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[Co"Cpy]*[Fe"ly]~ (Cp = cyclopentadienyl) prepared by the double [Co" Cpy][Fe" 4], prepared from CoGpFeb, and b under
oxidation of Fel, and CoCp, with iodine exhibits a 30 °C thermal an inert atmosphereexhibits a monoclinic unit cell at 150
hysteresis in magnetic susceptibility between 134 and 164 K that K with a solid-state structufeonsisting of segregated chains

of cations and anions along tlaeaxis and alternating ionic
layers (in theac plane) that are stacked along theaxis
(Figure 1). Adjacent parallel chains of cations are canted
with respect to each other, and adjacent parallel chains of

anions have their tetrahedra pointing in opposite directions.

IBl;taIt)Ie mb?terlals, €., ?ateglg!:f that Cin per|5|st n tv_vo The Fe-l distance ranges from 2.537 to 2.551 A and
relatively stable states, each with difterent physical properties o4 ges 2 543 A. The-1l separations within [F&l,]~ range

(optical, electrical, magnetic, and/or mechanical properties), fom 4.099 to 4.182 A and average 4.143 A. This is
have great potential in next-generation sensor, switching, a”d/comparable to the shortest intermolecular jFell-+|

or actuator devices and even in so-called “smart” systems. separations that range from 4.057 to 4.382 A and average
Bistable materials are rare and range from molecules, suchg 182 A. In addition to the short+l separation along,

as spin-crossover materi&f3to liquid crystals}to solid state  comparable short1-| separations of 4.190 and 4.297 A are
2- and 3-D network structured materials, such as piezoelectricpresent that alternate aloegThese 1-+| separations are in
and magnetic materials. Especially important are materials accord with van der Waals interactiSrend provide close
exhibiting hysteresis that enables two states to be stable, forcontacts for (antiferromagnetic) exchange interactions among
example, at the same temperature. Hysteresis is especiallthe [Fé'l,]~ anions that form layers in thab plane.

rare for molecule-based materials, but it is sought for many  The temperature dependence of the magnetic susceptibility,
applications. Thermal hysteresis is observed for several spin-y, for a polycrystalline sample is plotted g$(T) for both
crossover materials and more recently in the magnetic decreasingT,) and increasingT) temperature (Figure 2).
behavior of 1,3,5-trithia-2,4,6-triazapentaleéhghd spiro-  High-spin,S= 5/, Fé" is the only paramagnetic ion present
biphenalenyl radicaléHerein, we report thermal hysteresis in [Co" Cp]*[F€"l4]~. The observed room-temperaty®

of the magnetic susceptibility of the molecule-based solid Value of 4.64 emu/mol slightly exceeds the expected spin-
[Co""Cpy] T[F€"" 4]~ (Cp = cyclopentadienyl). only value of 4.375 emiK/mol and is slightly greater than

4.50 emuK/mol reported for [NEf][FeX4] (X = Cl, Br).20
Because of antiferromagnetic exchange betweelSthe/,

is attributed to a phase transition to a disordered triclinic unit cell
from an ordered monaclinic unit cell upon cooling.
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Figure 1. View of the structure of [CHCpy] "[F€"14] ~ along thea axis.

I L L N L A R Table 1. Unit Cell Parameters for [CbCp][Fe" 14] as a Function of
: [c°ch][Fe'4] ) Temperature
4r / . T, K 150 125 150 200
gt b T e unit cell monoclinic triclinic triclinic monoclinic
23t : 1 a A 7.255 9.549 9.581 7.249
5 [ aak 1] b, A 16.250 11.138 11.174 16.328
E I AE 31
s [ : Ve A IS c, A 14.612 16.201 16.296 14.664
R2r af T =133 17 o 90° 89.504  89.252  90°
. : 11 B 94.223 90.154 89.967 94.303
WL 3of 3 y 90° 90.340 90.218 9
- . i Vv, A3 1718.2 1723.0 17445 1730.6
sebdl i d ] mosaicity ~ 0.404 1.954 1.923 1.712
0 . . .0 . .. .4y . 13 140 150 160 170 180 190 1
0 50 100 150 200 250 300
Temperature, T, K imetry (DSC) confirms first-order behavionH ~ —2.25
Figure 2. yT(T) for [Co" Cpy]*[F€" 14~ in the region showing &30 °C kJ/mol) whose onset is’163 K on cooling.

thermal hysteresis with theT(T) divergence temperatures indicated in the The hysteresis was also followed by monitoring the unit
figure. .

cell parameters as a function of temperature (Table 1). At
150 K, [CoCp][Fel4 has a monoclinic unit cell with the
structure as discussed above. Upon cooling to 125 K, a phase
&ransition to a triclinic unit cell occurs with an increase in
crystallographic mosaicity arising from small crystalline
blocks tilted slightly with respect to each otHéindicative
of disorder occurring upon cooling. The unit cell remains

o . triclinic upon rewarming to 150 K, and the high residual
phase transition. After the material had been cooled to 130mosaicity in the range of 125 and 150 K thwarted a

K, %T(T) was measured as a function of increasing temper- refinement of the structure. On further warming to 200 K,

ature, and a plot of ¢f)/dT between 143 and 130 K is  hq ynit cell parameters slowly change to those of the original
similar to that observed upon cooling between 143 and 159 150 k structure.

K. Between 130 and 159 K, the data can be fitto the Curie  The phase transition is attributed primarily to either or-

Weiss expression with = —79 K.'* Between 159 and 163 jentation changes or distortions of the anion, as the anions
K, xT(T) rises more rapidly; however, above 164 K, the zre paramagnetic and the observed behavior appears to be
original rate of change occut& Hence,yT(T) exhibits  strongly associated with a change/iR(T). Distinct Fé! sites
hysteresis withT, = 134 K andT; = 164 K, a thermal  are not evident from th&Fe Massbauer spectra of the rap-
hysteresisAT, of 30+ 1 K, which is consistent with a first-  idly relaxing paramagnetic phase of this matetfalhase
order phase change. Preliminary differential scanning calor- transitions are reported for [NgfFe" X4 (X = CI, Br) at

22.6 and 236.1 K but are attributed to reorientation of the
(11) »? to verify goodness of fit of the measured data with the expected cation* In contrast, DSC% heat capacity®® and ESR®°

Curie—Weiss expression from 130 to 159 K is 0.031. : : : f M o
(12) (a) The magnetic behavior at lower temperatures is complex and is Investigations of the related [tEtraalkylammonldM CI4]
being investigated further. (b) The material orders below 31 K and
exhibits two>"Fe hyperfine patterns suggesting averaging of magneti- (13) Giacovazzo, CFundamentals of Crystallographyxford Science

cally nonequivalent [Fg)~ sites at higher temperature. Publications: Oxford, U.K., 1992.

to 3.96 emeK/mol at ~148 K. However, at 143 KyT(T)
begins to drop more rapidly unti+134 K, at which point
the rate of decrease again is comparable to that observe
above 143 K. The data above 143 K can be fit to the Curie
Weiss expressiory O (T — 6)7%, with 6 = —56 K. The
relatively rapid drop inyT(T) starting at 143 K suggests a
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(M = Mn, Fe, Co, Ni, Cu, Zn) indicate both first-order and hysteresig?® Preliminary studies on [F&Cp;][Fe" |4] reveal
diffuse so-called structural phase transitioA% which can two reversible hysteretic transitionsii(T), suggesting that

be attributed to complex motions bbth the cation and anion  the facile observation in the magnetization studies is unique
and cooperatiity among these motions with decreasing to [F€"ls]". In the absence of low-temperature structure
temperature. Furthermore, the study of the single-crystal determinations, the temperature dependence of ESR spectra
anisotropy of [EfN],[NiCl,] indicates a reversible, hysteretic in the context of the line width changes for the [Fg~
discontinuity in Ay centered at~218 K with a smaller ~ anion signal and far-IR spectra in the methalogen
thermal hysteresis~10 K) than observed heretf Hence, stretching rggion are needed to identify the genesis of the
the behavior observed herein cannot be attributed solely toPhase transition.
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exhibits a change inT(T) behavior at 253 K, but without
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