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We have prepared spin-crossover [FeL,(NCS);] complexes
chelated with alkylated N-(di-2-pyridylmethylene)anilines. The
wider irreversible thermal loop across room temperature was ob-
served with the longer alkyl chain introduced (A7¢ = ca. 90K
for a n-CjgHs3 derivative). Pressurization prohibits the solid—
solid phase transition, leading to the reversible spin crossover.

Spin-crossover (SCO) phenomenon is a reversible low-spin/
high-spin transition by external stimuli such as heat.! We can of-
ten find SCO in iron(IT) compounds having an FeNg octahedron.”
Bistability near room temperature due to a wide thermal hystere-
sis is a key to future applications to memories and displays.?
Multifunctional materials are of increasing interest.* We have
investigated SCO systems where long alkyl chains are intro-
duced to improve intermolecular interaction.”> We will report
here SCO phenomena on [Fe'L,(NCS),] (L = alkylated N-
(di-2-pyridylmethylene)anilines) and a very wide thermal loop
across room temperature. There have been many reports on
liquid-crystalline SCO materials,*¢ but the phase diagram of
the present compounds is unique.

Ligands were easily prepared from condensation of di-2-
pyridyl ketone with p-alkylanilines.” Complexation with iron(II)
thiocyanate was conducted in 1-propanol under nitrogen. The
products (see Figure 1 for the molecular structures) were
characterized by means of elemental analysis and spectroscopic
methods.® The specimens did not involve any crystal solvent.

The crystal structures of 1 at 100 and 400 K were successful-
ly determined (Figure 1), thanks to the SCO phase transition
taking place in a single-crystal-to-single-crystal manner. Two
SCN groups occupy a cis position. One pyridine N atom does
not participate in ligation. The Fe—N bonds fell in the typical
range of the low- and high-spin FeNy octahedra.!® The Fe-N
bonds are elongated by 10% on the average on heating to
400 K. Unfortunately, no single crystal of 2 suitable for crystal-
lographic analysis could be obtained, but we assumed that 2
underwent a similar SCO phase transition.

The magnetic measurements of powder specimens of them
on a SQUID magnetometer revealed that this family exhibited
SCO behavior. Compound 2 and related alkyl homologues
showed a large thermal cycle (Figure 2a); namely, in the first
heating process the x,,,7 value of 2 increased around T¢y =
300K!!' (§ = 0 — S = 2). When the specimen was then cooled,
the x,,7 value did not trace the previous one. Instead, the
XmoiT value decreased around 7¢, = 210K (S =2 — §=0).
Similarly, a derivative having R = n-Ci4Hy9 showed SCO
phenomena at Tcy = 290K and T¢, = 250K. From a closer
look at the initial heating curve of 2, we found a sharp jump at
375 K. The Cy4 derivative exhibited a jump at 380 K in the initial
heating measurement. On the other hand, no hysteresis was
observed for 1 (Tcy, = 270K) and derivatives with shorter alkyl

Figure 1. (a) ORTEP drawing of 1 with thermal ellipsoids at
the 50% probability level at 100 K. Hydrogen atoms are omitted.
Symmetry operation code for *is 1 — x, y, 1/2 — z. (b) Structural
formula. Selected bond lengths are as follows: Fe-N1, 1.999(3)
[2.185(7)];, Fe-N3, 1.966(2) [2.233(7)]; Fe-N4, 1.954(3)
[2.091(5)] A. Bond lengths measured at 400K are shown in
square brackets.
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Figure 2. The x,,,7T vs. T plots for 2 under ambient pressure
(a) and under an applied pressure of 0.11 GPa (b). Temperature
scan sequences are denoted with arrows. A static filed of
5000 Oe was applied.

groups such as R = n-C4Hyg (Tcypy = 320K). We observed the
wider loop, when the longer alkyl group was introduced.

We found that these loops did not originate in intrinsic SCO
hysteresis, because the X7 curve in the second heating proc-
ess never traced the initial heating one. Actually, completely
reversible SCO was recorded when the magnetic measurements
were performed under the limited thermal conditions below the
temperature where the jump occurred.

To clarify the origin of this irreversibility, we simultaneous-
ly measured XRD-DSC of 2. A phase transition was character-
ized at 375K, as indicated by endo- and exothermal peaks in
DSC measurements (Figure 3a). The XRD profile was drastical-
ly changed across 375 K. We also found another peak at 390 K
and attributed it to a melting point. An additional peak around
400 K became ambiguous at a slow heating rate or after a long
interval (the inset). The XRD profile remained almost the same
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Figure 3. (a) DSC measurements on 2 at a warming rate of
3Kmin~!. A dotted line in the inset shows the data when the
temperature scan was suspended at 393 K for 180 min. (b) Free
energy diagram for 2.

across 390 K, but it gradually melted as indicated by the disap-
pearance of the XRD peaks. An overheated portion might remain
above the melting point.

A relaxation from a meta-stable phase to a ground phase is
suggested by the exothermic peak at 375 K (ca. 25 kJ/mol). Each
phase has low-spin (Is) and high-spin (hs) states. A G vs. T dia-
gram is usually convenient (Figure 3b), where we named the
phases as S! (meta-stable solid), S° (stable solid), and L (liquid).
Ljs is energetically unstable and undetectable. The thermal cycle
of 2 is interpreted as: S'yy — (T¢!) — Sl — (mp!) —
S%s — (mp®) — Ly, on heating and Ly, — (mp®) — S%, —
(Tc®) — S% on cooling. Since mp' is located lower than
mp®, a partial melt induces an exothermic solid—solid phase
transition or resolidifying occurs immediately after the melt
(an arrow in Figure 3b).

Two phenomena were separated by applying pressure, dem-
onstrating that the magnetic properties shown in Figure 2a are
caused by the combination of the SCO and solid—solid phase
transitions. We measured the SCO of 2 using a Cu-Be clamp-
type cylinder cell (ElectroLAB, Japan).'? As Figure 2b shows,
the melt phase transition was removed, but the SCO transition
remained at 330K, that is, shifted higher by 30K, under
0.11 GPa. The thermal loop completely disappeared in a temper-
ature range available. A pressure effect on the SCO transition
temperature was confirmed on a similar experiment on 1; the
Tc was elevated only by ca. 40 K under 0.23 GPa.

Pressure effects to stabilize low-temperature phases are
common, and the transition temperatures are elevated according
to the Clapayron—Clausius equation. In the present case, the melt
largely depends on the volume change due to the bulky substitu-
ents, and consequently the mp is more sensitive to pressure than
the SCO T¢. On applying pressure on 2, T¢! is left behind below
400 K while the mp' is shifted over 400 K.

A problem still remains; we could not obtain S° of 2 by
recrystallization from any alcoholic solvents investigated here.
It may be because the solvation sphere around each molecule
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of 2 favors molecular packing suitable for the meta-stable phase.

In summary, the thermal cycle of 2 showed a very wide
irreversible loop. It behaves as a SCO compound with
Tc!' = 300K, but once heated above 375K it irreversibly
became a SCO compound with Tc® = 210K. Pressurization
elevates the melting point and prohibits it to enter a stable phase.
This work suggests a potential utility of 2 as a magnetic-detec-
tion pressure sensor as well as a write-once information storage
material at ambient pressure.'?
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