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Spin-Crossover in the Complex Table 1. Crystal Parameters and X-ray Diffraction Data

Bis(cis-1,2-dicyano-1,2-ethylenedithiolato)- empirical formula GeHaFeNsO,S,
-(D-nvridvD- - imi iniuml- fw 686.70
[2 (p-pyridyl)-4,4,5,5-tetramethylimidazolinium] space group o
iron(111) a, 17.755(16)
b, A 13.620(4)
Mohammed Fettouhi,*' Mohammed Morsy,! c A 13.832(17)
Abdel Waheed] Stephane Golhen? 6 d}_\%g 31205?;(()54)(5)
Lahcene Ouahab,** Jean-Pascal Sutte® p. (calcd) g cm 1385
Olivier Kahn, § Nieves Menende#,and z 4
Francois Varret' u, mmt 0.750
wavelength, A 0.71073
Chemistry Department, King Fahd University of Petroleum temperature, K 293(2)
and Minerals, P.O. Box 5048, Dahran 31261, Saudi Arabia, Ru[l = 20(1)]* 0.0542
Laboratoire de Chimie du Solide et Inorganique Moikaire, WRz [I = 20(1)]° 0.1030
UMR 6511, Groupe Matgaux Moleculaires, Universitale AR, = S |IFo| — [Foll/S|Fol. PWRe = { S[W(F2 — FAZ/ S [WFD} 2
Rennes 1, Campus Beaulieu 35042, Rennes Cedex, France,
Laboratoire des Sciences Molgaires, ICMCB, This compound is namely Fe(mg(ad) where mnt is maleo-

UPR CNdESM 23?1%5221?0?5;?55: ghagg%n?\f/‘gr;?ebé)éato'renitrue dithiolato and rad is 2g¢pyridyl)-4,4,5,5-tetramethylimid-
) ' i azoline-1-oxyl. We present herein the magnetic aricgslbauer

Versailles (UMR 8634), 78035 Versalilles Cedex, France o racterizations of a new case of spin crossover in a new
zwitterionic bis(maleonitrile dithiolato) five-coordinate complex
together with its synthesis and X-ray structure. The compound
) is bis(is-1,2-dicyano-1,2-ethylenedithiolato)[®-pyridyl)-
Introduction 4,45 5-tetramethylimidazolinium]iron(IlDMF, [Fe(mnt)-

A great deal of interest was devoted in the 1960s and 1970s(idzm)]-2DMF.
to the five-coordinate adducts of dithiolene complexes [M(S
C,R»),)L] " obtained by the dissociation of the [M{SR2)2)]2" ) ) o .
(M = Fe, Co) dimers and addition of Lewis bases such as _ SYynthesis. 2-(p-Pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-
pyridines, phosphines, and stibines. Many of these C0mp|eXES.OXIde [NITpPy] and sodium bls(s-l,2-d|cyar.lo-1l,2-ethylened|th|olat0)-

. . : iron(111) [NaFe(mnty] were prepared following literature procedurés.
a_re Iab_He V\_/hen dissolved 'n_p°|ar or non polar solvents. They A 0.39 g amount of NaFe(mntjvas dissolved in 60 mL of acetonitrile
dissociate into the free Lewis base and the precursor, or theycontaining two drops of ethanolic sulfuric acid (20%). 0.3 g NITpPy
exist in equilibrium between the adduct and its components. (0.3 g) was then added as a solid, and the mixture was refluxed for 30
This lability is particularly marked in most of the pyridine and  min. The solution turned light brown and a brown precipitate formed.
substituted pyridine complexés? The majority of these It was recrystallized from dimethylformamide to give solvated brown
complexes exhibit multiple electron transfer processes for which needle-shaped crystals of formula Fe(rgidzm)-2DMF. Anal. Obsd
the oxidation state of the ligand is still not determined (calcd) for FeGNoCeeHsOz: Fe, 8.56 (8.14); S, 18.70 (18.66); N, 18.51
unequivocally. Their ability to activate molecular oxygen was (18:37); C, 45.57 (45.49); H, 4.80 (4.67). IR (KBr): 2204, 1660, 1590,
equally reported. ESR investigations showed that molecules 1_5‘_12' %?02' 1432, 147114' 13883' .1252’ 1220, 6.68’ 574, SOGIUV_
in solution are subject to different distortions due to solvent ¥IS: €M (€ (L/mol cm™) x 107): 20 747 (2.3); 23 267 (3.1); 26 969
. X . - X - =% (7.7); 37010 (13.4).
interactions in addition to the reversible formation of six-

. e Crystallographic Data Collection and Structure Determination.
coordinate [Co(8C,Rz)2)L2]"" in the presence of an excess of 5 single crystal was mounted on an Enraf-Nonius CAD4 diffractometer

L.*5 The reactivity of these species in solution is at the origin equipped with a graphite monochromated Ma. Kadiation source(

of the difference of spin values measured in solution and the = 0.71073 A). Cell dimensions and orientation matrix for data
solid state? Adducts containing weak-field ligands have the collection were obtained from least-squares refinement, using the setting
intermediate spin§ = 3/,) whereas strong-field ligand com-  angles of 25 centered reflections. Crystal data are summarized in Table
plexes are low sping= 1/,). In a recent communication we 1. Intensities were collected I#-26 scans. No significant decay was
have reported the occurrence of spin crossover in a five revealed on the three standard reflections measured every hour during

coordinate iron complex with a nitroxide-based molecule as axial data collection. Lorenz polarization and semiempirical absorption

ligand accompanied by an intramolecular spipin interactior? corrections ¢-scan method) were applied to intensities for all data.
’ Scattering factors and corrections for anomalous dispersion were taken

 King Fahd University of Petroleum and Minerals from ref 9. Structure was solved with SHELXS29and refined with
t Universite de Rennes 1. : SHELXL-97° programs by full-matrix least-squares method,Foh
8 |CMCB. Selected bond distances and bond angles are given in Table 2, and
Il Universite de Versailles. complete crystal structure results are given as Supporting Information.
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Table 2. Selected Bond Lengths [A] and Angles [dig] 7 ——
Fe(1)-N(3) 2.192(3) Fe(1)S(2) 2.234(2) - & °0 0 0 0 0 0 0 0 o of
Fe(1)-S(1) 2.235(3) N(4)C(8) 1.297(3) 1.8 b ]
N(4)—C(9) 1.477(4) C(5-N(3) 1.324(4) ) e S 038 o ; 1

- B 0.3 L2 E -

N(3)—Fe(1)}S(2) 98.14(3) S(2yFe(1-S(2) 163.73(6) kS [ 0;3 Pl 3 .

N(3)-Fe(1-S(1) 101.56(3) S(Z}Fe(1-S(1)  89.42(7) E 14 b ol E

S(2-Fe(1-S(1)  87.33(7)  S(I)y-Fe(1»S(1) 156.88(6) 2 i L i ]

C(8)-N(@)-C(9) 112.2(3)  C(BYN@B)-C(B) 117.0(4) A £ o .

C(5-N(3)—Fe(l) 121.52(19) 28 . S . E ]
2 Symmetry transformation used to generate equivalent atoms: (i) = L 05 b T IIII .
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Figure 1. ORTEP view of Fe(mng{idzm)2DMF. 15K
Magnetic Measurements.All magnetic studies were carried out %6

on powder samples. Magnetic susceptibility measurements were
performed at 0.1 T after zero field cooling, in the temperature range -
2—300 K with a SQUID magnetometer “MPMS-5" from Quantum
Design Corporation.

MoOssbauer MeasurementsThe Mossbauer measurements were
obtained on a constant-acceleration spectrometer with a 25 mCi source
of 5’Co (in Rh matrix). Isomer shift values are given with respect to Figure 3. Mdssbauer curves at 77, 4.2, and 1.5 K.
metallic iron at room temperature. The absorber was a sample of about

60 mg of microcrystalline powder spread over a 16-mm diameter sample .

holder made of a pure aluminum foil. Variable temperatures were molecule withA = 0.427(1) A The Fe—S_bond lengths are .
obtained in a bath cryostat, MD306 Oxford Instruments connected to 2-234(2) and 2.235(3) A and agree well with those observed in
a temperature controller, ITC4 Oxford Instruments, with e [Fe(mntp(rad)]® In the crystal structure the molecules are
sensor. A least-squares computer prodfamas used to fit the disposed in columns parallel to theaxis. In the column the
Méssbauer parameters and to determine their standard deviations ofmolecules present head-to-tail arrangement but adjacent columns

92 L B L
-4 -2 0 2 4
Velocity (mm/s)

statistical origin (given in parentheses). develop in opposite direction.The shortest-Hee separation
Result d Di . is 7.304(8) A. The solvent molecules fill the space fitted by
esults and Liscussion Fe(mnt}(idzm) molecules. The shortest solveiie(mnty(idzm)

The molecular structure of the title compound is shown in distance is OtN4 = 2.741(4) A indicating the existence of
Figure 1. The molecule is located on a 2-fold axis running hydrogen bonding between the two units. However, the other
through the iron atom and the long axis of the imidazolinium distances are longer than 3.2 A, preventing the establishment
unit. As usually observed for other five-coordinated com- of bridging contacts between Fe(myigizm) units through DMF
pounds®12the iron atom adopts square-pyramidal coordination. molecules, thus the molecules can be considered as being
The imidazolinium unit is coordinated to the Fe atom of the magnetically isolated.

[Fe(mnt)]~ in apical position through the nitrogen atom of the The magnetic properties have been investigated in the
pyridyl ring with the Fe-N3 bond length equal to 2.192(3) A.  temperature range-800 K. The temperature dependence of
The iron atom is displaced out of the four S mean plane toward both ymT and the molar susceptibilitym are represented in
the center of the pyramid b = 0.382(1) A; this value is close  Figure 2. The value ofuT at room temperature is 1.85 éi{
to that observed in the previously reported five coordinated mol~ which corresponds to the contribution of non interacting
guartet spin state arising from Fe(lll) atom in intermediate spin
A e S i ™™ QroUnc st = T remelne comstant o 0 40 K o
. ! - A, hdia, then decreases as the temperature is lowered. At higher
National Science Academy: New Delhi, 1982, pp $290. temperature range (4B00 K), the magnetic susceptibility

(12) For review on 1,2-dithiolato chelates, see: Eisenber@r&g. Inorg. >
Chem.197Q 12, 295-3609. closely follows the Curie lawyuT = constant). Below 40 K,
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Table 3. Fitted Méssbauer Parameters, Isomer Shiéts (- quadrupole splitting, and higher isomer shift, representiag%
Quadrupole Splittings4), and Lorentzian LinewidthIf, Identical of the total area. The clear change in isomer shift gives evidence
for the Two Components) for a spin change, most probably to tBe= Y/, state; the large
major doublet minor doublet quadrupole splitting rules out & = %, state. The effect was
T(K) o (mm/s) A(mm/s) & (mm/s) A(mm/s) % T (mmis) reversible, and on increasing temperature agairSthaé/, state
205 0262(2) 2.643(4) — — = 031007 was rest_ored. _The change rilppeaé)red to pe, SO _f_ar, r_?_tg?er
77 0358(1) 2.640(2) — _ —  0.308(3) progressive (spin crossover) than abrupt (spin transition). This

42 0.354(2) 2.543(5) 0.390(4) 2.86(1) 25 0.304(5) s, atour best knowledge, the first example &= %/, <~ S=
2.3 0.331(3) 2.534(6) 0.56(1) 3.00(2) 22 0.360(6) 3/, crossover detected by Mebauer spectroscopy.

2.1 0.33(1) 253(2) 057(4) 3.02(7) 21 0.384(8)

15 0330(3) 2478(5) 0526(8) 3.10(1) 26 0384(7) Concluding Remarks

aThe standard statistical deviations are given in parentheses. The

given percentage is that of the minor doublet. The present spin crossover differs sizably from the well-

documented case of the 'Fepin crossover, in the following
points; (i) the temperature range where this crossover occurs is
extremely low; therefore the observation of the crossover

interactions or to a spin system modification. The former : ; . . -
. . requires the relaxation between the spin states to remain efficient
hypothesis can be ruled out on the basis of the crystal structure . P ) .
despite of the low thermal activation; a tunneling mechanism

data which indicate that the molecules are magnetically rather . g : .
. . . X . is then suggested; (i) if confirmed by further experiments, the
well isolated. Consequently, intermolecular interactions, if any,

should be very weak. However the latter hvpothesis warrants slight variation in the isomer shift of the main doublet, suggests
- Very weak. Ho yp . a mixing with the other spin state, consistent with the presence
thorough investigations since thg plot shows a maximum at

arourd 3 K and also, thewT value does not tend to zero &s of an efficient tun_nellng mechanism; (i) the Iow-tempe_rature

spin crossover might couple to an external magnetic field, or

approaches absolute zero. to the magnetization of the system (via the interactions); this
Typical Mossbauer spectra are shown in Figure 3; the set of 9 Y ’

fitted data is listed in Table 3. From room temperature to the makes the situation very attractive at least from the spin-
ST . . crossover point of view.

liquid nitrogen temperature, the spectra are consistent with the

expected spin sta®= 3,. The slight asymmetry of the doublet
is attributed to a texture effect, i.e., a preferred orientation of
the crystallites in the sample holder. Also, a small additional
doublet was detected, with the larger (relative) proportions at
h'gher temperatures: th's,'s t.ypI(.:aI for 6,1 small amount Of_ iron crystallographic data, positional parameters, anisotropic thermal pa-
oxide (nanophased F®;), indicating a slight decomplexation  ameters, bond lengths and angles, in CIF format, are available free of

(oxidization) of the sample. charge via the Internet at http:/pubs.acs.org.
On lowering temperature, mostly below 4 K, the spectra

became markedly different, with a second doublet of larger 1C990299Q

the decrease ofuT can be due either to antiferromagnetic
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