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Functionalization of a cobalt/dioxolene complex with branched,
asymmetric alkyl chains promotes non-cooperative and
cooperative  valence  tautomerisms  synchronized  with

10 thermodynamically favoured crystal-to-melt and kinetically
generated glass-to-melt phase transitions, respectively, depending
on the degree of crystallinity.

Bistable molecules such as spin crossover, thermochromic,
and valence tautomeric (VT) complexes have been studied
15 extensively because of their intriguing changes in physical
properties.’® Synthetic challenges in the past few decades
have been focused upon the introduction of cooperativity into
these bistable regimes via supramolecular approaches.’?*
The introduction of effective intermolecular interactions such
20 as coordination bond, hydrogen bond, and/or =-stacking,
enhances cooperativity, resulting in increased abruptness,
wide hysteresis width, and large ON/OFF signal ratio in
bistable transformations.>*® Moreover, further enhancement
of cooperativity coexisting with structural flexibility results in
25 macroscopic phase transformations such as solid-solid,®’
solid-liquid crystal® or liquid crystal-melt® transitions
synchronized with the molecular bistabilities. Changes in
macroscopic properties, such as viscosity, reflectance, and
dielectric polarization derived from assembed molecules
s would turn these materials into a practical reality because
macroscopic signals could be readily detectable, in contrast to
inherently weak physicochemical signals from individual
molecules.’® As demonstrated in the above results, the extent
of coupling between molecular and  macroscopic

35 transformations can be controlled by cooperativity. Therefore,

it is crucial and challenging to design a molecular assembly
having modulable cooperativity under controlled conditions.
However, in a practical sense, cooperativity is hardly
modulated in a given material when robust intermolecular
40 interactions are incorporated.
Our ongoing investigations of bistable VT complexes have

Scheme 1.  Schematic representation of VT interconversion of
CoC8,100py.
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shown that complexes functionalized with alkyl chains
demonstrate marked examples of synchronous interconversion
of a molecular VT bistability and a macroscopic phase.®*!
The observed cooperativity is derived in part from the nature
of the linear alkyl chains, which show relatively high
crystallinity. In contrast, a key strategy toward bistable
materials with modulable cooperativity would require
modulable intermolecular interactions. In this context, a new
VT complex with branched alkyl chains was designed and
synthesized as shown in Scheme 1. The effects of the
branched, asymmetric alkyl chains will be demonstrated
together with their Kkinetically controllable crystallization
processes.

A new VT complex containing branched alkyl chain
moieties was synthesized by mixing Co,(CO)g, 3,6-di-tert-
butyl-benzoquinone, and 3,5-bis(3-octyltridecyloxy)pyridine
(C8,100py) in toluene. The reaction led to formation of a
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Figure 1. XRD patterns and microphotographs for CoC8,100py: (a) as-
synthesized oil (XRD at 298 K, microphotograph at 275 K), (b) glass
phase (XRD at 190 K, microphotograph at 193 K), (c) crystalline phase
obtained after holding the temperature at 295 K for 480 min (XRD at 296
K, microphotograph at 295 K (left: under parallel Nicole prisms, right:
under crossed Nicole prisms), (d) melt (XRD at 314 K, microphotograph
at 373 K).
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dark blue-purple solution from which [Co(C8,100py),(3,6-
DTBQ),] (CoC8,100py in Scheme 1; 3,6-DTBQ = 3,6-di-
tert-butyl-semiquinonate (3,6-DTBSQ) or -catecholate (3,6-
DTBCat)) was obtained as a purple oil, as shown in Figure 1a.
s The as-synthesized oil shows no peaks in the X-ray diffraction
(XRD) pattern and its fluidity indicates a melted state even at
room temperature.
The as-synthesized oil shows yuT values characteristic for
the [low spin-Co"'(C8,100py),(3,6-DTBSQ)(3,6-DTBCat)]
1 (Is-[Co""]) tautomer at room temperature (Figure 2a). The
temperature-dependent magnetic susceptibility of the oil
shows a gradual increase in the T values as the temperature
was increased, indicating the formation of the [high spin-
Co'(C8,100py),(3,6-DTBSQ),] (hs-[C0'"]) tautomer. In the
s course of successive cooling, the yuT values gradually
decreased as the temperature was lowered and with a further
second heating, a temperature dependence similar to the first
heating process was observed (Figure 2a).§ The above results
indicate a reversible VT equilibrium shift between the Is-
20 [C0""] and the hs-[Co"] tautomers. To reveal the detailed
thermal events, differential scanning calorimetric (DSC) and
XRD measurements were conducted. During both the heating
and cooling processes, unexpected baseline anomalies were
found at approximately 230 K in the DSC profile (Figure 2b).
25 In addition, an XRD pattern of the as-synthesized oil showed
no peaks at 190 K and a microphotograph at around this
temperature indicated an optically isotropic phase (Figure 1b).
Therefore, the thermal anomalies in the DSC are attributable
to the glass transition of CoC8,100py. As the above results
o show, Co0C8,100py exhibits a non-cooperative VT
equilibrium between the Is-[Co""] and the hs-[Co'"] tautomers
over the melt and glass phases.
Interestingly, a crystalline phase was generated when the
melt obtained from the glass by heating was kept at room
s temperature for 480 min (Figure 1lc and supplementary

(@) 39 ,
o2
hodé“
. 25| o
E &
S 20f o |
E
kS i
I~
T i

150 200 250 300 350 400
T/K

Heat flow /a.u.

= B

endo. «—

150 200 250 300 350 400
T/K

Figure 2. (a) Temperature-dependent magnetic susceptibility for the as-
synthesized sample of CoC8,100py on the first heating (red circles),
cooling (blue circles) and second heating (green triangles) processes and
(b) DSC curves observed for the first heating and cooling processes at a
scan rate of 10 K min.,
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Figure 3. (a) Plots of the temperature-dependent magnetic susceptibility
for the crystalline phase of CoC8,100py on the first heating (red circles),
first cooling (blue circles) and second heating (green triangles) processes.
(b) DSC curves measured for the crystalline phase in the first heating,
first cooling and second heating processes at a scan rate of 1 K min™.

information).-| The thermal behavior of the crystalline phase
was shown in Figure 3. On heating the crystal showed a sharp
endothermic peak at T, = 313 K (AH, = 50.3 kJ mol™ and AS,
=161 J mol? K?) at a scan rate of 1 K min* (Figure 3b). In
4 addition, temperature dependent XRD experiments showed
that the sharp XRD pattern of the crystal completely
disappeared at T, to give a featureless XRD pattern on heating
(Figure 1d), undoubtedly demonstrating a crystal-melt phase
transition. Furthermore,  microphotographs  visually
demonstrated that the purple crystal (Figure 1c) transformed
into an optically isotropic green melt with high fluidity at T,
(Figure 1d). The temperature-dependent magnetic
susceptibility of the crystal demonstrated an abrupt increase
from 0.97 to 1.67 cm® K mol™ at 312 K on heating as shown
soin Figure 3a. This behavior can be understood as a
cooperative VT interconversion from the Is-[Co'""] to the hs-
[Co'"] tautomer during the heating process. As a result, the
crystal of CoC8,100py shows a synchronous molecular VT
and macroscopic crystal-melt phase transition. The observed
ss incomplete jump in the magnetic susceptibility is due to a
small negative enthalpy effect derived from weak packing
forces and a high positive entropy effect of the branched alkyl
chains compared with those of linear alkyl chains.'* These
effects result in decreasing the melting temperature, thereby
s the Is-[C0"'] and the hs-[Co"] tautomers are still in
equilibrium in the melt.

Further heating of the melt leads to a gradual increase in
the ywuT values, indicating the formation of the hs-[Co"]
tautomer in the molten state (Figure 3a). On further

es decreasing and increasing the temperature, thermal anomalies
at approximately 230 K in the DSC profile (Figure 3b) and
gradual changes in magnetic susceptibilities were observed
again as for the thermal processes starting with as-synthesized
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oil (Figure 3a). As shown above, once the crystal melts, the
melt and glass phases are reversibly interconverted under a
scan rate of 1 K min. This behavior is due to kinetically
hindered crystallization processes of CoC8,100py with the
branched alkyl chains.| As a whole, it was concluded that the
non-cooperative and cooperative molecular bistabilities can be
switched by thermal processes on CoC8,100py. The present
modulation of cooperativity in a given pair of VT tautomers
would give more chance to establish further advanced bistable
10 molecular materials, which can be used in future applications .
In summary, a VT complex with branched chains,
CoC8,100py was synthesized and demonstrated non-
cooperative equilibrium shift over the glass and isotropic
melting phases, while a cooperative VT interconversion over
s the crystalline and melt phases was observed under the
controlled kinetic factors.
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