large thermody-
namic differences observed here.
We are left to consider other possibilities, including spin/

vibrational effects and solvation. These contributions to the free

energy are:
AG® = AG°(spin)+ AG°(vibration)+ AG°(solvation)

Since it is widely accepted that the equilibrium is driven largely
by the entropic contributions, we focus our discourse\&. The
spin contribution isAS’(spin) = R In(16/4)= 11.5 J K’ mol?,
and it can be excluded as a major contribution to the overall
entropy? It has been proposed that the largest contributioA$0
arises from changes in metdlgand bond-stretching frequencies
as the valence tautomer interconverts betweenst#@o" andhs
Co' forms!® This is because of the occupation af*dorbitals in
thehs-Cd' form and the resultant lower metdigand vibrational

frequencies. These low energy modes provide for greater vibrational

entropy in thehsCad' form by analogy with F& spin-crossover
complexes®1® By this analogy, AS’(vibration) from previous
studies £50—80 J K mol™1)? has been assumed reasonable.
However, doubt has been cast on the magnitud&Si{vibration)
by heat capacity measurements reported by Abakdfrand by
computational results reported by C8xn addition, Dei et al. have
shown that CHCI, solvates behave differently than @Tl,
solvates? These findings suggest thAS°(solvation) might be more
important than previously thought.

Since we are dealing with evaporated films that lack vibrational
bands for the solvent from which the films were preparethe

valence tautomers themselves act as the solvation sphere. By
anchoring the valence tautomer on a metal cluster surface, we have @1

effectively eliminated a large number of intervalence tautomer
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