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Scheme 1. Schematic Representation of the Synthesis of ST Complex

A one-dimensional supramolecular head-to-tail N*—H--+N-type >

hydrogen-bonded chain of the complex [Fe'"(L),H](ClO4)3*MeOH
[L = 4'-(4""-pyridyl)-1,2":6"1"-bis(pyrazolyl)pyridine] exhibits a
reversible, thermally driven spin transition at 286 K with a hysteresis
loop of ca. 2 K.

H . = FofCio )y hydrate

0= -0

[Fe{L).H] (CIO, ) MeOH

Among the group of magnetic phenomena, the spin
transition (ST) of six-coordinate iron(ll) compounds has been
receiving broad attention because of its diverse change in
physical properties (magnetism, color, structure, etc.). This
change can be triggered by applying external parameters such
as temperature, pressure, and light intensity to the macro-
scopic sampleslt has been well recognized that a change ~ Herein, we report on the synthesis, structure, and magnetic
of the Fe—||gand bond distances by ca. 0.2 A p|ays a key and M@ssbauer characterization of the ST CompIeX“{Fe
role in transmitting the elastic interaction between the ST (L)2H](ClO)sMeOH [L = 4'-(4"'-pyridyl)-1,2:6"1"-bis-
sites in the solid state, leading ultimately to cooperative (Pyrazolyl)pyridine] (). CompoundL was synthesized from
effects. Hence, the spin-state conversion can be accompanied €quiv of F&(CIO), hydrate and 2 equiv of ligarid, giving
by hysteresis effects, exhibiting the extent of cooperativity @ red precipitate in 84% yield (Scheme®Becrystallization
in the crystal latticé2 Supramolecular approaches (coordina- Was carried outin MeOH, and the obtained red crystals were
tion po|ymers, hydrogen bonding,—ﬂ Stacking, etc_) were used for X-ray and magnetic studies. The detailed Synthesis
recently applied to molecular ST modules, partially with the ©Of ligandL is given in the Supporting Information.
objective to increase the ST temperatures and the magnitude Single-crystal X-ray diffraction studies df reveal the
of cooperativity?—* monoclinic space grougP2;/c (Figure 1)¢ Exactly one
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Figure 1. (a) ORTEP view of a complex (30% probability ellipsoids) unit measured at 180 K. Selected bond lengths (A)NE§ = 1.968(6), Fe-N(3)

="1.891(5), Fe-N(5) = 1.962(6), Fe-N(7) = 1.946(5), Fe-N(9) = 1.883(5),

Fe-N(11) = 1.961(5). Selected bond angles (deg): N{B(1)}-N(3) =

174.91(2), N(9»-Fe(1)-N(7) = 80.4(2), N(3)-Fe(1)-N(7) = 94.7(2), N(9)-Fe(1)-N(11) = 80.3(2), N(3)-Fe(1)-N(11) = 104.5(2), N(7)>-Fe(1)-N(11)

= 160.8(2), N(9)-Fe(1)-N(5) = 98.9(2), N(3)-Fe(1)-N(5) = 79.8(2), N(7)-Fe(1)-N(5) = 93.2(2), N(11)}-Fe(1)-N(5) = 89.2(2), N(9)-Fe(1)-N(1) =
101.7(2), NB)-Fe(1)-N(1) = 79.8(2), N(7>-Fe(1)-N(1) = 92.4(2), N(11)-Fe(1)-N(1) = 92.1(2), N(5)-Fe(1)-N(1) = 159.2(2). Hydrogen atoms other
than MeOH are omitted for clarity. (b) Molecular packing of the complex. (c) Supramolecular’zBHN-N-type hydrogen-bonded chain structure of the

complex. The counter ions are omitted for clarity.

MeOH solvent molecule per molecule of compléxis
included in the crystal lattice. One of thé-gubstituted
pyridyl groups of the complexed ligarid is protonated.

The resulting pyridinium cation forms a'N-H---N-type
hydrogen bond to the unprotonatedsibstituted pyridine
of the neighboring complex (NN distance= 2.654 A).
Thus, the presence of hydrogen-bonded pyridinium cations
(which are counterbalanced by additional perchlorate anions)
is responsible for the formation of an infinite one-dimensional
(1D) chain. The C(15yN(6)—C(14) bond angle (120.4p
in the pyridinium unit is widened in comparison with the
respective angle of the unprotonated pyridine unit (118.45
At 180 K, the coordination environment of the iron(Il) metal
ion can be described as a distorted octahedron. TheNFe
distances vary from 1.883(5) to 1.968(6) A, indicating the
presence of an iron(ll) low-spin (LS) state. Temperature-
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Figure 2. xmT vs T plot for the polycrystalline compleg from 4.5 to
380 K ¢ cooling mode and heating mode) with a 1000-Oe applied dc
magnetic field. The inset shows the hysteresis lopif, ~ 2 K).

product of molar magnetic susceptibility and temperature,

dependent single-crystal X-ray studies show an increase inxmT, is 3.71 emeK/mol, which is close to the expected value

the unit cell volume from 3875 #at 180 K to 4012 A at

for a high-spin (HSS= 2) state iron(ll) ion. Upon cooling,

350 K without any change of the space group (see the xwT abruptly decreases to a value of 0.28 ekimol at 200

Supporting Information). This volume change is a first
evidence that thermal ST takes placelin

The ST behavior was also confirmed by the bulk magnetic
measurements of a polycrystalline sample Jofin the
temperature range of 43880 K (Figure 2). At 380 K, the

(6) Crystal data foll: Cz3H29N12013ClsFe; monoclinic; space groug2y/
c; fw = 963.88;a =13.537(3) A;b = 15.127(3) A;c = 19.890(4) A;
B = 107.89(3Y; V = 3875.8(13) A&; crystal size= 0.44 x 0.10 x
0.08 mn¥; index ranges= 16 < h < 16,-18 < k< 16,24 < | <
17; 0 range for data collectiorr 1.58-25.75; Z = 4; Dopsa= 1.652
mg/cn?; F(000)= 1968;u = 0.679 mnT%; R(F,) = 0.0837;R,(F) =
0.2114; GOF orf2 = 0.980;T = 180(2) K.

(7) Gunatilleke, S. S.; Norman, R. Ecta. Crystallogr2003 E59, 0269-
0271 and references cited therein.
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K and reaches a minimum value of ca. 0.14 eldimol at

4.5 K. The latter value can be attributed to the iron(ll) LS
(S= 0) state. However, a residual magnetic moment of ca.
0.14 emuK/mol indicates the presence of a trace paramag-
netic impurity. Measurements performed in both heatiyg (
and cooling {) cycles have revealed the occurrence of a ca.
2 K wide thermal hysteresis loof,! = 287 K andTy,l =

285 K). Notably, the ST temperature is almost close to room
temperature with 3, of 286 K. The presence of a thermal
hysteresis loop clearly demonstrates the existence of a
significant level of cooperativity in the solid state. At this
point, the origin of cooperativity irl is not clear; it is
probably mediated by the hydrogen bonds and/or the trapped
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1ot the presence of LS state iron(ll). The second doublet (35%)
S o W v parametersAEqy = 1.403(9) mm/spis, = 0.947(4) mm/s]
N o 1 200K are typical for a HS state iron(ll) (Table 1). At 300 and 275
[ ._FI—S B K, the molar fractions of the LS and HS states determined
g 05 '\ A 7 - from the Mssbauer spectra and from the magnetic suscep-
E_ﬁ 275K tibility data differ noticeably. This difference is due to the
g - larger Lamb-Mdssbauer factor for the molecules in the LS
B o] state than in the HS statdJpon cooling down to 275 and
& o] ;; \—.; 259K 259 K, the LS fraction has further increased to 76% and
E = 83%, respectively, at the expense of the HS state iron(ll)
ﬁ b ke A fraction. At a temperature of 52 K, the spectrukE, =
= i \ ( \ f 52K 0.608(2) mm/sgis, = 0.373(2) mm/s] corresponds only to

————————————— a 93% LS state fraction exclusive of any HS state iron(ll)

®®E DB DB D
elocity[nmisec]

Figure 3. Zero-field5"Fe Mossbauer spectra df(dotted lines) and their
least-squares best fits.

2 45 0 component, which is consistent with the magnetic suscep-

tibilty data. Furthermore, the spectra at 3®2 K reveal
the presence of a 7% additional component (I). This 7% spin
state might be attributed to the presence of a slightly changed

Table 1. Méssbauer Data for Complekat Different Temperaturés coordination environment at the chain endd afr HS ferric
TIK] component dio[mm/s] AEq[mmis] T [mm/s] AR [%] impurt_ies.10 Overall, these r_esults fully confirm the complete
300 s 0.33(1) 0.67(2) 0.49(2) 58 transition of the HS state into the LS g,tate at 52 K. _

HS 0.947(4) 1.403(9) 0.38(2) 35 In summary, we have succesfully designed and synthesized
- ILS 063373(51) 00-96(‘%)1 063355 5 ;6 a ST building block [F&L),H](ClO4)3:MeOH, which forms
HS 0_'94((2)) 1_'40((2)) 0.'33((4)) 17 a 1D N"—H---N-type hydrogen-bonded chainlike structure.
I 0.44(4) 1.1(1) 0.36(9) 7 Importantly, the complex displays reversible ST from the
259 LS 0.33(1) 0.63(3) 0.36(2) 83 HS < LS state around room temperature with a ca. 2 K
HS 0.91(7) 1.5(2) 0.30(9) 11 ide hvst i | Variable-t i inal tal
[ 0.48(5) 0.9(2) 0.4(1) 6 wide hysteresis loop. Variable-temperature single-crysta
52 LS 0.373(2) 0.608(2) 0.288(5) 93 X-ray studies show a sweeping increase in the unit cell
' 0.49(3) 0.98(6) 0.31(8) 7 volume of about 3.5%. Furthermore, B&bauer investiga-
a 8iso = isomer shift relative ta-Fe, AEq = quadrupole splittingl’ = tions of 1 validate the complete spin-state conversion (HS

width of the line, and AR= area ratio of the componemss/Aq:. Statistical to LS) at 52 K. Complex, which has been shown to exhibit

standard deviations are in parentheses. a ST with thermal hysteresis around room temperature,
represents an interesting building block in supramolecular
self-assembly. The construction of higher dimensional
architectures exploiting this ST module is under investigation.

MeOH molecules. Noticeablyl;, of complex1 is 26 K
higher than that of the unsubstituted 2,6-bis(pyrazol-1-yl)-
pyridineiron(ll) complexé
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