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Spin-Crossover Cobalt(ll) Compound with Banana-Shaped Structure
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A banana-shaped spin-crossover (SCO) cobalt(ll) complex
[Co(C16-terpy),](BPh,), (1) with long alkyl chains, based on a
terpyridine frame, was synthesized. Compound 1 exhibited very
gradual SCO behavior and changes in the dielectric constant. This
shows a way in which SCO materials can be used in electronic
devices.

There is great interest in the study of the self-assembly o
supramolecules. Achievements have included the deliberat

design of catenanes and rotaxanes, helices, and 56 ®he

bility, which may be defined as a property of a molecular
system that allows it to exist in two different electronic states
over a certain range of external perturbation. A typical
example of a molecular species that exhibits molecular
bistability is a spin-crossover (SCO) compound.
Since the discovery of the first SCO compofralyariety

of d" (n = 4—7) transition-metal compounds exhibiting
bistability between the high-spin (HS) and low-spin (LS)

f States have been reportetllsually, the SCO phenomenon
gcan be induced by a variation in the temperature, pressure,

or illumination. Although the SCO transition has a molecular

applications of such supramolecules have primarily centered®fdin and can be observed even in solutions or polymer
around the use of their size and shape, recognition angmatrixes, it can be dramatlcallylnfluenged bylpt_eractlon of
encapsulation of guest molecules, sensing, extraction, an he SCO c'enters. Gr'adual or abrupt spin transitions may be
catalysis? Interesting physical properties may be discovered °PServed in the solid state, depending on the absence or
from compounds with such unique structure, which will be Présence of cooperativityUnderstanding cooperative be-
promising in the field of materials science. Banana-shaped 'aVior in an SCO transition can be a key to designing
molecules have also been extensively studied in the field of Materials that are useful for information technology.

liquid crystals because they exhibit ferroelectric or antifer- I |€Xibility in the synthesis of molecular assemblies based
roelectric properties and can be switched between different®" Molecular units is also a very important factor in achieving
polar-ordered states by electric fiefiSuch molecules often ~ SYNergy of various interesting and novel physical properties

) 010 - )
form layer structures in which the bent aromatic cores and N advanced materiafs®® The flexibility of the ligand can
the flexible terminal chains are segregated. Therefore thePe one factor that influences the cooperative interaction, both

design of molecules that could be utilized for information directly (because the more flexible the ligand, the less
processing and information storage is one of the main probable that it can mediate the effects of structural changes)

challenges in molecular materials science. Molecules that21d indirectly through the packing structure. Therefore, SCO

would be suitable for such applications must exhibit bista-

*To whom correspondence should be addressed. E-mail:
mbox.nc.kyushu-u.ac.jp.

T Kyushu University.

+ Japan Advanced Institute of Science and Technology.

§ Institute for Molecular Science.

I'Hiroshima University.

(1) Lehn, J. M.Supramolecular Chemistry/CH: Weinheim, Germany,

1995.

(2) Constable, E. CMetals and Ligand Reagtity; VCH: Weinheim,
Germany, 1995.

(3) Piguet, C.; Rivara-Minten, E.; Bernardinelli, G.;" &, J.-C. G;
Hopfgartner, GJ. Chem. Soc., Dalton Tran&997 421.

(4) Lehn, J. M.Angew. Chem., Int. Ed. Engl99Q 29, 1304.

(5) Shiromo, K.; Sahade, D. A.; Oda, T.; Nihira, T.; Takanishi, Y.;

Ishikawa, K.; Takezoe, HAngew. Chem., Int. EQR005 44, 1948.

10.1021/ic051059f CCC: $30.25
Published on Web 09/10/2005

© 2005 American Chemical Society

complexes having ligands with long alkyl chains are expected
to exhibit not only unique magnetic properties but also

hayascc@Varnous molecular structures because of thermal molecular

motionst?
SCO cobalt(ll) compounds exhibit &= %, <= S= 3/,
spin change. It is known that the cobalt(ll) compounds
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[Co(terpy}]X 2:nHO (terpy = 2,2:6',2"-terpyridine, X=
halide, pseudohalide, NO, and CIQ~, andn = 0—5) exhibit
incomplete and gradual SCO behavi®t2 Unique physical
properties are expected for the compounds with long alkyl
chains because of the thermal motion of the long alkyl chains.
On this basis, we attempted to produce cobalt(ll) compounds
with long alkyl chains and have succeeded in constructing a
banana-shaped structure.

OC4gH33

Cl16-terpy

Here, we focused on the cobalt(ll) compound [Co(C16-
terpy)](BPhy), (C16-terpy is &4(hexadecyloxy)-2,26',2"'-
terpyridine)* hereafter designated as compoundaving
2,2:6',2"-terpyridine (terpy) ligands with long alkyl chains.
Single crystals ofl-acetone, suitable for X-ray diffraction
(XRD), were isolated as acetone adducts by slow recrystal-
lization from an Et_OH/acetone solvgnt. Nonsolvated com- Figure 1. (a) ORTEP drawing of the compoureacetone showing 50%
pound 1 was obtained as a brownish orange powder by probability displacement ellipsoids. (b) Projection of the crystal structure
annealingl-acetone at 400 K in vacuo. of 1-acetone along thbc plane. Hydrogen atoms are omitted for clarity.

Single-crystal X-ray analysis was successfully carried out
for the compound.-acetone at 120 K. Figure 1 shows that
when the compoundl-acetone is in the HS state, it
crystallizes in a monoclini®2;/a space group® The single-
crystal X-ray analysis of-acetone revealed that each of the
cobalt(ll) atoms is octahedrally coordinated by six nitrogen
atoms in two C16-terpy ligands, i.e., ary Nonor set. The
Co—N distances of the central pyridine in the terpyridine
unit (2.03 A) are shorter than the €dl distances of the
side pyridine in the terpyridine unit (2.14 A), which induces
a pronounced distortion of the CgNoctahedron. Two
tridentate C16-terpy ligands in the complex are found to be

nearly perpendicular to each other. The longHz:;0 alkyl
chains are stuck out of the fosition in the terpyridine
moiety, and the molecules form a bent-core or banana-shaped
structure. The two BRh counteranions and one acetone
molecule are not located in the first coordination sphere.
There arer—x and o—x interactions between the BPh

ions and the terpyridine moieties. The dimer structure is
formed by hydrogen bonding between two acetone mol-
ecules, and there is hydrogen bonding between the acetone
dimer and the terpyridine moieties. The BPlons and the
acetone dimer serve to connect the complexes. The crystal
packing forl-acetone is shown in Figure 1b. The complex
(11) Hayami, S.; Shigeyoshi, Y.: Akita, M.: Inoue, K.; Kato, K.; Osaka, cations form banana structures and are shown in green. Two

:<.; TE%kaétgéé\/lhKigggri, R.; Mitani, T.; Maeda, YAngew. Chem., are lined up in opposition to each other, and the others are
nt. Ed. , . -
(12) Judge, J. S.: Baker, W. A., Jnorg. Chim. Actal967, 1, 68. face-tc.J-.face. The space betvyeen the molecules that are in
(13) Kremer, S Henke, W.; Reinen, Dinorg. Chem.1982 21, 3013. opposition to each other contains BPKyellow) and acetone

(14) The cobalt(ll) compound [Cofgterpy}l(BPhy)-acetone T -acetone) (hjye) molecules, and that between the face-to-face molecules
was synthesized as follows: C16-terpy (510 mg, 1.08 mmol) was '

dissolved in CHGYMeOH (30 mL), and the resulting solution was ~ contains BPlr™ (red). It was thought that the dipole moments
added to a mixed solution of Co&4H.0 (144 mg, 0.60 mmol) and  for the molecules opposed each other. The crystal structure

NaBPh (513 mg, 1.50 mmol) in MeOH (20 ¢ The brown solution .
was concentrated to about 10 mL, and the microcrystals were filtered ©Of the nonsolvated compourtti could not be determined

and recrystallized from acetone/EeOH. Yield: 735 mg (80%); brown because removal of the acetone molecules induces cracks in

prism crystals. Anal. Calcd for fgH13:03NeB2Coy: C, 79.70; H, 7.81; ; ; _ _ ; ;

N, 4.94 Co, 3.46. Found: C, 79.74: H, 7.79; N, 4.95: Co, 3.48. The LN€ Crystal, making a single-crystal X-ray study impossible.
cobalt(ll) compound [Co(G-terpy)|(BPhy), (1) was obtained by However, the powder XRD measurement results suggest that
annealingl-acetone at 400 K in vacuo. Elemental analysislfafter the structure of the nonsolvatddis similar to that of the
removing acetone molecules was as follows. Calcd f@#G260:NeB2- . . .

Cop C,80.33:H. 7.72: N, 5.11: Co, 3.58. Found: C, 80.22: H. 7.70; Solvatedl-acetone (Figure S1 of the Supporting Information).

s N, 5.1(?I; Co, ?F{SS' ot ’ hic data f Phase-transition enthalpies forwere measured by car-
15) Crystallographic study aof-acetone. X-ray crystallographic data for ; ; ; ; :
1-acetone at 120 K (GaHisOsNeBoCor): fw = 1702.88, orange block ~ 'YIN9 qut differential scanning calorimetry (DSC) thermal
(0.3 x 0.6 x 0.3), monoclinic, space group2i/a, a = 19.011(1) A, analysis. Two peaks were observed at 401 and 426 K. The

b = 21.985(1) A,c = 23.380(1) A, = 98.370(23, V = 9667.4(9) — 1 ;
A3, Z = 4, Dgaica= 1.170 g cmi3. The structure was solved by direct DSC peak AH = 3.55 kJ mot”) at 401 K was assigned to

methods and expanded using Fourier techniques. The refinements by@& structural phasg transition, and_ thﬁt’(: 59-.2 kJ mot?)
full-matrix least squares gave &R factor of 0.082 from 12 511 at 426 K was ass|gned to a me|t|ng point (F|gure S2 of the

reflections with intensity > 3o(l) for 1126 variables; linear absorption - . : S
coefficientu(Mo Ka) = 2.33 cnl. The non-hydrogen atoms were Supporting Informatlon)' Compounﬂi did not exhibit a

refined anisotropically. Hydrogen atoms were included but not refined. crystal-liquid crystal phase transition, as shown by the small
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3.02 100 200 300 400 is as expected because there is no strong intermolecular
interaction between the SCO units, as shown by the crystal-
lographic measurement discussed above.

Measurement of the dielectric constant was carried out
because compouridformed a banana-shaped structure and
exhibited SCO behavior. The temperature dependence of the
dielectric constant ol at 1, 10, and 100 kHz is shown in
Figure 2. The gradual thermal SCO behavior between the
HS and LS states df is well observed in the temperature

. dependence of the dielectric constant. Compduaxghibited
a change in the dielectric constant that was in agreement
1220 with the magnetic susceptibility measurement. The SCO
phenomenon is accompanied by a spontaneous distortion of
the first coordination sphere of the metal ions. Nakano et al.

1-acetone

12.30

12.25

ZT / ecm3Kmol!

. 12.15 have reported that the SCO manganese(lll) compound [Mn-
L ! ! ! (taa)] exhibits a change in its dielectric constant that is in
0 100 200 300 400 agreement with SCO behavior, by JahTeller distortion®

Temperature | K Furthermore, Bousseksou et al. have reported that various

Figure 2. ymT vs T plots for the compounds-acetone and and the g jron(Il) compounds with a thermal hysteresis loop have

temperature dependence of dielectric constaaf 1 at 1 kHz @), 10 kHz L . . . . .

(a), and 100 kHz ). exhibited a change in their dielectric constants with the

hysteresid’ The SCO behavior of is very gradual, and

first DSC peak. The crystal packing was a jumble of banana the change in the dielectric constant is also gradual, which

molecules; the molecules were not lined up. This also is in agreement with the magnetic data.

suggests that compouriddoes not exhibit a crystaliquid In summary, we have succeeded in synthesizing a banana-

crystal phase transition. shaped SCO cobalt(ll) complekwith a long alkyl chain,
The temperature dependence of the magnetic susceptibilitypased on a terpyridine frame. Compoubexhibited very

of the solvated compounti-acetone and the nonsolvated gradual SCO behavior and changes in the dielectric constant.

compoundl was measured and is expressed & vs T This change in the dielectric constant suggests a way in

curve, whereyn, is the molar magnetic susceptibility afid which SCO materials could be used in electronic devices.

the temperature (Figure 2). The solvated compdiiadetone SCO materials that exhibit changes in their dielectric

is in the HS state over the temperature range-680 K. constants and ferroelectric SCO materials play important
The T value for1-acetone gradually increases from 2.25 roles as molecular materials for electronic-based memories.
cm® K mol™* at 5 K t02.65 cn? K mol™ at 125 K, and then Acknowledgment. This work was supported by a Grant-

the ymT value is almost constant at 2.56 €Ki mol~* up to in-Aid for Scientific Research (No. 17750130) from the
320 K. The increase in thenT value at 336 K corresponds  Ministry of Education, Culture, Sports, Science and Technol-
to the removal of the acetone molecules. The nonsolvatedogy of the Japanese Government.

compoundl is obtained by annealinfyacetone at 400 K in Supporting Information Available: Powder XRD, DSC, and

vacuo. TheymT value forlis 2.43 cnt K mol™ at 400 K, crystal data (CIF format). This material is available free of charge
and theymT value is constant over the temperature range of yia the Internet at http:/pubs.acs.org.

300400 K. TheymT value decreases very gradually from
2.47 cn# K mol~t at 300 K to 0.70 crhK mol~t at 5 K, and
the very gradual decrease of thgT value shows thermal  (16) Nakano, M.; Matsubayashi, G.; Matsuo, Ahys. Re. B 2002, 66,

IC051059F

SCO behavior without a thermal hysteresis loop, with a spin- an Zslozuils%ksou A.; MolmaG.: Demont, P.; Menegotto, J. Mater.
transition temperaturé,;; ~ 160 K. This gradual transition Chem.2003 13, 2069.
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