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Abrupt spin transition in a modified-terpyridine cobalt(ll) complex
with a highly-distorted [CoNg] core
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www.rsc.org/ The cobalt(ll) complex incorporating m-conjugated substituent, [Co(Naph-C2-terpy),](BF4), (1; Naph-C2-terpy = 4’-(2-
naphthoxy(ethoxy))-2,2":6’,2”-terpyridine), exhibits an abrupt spin transition (ST) behavior (cooperative factor C = 0.91)
while its solvated product, 1-2MeOH, shows gradual spin crossover (SCO) behavior (C = 0.49). Single crystal X-ray structural
analyses demonstrated that the octahedral coordination core [CoNg] in 1 shows larger distortion in both high-spin and
low-spin states than solvated 1:2MeOH or another two derivatives, [Co(R-terpy),](BFa), (R = 2-naphthyl (2), 9-anthracenyl
(3)). The respective distortion parameters () are compared with those for previously reported SCO cobalt(ll) compounds.

The highly-distorted [CoNg] core in 1 (X = 126 in the HS state and 101.6 in the LS state) was stabilized by strong
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intermolecular interactions

Introduction

Molecular compounds exhibiting spin state changes of their
metal centres (termed spin crossover (SCO) or spin transition
(ST) compounds) have attracted much attention because of
the bistability in their magnetic, optical and structural
properties. They have been widely investigated for potential
application as sensors and memory devices in molecular
electronics.* Up to now, numerous SCO compounds
incorporating d" (n = 4-7) transition metal ions have been
reported. In particular, iron(ll) SCO compounds have been
well-studied because the 3d® electron state in iron(ll) yields
significant differences in properties between the diamagnetic
low-spin (LS, S = 0) and paramagnetic high-spin (HS, S = 2)
states, with both abrupt (cooperative factor C =~ 1) and
hysteretic ST behaviour (C > 1) being reported.[4'7] In contrast
to iron(ll) compounds, reports discussing SCO behaviour for
mononuclear cobalt(ll) compounds are quite limited, reflecting
the difficulties in achieving suitable molecular design for
cobalt(ll) complexes that exhibit abrupt ST behaviour,[8] rather
than gradual or incomplete SCO behaviour.®**! To the best of
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and observed an

abrupt ST behaviour.

our knowledge, mononuclear cobalt(ll) compounds of only
seven ligand designs (as well as some of their derivatives) have
been shown to generate complete and abrupt or hysteretic ST
behaviours.**? Further, detailed investigations of magneto—
structural relationships have been performed for the following
complexes§: Ar'CoN(H)Ar“,m] [Co(C14-terpy)2](BF4)2,[18b] [Co(4-
terpyridone)z](CF3SO3)2-HZO,[19] [Co(dpzca)z],[w]
[Co(pyterpy)z](PFG)Z-ZCH3OH[21] and Co(CIZGm)3(Bn-C16H33)2.[22]
For example, Brooker and co-workers reported a mononuclear
cobalt(ll) complex incorporating the dpzca  ligand, which
showed abrupt and hysteretic ST behaviour.?” This neutral
compound has no uncoordinated counter anions or lattice
solvents, and shows a transformation of crystal systems by ST
between HS and LS states. Our group has reported hysteretic
and reverse ST behaviour by the cobalt(ll) complex, [Co(C14-
terpy),](BF,),, together with variable temperature (VT)
structural analyses carried out to clarify the structural changes
accompanying the spin state changes.[mb]

Here, we focus on the distortions in octahedral [CoNg] cores of
selected cobalt(ll) complexes as a means of investigating the
relationship between distortion and cooperativity leading to
abrupt ST behaviour. In this context it is noted that the
distortion parameters for cores in SCO iron(ll/1ll) complexes
have been investigated previously, not only in relation to
temperature-dependent SCO, but also with respect to photo-
induced spin state changes.[23'24] For both iron(ll/Ill) and
cobalt(ll) complexes smaller distortions are observed in their
LS states than in the HS states (at higher temperature).[8'23'26]
However, the degree of distortion in the octahedral cores has
rarely been discussed when investigating SCO behaviour even
though intermolecular interactions producing cooperativity
would be expected to influence the distortions occurring in
cores.
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In this study, we report the thermally-induced, reversible,
complete and abrupt ST behaviour of a new cobalt(ll) complex,

Table1 Co-N distances in 1-2MeOH, 1, 2-2CH,Cl, and 3-:2.5MeOH
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1-2MeOH @100K 1-2MeOH @273K 1@93K 1@200K 2-2CHCl; @100K 3-2.5MeOH @100K

Co-N1 (A) 2.033(2) 2.105(6) 2.001(5) 2.114(4) 2.051(4) 1.991(2)
Co-N2 (A) 1.888(2) 1.966(4) 1.901(5) 2.019(3) 1.888(4) 1.873(2)
Co-N3 (A) 2.037(2) 2.117(5) 2.008(5) 2.167(3) 2.062(4) 2.001(2)
Co-N4 (A) 2.132(2) 2.103(4) 2.168(5) 2.149(4) 2.103(4) 2.133(2)
Co-N5 (A) 1.921(2) 1.965(4) 1.962(5) 2.032(3) 1.910(4) 1.932(2)
Co-N6 (A) 2.123(2) 2.126(5) 2.171(5) 2.160(3) 2.096(4) 2.133(2)
[Co(Naph-C2-terpy),](BFs), (1; Naph-C2-terpy = 4’-(2-

naphthoxy(ethoxy))-2,2’:6’,2”-terpyridine), incorporating -
conjugated substituents. Solvated 1, 1-2MeOH, also showed
complete but more gradual SCO behaviour than occurs for
unsolvated 1. In both cases, the crystal structures of their HS
and LS states were obtained, clearly demonstrating their
structural transformation on undergoing SCO. 1 incorporates a
highly-distorted coordination geometry for each [CoNg] core,
giving rise to higher cooperativity. We were able to
corroborate cooperativity of the SCO behaviour and distortion
of the [CoN6]

cores by preparing a further seven derivative cobalt(ll)
complexes of types [Co(R-terpy),](BF4), (R = 2-naphthyl (2), 9-
anthracenyl (3)) and [Co(Naph-Cn-terpy),](BFs), (n = 4 (4), 6
(5), 8 (6), 10 (7), 12 (8)) and investigating their SCO behaviour
as well as also obtaining their crystal structures.

Results and discussion

Crystal structures. Complex 1-2MeOH was prepared by reaction of
Naph-C2-terpy with Co(BF,),:6H,0 in MeOH (see experimental
section in supporting information, SI) and recrystallizing the initial
product from methanol-acetone (v/v = 1:3) to yield single crystals
of 1-2MeOH. 1-:2MeOH was characterized by elemental analysis and
single crystal X-ray diffraction (SXRD) measurements. The SXRD
determination for 1.2MeOH was performed at 100 K and 273 K.
1.2MeOH crystalizes in the triclinic space group P-1. Two Naph-C2-
terpy ligands coordinate to the cobalt(ll) metal centre meridionally
to yield a Ng donor set. The crystal structure of 1-2MeOH is
displayed in Figure 1. At 100 K, a Jahn—Teller distortion, as expected
for cobalt(ll) ions, was observed to yield a tetragonally distorted
coordination environment for the [CoNg] core, with the cobalt(ll) to
apical pyridine donors (N4 and N6) bonds being elongated relative
to those occupying the equatorial positions (Table 1). Crystal
parameters and the packing structure of 1.2MeOH are given in
Table S1 and Figures 2(a) and 2(b), with full structural data available
from the ccDC.*®

2| J. Name., 2012, 00, 1-3

Figure 1. Molecular structure of 1.2MeOH. Counter anions, H
atoms, and solvent molecules are omitted for clarity. Colour code:
Co; magenta, C; grey, N; blue, O; red.

Molecules of 1-2MeOH are assembled via m—t interactions
along the a axis. Lattice MeOH molecules are incorporated by
intermolecular interactions with naphthalene substituents and
terpyridine cores. These MeOH were found to be removed by
heating up to 340 K, confirmed by thermogravimetric analysis
(TGA) (Figure S1). 1-:2MeOH showed a single-crystal to single-
crystal (SCSC) transformation on standing its crystal at 80 °C
for 30 min. A single crystal of the de-solvated product 1 was
used for SXRD measurements which were carried out at 93 K
and 200 K. Unlike 1-2MeOH, 1 crystallizes in the monoclinic
system P2;/n. The crystal packing for 1 is shown in Figures.
2(b) and 2(c), which indicates that the complex units are
assembled via intermolecular m—mnt and CH—Tt interactions.

We have also synthesized cobalt(ll) complexes incorporating -
conjugated naphthyl and anthracenyl substituents rather than
alkyl chains. [Co(R-terpy),](BF4), (R = 2-naphthyl (2), 9-
anthracenyl (3)) were prepared by reacting the corresponding
R-terpy ligand with Co(BF,;),:6H,0 in MeOH—CHCl;, resulting in
microcrystalline precipitates. Single crystals of 2:2CHCl; and
3:2.5MeOH were obtained by recrystallization of the initial
products from dichloromethane and methanol, respectively
(see Experimental section in Sl). These complexes were
characterized by elemental analyses and SXRD measurements.
The X-ray structures and corresponding molecular assemblies
are displayed in Figures. S2 and S3. The crystal parameters for
the compounds are given in Table S2. 2:2CHCl; assembles
through CH-mt interactions and m—mt interactions resulting in 3-
D assembly networks. 3:2.5MeOH forms 2-D assembly
networks via m—Tt interactions.

This journal is © The Royal Society of Chemistry 20xx
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Figure 2. Molecular assembly of 1.2MeOH: (a) view along the
ac plane. Counter anions are omitted for clarity. (b)
Intermolecular interactions involving lattice MeOH molecules.
Molecular assembly of 1: (c) view along the ac plane. (d)
Intermolecular interaction networks. Counter anions are
omitted for clarity. Color code: Co; magenta, C; grey, N; blue,
O; red. Blue-dashed lines indicate intermolecular interactions.

Magnetic behaviours. The SCO behaviours of single crystals of
1, 1.2MeOH, 2:2CHCIl; and 3:2.5MeOH were investigated
employing a Superconducting Quantum Interference Device
(SQUID) using sweep mode and scan rate of 5 K min™® (Figure
3). Magnetic susceptibilities are displayed by x.,T versus T
curves, where x,, is the molar magnetic susceptibility and T is
the temperature. The x,,T value of 1 at 5 K, 0.46 cm® K mol™is
consistent with the presence of LS cobalt(ll) in an octahedral
coordination environment.** Upon heating, an abrupt ST
occurred at T;/; = 124 K. The x,,T value increased to 2.26 cm?® K
mol™ at 400 K which is in accord with the expected HS state for
cobalt(ll) ion. We confirmed no scan rate dependency on the

This journal is © The Royal Society of Chemistry 20xx
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ST behaviour by measuring several cycles of the x,,T versus T
plot with scan rates of 2 K min'l, 1 K min™ and 0.5 K min'l,
where each x,, T plot versus T traced the result obtained for the
5 K min™ measurement (Figure S4). The cooperative factor C
for 1 was estimated to be 0.91 using the fitting of the regular
solution model to the experimental x.,T plots (See
experimental section).lzg] This value is high enough to produce
abrupt ST behaviour. In comparison, 1-2MeOH exhibited more
gradual SCO behaviour than 1 which is in accord with the C
value of 0.49.
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Figure 3. Magnetic behaviours of (a) 1:2MeOH (triangle plots)

and 1 (circle plots), (b) 2:2CHCl;, and (c) 3-:2.5MeOH for the

heating (red) and cooling (blue) processes.

This abrupt ST behaviour observed for 1 was further
investigated by a differential scanning calorimetry (DSC)
measurement by thermal treated sample of 1 at 400 K for 1 h
to remove lattice solvent molecules. The DSC curve was
obtained for 100 K to 293 K with a scan rate of 5 K min".
During the heating process (Figure 4), an endothermic peak
was observed at around 116 K, which agrees with the T;,, for
the ST. During the cooling process, an exothermic peak was
observed around 130 K, confirming that the phase transition in
1 occurs reversibly.

I )
l endo

\r‘
110 120 130 140 150 160 170 180 190 200
Temperature [ K

DSC/ a.u.

Figure 4. DSC curves for 1. Red and blue lines correspond to
heating and cooling processes, respectively.
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Figure 5. Views illustrating the terpyridine-cobalt molecule of

Table 2 Distortion parameter 2 and ¢ of 1:2MeOH — 3-:2.5MeOH, and previous compounds, at the LS and HS states’

~

S@LS S@HS NS p@LS @@HS A Magnetic behaviour Tc Reference
101.6 1260 244 1744 1705 3.9 Abrupt 100 K This work (1)
No hysteresis
89.2 105.7 16.5 175.2 174.7 0.5 Gradual 116 K This work (1-:2MeOH)
87.6 - - 175.7 - - Gradual 180 K This work (2:2CHCl;)
86.6 - - 177.2 - - Gradual 250 K This work (3:2.5MeOH)
90 117 27 1783 1782 0.1 Gradual 150 K [Co(terpy),](BF,),™
Abrupt [20b]
91.6 117.8 26.2 175.8 173.3 2.5 Hysteresis 50K [Co(C14terpy),](BF;),-MeOH
Abrupt . [21]
92.8 119.4 26.6 179.2 1759 3.3 Hysteresis 175K  [Co(terpyridone),](CFsSOs),-H,0
76.1 110.8 347 1781 180 1.9 Abrupt 170 K [Co(dpzca),]*??
Hysteresis
Abrupt [23]
91.7 116.1 24.4 178.6 180 1.4 Hysteresis 190 K [Co(pyterpy),](PFg),:2MeOH

The ymT versus T plots for 2:2CHCl; and 3:2.5MeOH are shown
in Figures 3(b) and 3(c). 2:2CHCl; is in the LS state at 100 K with
a XmT value of 0.39. x,,T then gradually increases to 1.73 cm’ K
mol™ at 400 K; this is an expected value for a HS cobalt(ll) ion.
3:2.5MeOH was also found to be in the LS state at 100 K, but
even at 400 K the value was only 0.74 cm’® K mol'l, with this
compound showing incomplete gradual SCO behaviour. The
XmT plots for the cooling process followed the same trace as
found for the heating process, indicating no effect of lattice
solvents on SCO behaviour. The cooperative factors for these
derivatives estimated from the gradual SCO behaviours are
0.37 for 2:2CHCI3 and 0.24 for 3-2.5MeOH, which are smaller
than the value for 1.

In order to investigate the influence of the length of the
appended alkyl chain on the magnetic properties of complexes
of the present type, the series of complexes given by
[Co(Naph-Cn-terpy),](BF,4), (n = 4 (4), 6 (5), 8 (6), 10 (7), 12 (8))
were synthesized, and the corresponding susceptibility
measurements were performed for the powder samples.
Complexes 4 — 8 each show no cooperative effect but display
gradual SCO behaviour over the temperature range 5 — 400 K
(Figure. S5).

Discussions. We further investigated the resultant ST
behaviour in terms of the distortions occurring in the
octahedral environment of the cobalt(ll) centres in the LS and
HS states. A terpyridine-cobalt molecule of 1 shows larger
structural changes associated with the spin state changes than
1-2MeOH (Figure 5, Figure S6).

(a) (b)

4| J. Name., 2012, 00, 1-3

(a) 1-2MeOH and (b) 1 in the LS (blue) and the HS (red) states.

For the detailed assessment of spin state-dependent structural
distortions of [CoN6] cores, the distortion parameters 5 and ¢
were calculated; where J is the sum of |90-a| for the twelve
angles of cis-N-Co-N and ¢ is the inter-ligand angles for trans-
N-Co-N.2>%1 o perfectly octahedral structure gives 2 =0 and ¢
= 180. The 5 and ¢ values for 1-:2MeOH — 3:2.5MeOH together
with the values for previously reported compounds are listed
in Table 2 and Figure 6. The solvated compound 1-2MeOH
gave the distortion parameters 5 = 89.2 (LS) and 105.8 (HS),
which are both close to the values of the other the SCO
cobalt(ll) complexes listed. The distortion parameters 5 at 100
K are 87.6 and 86.6 for 2:2CHCl; and 3-2.5MeOH, respectively.
These values are also close to the usual 2 values for the LS
state of SCO compounds. On the other hand, the desolvated
compound 1 was found to be more distorted both in the HS
and LS states, with a 2 value for 1 in the HS state of 126 and
101.6 in the LS state, which are both significantly higher than
those of the other SCO compounds. It is noteworthy that the
AZ value for 1is 24.4 and is a typical AZ value observed for SCO
cobalt(ll) compounds. The ¢ for 1 in the HS state is 170.5,
which is smaller than the values for the other compounds
listed. Nevertheless, this value corresponds to a substantial
distortion of the [CoNg] core in 1. [Co(dpzca),] reported by
Brooker and co-workers®® shows a smaller 5 value (76.1) in
the LS state likely reflecting that the dpzca™ ligand contains no
complicating substituents and is more flexible than the terpy
ligand. Further, this compound does not contain counter
anions which might also affect its core structure.

This journal is © The Royal Society of Chemistry 20xx
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Figure 6. Relationship between the distortion parameters, 5
and ¢, for 1-2MeOH and 3-2.5MeOH, as well as for the
previously reported compounds listed in their LS (blue) and the
HS (red) states.

These results indicate that the removal of the lattice methanol
solvents from 1-2MeOH leads to an increase in the structural
distortion of the [CoNg] cores and, at the same time, increasing
the cooperativity for SCO behaviour. On removing the lattice
methanol molecules, the Co—Co centres become closer by
about ~0.9 A (from 8.923 A to 8.045 A), in accord with stronger
intermolecular interaction being present in 1 than in 1-:2MeOH.
Stronger intermolecular interaction might be expected to help
stabilize the highly-distorted [CoNg] cores as well as to increase
the cooperativity to produce the resultant observed abrupt ST
behaviour.

Conclusions

The present results are in keeping with the highly distorted
core of [CoNg] in [Co(Naph-C2-terpy),](BF4), (1) resulting in
enhanced intermolecular interaction leading to abrupt ST
behaviour. We have demonstrated that a single-crystal-to-
single-crystal transformation occurs on removal of the lattice
solvent from 1-2MeOH to form the above de-solvated product
1. The crystal structures of 1 and 1-2MeOH were determined
in both their HS and LS states and showed that he presence of
the lattice solvents in 1-2MeOH results in a reduction of the
distortion of the [CoNg] core. This influences the observed SCO
behaviour due to the presence of lower cooperativity and, in
turn, is reflected by 1-2MeOH displaying gradual SCO
behaviour — contrasting with the abrupt SCO found for 1.
Overall, the present study gives new insights for the better
understanding of the magneto-structural correlations in SCO
compounds.

Conflicts of interest

There are no conflicts to declare.

This journal is © The Royal Society of Chemistry 20xx

View Article Online
DOI: 10.1039/C8DT02367K

Acknowledgements

This work was supported by KAKENHI Grant-in-Aid for
Scientific Research (A) JP17H01200. M.N. is grateful to JSPS
Research Fellowships for Young Scientists (No. JP15J11333).
This work was supported by JSPS Grant-in-Aid for Young
Scientists (B) JP15K17833 and JSPS Grant-in-Aid for Scientific
Research on Innovative Areas (Dynamical Ordering &
Integrated Functions JP16H00777, Mixed Anion JP17H05485).
This work was supported by the Cooperative Research
Program of ‘Network Joint Research Centre for Materials and
Devices’.

Notes and references

§ Abbreviations: Ar'CoN(H)Ar" (IAr’ = CgH3-2,6-(CsH3-2,6-Pry),, Ar*
= CgHs-2,6-(CeHy-2,4,6-Mes),), " [Co(C14—terpy)2](BF§gf (C14-
terpy = 4’-tetradecyloxy-2,2’ ES’,Z”-'cerpyridine),[1 [Co(4-
terpyridone)z](CFfSO3)2-HZO (4-terpyridone = 2,6-bis(2-pyridyl)-
4(1H)-pyridone),[ 3 [Co(dpzca),] (Hdpzca = N-(2-
: L 120
pyrazylcarbonyl)-2-pyrazinecarboxamide),
[Co(pvterpv)z](PFe)rZCHﬁOH (pyterpy = 4'-(4"-pyridyl)-
2,2’:6’,2”—terpyridine)[21 and Co(Cl,Gm);(Bn-CygH33), (ClL,Gm =
dichloro-glyoxime dianion, Bn-C,5H33 = n-hexadecyl boron).m]
¥ Abbreviations: [Co(terpy),](BF,), (terpy = 2,2":6’,2"-
terpyridine),m] [Co(sterpyRS)z](CIO‘;)z (terpyR8 = 4’-Octoxy-2,2" :
6’,2”-terpyridine).[1 !

1 0.Kahnand C. J. Martinez, Science, 1998, 279, 44.

2 Spin Crossover in Transition Metal Compounds I-lll; ed. P.
Gutlich and H. A. Goodwin, Springer-Verlag: Berlin,
Heidelberg, Germany, 2004.

3 Spin-Crossover Materials; ed. M. A. Halcrow, Wiley: Oxford,
United Kingdom, 2013.

4 (a) P. Gutlich, A. Hauser and H. Spiering, Angew. Chem., Int.
Ed. Engl., 1994, 33, 2024. (b) P. Gtlich, Y. Garcia and H. A.
Goodwin, Chem. Soc. Rev., 2000, 29, 419-427.

5 J. A. Real, A. B. Gaspar, V. Niel. and M.C. Munoz, Coord.
Chem. Rev., 2003, 236, 121.

6 M. A. Halcrow, Polyhedron, 2007, 26, 3523-3576.

7 (a) J. Olguin and S. Brooker, Coord. Chem. Rev., 2011, 255,
203-240. (b) S. Brooker and J. A. Kitchen, Dalton Trans.,
2009, 7331.

8 R. G. Miller, S. Narayanaswamy, J. L. Tallon and S. Brooker,
New J. Chem., 2014, 38, 1932-1941.

9 (a) M. Nakaya, R. Ohtani, K. Sugimoto, M. Nakamura, L. F.
Lindoy and S. Hayami, Chem. Eur. J., 2017, 23, 7232-7237. (b)
S. Hayami, M. Nakaya, H. Ohmagari, A. S. Alao, M.
Nakamura, R. Ohtani, R. Yamaguchi, T. Kuroda-Sowa and J. K.
Clegg, Dalton Trans., 2015, 44, 9345-9348.

10 J. Palion-Gazda, A. Switlicka-Olszewska, B. Machura, T.
Grancha, E. Pardo, F. Lloret and M. Julve, Inorg. Chem., 2014,
53, 10009-10011.

11 V. V. Novikov, I. V. Ananyev, A. A. Pavlov, M.V. Fedin, K. A.
Lyssenko and Y. Z. Voloshin, Phys. Chem. Lett., 2014, 5, 496-
500.

12 C. A. Kilner and M. A. Halcrow, Dalton Trans., 2010, 39,
9009012.

13 P. Nielsen, H. Toftlund, A. D. Bond, J. F. Boas, J. R. Pilbrow, G.
R. Hanson, C. Noble, M. J. Riley, S. M. Neville, B. Moubaraki
and K. S. Murray, Inorg. Chem., 2009, 48, 7033-7047.

14 A. B. Gaspar, M. C. Mufioz, V. Niel and J. A. Real, Inorg.
Chem., 2001, 40, 9-10.

15 A. Galet, A. B. Gaspar, M. C. Munoz and J. A. Real, Inorg.
Chem., 2006, 45, 4413-4422.

J. Name., 2013, 00, 1-3 | 5


http://dx.doi.org/10.1039/c8dt02367k

Published on 10 August 2018. Downloaded by Kaohsiung Medical University on 8/11/2018 12:47:39 PM.

== Dalton Transactions = .-

DOI: 10.1039/C8DT02367K
ARTICLE Journal Name

16 (a) J. Zarembowitch and O. Kahn, Inorg. Chem., 1984, 23,
589-593. (b) J. Zarembowitch, R. Claude and O. Kahn, Inorg.
Chem., 1985, 24, 1576-1580. (c) P. Thuery and J.
Zarembowitch, Inorg. Chem., 1986, 25, 2001-2008.

17 C. Ni, J. C. Fettinger, G. J. Long and P. P. Power, Inorg. Chem.,
2009, 48, 2443-2448.

18 (a) S. Hayami, Y. Komatsu, T. Shimizu, H. Kamihata and Y. H.
Lee, Coord. Chem. Rev., 2011, 255, 1981-1990. (b) S. Hayami,
K. Murata, D. Urakami, Y. Kojima, M. Akita and K. Inoue, K.
Chem. Commun., 2008, 6510-6512. (c) S. Hayami, Y.
Shigeyoshi, M. Akita, K. Inoue, K. Kato, K. Osaka, M. Takata,
R. Kawajiri, T. Mitani and Y. Maeda, Angew. Chem. Int. Ed.,
2005, 44, 4899-4903. (d) Y. Komatsu, K. Kato, Y. Yamamoto,
H. Kamihata, Y. H. Lee, A. Fuyuhiro, S. Kawata and S. Hayami,
Eur. J. Inorg. Chem., 2012, 2769-2775.

19 G. Agusti, C. Bartual, V. Martinez, J. F. Mufioz-Lara, A. B.
Gaspar, M. C. Mufioz and J. A. Real, New J. Chem., 2009, 33,
1262-1267.

20 M. G. Cowan, J. Olguin, S. Narayanaswamy, J. L. Tallon and S.
Brooker, J. Am. Chem. Soc., 2012, 134, 2892-2894.

21 Y. Guo, X. L. Yang, R. J. Wei, L. S. Zheng and J. Tao, Inorg.
Chem., 2015, 54, 7670-7672.

22 A. V. Vologzhanina, A. S. Belov, V. V. Novikov, A. V. Dolganov,
G. V. Romanenko, V. I. Ovcharenko, A. A. Korlyukov, M. I.
Buzin and Y. Z. Voloshin, Inorg. Chem., 2015, 54, 5827-5838.

23 (a) J. K. McCusker, A. L. Rheingold and D. N. Hendrickson,
Inorg. Chem., 1996, 35, 2100-2112. (b) M. Marchivie, P.
Guionneau, J.-F. Letard and D. Chasseau, Acta Crystallogr.
Sect. B: Struct. Sci., 2004, 61, 25-28.

24 (a) S. Hayami, K. Hiki, T. Kawahara, Y. Maeda, D. Urakami, K.
Inoue, M. Ohama, S. Kawata and O. Sato, Chem. Eur. J., 2009,
15, 3497-508. (b) S. Hayami, Z. Z. Gu, M. Shiro, Y. Einaga, A.
Fujishima and O. Sato, J. Am. Chem. Soc., 2000, 122, 7126-
7127. (c) A. Tsukiashi, M. Nakaya, F. Kobayashi, R. Ohtani, M.
Nakamura, J. M. Harrowfield, Y. Kim and S. Hayami, Inorg.
Chem., 2018, 57, 2834-2842.

25 (a) M. A. Halcrow, Chem. Soc. Rev., 2011, 40, 4119-4142. (b)
J. Elhaik, C. A. Kilner and M. A. Halcrow, Eur. J. Inorg. Chem.,
2014, 4250-4253. (c) L. J. Kershaw Cook, R. Mohammed, G.
Sherborne, T. D. Roberts, S. Alvarez and M. A. Halcrow,
Coord. Chem. Rev., 2015, 289-290, 2-12.

26 P. Guionneau, M. Marchivie, G. Bravic, J.-F. Létard and D. J.
Chasseau, Mater. Chem., 2002, 12, 2546-2551.

27 E. C. Constable and M. D. Ward, J. Chem. Soc. Dalton Trans.
1990, 1405-1409.

28 CCDC numbers of 1589729-1589734 contain the
supplementary crystallographic data for this paper. These
data are provided free of charge by The Cambridge
Crystallographic Data Centre.

29 C. P. Slichter and H. G. Drickamer, J. Chem. Phys., 1972, 56,
2142-2160.

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c8dt02367k

Page 7 of 7

Published on 10 August 2018. Downloaded by Kaohsiung Medical University on 8/11/2018 12:47:39 PM.

Dalton Transactions

View Article Online
DOI: 10.1039/C8DT02367K

Low-distorted [CoN6] core High-distorted [CoN6] core

MeOH

.,

SCSC transition

ZoT/em® Kmol™
ZT/om’ Kmol

L]
1)

50 100 150 200 250 300
Temperature / K

The cobalt(ll) complex [Co(Naph-C2-terpy),](BF,),:2MeOH (1-2MeOH) showed single crystal to
single crystal transition, resulted in its desolvated product of 1. Complex 1 incorporating a highly
distorted [CoN6] core was found to exhibit abrupt spin transition behavior, unlike 1-2MeOH, which

showed gradual spin crossover behavior.
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