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Two new series of compounds formulated {Fe(3-Xpyridine),[Ag(CN),]2} (X = F (1), Cl (2), Br (3), | (4)) and
{ Fe(3-Xpyridine),[Ag(CN),][Ag(3-Xpyridine)(CN),J} -3-Xpy (X = Br (5), | (6)) have been synthesized and characterized.
The six compounds are made up of stacking of slightly corrugated two-dimensional coordination polymers defined
by sharing { Fe4[Ag(CN),]4} » motifs. The stacking is different for the two families. In compounds 1-4 the layers are
organized by pairs displaying argentophilic interactions; the Ag---Ag distance was found to be in the interval 3.0—
3.3 A, while the Ag-++Ag separation between two consecutive layers belonging to different pairs was found to be
around 6 A. Compounds 5 and 6 are isostructural with a crystal packing defined by an almost homogeneous
distribution of layers separated by around 8.3 A (referred to the Fe-+Fe interlayer distance). Between the layers
an uncoordinated 3-Xpyridine molecule is included. Another 3-Xpyridine molecule, which remains in the plane
defined by the { Fes[Ag(CN)]s} » windows, coordinates one silver atom. Both series display quite different properties;
at 300 K, 1-4 are pale-yellow and display similar distorted [FeNg] octahedron cores characteristic of the iron(ll) ion
in the high-spin state. 1 and 2 undergo a two-step (T®y, = 96 K and 7@, = 162 K) and a 50% spin transition
(T2 = 106 K), respectively. Compounds 3 and 4 are high-spin compounds at ambient pressure. 5 and 6 are deep
red in color at 300 K and undergo spin-crossover behavior at significantly higher temperatures T;, = 306 and 261
K, respectively.

Introduction more rigid network structures and consequently more
During the last years our group has been interested in Cooperative spin transitiodsAnother motivation was to take

developing new coordination polymers made up of suitable 2dvantage of new opportunities that could arise from the
cyanometalate complexes acting as bridging ligands, iron_mcorpora_tlon of switchable SCO b_wldmg blocks in the
(Il) ions, and additional organic ligands, which in some cases construction of such new metabrganic framework$.One

can also act as bridges. The goal was to investigate the spin®Pvious strategy is to combine SCO and porosity to get
crossover (SCO) phenomerioin the resulting metat host-guest-dependent SCO in the network. In this respect,

organic frameworks. The primary motivation for undertaking ©Ur 9roup reporteq Iong ago the first example of a nano-
this work was to extend the SCO phenomenon to different POrous SCO coordination polymer, [Fe(bgsICSy]-CHs-
kinds of 1-3D compounds that presumably could display ©OH (the ligand bpe, previously referred to as tvp, is bis-
(pyridyl)ethylene); the large pores were formed from the
* To whom correspondence should be addressed. E-mail: jose.a.real@perpendicular interpenetration of two series of parallel
M Cniversitat Polilenica de Valacia. stacking of 2D layer4? More recently, using a similar
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Spin Crosseer in Fe(ll) —Ag(l) Frameworks

strategy, Kepert and co-workers reported a single-crystal to However, the presence of an excess of 3-Xpy favors the
single-crystal transformation involving reversible sorption ~ formation of red crystals of what, at first sight, could be
desorption of solvent and its influence in the spin state of considered as a “clathrate” modification ®and4, { Fe(3-

the building blocks in the compound [Fe(4akzpy»(NCS)]- Xpy)2lAg(CN)2][Ag(3-Xpy)(CN).]} -3-Xpy (X = Br (5) and

S (4,4-azpy = 4,4-azopyridine)® In both examples, like | (6)). This “clathration” involves simultaneously three-
in others using long rodlike bis-monodentate ligands, the spin coordination of a Ag atom in a specific [Ag(CN)Jigand
crossover is not sufficiently cooperative. to afford the [Ag(3-Xpy)(CNj]~ species and inclusion of

In 1996 Kitazawa and co-workers synthesized the com- the free ligand 3-Xpy in the crystal.
pound{ Fe(pyridine)[Ni(CN)4]}, which represents the first . )
2D Hofmann-like coordination polymer exhibiing SCO EXPerimental Section
properties, and 5 years later we synthesized the homologous  Materials. FeCb-4H,0, 3-Xpy (X = F, Cl, Br, 1), and K[Ag-
derivatives of Pd(ll) and Pt(ll). The three compounds have (CN),] were purchased from commercial sources and used as
similar cooperative SCO properties and characteristic changereceived.
of color upon Spin Chang‘e'_rhe use of pyrazine instead of Preparation of 1-6. These compounds were synthesized from
pyridine enabled us to increase not only the dimensionality §Iow dif_fusion of two methanetwater (1:1) solutions, one contain-
of the resulting 30 Fe(pyrazine)[M(CN)JJ} (M" = Ni, Pd, ing a mixture (2 mL) of FeGt4H,O (0.25 mmol, 50 mg) and 3-Xpy
Pt) polymers but also their cooperativeness as well as their(0:> MmO, 48.83 mg (= F), 57.11 mg (X= Cl), 79.5 mg (X=
critical temperature%.Furthermore, the SCO properties of B, an_d 103 mg (= 1)) in one side .Of the H-shaped vessel. The

. ’ ] other side contained 2 mL of a solution of K[Ag(CGIN§0.5 mmol,

the latter series depend drar_nancally on the number of guest, 4 mg). The two solutions were communicated filling the
solvent molecules allocated in the pores. It has been proved,_shaped vessel with additional methanolater solution (1:1).
for the Pt derivative, that the Spin transition can be switched, Pale-yellow crystalsi—4) were formed 2 weeks later. When an
within the hysteresis loop, irradiating the sample with a pulse excess of 3-Brpy or 3-Ipy was used, red crystal$ @id6 were
of light at room temperatufeand that its SCO properties formed. All the manipulations were performed under an argon
remain after growing thin layers of this polymer on gold atmosphere. Anal. Calcd fori@HsNsFAg2Fe (1): C, 29.51; H,
surfaces. All these aspects are essential when one considers1.42; N, 14.75. Found: C, 29.61; H, 1.45; N, 14.82 (yield ca. 30%).
the possibility of using these materials for memory devices. €alcd for GaHsNsCl,AgoFe @)1 C, 27.90; H, 1.34; N, 13.94.

Similarly, reaction of the [I\V(CN)z]f (M' = Cu, Ag, Au) Found: C, 28.03; H., 1.38; N, .14.11 (yl.eld ca. 30%). Calcl:d for
species with iron(ll) ions in presence of the ligands'4,4 CiHaNeBrAGFe @): C, 24.31; H, 1.17; N, 12.15. Found: C,

NS . o 7 24.41:H, 1.20; N, 12.31 (yield ca. 65%). Calcd for8sNel 2Ag2-
bipyrimidine, pyrazine, bpe, pyrimidine, and 3-CN-pyridine Fe @): C, 21.40: H, 1.03: N, 10.70. Found: C, 21.48: H, 1.06: N,

_have a_fforded a rich variety of 13D frameworks with 1473 (yield ca. 50%). Calcd forGH1NsBr.AgsFe 6): C, 28.61;
interesting thermal, pressure, and light-induced SCO proper-y, 1.60; N, 11.12. Found: C, 28.72; H, 1.65; N, 11.17 (yield ca.
ties? Continuing with this research line, here we extend our 15%). Calcd for GHiNslsAgoFe 6): C, 24.11; H, 1.35; N, 9.37.
studies in iron(ll) SCO coordination polymers to a new series Found: C, 24.11; H, 1.38; N, 9.42 (yield ca. 75%).

of 2D frameworks formed from self-assembly of dicyano- Magnetic Measurements.The variable-temperature magnetic
argentate, 3-halopyridine (3-Xpy, where=XF, Cl, Br, and susceptibility measurements were carried out on samples constituted
), and iron(ll) in methanol/water (1:1). Two different of small single crystals (2630 mg) using a Quantum Design
families of polymers have been isolated depending on the MPMS2 SQUID susceptometer equipped with a 5.5 T magnet and
concentration of 3-Xpy used. Yellow crystals of general operating &1 T and 1.8-400 K. The susceptometer was calibrated

) — with (NH4).Mn(SOy)2:12H,0. Experimental susceptibilities were
forg]ullaz':e@ Xpy%[Ag(C;N)fZ]Z} (Xt .Fh(.l)’ Clt (.2)’ Br (3), t corrected for diamagnetism of the constituent atoms by the use of
an @) were formed from stoichiometric amounts. Pascal’s constants.

X-ray Crystallography. Diffraction data on prismatic crystals

(5) Kitazawa, T.; Gomi, Y.; Takahashi, M.; Takeda, M.; Enemoto, A.;

Miyazaki, T.; Enoki, T.J. Mater. Chem1996 6, 119. of 1, 3, and4 were collected at 293 K whil2 and6 were collected
(6) Niel, V.; Martinez-Agudo, J. M.; Miioz, M. C.; Gaspar, A. B.; Real, at two temperatures (270, 100 K and 270, 200 K, respectively)
- % A-hlnf)fg- Cheg‘-z?\fl)l[ 40’(338?(381 A Zwick A: Real 1. A with a Nonius Kappa-CCD single-crystal diffractometer using Mo
onhommeau, S.,; oimaG.; alet, A.; ZWICK, A.; Real, J. A.] _ . . .
McGarvey, J. J.; Bousseksou, Angew. Chem.Int. Ed 2005 44, Ko (4 = 0.71073 A)'_ A multiscan al_)sorptlon (?orrectlon was
4069. performed but not applied. The absorption correction was found to

(8) Cobo, S.; Molng G.; Real, J. A.; Bousseksou, Angew. Chem., Int. have no significant effect on the refinement results. The structures

©) (E{S' 5&?%@@;@3 M. C.. Gaspar, A. B.: Galet, A.: Levchenko, G.: were solved by direct methods using SHELXS-97 and refined by

Real, J. A.Chem—Eur. J 2002 8, 2446. (b) Niel, V.: Galet, A.; full-matrix least-squares o2 using SHELXL-97%° All non-
Gaspar, A. B.; Mlinz, M. C.; Real, J. AChem. Commur2003 1248. hydrogen atoms were refined anisotropically. Relevant crystal-
(c) Niel, V.; Thompson, A. L; Mloz, M. C.; Galet, A.; Goeta, A. |ographic data foll—4 and6 is displayed in Tables land 2.

E.; Real, J. AAngew. Chemint. Ed.2003 42, 3760. (d) Galet, A,;
Niel, V.; Mufioz, M. C.; Real, J. AJ. Am. Chem. So2003 125,

14224. (e) Galet, A.; Muoz, M. C.; Martnez, V.; Real, J. AChem. Results

Commun 2004 2268. (f) Niel, V.; Thompson, A. L.; Goeta, A. E.;

Enachescu, C.; Hauser, A.; Galet, A.; Mim M. C.; Real, J. A. Crystal Structures. The crystal structures of compounds
Chem=—Eur. J. 2005 11, 2047. (g) Galet, A.; Gaspar, A. B.; Mon, 1-4 and6 have been investigated. Single crystal&ofere

M. C.; Bukin, G. V.; Levchenko, G.; Real, J. Adv. Mater. 2005 PR,
17, 2949, (h) Galet. A.: Moz, M. C.. Gaspar, A. B.. Real, J. A. not good enough to complete the whole data collection;
Inorg. Chem?2005 44, 8749. (i) Galet, A.; Mlpz, M. C.; Real, J. A.
Inorg. Chem 2006 45, 4583. (j) Galet, A.; Mlpz, M. C.; Real, J. A. (10) Sheldrick, G. M.SHELX97: Program for Crystal Structure Deter-
Chem. Commur2006 4321. minatiory University of Gottingen: Gottingen, Germany, 1997.
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Table 1. Crystal Data forl—3?2

Murioz et al.

param 1 2(270 K) 2 (100 K) 3
empirical formula GsHsNsFAgoFe GisHgNeCl,AgoFe Gi4HgNeBrAgoFe
M 569.86 602.76 691.68
cryst system triclinic monoclinic monoclinic
space group P1 P2,/c P2i/c
a(h) 10.6450(4) 9.2580(2) 9.1087(2) 9.4500(3)

b (A) 12.3660(5) 12.9500(3) 12.6860(3) 12.5440(3)
c(A) 15.0310(8) 16.5700(4) 16.3140(4) 16.8530(5)

o (deg) 99.888(2)

£ (deg) 93.642(2) 99.437(2) 99.696(2) 101.2430(10)
y (deg) 95.419(3)

V (A3) 1934.09(15) 1959.71(8) 1858.20(8) 1959.43(10)
4 4 4 4

D¢ (mg cnt3) 1.957 2.043 2.155 2.345

F(000) 1088 1152 1296

u(Mo Ka) (mm~71) 2,771 2.990 3.153 6.797

cryst size (mm) 0.04 0.06 x 0.07 0.02x 0.02x 0.04 0.04x 0.09x 0.09
no. of tot. reflcns 7548 4473 4224 4484

no. of reflcns [ > 20(1)] 4260 3179 3498 3444

Ry [l > 20(1)] 0.0618 0.0361 0.0341 0.0359

WR [l > 20(1)] 0.1498 0.1040 0.0878 0.0894

S 0.961 1.048 1.040 1.056

aRy = I||Fo| — |Fel|/Z|Fo|. WR = [E[W(Fo?2 — FAA/Z[W(F2)F]) Y2 w = 1/[0%(Fe?) + (mP)2 + nP], whereP = (F,2 + 2F)/3, m = 0.0975 (), 0.0691
(2 HS), 0.0525 2 LS), and 0.05573), andn = 2.7179 (), 2.3348 2 HS), 6.8480 2 LS), and 1.87443).

Table 2. Crystal Data for4 and 62

param 4 6 (270 K) 6 (200 K)
empirical formula GaHgNel2AgaFe GaH16Ngl sAgoFe
M, 785.65 1195.64
cryst system monoclinic monoclinic
space group C2lc P2;
a(A) 16.7860(7) 15.5780(2) 15.3630(4)
b (A) 12.8930(6) 13.5570(2) 13.4180(3)
c(A) 19.1560(10) 16.7680(3) 16.6060(5)
o (deg)
S (deg) 97.442(2) 112.5781(6) 112.5030(10)
7 (deg)
V (A3) 4110.9(3) 3269.84(9) 3162.53(14)
Zz 8 4
D¢ (Mg cn3) 2.539 2.429 2,511
F(000) 2880 2192
u(Mo Ka) (mm2) 5.596 5.428 5.612
cryst size (mm) 0.0& 0.09x 0.10 0.02x 0.04x 0.04
no. of tot. reflcns 4422 14 021 13737
no. of reflens [ > 20(1)] 2590 11331 9334
Ri[l > 20(1)] 0.0491 0.0999 0.0984
WR [I > 20(1)] 0.1114 0.2954 0.2769
S 0.925 1.300 1.089

ARy = 3|[Fo| — IFell/S|Fol. WR = [Z[W(Fo2 — FAA/ZIW(FAZ] Y2 w = L[oXF?) + (MP?2 + nP], whereP = (Fi + 2F2)/3, m = 0.0712 @), 0.2000
(6 (270 K)), and 0.1845§ (200 K)), andn = 5.3858 @), 0.0000 6 (270 K)), and 30.34636((200 K)).

however, these partial data unambiguously indicated that itinversion center placed between the layers. The Fe(1) and
is isostructural t® (see Supporting Information). Compounds Fe(2) sites are rather similar with four cyanide moieties
2 and3 are isostructural to each other. All these compounds occupying the equatorial positions of the [R¢Nhro-
define two-dimensional (2D) coordination polymers made mophores. The axial positions are occupied by two 3-Fpy
up of {[Fe[Ag(CN),].}. grids decorated with 3-Xpy motifs.  groups, which adopt with respect to the relative position of
Relevant crystallographic data as well as bond lengths andthe F atoms @ransoidand acisoid conformation for Fe(1)
angles are gathered in Tables4, respectively. and Fe(2), respectively. The average—Re axial bond
Structure of 1. This compound displays a two-step spin distances are virtually identical for both sites [2.225(5) A]
transition withTy, = 95 K and Ty, = 162 K. However, while the corresponding equatorial bond distances differ
unfortunately, these single crystals lose quality at low slightly being 2.157(9) and 2.149(8) A for sites Fe(1) and
temperatures, a fact that prevented a full structural analysisFe(2), respectively. These bond distances are consistent with
at temperatures below 293 K. It crystallizes in fespace the magnetic measurements at 293 K. The four independent
group. The layers are made up of two crystallographically [Ag(CN),]~ units are also very similar and display an almost
independent pseudooctahedral Fe(ll) sites connected by foutinear geometry; the €Ag—C bond angle is in the 174.1-
crystallographically independent almost linear [Ag(GIN) (4)—179(4¥ range. The units N(3)C(11)-Ag(1)—C(27)—
units (Figure 1). These units are related by means of anN(11) and N(5>C(13)-Ag(2)—C(25)-N(9) connect in an

8184 Inorganic Chemistry, Vol. 46, No. 20, 2007



Spin Crosseer in Fe(ll) —Ag(l) Frameworks

Table 3. Selected Bond Lengths and Angles (deg) for4 Table 4. Selected Bond Lengths and Angles (deg) 6or
gths (A) gles (deg) gths (A) gles (deg)
2 param 270K 200 K
param 1 270K 100K 3 4 Fe(A)-N(1A) 2.048(7) 2.008(10)
Fe(A)-N(2A) 2.070(8) 1.998(10)
Fe(1)-N(1) 2.216(5) 2.234(4) 2.139(4) 2.245(4)  2.261(6)
Fe(1)-N(2) 2.234(5) 2.255(4) 2.127(4) 2.244(4)  2.260(7) Fe(A)-N(3A) 2.006(13) 1.92(2)
Fe(1-N(3) 2.160(8) 2.149(4) 2.040(4) 2.149(4)  2.159(6) Fe(A)-N(4A) 2.037(13) 1.92(2)
Fe(1)-N(4) 2.156(7) 2.160(4) 2.058(4) 2.162(4)  2.170(6) Fe(A)-N(5A) 2.010(14) 1.933(9)
Fe(1)-N(5) 2.164(9) 2.142(4) 2.051(4) 2.158(4)  2.156(6) Fe(A)~N(6A) 1.968(12) 1.94(2)
Fe(1)-N(6) 2.148(7) 2.155(4) 2.048(4) 2.154(4)  2.147(6) Fe(B)-N(1B) 2.067(8) 1.971(10)
Fe(2-N(7) 2.223(6) Fe(B)-N(2B) 2.063(8) 2.013(9)
Fe(2)-N(8) 2.229(5) Fe(B)-N(3B) 2.01(2) 1.93(2)
Fe(2-N(9) 2.160(9) Fe(B)-N(4B) 2.070(14) 1.95(2)
Fe(2)-N(10) 2.144(7) Fe(B)-N(5B) 2.015(14) 1.97(2)
Fe(2)-N(11) 2.164(8) Fe(B)-N(6B) 2.008(13) 1.92(2)
Fe(2-N(12) 2.127(7) Ag(1A)—C(11A) 2.08(2) 2.09(2)
Ag(1)—-C(11) 2.059(10) Ag(1A)—C(14A) 1.95(2) 2.06(2)
Ag(1)—C(27) 2.074(11) Ag(2A)—C(12A) 2.11(2) 2.09(2)
Ag(2)-C(13) 2.053(11) Ag(2A)—C(13A) 2.08(2) 2.08(2)
Ag(Z):C(ZS) 2.045(11) Ag(1B)—C(11B) 2.01(2) 2.06(2)
Ag(3)-C(12) 2.048(9) Ag(1B)—C(14B) 2.07(2) 2.05(2)
AY(3)-C(14) 2.044(9) Ag(2B)—C(12B) 2.100(14) 2.10(2)
Ag(4)-C(26) 2.040(10) Ag(2B)~C(138) 2.13(2) 2.11(2)
Ag(4)—C(28) 2.079(9) ' '
Ag(1)-C(11) 2.064(5) 2.059(5) 2.064(4) 2.055(8) N(1A)—Fe(A)-N(2A) 178.9(4) 179.5(6)
Ag(1)-C(14) 2.072(5) 2.071(5) 2.071(5) 2.055(8) N(1A)—Fe(A)-N(3A) 90.3(4) 89.9(6)
Ag(2)-C(12) 2.069(5) 2.077(5) 2.077(4) 2.070(8) N(1A)—Fe(A)-N(4A) 90.8(5) 90.0(6)
Ag(2)-C(13) 2.057(5) 2.068(5) 2.073(4) 2.083(8) N(1A)—Fe(A)-N(5A) 90.2(5) 91.0(7)
N()-Fe(1-N(2) 177.8(2) 177.1(2) 177.3(2) 176.90(13) 176.0(2) N(LA)—Fe(A)-N(6A) 91.0(4) 90.2(6)
N(1)-Fe(1)-N(3)  92.4(3) 89.4(2) 90.4(2) 91720  93.2(2) N(2A)—Fe(A)-N(3A) 90.8(5) 90.5(6)
N(1)-Fe(1-N(4)  90.5(3) 88.6(2) 91.6(2) 92.02(14) 84.5(2) N(2A)—Fe(A)-N(4A) 89.4(5) 90.3(6)
N(1)-Fe(1)-N(5)  86.7(3) 88.6(2) 91.5(2) 90.5(2)  92.5(2) N(2A)—Fe(A)-N(5A) 88.7(5) 88.6(7)
N(1)-Fe(1)-N(6)  87.6(3) 91.1(2) 88.8(2) 88.7(2)  90.6(2) N(2A)—Fe(A)-N(6A) 88.9(4) 89.5(6)
N(2)-Fe(1)-N(3) 88.8(3) 91.7(2) 88.6(2) 87.9(2) 88.2(2) N(3A)—Fe(A)-N(4A) 91.5(5) 92.8(7)
N(@2)-Fe(1)-N(4)  91.4(3) 88.7(2) 90.9(2) 91.02)  91.9(2) N(3A)—Fe(A)—~N(5A) 177.8(6) 178.4(9)
N@2)-Fe(1-N(5)  92.1(3) 90.3(2) 89.5(2) 89.92)  91.3(2 N(3A)—Fe(A)—~N(6A) 88.7(5) 88.2(7)
N(@2)-Fe(1)-N(6)  90.6(3) 91.6(2) 88.69(14) 88.3(2)  88.2(2) N(4A)—Fe(A)-N(5A) 90.6(5) 88.5(8)
N(3)-Fe(1)-N(4)  89.4(3) 88.9(2) 87.22) 86.2(2)  86.0(2 N(4A)—Fe(A)-N(6A) 178.3(6) 179.0(8)
N@3)-Fe(1)-N(5)  178.5(3) 177.9(2) 178.1(2) 177.7(2) 90.8(2 N(5A)—Fe(A)-N(6A) 89.1(5) 90.5(8)
(3)—Fe(1)-N(5) (3) (2) (2) (2) (2)
N(3)—Fe(1)-N(6)  88.6(3) 93.2(2) 90.7(2)  90.6(2) 175.6(3) N(1B)—Fe(B)-N(2B) 178.3(4) 178.2(6)
N(@)-Fe(1}N(5) 917(3) 905(2) 93.1(2) 945(2)  175.4(3) N(1B)—Fe(B)-N(3B) 88.6(5) 89.6(6)
N(@4)-Fe(1)-N(6)  177.2(3) 177.8(2) 177.8(2) 176.70(14) 96.5(2) N(1B)—Fe(B)-N(4B) 90.2(5) 91.9(6)
HE%:EE%);H%S; ?962(73()2) 87.3(2) 89.1(2) 88.7(2) 86.9(2) N(1B)—Fe(B)-N(5B) 89.9(5) 92.0(6)
MEE e S A N(1B)—Fe(B)-N(6B) 88.1(5) 88.4(6)
(7)-Fe(2)-N(9) 2(3) N(2B)—Fe(B)-N(3B) 89.9(5) 89.0(6)

N(7)—Fe(2)-N(10)  92.9(3)

- N(2B)—Fe(B)-N(4B) 90.7(5) 89.3(6)
mgg_iggmgg gg:ggg N(2B)—Fe(B)-N(5B) 91.6(5) 89.4(6)
N(B)—Fe(2-N(©)  90.9(3) N(2B)—Fe(B)-N(6B) 91.1(5) 90.4(6)
N(8)—Fe(2)-N(10) 88.3(3) N(3B)—Fe(B)-N(4B) 90.5(6) 91.4(8)
N(B)—Fe(21-N(11) 91.5(3) N(3B)—Fe(B)-N(5B) 178.3(6) 178.4(8)
N(8)-Fe(2-N(12)  88.1(2) N(3B)—Fe(B)-N(6B) 91.3(6) 89.5(7)
N(9)—Fe(2-N(10) 88.3(3) N(4B)—Fe(B)-N(5B) 88.8(6) 88.9(7)
N(9)-Fe(2)-N(11) 177.2(3) N(4B)—Fe(B)-N(6B) 177.5(6) 179.1(8)
N(9)—Fe(2)-N(12)  90.2(3) N(5B)—Fe(B)-N(6B) 89.3(5) 90.3(7)
N(10)-Fe(2-N(11) 90.3(3) C(11A)-Ag(1A)—C(14A) 172.3(7) 175.3(9)
N(10)-Fe(2)-N(12) 176.1(3) C(12A)-Ag(2A)—C(13A) 161.8(6) 161.5(9)
N(11)-Fe(2-N(12) 91.4(3) C(11B)-Ag(1B)—C(14B) 174.4(7) 175.1(9)
C(11)-Ag(1)-C(27) 177.1(4) C(12B)-Ag(2B)—C(13B) 160.7(6) 161.8(9)
C(13)-Ag(2)-C(25) 176.8(4)

o A o8 et Fe(2)-Fe(2) and Fe()-Fe(1), while the other side, which
C(11)-Ag(1)-C(14) 175.5(2) 174.8(2) 174.2(2) 177.8(3) corresponds to the edge Fefilre(2), is in average 10.583-

C(12)-Ag(2)~C(13) 176.6(2) 175.0(2) 174.8(2) 1782(3) (2) A, The angles defined by two consecutive edges Fe(2)

--Fe(2)--Fe(1) and Fe(2)-Fe(1l)--Fe(1) are respectively
alternate way the Fe(1) and Fe(2) sites forming infinite chains 95.5(6) and 84.5(8) The layers are corrugated as the+e
running parallel to the unit cell’s diagonal ([DjLdirection) N—C moieties in the Fe(2)»-Ag(2)---Fe(1) edges are tilted
(Figure 2). In contrast, the N(4)C(12)-Ag(3)—C(14)-N(6) forming angles notably smaller than £8@e. Fe(1>N(5)—
and N(103-C(26)-Ag(4)—C(28)-N(12) bridges connect C(13) = 164.3(8) and Fe(2)}-N(9)—C(25) = 164.7(8Y}).
only one type of iron(ll), site Fe(1) and Fe(2), respectively. Interestingly, the layers are organized by pairs, in which
Thus, the resulting infinite chains run perpendicularly ([100] strong argentophilic interactions hold them together. The Ag
direction) to the chains defined by the Ag(1) and Ag(2) sites. -Ag distances in the double layer are Ag¢ihg(4) =
Hence, a grid-layered structure is formed. One edge of the3.1026(10) A (i=2 — x, 1 — y, 1 — 2) and Ag(2):*Ag(3)
almost rectangular [FeAg(CRH) moiety is exactly the cell = 3.1681(11) A. The double layers are organized in such a
parameter (10.6450(4) A) and corresponds to the distancesvay that the iron atoms of one layer are below/above the
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Figure 1. ORTEP representation of a fragmentlofontaining its asymmetric unit and atom numbering. Thermal ellipsoids are presented at 30% probability.

Figure 2. Left: View of the relative disposition of two grids dfemphasizing the argentophilic interactions (dotted bars). Right: Stacking of four consecutive
layers of1 along the [100] direction.

center of the windows defined by the other layer. These
argentophilic contacts are placed at the center of the edges
of the rhombuses (Figure 2). The distances between two
consecutive non interacting layers are notably larger (Ag-
(2)--+Ag(4") = 6.2945(11) A (ii=2—x, 1 —y, —2) and
Ag(1)---Ag(3") = 5.4424(11) A (iii=x, y — 1, 2)).
Structures of 2 and 3.Both derivatives are isostructural
and crystallize in the monocliniB2;/c space group. Com-
pound?2 undergoes a 50% spin transition; consequently, its
crystal structure has been investigated at temperatures above
(270 K) and below (100 K) the critical temperatufe ~
107 K. Compound is HS, and its crystal structure has been
studied at 293 K. Given th&is fully HS (high spin) at 270
K, its structure will be described together with that 2f _ _ o
There is only one crystallographically independen Fe(l) ste, £ 3 ORTEP represeniation o 2 fagment otnd s containg
The iron(ll) atom is surrounded by six nitrogen atoms ellipsoids are presented at 30% probability.
belonging to two axial 3-Xpy (%= Cl, Br) ligands and four
equatorial CN groups belonging to two crystallographically = 2.155(4) (2.154(4)) A] for2 and 3 (in parentheses),
independent [Ag(CN]~ bridging groups. The axial FeN respectively (Figure 3).
bond distances [FeN(1) = 2.234(4) (2.245(4)) A; FeN(2) Both [Ag(CN)]~ groups have similar geometrical char-
= 2.255(4) (2.244(4)) A] are larger than the equatorial ones acteristics like those described farand connect two Fe
[Fe—N(3) = 2.149(4) (2.149(4)) A; FeN(4) = 2.160(4) atoms defining a system of parallel 2D layers slightly more
(2.162(4)) A; Fe-N(5) = 2.142(4) (2.158(4)) A; FeN(6) corrugated than irl (Figure 4). The intermetallic short
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Figure 4. Stacking of four consecutive layers #fand3 along the [001]
direction.

distances in the double layers is Ag(thg(2) = 3.1181-
(7) and 3.1439(6) A (= 2 — x, 1 — y, —2) while it is 6.2593-
(MAGlG=1-x1-y,—2 and 6.4585(6) A (= x — 1,
y, 2) between two adjacent double layers farand 3,
respectively. The [FeAg(CM) grids are much more dis-
torted in1. The Fe-NCAg(1)CN—Fe and Fe-NCAg(2)-
CN—Fe edges are 10.566(2) and 10.464(2) A foand
10.435(2) and 10.574(2) A f@, respectively. The average
angle defined by two axes formed by the [Ag(1 or 2)(g]N)
linker is 104.0(2) (107.7(2)), while the average angle
determined by two edges defined by different Ag atoms is _. . o
76.4(2) (73.3(2)) for 2 (3). o e e
The crystal structure dt at 100 K is essentially the same  of 4 along the [100] direction.
like at 270 K. However, significant structural changes
associated with the spin conversion have been observed. Th&he Ag(1)--Ag(2) distance in the double layer and between
most noticeable change takes place in the fFebbrdination double layers becomes slightly smaller as a consequence of
core. The average axial F& bond distance shortens by the spin conversion, 3.0638(5) A€ 1 —x, -y — 1,2 —
0.111 A, and the corresponding equatorial one, by 0.102 A. 2) and 6.1657(5) A (= 2 — x, —y — 1, —2), respectively.
The total average is 0.105 A and agrees quite well with what
is expected for a half-spin transition in an iron(Il) complex.
This change of electronic configuration at the iron(ll) has a
notable influence in the structure of the [N{43(12)-Ag-
(2)—C(13)-N(5)]" bridging ligand and less markedly in the
[N(3)—C(11)}-Ag(1)—C(14)-N(6)]” anion. For instance, the

Structure of 4. This compound crystallizes in the mono-
clinic C2/c space group. Its structure is very similar to that
of 2 and3. As in the case of the latter compounds, there is
only one type of iron(ll) ion crystallographically independent
(Figure 5a). This iron atom is in a pseudooctahedral

C(13)-N(5) and C(13}-Ag(2) bonds increase by 0.01 and environment with the 3-lpy ligands in the axial positions
0.011 A, respectively, while the N(4)C(12) bond increases L6~ N(1) = 2.261(6) and FeN(2) = 2.260(7) Al and two

by 0.025 A in the LS (low spin) state. These bond length different [Ag(CN)]~ coordinating the equatorial positions
variations are probably related with the increase of the [FE~N(3) = 2.159(6), Fe-N(4) = 2.170(6), Fe-N(5) =
Fe~N=C—Ag x-back-bonding due to the increase of 2-156(6), and FeN(6) = 2.147(6) A]. Both [Ag(CN)]-
population of the d orbitals in the LS state. Noticeable bond a@nions are almost linear [C(14Ag(1)-C(11) = 177.8(3)
angle variations are also observed during the change of spin@nd C(13)-Ag(2)—C(12)= 178.2(3)] and connect the iron
state; particularly significant are F&(3)—C(11) = 2.5, atoms defining, similarly td—3, a 2D polymeric structure
Fe—N(6)—C(14)= 2.6°, N(3)—C(11)-Ag(1l) = 5°, N(6)— made up of edge-sharifdre[Ag(CN)]} s rhombuses whose
C(14>-Ag(l) = 6.8, N(4)—C(12-Ag(2) = 4.3, and edge and angles are 10.583(7) A and 75.0(3) and 104,9(3)
N(5)—C(13)-Ag(2) = 4.1°. The size and shape of the respectively. The layers are organized by pairs in which two
[FeAg(CN)]4 grids change as a consequence of these bonddifferent types of argentophilic interactions are observed:
and angles variations. At 100 K the dimensions are 10.273-Ag(1)-*Ag(1) = 3.2727(11) A and Ag(2)-Ag(2) =

(2) x 10.393(2) A and the angles are 104.3(2) and 75°3(2) 2.9635(11) A (i= —x,y, > —zandii=1—x,y, ¥ — z,
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Figure 6. ORTEP representation of a fragmentofontaining its asymmetric unit and atom numbering. Thermal ellipsoids are presented at 30% probability.

respectively). The separation between two consecutive layersangles equal to 161.3(6)161.6(9¥], 100.0(5) [99.65(7)],
belonging to two different pairs is c& A (Figure 5b). and 98.5(5) [98.0(8)] at 270 K [200 K].

Structure of 6. This compound crystallizes in the non- Each bridging [Ag(1)(CNJ~ and [Ag(2)(3-Ipy)(CN)]~
centrosymmetrid®2; monoclinic space group. It undergoes ligand connect two iron atoms forming slightly distorted
a spin transition in the temperature range 2260 K. We {—Fe[Ag(1)(CN}]—Fe—[Ag(2)(3-Ipy)(CN)]—}. squares
have studied the single-crystal X-ray data at 200 K and 270 which share the edges and define a stack of almost identical
K where the system is fully in the LS state and almost A and B grids (Figure 7a). The average dimensions of the
midway of the HS<> LS conversion, respectively. It has edges of the square are +ag(1)—Fe 10.358(3) [10.229-
been impossible to study the crystal structure at higher (5)] A and Fe-Ag(2)—Fe 10.293(3) [10.169(5)] A at 270
temperatures because it deteriorates rapidly. [200] K. Two consecutive edges of the square are formed

This compound also consists of slightly corrugated layers; by the same kind of bridge, and the 3-Ipy group coordinated
however, in the present case, the layers are not organizedo the Ag(2) atom occupies the center of the window and
by pairs but in a set of equally spaced layers. There are twolies in the plane of the layer (Figure 7a). The 3-Ipy ligand
crystallographically distinct layers whose asymmetric units coordinated to the consecutive Ag(2) atom lies in the window
differ slightly. Each layer is made up only of one crystal- defined by the adjacent square. Such disposition of Ag(2)
lographically independent iron(ll) site, Fe(A) or Fe(B), which 3-Ipy moieties confers noncentrosymmetry to the crystal.
define a distorted [Fe§]l octahedron. Figure 6 displays a These layers superpose along the [101] direction (Figure 7b).
fragment of the layer defined by Fe(A) sites. The atom Between the layers (separated by ca. 8.3 A) there is room to
numbering of the layer constituted by Fe(B) sites has beeninclude one guest 3-Ipy molecule, which does not interact
kept identical with that of Fe(A) sites but with the label B significantly with the host layers (Figure 8).
instead of A. The axial positions of the [FgNctahedron Magnetic Behavior. The thermal dependences of the
are occupied by the 3-lpy ligands while the equatorial productyuT for compoundsl—3, 5, and6 are displayed in
positions are occupied by two different bridging anions Figure 9,ym being the molar magnetic susceptibility and
[Ag(1)(CN)]~ and [Ag(2)(3-Ipy)(CN})]~. At 270 K, the the temperature. Fdr, yuT is equal to 3.68 cfhK mol™ at
average FeN axial distance is 2.059(8) and 2.065(8) A, 300 K, which is in the range of the values expected for an
whereas the average equatorial distance is 2.005(14) andron(ll) ion in the HS state. Upon coolingiyT remains
2.026(15) A for the A and B layers, respectively. At 200 K almost constant down to ca. 230 K; below this temperature
the Fe-N bond distances are characteristic for the iron(ll) ywT decreases more markedly displaying a two-step spin
ion in the LS state; the average+M distance shortens by transition with a characteristic plateau centered around 50%
0.069 A (site A) and 0.080 A (site B). These values are of conversion. The critical temperatures arg, = 96 K
consistent with the HS-to-LS change of population deduced andT?, = 162 K, and the temperature at the middle of the
from the magnetic behavior. The [Ag(1)(Ci\) bond plateau is 127 K. They T value drops to 0.45 and 0.18 ém
distances and angles are very similar in both kinds of layersK mol™* at 50 and 5 K, respectively, indicating the
and differ very little from linearity; the average-&g—C occurrence of 510% residual paramagnetism. Cooling and
angle is 175.2(9)at 200 K and 173.3(7)at 270 K. The in warming modes match perfectly indicating that there is no
situ formed [Ag(2)(3-Ipy)(CNj]~ anion has a strongly  appreciable thermal hysteresis. FhmymT is equal to 3.57
distorted trigonal geometry with the C(:2Ag(2)—C(13), cm?® K mol~t at 300 K and remains constant down to 115
C(12)-Ag(2)—N(7), and C(13)Ag(2)—N(7) average bond  K; below this temperature, a sharp spin transition involving
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Figure 7. (a) View of a window of the grid of compounglemphasizing ) TiK

the 3-Ipy ligand coordinated to the silver atom. (b) Stacking of three Figure 9. ywT versus T plots for (a) compounds-3 and (b) compounds
consecutive layers o6 along the [100] direction. (Uncoordinated 3-lpy ~ 5and6. (Warming and cooling modes during the first cycle are represented
molecules have not been included for simplicity.) by normal and inverted triangles, respectively.)

= 2 state of the remaining 50% HS species. The spin
transition observed fot and?2 is accompanied by a drastic
and reversible change of color from yellow (HS) to deep
red (LS).

The magnetic behaviors & and4 are characteristic of
iron(l) compounds in the HS statay T = 3.79 cn? K mol~!
(3) and 3.83 criK mol™! (4) at 300 K, displaying ZFS at
low temperatures. Howeves and6 undergo a spin transition
in the temperature range 20@00 K. TheyuT is 1.39 cnd
K mol~* at 300 K for5, indicating the occurrence of ca.
63% iron(ll) atoms in the LS state. Then, it decreases until
0.28 cn¥ K mol™! at 270 K and the spin conversion is
practically complete below this temperature. In the warming
mode, ymT increases continuously up to 358 K, and then
the slope of the curve increases significantly up to reach a
mT value of 3.80 criK mol~! at 400 K. The temperature
at which the molar fraction of the HS and LS centers is equal
to 0.5, Ty, is ca. 306 K. Then, wheh is cooled from 400
K, it displays a different magnetic behavior. It is no longer
a spin-crossover system but shows the typical magnetic
properties of an iron(ll) ion in the HS state in the whole
ca. 50% of HS< LS conversion takes placdi(, = 106 range of temperatures {200 K).
K). At temperatures lower than 65 kT decreases again Compound6 undergoes a similar spin conversion like
due to the occurrence of zero-field splitting (ZFS) of the  but slightly shifted to lower temperatures. At 300 K thgT

Figure 8. Stacking of three consecutive layers ®falong the [001]
direction. The uncoordinated 3-Ipy ligands are noted in black color.
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value is 2.59 crhK mol~! indicating the occurrence of ca. esting to note that this compound displays a two-step
32% iron(ll) centers in the LS state at this temperature. When transition quite similar to that described fbwith T®;,, =
cooling, it accomplishes the spin conversion with,d value 146.3 K andT®,, = 91 K (T, corresponds to the average
of 0.22 cn? K mol~! at 210 K. Similarly to5, when6 is cooling and warming temperaturéd). A much steeper
warmed it achieves gy T value of 3.79 criK mol~t at 400 conversion is observed fd2, which is also observed at
K. The Ty, value for this transition is 275 K. Another relative low temperature3{,= 106 K). The 50% character
similarity between both compounds is that the magnetic curve of the transition is most likely connected with this fact, given
is not the same in the cooling mode; however, in the case ofthat a further HS-to-LS conversion should be thermally
6 the spin transition remains, although slightly shifted to low blocked. This magnetic behavior is consistent with the crystal
temperaturesly, ~ 261 K. This transition does not change structure at 100 K as the average-f¢ bond distance and
after several coolingwarming cycles. the crystal volume change correspond quite well to 50% spin-
state conversion for the iron(ll) ion. However, despite the
high quality of the crystal resolution, only one type of iron-

This work was undertaken to explore new structural and (I1) site, averaged between the high- and low-spin states, is
spin-crossover properties that assemblies of Fe(ll), 3-Xpy, observed. This is not an uncommon situation in spin-
and [Ag(CN}Y]~ could afford. Here we have reported the crossover compounds (see for instance refs 9f and 12).
synthesis, crystal structure, and magnetic properties of sixCompounds3 and 4 are fully HS in the whole range of
new coordination polymers. Polymels-4 are tightly related temperatures. Thus, there is a downshift tendency for the
from a structural point of view, whil& and 6, which are critical temperatures as the electronegativity of the halogen
isostructural to each other, present different compositions atom decreases. Obviously, the critical temperatures3 for
and structures. The crystal structureslef6é are made up ~ and 4 would be so low that no spin conversion can be
of layers of [FeAg(CNy|, decorated with 3-Xpy ligands  expected.
coordinated to the Fe(ll) ions. The layers formed by sharing  From simple electronic structure considerations, one would
[FeAg(CNY]4 squarelike units interact by pairs forming €xpect an opposite trend because the lone electron pair cloud
double layers held together by argentophilic interactions. This of the nitrogen atom “shrinks” as the electronegativity of
is an unprecedented result as the present members of théhe axial ligand 3-Xpy (%= F, Cl, Br, |) increases conferring
family of compoundg Fe(L)JAQ(CN)z]2} (L = 4,4-bipy- it a lower donor capability, and consequently, a decrease of
ridine, bispyridylethylene, pyrazine, pyrimidine, or 3-CN- the ligand field strength and of the critical temperature should
pyridine) are single or interpenetrated 3D coordination be observed. However, this supposed loss of donor capability
polymers. In this respect, it deserves to have compolinds of the 3-Xpy ligand is not reflected in the structure as a
compared witt{ Fe(3-CNpyridinefAg(CN),]2} -2/3H,0, which decrease of the FeNaa bond distance is observed when
only differ in the substitute group bonded in the 3 position moving from4 to 1 while the average of the FéNequatorial
of the pyridine. The latter polymer is made up of triple bond distances remain practically identical (within the error
interlocked 3D networks, with the topology of NbO. It limits) for the four compounds. The average Fuxal
undergoes a complete spin transition strongly coupled with distance is 2.225(5) A fat, 2.244(4) for2 and3, and 2.261-
modulation of the argentophilic interactions occurring be- (7) A for 4. Taking into account that the ligand field strength
tween the different network®.In contrast to other cases, in  10Dq is proportional to (1R)°, whereR represents the FeN
which formation of distinct polymorphs was observed distance, a decrease of theDifd.a value of ca. 7.4% is
depending on the experimental conditions, this compound observed when moving frorhto 2 and3 and an additional
is the only species formed in the crystallogenesis process.decrease of ca. 6.6% when moving from the lattet. tBhese
Indeed, the homologous compour{d~e(3-CNpy}[Au- data correlate quite well with the magnetic propertie$-o4.
(CN)2]2} :nH,O displays three different polymorphs, one In a recent paper, Kaizaki and co-workers have discussed
being isostructural to the Ag derivative and the other two the effect of substituted pyridines (Y-py) as axial ligands in
corresponding to 2D coordination polymé&t€ne of these  the iron(ll) dinuclear complexeg[Fe(NCX)(Y-py)l(u-
polymorphs presents a structure similar to that observed forbpypz)}, where X= S or BH, Y-py = 3-Brpy, 3-Clpy,
1-4. py, 3-Mepy, and 4-NMgoy, and bpypz is 3,5-bis(2-pyridyl)-

As far as the spin-crossover properties are concerhed, pyrazolate. The two halves that constitute the dinuclear
(3-Fpy) and2 (3-Clpy) undergo a spin-state change. The species are related by an inversion center. Each half contains
former displays a two-step spin conversion reflecting the an iron atom whose axial positions are occupied by the
occurrence of two crystallographically distinct iron(ll) sites. ligands NCX and Y-py. In this serieSy; increases in the
Both steps are poorly cooperative. The high-temperature stegollowing way: 4-Mepy (106 K)< 4-NMeypy (113 K) <
takes place in an interval of 80 K@y, = 162 K), while py (129 K) < 3-Mepy (130 K) < 3-Clpy (148 K) < 3-Brpy
the low-temperature step occurs in an interval of around 60 (158 K). This trend has been justified in termsoécceptor
K (T(l)llz = 96 K)' This step oceurs at relatlvely low (11) Rodriguez-Velamara J. A.; Castro, M.; Palacios, E.; Burriel, R,;

temperatures being most probably the reason why;ifie Kitazawa, T.; Kawasaki, TJ. Phys. Chem. B007, 111, 1256.
values below 70 K are slightly higher than expected because(12) Moussa, N. O.; Trzop, E.; Mouri, S.; Zein, S.; Moln&.; Gaspar,

. A. B.; Collet, E.; Buron-Le Cointe, M.; Real, J. A.; Borshch, S;
they are frozen in the HS state. The related 2D cpmpound Tanaka, K.. Cailleau, H.; Bousseksou. Rhys. Re. B 2007, 75,
{Fe(py}Ag(CN),]2} has been recently reported. It is inter- 054101.

Discussion
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properties of the X-py ligands. In fact, a linear correlation efficiently depending on the polarizability of the halogen
between the spin-crossover temperatiiig, for both types atom in the 3-Xpy group. Evidence for the existence of
of axial ligands NCX and the Hammett constant of the axial chemical pressure has been given in metal dilution experi-
Y-py ligands was found?® ments in isostructural matricésor encapsulating a metal

It is obvious that the general trend found in this series complex, susceptible of undergoing spin crossover, in the
has a direction opposite to that we find for the title pores of a 3D network’
compounds. In this respect, the distinct nature of both kinds  The presence of an excess of the 3-Xpy ligand facilitates
of solids, namely discrete dinuclear species versus infinite the formation of compounds and6. They are made up of
2D polymers, may play a major role in the characteristic a stacking of 2D coordination polymers. However, these
temperature of the transition. Given that close to the “crossing polymers do not define double layers like-4 and,
point” the energy gap between the two spin states is very consequently, no argentophilic interactions are observed.
small, the transition temperatures may be dominantly influ- There are two additional 3-Xpy guest molecules in the lattice,
enced by crystal packing factors. The occurrence of poly- one is uncoordinated and located between the layers while
morphism in spin-crossover compounds, which present the other fits quite well in the windows defined by tfige-
different characteristic temperatures and different spin states/Ag(CN)2]} 4 squares and coordinates one silver atom defining
displaying exactly the same chemical constituents, is a clearthe in situ formed species [Ag(3-Xpy)(CH). The un-
illustration of that!* coordinated 3-Xpy molecules interact viastacking with

In this case, there is an apparent correlation between thethe coordinated ones to the Fe(ll) atom defining infinite
halogen atom’s size and the stabilization of the HS state. chains, and there also are weak X contacts between the
The halogen atoms X are located between the double layersthree types of 3-Xpy molecules. In addition to these
and they interact with each other displaying contacts shorterimportant structural differences, another remarkable feature,
than the sum of the corresponding van der Waals distanceswhich differentiate$ and6 from thel—4 series, is the short
F---F=2.312(2) A, Ct--Cl = 3.440(2) A, Br--Br = 3.806- Fe—N distances (observed for the 3-Ipy derivative), indicat-
(2) A, and -1 = 3.6062(11) A. These interactions are ing that the former are almost fully LS at temperatures close
defined in such a way that one 3-Xpy group of each iron(ll) to 300 K. Consequently, the solids are deep Eé)instead
belonging to a layer, i.e., L1, interacts with an equivalent Of pale yellow (—4) at room temperature. These data are
ligand coordinated to an iron(ll) atom located in the layer inagreement with the magnetic behavior observedfand
L(1 + 3) for X = CI, Br, and I. For the F derivative, these 6. At room-temperature both compounds contain a noticeable
interactions occur similarly but involve 50% of the iron atoms number of iron(ll) ions in the LS state. Furthermore, they
(see Supporting Information). A possible explanation for the change their magnetic properties after reaching 400 K. In
observed trend could be expressed in terms of the Iigandthe case 0b, this drastic change is related with the thermal
field strength felt by the Fe(ll) ions in the crystal, which is Stability as it loses, in two successive steep steps, four 3-Brpy
the result of the internal pressure generated by the lattice.molecules T, = 365 K andT, = 404 K). In contrast, a rapid
This pressure can be absorbed more efficiently when highly 10ss of the 3-Ipy molecules takes place in only one step at
polarizable atoms are present in the crystal as they cantémperatures higher than 400 K f& (see Supporting
respond more readily to the strain changes in the lattice. ThisInformation). Therefore, the down-shift temperature observed
effect has been noted in some experiments performed at higHor the transition of6 could probably be due to some
pressures. For instance in the system [Fe(dpf€)) (dppen reo_rganization of the uncoordinated 3-Ipy molecules in the
= cis-1,2-bis(diphenylphosphino)ethylene; 3¢ CI~, Br-) lattice.
both compounds are HS but undergo a spin-state change at Although it is tempting to make some conjecture about
high pressures at 300 K. The critical pressiitg,at which the notable differences in the spin-crossover properties of
the Cl derivative displays a spin conversion is 0.8 GPa while the two groups of compounds, free guest-4) and guest-

in Br it occurs at 6 GPa. This observation has been ascribedloaded b, 6) derivatives, we consider that the experimental
in part to the more polarizable character of the Bnion2® data do not allow us to rationalize these observations.

In fact, the 3-Brpy derivative undergoes a thermal spin Acknowledgment. Financial support is acknowledged
transition at higher pressures than 1 bar and a similar effects ), he Spanish DGICYT (Grant CTQ 2004-03456) and
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