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Two coordination polymers formulated {Fe(pmd),[Ag(CN);]} (pmd = pyrimidine) have been synthesized and
characterized. Both polymers, considered to be architectural isomers, display different crystal structures and magnetic
properties. Isomer 1 crystallizes in the monoclinic C2/c space group with a = 6.9750(8) A, b = 16.17009) A, ¢
= 14.2020(8) A, B = 97.954(2)°, V = 1586.37(14) A3, and Z = 4. The crystal structure of isomer 2 has been
studied at 250 and 150 K. At both temperatures, 2 displays the orthorhombic Pccn space group with a = 15.7700-
(2) [14.8950(2)] A, b= 8.2980(4) [8.1580(4)] A, ¢ = 13.4180(6) [13.3480(5)] A, V = 1755.87(14) [1621.96(10)] A3,
and Z = 4 for 250 [150] K. The iron(ll) ions define distorted octahedral [FeNs] chromophores in both isomers. The
equatorial positions are occupied by four [Ag(CN).]~ bridging ligands, which connect the defining layers of two
iron(ll) ions. Isomer 1 has two crystallographically distinct [Ag(CN).]~ groups; one is essentially linear, while the
other is severely distorted [C(5)—-Ag(2)—C(5)] = 138.8(5)°. This fact facilitates the parallel interpenetration of two
layers, which in addition show short Ag(1)-+++Ag(2) interactions (distance Ag(1)++-Ag(2) = 2.9972(10) A). Isomer
2 shows only one type of Ag atom, which is slightly bent [C-Ag—C = 161.54(12)°], and as a consequence, the
layers defined are not interpenetrated. In both cases, the axial positions are occupied by the pmd ligands which
interact with the Ag atoms of adjacent layers defining a 3D coordination polymer. Compound 1 is high spin in the
whole range of temperatures, while 2 undergoes a cooperative high-spin <> low-spin effect centered at ca. 184 K
with a hysteresis loop ca. 5 K wide. The experimental enthalpy and entropy variations were 11.5 + 0.4 kJ mol~!
and 64 + 3 J K-t mol~*. Consistency between the experimental thermodynamic data and the magnetic data was
checked in the frame of regular solution theory.

Introduction created important expectations in the search for new proper-
ties and multifunctionality.Particularly well adapted to these
goals are coordination polymers made up of switchable
building blocks, as cooperativity, stemming from interactions
among them resulting from the change of state, can confer
bistability to the framework and, hence, sensory and memory
functions to the solid. Spin crossover building blocks based
on 3d—3d" metal ions are particularly well adapted to this
strategy, as their labile electronic configurations may be
switched reversibly between the high-spin (HS) and the low-
spin (LS) states involving magnetic, optical, and structural
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The construction of crystalline coordination polymers
displaying physical and chemical properties ranging from
magnetism, conductivity, or optical properties to porous
functions such as sorptierdesorption, exchange, separation,
and catalysis is an important topic in current chemistay.
singular aspect of this topic concerns the combination of two
or more of these properties in the same solid to investigate
possible interplay and synergy between them. This has
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During the last five years we have systematically been been reportedt In summary, these materials offer the
investigating new iron(ll) spin crossover compounds with opportunity to investigate the interplay between different
polymeric structures based on cyanometalate complexes aswitchable molecular and/or supramolecular components and
bridging ligands. In this respect, Hofmann-like clathrate the collective properties that may arise from the synergy
compoundécontaining iron(ll) ions have led to the develop- between the individual component properties. In this respect,
ment of a number of two-dimensional (2D) and three- supramolecular or architectural isomerism in coordination
dimensional (3D) polymeric singular coordination (SCO) polymers is an issue that has received increasing interest in
networks, such agFe(L)M"(CN),]}-nH,O [L = pyridine, recent years for fundamental and applied reasdaschi-
Xx=2,n= 0L = pyrazinex = 1,n=2-4% M" = Ni, tectural isomorphism may be particularly meaningful in the
Pd, and Pt], which display abrupt thermal and pressure realm of polymeric SCO materials, as the building blocks
induced transitions and hysteresis at temperatures close t@re strongly sensitive probes to detect superstructural diver-
room temperaturé.The water content affects dramatically sity. A first example of architectural isomerism in the SCO
the completeness and the critical temperature of the transitionpolymer systenfFe(3-cyanopyridine)[Au(CN),} -nH,O was
in these porous polymers. However, the transition is complete recently communicatet.
for the monohydrate and anhydrous derivatives and room As a continuation of this systematic research of polymeric
temperature (ca. 298 K) is included in the large thermal systems exhibiting cooperative thermal, pressure, and light
hysteresis loop exhibited for the Pd and Pt derivatives. induced SCO phenomena, here we report the synthesis,
Interestingly, it has been shown that the LS state can becrystal structures, and magnetic and calorimetric studies of

reversibly switched to the HS state using a one-shot laserthe systen{ Fe(pmd}Ag(CN).]2}, which affords an interest-

pulse in the complexFe(GH4N,)[Pt(CN)]} at room tem-
perature®

Formal replacement of the [MCN),? anions by
[M'(CN),]~ groups (M = Cu, Ag, and Au), withtrans-
bispyridylethylene, 4,4bipyridine, 3-cyanopyridine, or py-
rimidine (pmd) as ligands, has resulted in new 2D and double
or triple interpenetrated 3D SCO polymé&iSuch compounds
combine their cooperative SCO properties (magnetic, chro-
matic, and structural) with different chemical properties such
as specific hostguest interactions as iFe(pyrazine)[M-
(CN)4]} -solvent® crystalline-state reactions with allosteric
effects as i Fe(pmd)(HO)[M'(CN),] 2} -H,O (M' = Ag and
Au),% or SCO tuned metallophilicity as ifFe(3-cyanopy-
ridine)[Ag(CN)]2} -/sH.0.%4 More recently the unprec-
edented 3D polymee(pmd)[Ag(CN);][Ag(CN),]}, which
displays a thermal and light induced spin transition and spin-

ing example of architectural isomerism based on the distor-
tion of the usually rigid [Ag(CNy]~ group.

Experimental Section

Materials. Fe(BR),*6H,O, pmd, and K[Ag(CNj] were pur-
chased from commercial sources and used as received.

Preparation of Polymorphs A (1) and B (2) 1 and 2 were
synthesized in the same reaction from the slow diffusion of two
aqueous solutions. One contained a mixture of stoichiometric
amounts of Fe(Bj,6H,0 (0.185 mmol, 2 mL) and pmd (0.374
mmol, 2 mL) in one side of an H-shaped vessel. The other side
contained a solution of K[Ag(CN) (0.374 mmol, 2 mL). Pale-
yellow (1) and orange-yellow2) prismatic crystals were formed
two weeks later and separated using a binocular lens. All the
manipulations were performed under an argon atmosphere at 303
K. Yield: ca. 30% () and 20% ). Anal. Calcd for GoHgNsAQg2-
Fe (1): C, 26.90; H, 1.50; N, 20.91. Found: C, 26.7; H, 1.6; N,

dependent ligand unsupported argentophilic interactions, hag?1-0- Anal. Calcd for GHgNsAgFe @): C, 26.90; H, 1.50; N,
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20.91. Found: C, 26.9; H, 1.5; N, 20.8.

Magnetic Measurements The variable temperature magnetic
susceptibility measurements were carried out on samples constituted
of small single crystals (2630 mg) using a Quantum Design
MPMS2 SQUID susceptometer equipped with a 5.5 T magnet and
operating &1 T and 1.8-300 K. The susceptometer was calibrated
with (NH4).Mn(SOy)2:12H,0. Experimental susceptibilities were
corrected for the diamagnetism of the constituent atoms by the use
of Pascal’s constants.

X-ray Crystallography . Diffraction data on prismatic crystals
was collected at 293 K fot and at 250 and 150 K fa2 with a
Nonius Kappa-CCD single-crystal diffractometer using Ma K
radiation ¢ = 0.71073 A). A multiscan absorption correction was
performed but not applied. The absorption correction was found to
have no significant effect on the refinement results. The structures
were solved by direct methods using SHELXS-97 and refined by

(11) Niel, V.; Thompson, A. L.; Goeta, A. E.; Enachescu, C.; Hauser, A,;
Galet, A.; Mufoz, M. C.; Real, J. AChem—Eur. J.2005 11, 2047.
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Chem. Re. 2001, 101, 1629. (c) Hennigar, T. L.; MacQuarrie, D. C.;
Losier, P.; Rogers, R. D.; Zaworotko, M. Angew. Chem., Int. Ed.
Engl. 1997 36, 972.
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Table 1. Crystal Data forl and2

Table 2. Selected Bond Lengths (A) and Angles (deg) foand 2

1 2(250 K) 2 (150 K) 1 2(250 K) 2 (150 K)
empirical formula  GHgNsAgoFe  GaHaNsAgoFe  GaHgNsAgaFe Fe—N(1) 2.276(4) 2.230(2) 2.002(2)
formula weight 535.85 535.85 535.85 Fe-N(2) 2.171(5) 2.154(2) 1.946(2)
crystal system monoclinic orthorhombic orthorhombic Fe-N(3) 2.124(5) 2.133(2) 1.932(2)
space group C2lc Pcen Pccn AG—C(5 ’ 5 '078 3 5 683 3
ad) 6.9750(3) 15.7700(2) 14.8950(2) 9-C(5) .078(3) [083(3)
b (A) 16.1700(9) 8.2980(4) 8.1580(4) Ag—C(6) 2.099(3) 2.107(3)
c(A) 14.2020(8) 13.4180(6) 13.3480(5) Ag1-C(6) 2.067(6)
B (deg) 97.954(2) Ag2—C(5) 2.152(5)
V (A3) 1586.37(14) 1755.87(12) 1621.96(10) N(1)—Fe-N(2) 88.60(17) 87.31(8) 92.47(9)
z 4 4 4 N(1)—Fe-N(3) 89.91(17) 90.72(8) 89.14(9)
E(C 0(85% cnr?d) 21-3321 21-8221 i'olzgf N(2)—Fe-N(3) 88.74(19) 90.05(9) 90.93(9)
—Ag— 161.54(12 159.77(11

/é%?alf;)zgn?r%) 000 005% 00 006x 004, 0.06x gggg’p‘g’ﬁg‘% 182-57((10)) 182-50((103

0.06 0.07 0.07 C(6)-Ag—N(4) 93.21(10) 90.83(9)
temperature (K) 293(2) 250(2) 150(2) C(6)-Agl—-C(6)? 176.7(3)
no. of total 1799 1993 1840 C(5)—Ag(2)—C(9)2 138.8(3)
reflections C(5)-Ag(2)—N(4) 102.14(19)
no. of reflections 1291 1621 1572
[ > 20(1)] ai=1-xy, Y% —z
R [l > 20(1)] 0.0381 0.0251 0.0256
wRe [l > 20(1)] 0.0966 0.0582 0.0610
S 0.911 1.008 1.089

ARy = 3 ||Fol — IFell/XIFol; WR = [Y[W(Fo? — F)2/ 3 [W(Fo2)7] M3 w
= 1[0*(Fe?) + (mP)?2 + nP] whereP = (F,? + 2F2)/3; m = 0.0723 (),
0.0289 @ HS), and 0.0312Z LS); n = 3.2523 (), 0.9112 @ HS), and
0.3875 @ LS).

full-matrix least squares analysis && using SHELXL-974 All
non-hydrogen atoms were refined anisotropically.

Differential Scanning Calorimetry (DSC). Calorimetric mea-
surements have been performed2using a differential scanning
calorimeter (Mettler Toledo DSC 891 Low temperatures were
obtained with an aluminum block which was attached to the sample
holder, refrigerated with a flow of liquid nitrogen, and stabilized
at a temperature of 110 K. The sample holder was kept in a drybox
under a flow of dry nitrogen gas to avoid water condensation. The
measurements were carried out using around 20 mg of a powdered
sample sealed in aluminum pans with a mechanical crimp.
Temperature and heat flow calibrations were made with standard
samples of indium by using its melting (429.6 K, 28.45 3)g
transition. An overall accuracy af0.2 K in the temperature and
+2% in the heat capacity is estimated. The uncertainty increases
for the determination of the anomalous enthalpy and entropy due
to the subtraction of an unknown baseline.

Results

Crystal Structure of 1. Compoundl crystallizes in the
monoclinic C2/c space group. Crystal and refinement data
can be found in Table 1. Relevant bond lengths and angles
are given in Table 2. The crystal structure is constituted of
an infinite stack of double layers made up of two identical,
parallel, interlocked, two-dimensional coordination polymers
{Fe(pmd)}[Ag(CN);]2}. The iron(ll) ions are located at an
inversion center defining a distorted octahedral [Fledite
(Flgu_re 15_1)' The equatorial po_smons are OCCUpqu by four Figure 1. Perspective view of a representative fragmentl ¢&) and2
cyanide nitrogen atoms belonging to the [Ag(GN)anions, (b) including the non-hydrogen atom numbering. Displacement ellipsoids
while two pmd ligands occupy the remaining axial positions. are shown at the 50% probability level.

The equatorial FeN bond distances [FeN(2) = 2.171(5) of the grids are 10.620x 9.239 R There are two

A and Fe-N(3) = 2.124(5) A] are shorter than those , o L

. . e crystallographically distinct [Ag(CN)~ bridges referred as
corresponding to the aX|_aI positions [FR(1) = 2.276(4) Ag(l) an% A%(Z). Site Ag(1) Es g&molt Iineagr [CBAG(1)—
A]. Each [Ag(CN)]~ anion connects two Fe(ll) atoms C(6) = 176.7(3},i = 1 — x, y, ¥» — 2, while site Ag(2) is

defining a two-dimensional grid (Figure 2a). The dimensions strongly bent [C(5)Ag(2)—C(5) = 138.8(3}, i = 1 — x
y, >, — Z]. The Ag—C bond distance is significantly shorter
for site Ag(1) [Ag(1)-C(6) = 2.067(6) A] than for site Ag-

(14) Sheldrick, G. M.SHELXS97and SHELXL97 University of Gatin-
gen: Germany, 1997.
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Figure 3. Crystal packing of the double layersinDotted lines represent
the coordinative interactions between pmd and [Ag(2)(N)

The pmd ligands point out of the double layer in such a
way that the N(4) nitrogen atoms interact with the Ag(2)
atom. More precisely, two N(4) atoms belonging to the same
double layer, but different grid, coordinate the Ag(2),
conferring to it a pseudotetrahedral coordination environment
(Figure 3). Apparently this interaction, Ag2ZN(4) =
2.533(5) A, is strong enough to provoke the remarkable
distortion of the [Ag(2)(CNy]~ anions mentioned above and
to confer a 3D character to the coordination polymer.

Crystal Structure of 2. The crystal structure & has been
studied at 250 K and at 150 K. It displays the same
orthorhombid?ccnspace group at both temperatures. Crystal
and refinement data can be found in Table 1. Relevant bond
Figure 2. Structure ofl: (a) view of a single layer showing the undulation lengths and angles are given in Table 2. A4,ithe iron(ll)
of the {Fe(ll)-[Ag(2)(CN)z] —Fe(ll)} chains; (b) view of two parallel . . . . T L
interpenetrated layers; (c) view of the double layers in a perpendicular atom .0f2.I|es In ‘_"m mversmq center also haV'_ng a S'.m"ar
perspective. Dotted lines represent the strong argentophilic interactions coordination environment (Figure 1b). The axial positions,

observed in the double layers. occupied by the pmd ligands [F&l(1) = 2.230(2) A at 250

_ : K and 2.002(2) A at 150 K], are larger than the equatorial
(2) [Ag(2)—C(5) = 2.152(5) A]. However, the corresponding . : .
C—N lengths can be considered, within the error limits, to positions, occupied by the cyanide groups of the [AgN)

ot _ _ i Fe-N(2) = 2.154(2) A and FeN(3) = 2.133(2) A
be identical [C(6}-N(3) = 1.147(8) A and C(ByN(2) =  2anions|
1.142(7) A for Ag(1) and Ag(2), respectively]. at 250 K and 1.946(2) A and 1.932(2) A at 150 K,
The grid is defined by two perpendicular systems of 1D "€SPECtively]. In contrast to the caselbithere is only one
{Fe[Ag(CN)];}.. moieties where the iron atoms represent crystallographically independent [Ag(Cl) anion in2. It

the corresponding knots. One moiety defined by site Ag(1) 'S Pent, as the angle C(5Ag—C(6) = 161.54(12) at 250
is an almost linear infinite chain, while the other, defined K [159.77(11) at 150 K] deviates 18.46[20.237] from

by site Ag(2), is an undulated infinite chain. Two consecutive lInéarity. The Ag-C bond distances are A(S) = 2.078(3)
undulated paralle] Fe[Ag(2)(CN}]z}. chains are disposed ~ [2-083(3)] A and Ag-C(6) = 2.099(3) [2.107(3)] A, whereas

as in phase and out of phase sinusoidal functions along thethe corresponding €N distances are C(S)N(2) = 1.142(3)

2D layer (Figure 2a). This singular disposition defines a [1-147(4)] A and C(6)N(3) = 1.133(4) [1.147(4)] A. These
system of parallel channels, which are threaded by the linearStructural parameters are similar to those observed previously
{Fe[Ag(1)(CN}]2}.. moieties of the two interpenetrated for other iron(ll}-dicyanoargentate systems.

layers. Strong argentophilic interactions occur between the As in the case ofl, the [Ag(CN)]~ anion bridges the
interlocked layers. The Ag(%)-Ag(2) distance is 2.9972(10)  defining layers of two iron atoms, which lie in tlzeb plane

A (Figure 2b and c). and stack along thie axis. However, in this polymorph, no
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Figure 6. Thermal dependence &C, in the spin transition region. The
® andO symbols correspond to the cooling and heating modes, respectively.

Figure 4. Crystal packing of the layers i@. Dotted lines represent the

coordinative interactions between pmd and [Ag(GN) iron(ll) ion in the HS state. For lower temperaturgs,T

4 decreases smoothly even at temperatures as low as 20 K,
indicating that theS = 2 HS ground state does not split
significantly at zero field. TheuT value is close to 3.68
cm?® K mol~t at room temperature f&. Upon coolingywT
remains almost constant down to ca. 185 K, a temperature
value after which it undergoes a very sharp decrease that is
characteristic of a first-order SCO transition. TheTl value
drops down to 0.13 c¢K mol™t at 175 K. The warming
mode reveals the occurrence of thermal hysteresis. The
critical temperatures for the cooling{°*" and warming
St (T"P) modes (181.1 and 186.3 K, respectively) indicate the
60 170 180 190 200 210 occurrence of an cé K wide hysteresis loop. At temper-
I \ atures belowf,, theymT value indicates that virtually 100%
0 50 100 150 200 250 300 of the iron(ll) ions have converted into the LS state. This
T/K spin transition is accompanied by a drastic and reversible
Figure 5. ymT versusT plot for 1 (O) and2 (a). The inset represents a  change of color from yellow (HS) to deep red (LS).

e s reepeciuey T S o covaspanec e bestDSC Measurements for 2 The calorimetrio measure-
simulation of the experimental data (see text). ments were carried out in the 15020 K temperature range.

A smooth line has been interpolated from the values in the
normal regions, below 175 K and above 185 K. The heat
capacity due to the transition has been deduced by subtraction
of this baseline. The temperature dependence of the anoma-

lous heat capacityG,, in the heating and cooling modes for

Xy T/cm® K mol™

interpenetration occurs. Two consecutive layers are rotated
by 45 with respect to each other, and the parallel layers are
alternated so that the iron atoms of one layer lie vertically
above and below the centers of tfige[Ag(CN)]} 4 rhom-
buses formed by the iron atoms of the adjacent layers. The . e i
peripheral N(4) atoms of the pmd groups of one layer point 2 is shown in F|gure 6. The temperatu.res of the ma?qma of
toward and coordinate the Ag atoms of the adjacent layers, 1€ heat capacity curves were obtained for heating and
conferring to these atoms a coordination number equal to 3.600ling thermograms measured at different rates. The
A similar situation has been described for other 3D coordina- €Xtrapolation at the zero-rate gave a transition temperature
tion polymers (Figure 4). The AgN(4) distance 2.595(3)  ON heating and cooling of 183 and 180 K, respectively,

[2.574(2)] Ais a bit larger than that observed foHowever, ~ indicating the occurrence of a hystessi K wide. These
the angular distortion of the [Ag(CH)” anion in2 denotes ~ Values agree reasonably well with those observed from the
that the coordination of the N(4) is effective. xmT vs T plot. The overall enthalpyXH) and entropy AS)

Magnetic Measurements The thermal dependences of Vvariations associated with the spin transition determined from
the productywT for compoundsl and 2 are displayed in  the DSC curves ardaH = 11.5+ 0.4 kJ mot* andAS =
Figure 5,yu being the molar magnetic susceptibility aiid 64+ 3 J K™ mol~* for the cooling mode andH = 11.0+
the temperature. Fdr, ymT is equal to 3.64 cfK mol* at 0.4 kJ mot! andAS= 60+ 3 J K mol~* for the warming
196 K, which is in the range of the values expected for an mode.

Inorganic Chemistry, Vol. 44, No. 24, 2005 8753
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Discussion atoms. The new net (compouddlundergoes a cooperative
spin transition centered at around 133 K and transforms
reversibly into 3 when it is exposed to water vapor.
Compoundbs is rather singular in this series of compounds,
as it contains the uncommon bridging ligand J@N)s]~

Self-assembly of [Ag(CN]-, pmd, and iron(ll) has
generated a rich variety of singular coordination polymeric
networks, namely

{Fe(pmd)[Ag(CN),],} €)) which forms in situ during the crystallization process. It
defines a very complicated self-interpenetrated 3D network
{Fe(pmd)[Ag(CN),],} 2 displaying a thermal and light induced two-step spin transi-
tion with T,; = 146.7 K andT., = 185 K.
{Fe(pmd)(HO)[Ag(CN),],} -H,O (3) Compoundsdl and?2 have the same chemical formula but
display different crystal structures. From this point of view,
{Fe(pmd)[Ag(CN)],} 4 they can be considered polymorphs. It is also important to
stress that both polymorphs crystallize under identical
{Fe(pmd)[Ag(CN),]J[Ag(CN),]} 5) physical conditions in the same H-shaped vessel. These

compounds can be viewed as 3D coordination polymers
which present interesting structural, physical, and chemical made up of a stack of a series of layers constituted of
properties. A first question involving the chemical diversity [Ag(CN),]~ and iron(ll) atoms defining squarg-e[Ag-
of the Fe-pmd-[Ag(CN}J system arises and concerns the (CN),]4}, grids. The pmd groups, which lie in the iron(ll)
synthesis ofl—5. Except compound, which was obtained  axial positions, interact with the silver atoms belonging to
from the dehydration oB, the remaining polymers were the adjacent layers, defining the 3D architectures. The
isolated as single crystals from the slow diffusion of water architectural isomerism representedibgnd2 is associated
solutions in H-shaped vesséfsSingle crystals oB and5 with the conformational changes occurring in the usually
form exclusively when the temperature is kept close to 280 rigid [Ag(CN),]~ ligands. More precisely, the [Ag(2)(CN)
K during the diffusion process. CompouBdppears rapidly  anion has an uncommon distorted bent geometry [E4%)-
(during the first week) as yellow polyhedral crystals while (2)—C(5)= 138.8(3}] in compoundL, which induces strong
5 crystallizes as well-defined clumps of flattened pale-yellow undulation of the{Fe[Ag(2)(CN)];}. chains and allows
prismatic crystals in the subsequert2weeks*'!Single  parallel interpenetration of two identical layers. This strong
crystals of1 and 2 grow in the diffusion vessel when the  deviation from linearity is a consequence of the coordination
temperature is kept at around 303 K (small amounts of of two peripheral nitrogen atoms of two pmd ligands
crystals of3 were also separated in some experiments). They belonging to a contiguous layer, which confers to the Ag(2)
are easily separated using a binocular lens, as they haveatom a distorted tetrahedral geometry. In the case of
distinct colors, pale-yellow and orange-yellow fband?2, polymorph2, the [Ag(CN)]~ ligand is remarkably less bent
respectively. Polymorp2 and compound3 were also [C(5)—Ag—C(6) = 161.8(3)] and the {Fe[Ag(CN)]2}
obtained by direct precipitation. However, in only a few chains are only slightly corrugated; consequently, no inter-
cases, the samples consiste®alr 3 in pure phases, since  penetration occurs. Connectivity takes place between adjacent
usually they precipitate as a mixture of both. Beca2iaed layers through coordination of the Ag atoms by the peripheral
3 display very different sharp spin transitions, it was easy nitrogen atoms of the pmd ligands 21 The average FeN
to detect them and even to know their relative amounts in pond distance iR = 2.190 and 2.172 A forl and 2,
the mixture. Unfortunately, we did not succeed in separating respectively. Taking into account the fact that the ligand field

the two components from the precipitated mixtures. strength A,, is proportional to I8, an increase of ca. 4.8%
The five polymers have been characterized structurally. is estimated when moving frothto 2. As observed in the
Let us briefly remember the structure 5. Compound3 preceding examples, this increaseinis enough to induce

has two iron(ll) sites interconnected by the [Ag(GN)  a thermal spin transition i@ at ambient pressure. Pressure
groups, which occupy the equatorial positions of the irons. uysually causes a tendency toward a closer packing of
While one iron site has two terminal pmd ligands in the axial molecules, and consequently, it intensifies the intermolecular
positions, the other iron site has two coordinated water interactions and makes the metal-to-ligand bond distances
molecules. Both sites alternate in defining a highly porous shorter, enhancing the ligand field strendfttor instance,
net with the CdS@topology. In fact, three identical nets the paramagnetic mononuclear polymorph B of the system
interpenetrate each other. Only the [RENite (average [Fe(abpt}(NCS),] (abpt = 4-amino-3,5-bis(pyridin-2-yl)-
Fe-N = 2.1649(19) A) undergoes a cooperative spin 1,2 4-triazole) displays an average-A¢ bond distance
transition centered at 219 K. In this polymer, the pmd ligands 0.023(5) A greater than that of the SCO polymorphTA<£

do not coordinate the silver atoms of the [Ag(GN)groups, 180 K), which represents a difference of ca. 6% in terms of
which remain essentially linear. The uncoordinated nitrogen A,.16 The application of pressure to polymorph B enables
atoms of the pmd ligands in one net interact via hydrogen

bonding with the coordinated water molecules of the adjacent 15) (a) brickamer, H. GSolid State PhysL965 17, 1. (b) Stephens, D.
nets in such a way that dehydration of the solid provokes R.; Drickamer, H. GJ. Phys. Chem1982, 2, 171. .

the coalescence of the three independent nets into a new 30® gf"g:;’t:\(‘)'; ez M. %;..Lgee‘gjl' %f /';nf{g’_ %;ﬁﬂi{':g;g%“ﬂe"
net where the pmd ligands act as bridges between the iron 270, T
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the observation of thermal induced SCO. In particular, at

the present caseyyT).7 is close to 0.13 cihhK mol™?, a

ca. 0.9 GPa polymorph B undergoes a SCO essentiallyvalue that corresponds fgs ~ 0.035. Least-squares fitting

identical to that observed for polymorph A at®1Pal’ As
far as compound$ and2 are concerned, it is reasonable to
expect that the application of pressurelteould induce a
thermal SCO similar to that observed fbrHowever, despite
the small difference observed ik, for 1 and2, the former

leads toI' = 3.9 kJ mof?!, AH ~ 11.27 kJ mot!, AS =
61.25 J K mol™%, and fmT)ns = 3.76 cn? K mol~* (solid

line in Figure 5). Thes&H andASvalues correspond quite
well to those deduced from the calorimetric measurements.
TheT value deduced from the fit is greater thaRR (T, =

does not undergo a thermal spin transition even at 0.9 GPa.184 K), a necessary condition which ensures the occurrence

Given that we do not know the crystal structurelafinder
pressure, it is difficult to associate this behavior with the
singular disposition of the interlocked double layers and the
interplay between them via strong argentophilic interactions.
It is instructive to compare the structure 2fvith that of
{Fe(pyrazine)[Ag(CNy).} -pyrazine. This latter compound
also forms an infinite stack of parallel 2D arrays defined by
{FeAg(CN),]4} units. However, the coordination topology
of the pyrazine ligand allows pillaring of these layers through
the connection of the Fe(ll) ions belonging to the adjacent

of hysteresi$? To obtain a realistic fit, uT)us was
considered to be an adjustable parameter. The obtained
(xmTus value is slightly larger than the maximum value,
amT = 3.68 cn? K mol™, deduced experimentally. This
situation is not uncommon in SCO compounds. For instance,
the mononuclear systeffre[H:B(pz)].L} where [HB(pz)]~

is the anion dihydrobis(pyrazolyl)borate and=. phenan-
throline (phen) or 2,2bipyridine (bipyf° undergoes appar-
ently complete LS-to-HS transitionsat> T¢; however, the
experimental thermodynamic parameters obtained from

layers. The 1 and 3 positions of the donor nitrogen atoms in calorimetric measurements where not consistent with the

pmd determine the different arrangement of the layei in

Mdéssbauer experiments which indicated the occurrence of

So, the pmd groups in one layer point toward the center of 8% and 15% LS species at > T, for bipy and phen

the windows defined by thgFe[Ag(CN),]4} units. This fact
favors the coordination of the N(4) atoms to the Ag(l) ions
in 2. It is worth mentioning that at room temperature the
iron(Il) ions in the pyrazine derivative are LS, while they
are HS in2.

derivatives, respectiveRP® In the present case, apparently
ca. 2.5% of the centers remain LSTat T, a value which

is required to obtain a correct simulation of the experimental
data. As expected, theSvalue for2 is significantly larger
than the entropy variation resulting from the change in spin-

Consistency between the magnetic and thermodynamiconly values AS = R In[(2Sis + 1)/(2Ss + 1)] = 13.4 J
data has been checked using the expression (eq 1) derivednol™* K~ for S4s = 2 andS. s = 0). The excess of entropy,

from the regular solution modéf,

In[(1 = yne)/(Yus — fugd]l =[AH + T'(fys +1 — 2y, /RT —
ASR (1)

whereAH andASrepresent the average values obtained from
the cooling and warming modes andis the parameter
accounting for the cooperativity associated with the spin
conversion. The HS molar fractiogys, has been defined
as follows (eq 2),

Yus ~ Om D/ Dis 2

where ¢mT)r is the value ofymT at any temperature and
(xmT)us corresponds to the pure HS state. The paranigier
accounts for the HS molar fraction at low temperature (eq
3),

fus =~ Om Dt/ Om Dis ©))

where fuT).r corresponds to the value gfuT at low

temperature once the spin conversion is accomplished. In

(17) Gaspar, A. B.; Moz, M. C.; Moliner, N.; Ksenofontov, V.;
Levchenko, G.; Gitlich, P.; Real, J. AMonatsh. Chem2003 134,
285.

(18) Slichter, C. P.; Drickamer, H. G. Chem. Phys1972 56, 2142.

ca. 48 J mol* K~1, mainly corresponds to the structural
changes associated with the fHdg] bond lengths observed,
which are on average 0.212(2) A shorter in the LS state for
2. The longer bond lengths of the HS state decrease the
interatomic force constants, reducing the corresponding
vibrational frequencies. As a result, the number of excited
vibrational states experiences an abrupt jump with the lattice
expansion and, consequently, the entropy increases with the
LS-to-HS transition temperature.
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