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A cobalt(Il) compound, [Co(C5C12C10-terpy)](BF4), [C5C12C10- ion coordinated to Schiff-base ligands with long alkyl chains
terpy = 4',5""-decyl-1'"'-(heptadecyloxy)-2,2":6",2"'-terpyridine] with and exhibits a rodlike geometry. The SCO behavior was
branched alkyl chains, based on a terpyridine frame, was gradual in the temperature range of-5800 K, and the
synthesized. The cobalt(ll) compound exhibits a spin transition smectic A mesophase was observed between 380 and 418
between low-spin and high-spin with a thermal hysteresis loop K. We have also observed a photoinduced spin transition

(Tuot = 288 K and Tyot = 284 K) at the liquid-crystal transition (LIESST effect) below about 60 K in the SCO iron(ll)
temperature. It is the first example in the cobalt(ll) compounds in compounds, which display the mesophase above about 350

which the spin transition occurs at the crystal-liquid crystal K.#¢ The development of novel compounds exhibiting
. P i a y LIESST is one of the main challenges in this field. It may
transition temperature.

be possible that both the SCO and mesophase transition can
be synchronized. Fujigaya et.ahave reported a one-
dimensional (1-D) iron(ll) compound with triazole deriva-

important in the field of advanced materials such as elec- tives that exhibits SCO and liquid-crystal behavior in the

trooptic devices. Organic liquid crystals are diamagnetic and samehFempirz;ture reglléﬁ.H(r)]wever,;he suppfgsed dmgso-
can be easily oriented by an electric field. Liquid crystals of morphism of the complexes has not been confirmed. Gaspar

transition-metal complexes, calledetallomesogensave et al. have been investigating the possibility of synchronizing

attracted a great deal of attention from the point of view of POth transitions in the iron(ll) complexes that are 1-D
multifunctionality! The development ofetallomesogens COMPounds based on triazole ligarids. They have reported

with multifunctions [spin-crossover (SCO), mixed-valence, that thermochromic liquid crystals operating in the room-
magnetism, conductivity, eids very important in order to temperature region exhibited SCO behavior in the temper-

achieve the co-occurrence of various physical properties in &tureé range at which the materials show a discotic columnar
the functional molecular-based materials. mesophase. Furthermore, control of the SCO characteristics

The SCO phenomenon occurs when transforming betweenCf 1-D iron(ll) compounds by an amphiphilic phase transition
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Figure 1. Chemical structure of the cation Ih

Intensity / a.u.

Hence, in order to develop a variety of switchable
molecules that exhibit a spin transition induced by a crystal-
to-mesophase transition, we propose the following strate-
gies: (i) the SCQ compounds are necessary in order toFigure 2. Powder XRD pattern fol at 300 K.
transform the spin states even by subtle structural changes
in the ligands or molecules; (ii) the SCO compounds with 20F
T, above room temperature are necessary because the liquid- T

crystal transition temperature is generally higher than room w
1

temperature for thenetallomesogensiii) the liquid-crystal
transition temperature should be adjustedigin the SCO
compounds by changing the length or type of the alkyl
chains. On the basis of strategiesiii, we aimed at con-
structing spin-transition compounds that occurred at the
liquid-crystal transition temperature. The S@aetallome-
sogenshave been investigated for only iron(Il) or iron(lll)
compounds so far. The SQ@etallomesogerfsr other metal 0.5
compounds, cobalt(ll) and so on, have also been interesting. ! ! ! !
We focused on a cobalt(ll) compound, [Co(C5C12C10- 100 200 300 400
terpy}](BF.). [1; C5C12C10-terpy= 4',5"-decyl-1"'-(hep- Temperature/ K
tadecyloxy)-2,26',2"-terpyridine], with branched alkyl chains. ~ Figure 3. ymT vsT plot (a, heating modey, cooling mode) forl. The
The branched alkyl chains were introduced in order to {gfne;e?;";‘f:;_ shows the derivaivéymT/oT plot as a function of the
decrease the mesophase transition temperature and synchro-
nize the liquid-crystal and spin-transition temperatures in ) .
compoundL. CompoundL was obtained as a brown powder Of 1:/2:%/3:a, which could be indexed as the (001), (002),
by reacting Co(BE), with C5C12C10-terpy, and the com- (00.3),'a.nd (004) reflections of a lamellar phase with a
position for 1 was confirmed by elemental analy$fsA periodicityd = 23.9 A (# = 4.0°). The natural texture of
rodlike geometry is proposed for the molecular structure of 1 i shown in Figure S1 in the Supporting Information, and
1 by computer simulation (Figure 13. a typical fan-shaped texture was observed at 300 K. The

Liquid-crystalline properties fol were confirmed by ~ Mesophase was identified as a smectic A)(®esophase
powder X-ray diffraction (XRD) and polarizing optical Pased on the texture observed by POM and the powder XRD

microscopy (POM). Powder XRD measurements for ~ Pattern. N
were carried out to confirm this mesophase. Figure 2 shows SPin transition between the HS and LS statesifovas
the XRD pattern of the mesophase state observed at 300 K followed by measurements of the molar magnetic suscepti-
The pattern displays a diffuse and broad scattering halo, bility xm as a function of the temperature (Figure 3). The
centered at 4.5 A @ = 19.6) in the wide-angle region, xmT value for1is equal to 0.50 cfK mol™ at 100 K,
indicative of the liquidlike order of the aliphatic chains and Which is in the range of values expected for LS cobalt(ll)
thus of the fluidlike nature of the phase. In the small-angle 1ONS. AS the temperature was increased from 100 Kyifie
region, the XRD pattern displayed four reflections in a ratio Product remained practically constant from 100 to 200 K
and then abruptly increased aroufght = 288 K. TheymT
(13) Kuroiwa, K.; Shibata, T.; Sasaki, S.; Ohba, M.; Takahara, A ; Kunitake, value at 400 K was 1.73 c¢hK mol~%, showing that the
2igymzuka, N.J. Polym. Sci., Part A: Polym. CherB008 44, spin transition from the LS to HS state was induced. The
(14) The ligand C5C12C10-terpy was synthesized by mixing 5-decyl-1- SPin transition is directly related to the mesophase transition.
bfo%mhepgﬂégcang g'Sangdl)&:r? d"gg?'%b ég—bis‘gzégyrrriﬂs{gﬁ)%f& On cooling, they,T value for 1 was decreased gradually
m-doir?q(it(hyﬁon?{an&ide (70 i) at 86C for 12 h H NMR from 400 to 292 K and then abruptly dropped at arolipg
(CDCl): 0.88 (t,J = 7.0 Hz, 3H), 1.25-1.55 (m, 47H), 1.85 (q) = = 284 K, showing that the HS moieties were restored to the
th 'j'Z: g"g;‘zzg,_(f)’] 5&3’(53ﬁ)',*)g,gf(zdff%__oE}’ﬁ,“f.qf?_gé‘?i LS state with a hysteresis lood\T = 4 K). Additional
J = 6.0 Hz, 2H). The cobalt(ll) compountl was synthesized by ~ thermal cycles did not modify the thermal hysteresis loop.

mixing C5C12C10-terpy (0.44 mmol, 0.28 g) and CofBFeH,O iti i i i
(0.23 mmol 0.078 g) i CHGIMEOH (30 mL). The obtained brown Pha§e transn_lon temperatures favbtained by d|fferent|al.
powder was collected by filtration and recrystallized from acetone/ SCanning calorimetry (DSC) measurements are summarized

(E:t%'; %ielg: 812?(3) %9,552?)#%61&- Cglclefg;sﬁT'_'mg\lggzI’B\legC%i in Table 1. The scan-rate-dependent DSC analysis (Figure

,67.78; H, 8.80; N, 5.65. Found: C, 67.83; H, 8.82; N, 5.72. . . - :

(15) A geometry optimization for the compounds was performed in the SZ in the Supportlng Informatlon) showed th_at polymorphlsm
gas phase by using Chem3D Ultra 10.0. includes three crystal forms,1KK,, and K; in compound
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Table 1. Phase Transition Temperatures1sf measurement (2 K mid) for 1. The extremes of the
278 K 523K derivativedy T/9T agree with the peaks in the DSC curves.
K, L. L. Upon heating, the spin-transition temperature was observed
288 K at 288 K, and the temperature agrees with the crystal-to-
/ mesophase transition temperature froptdkSy phases. The
296K peak of the derivativéy,T/0T is in the temperature range
of 270-300 K; three crystal-to-mesophase transitiong, K
slow cooling — Sa, Ko = S, and Kg — S,, occur within the temperature

fast cooling range of 276-300 K. On the other hand, the extremes of
the derivativedy T/dT were observed at 268 and 284 K upon
aEh_ase nqmgnc]ature: K crystal, S = smectic A mesophase, and cooling, and the §— K, and S. — Ko, Ks mesophase-to-
I.L. = isotropic liquid. L ;i
crystal transitions occur in the same temperature range. It
has been known that the cobalt(ll) compounds with terpy
derivative ligands exhibit gradual SCO behavior betw8en
= 1, and S = 3,.1821 Therefore, it has been thought that
one part of the LS species (more than 50%) transforms to
the HS species induced by a crystal-to-mesophase transition.
Upon further heating after the spin transition is induced by
a crystal-to-mesophase transition, compouhdexhibits
gradual and thermal SCO behavior.

These results demonstrate that the spin transitiod fer
triggered by a crystal-to-mesophase transition. Below 270
K, the branched alkyl chains in compoudddo not melt,
and the Ce-N bond distance in the LS state is held short.
Upon heating, the branched alkyl chains melt, and the spin
transition from the LS to HS states occurs by permitting
elongation of the CeN bond.

In summary, we have succeeded in synthesizing me-
sophase and spin transitions for a cobalt(ll) compound, [Co-

1.16 A virgin sample is almost in the crystalbphase, and ~ (C5C12C10-terpy](BF4). (1), by using branched alkyl
the K, phase transforms to the mesophasg) @ 288 K. chains in the ligand around room temperature. In this way,
After the first heating, the crystal#phase formed by rapid  the phenomenon that one phase transition causes another
cooling transforms to the mesophase at 278 K. On the otherphase transition is very interesting and will become important
hand, the mixture of crystal ¥and K; phases forms by slow in the future in the field of materials science. Furthermore,
cooling, and the K phase is formed much more in com- metallomesogens with multifunctions will play an important
parison with the K phase. Upon heating of the mixture role in the field of materials science in the next generation.
phases, the relaxation from the mesophaséoSrystal K
phases is observed and the Khase transforms to the
mesophase at 296 K. Upon further heating, the mesophase-
to-isotropic liquid transition temperature fbwas observed
at 523 K. After the transition to the isotropic liquid,
compoundl decomposed slowly. The complicated phase  supporting Information Available: POM and DSC data. This
transition and relaxation behavior can be rationally explained material is available free of charge via the Internet at http://
by using theG—T diagram (Figure 4)7 pubs.acs.org.

The inset of Figure 3 shows the extremes of the derivative IC700754S
dymT/9T in the spin-transition behavior and DSC curves
measured at the same scan rate as that used in magnetiGg) judge, J. S.. Baker, W. A., dnorg. Chim. Actal967, 1, 68.
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Figure 4. Schematic free energy vs temperatu@&-(T) diagram of1.
The wavy lines show the relaxation.
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