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A detailed variable-temperature magnetic, thermal and single-
crystal and powder diffractometry study has been made on
[Fe(tpen)](ClO,); - H,0. (tpen = tetrakis(2-pyridylmethyl)ethy-
lenediamine.) Solid-state magnetic susceptibilities measurement
shows that this complex is a continuous/complete type Fe" spin-
crossover system as defined by Giitlich, with an effective critical
temperature, T,, where there are equal amounts of high- and low-
spin complexes, equal to 365 K. The *'Fe Méassbauer spectrum
measured by Hendrickson shows that the interconversion rate
between high- and low-spin states is faster than the Mdssbauer
time scale. Single-crystal diffractometry shows that the
[Fe(tpen)](C10,); - $H,0 crystailizes in the monoclinic space group
C2/c, which at 293 K has a unit cell of a = 40.775(8) A b=
9.467(2) A, ¢ = 23.851(5) A, and B = 108.32(6)° with Z = 12,
and at 182 K has a unit cell of a = 40.430(3) &, b = 9.460(1) A,
¢ = 23.834(2), A, and B = 108.59(2)° with Z = 12. The refine-
ments were carried out with 3228 and 3639 (2.5 observed reflec-
tions at 293 and 182 K, respectively, to give R = 0.058 (wR =
0.061) and R = 0.032 (wR = 0.036). At both temperatures there
are two crystallographically different [Fe({tpen)]*? cations, show-
ing an octahedral coordination strongly distorted to trigonal geom-
etry by the steric constraints produced by the hexadentate ligand.
This distortion is different in the two nonequivalent cations, which
is due to different intermolecular interaction produced by the per-
chlorate anions. An analysis of the changes in the structure of the
two cations as a function of temperature from our results and
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those obtained by Hendrickson shows that the two cations act
independently in the interconversion procedure. DSC thermal
analysis shows low and broadening maxima in the cooling and
warming process, and a thermal hysteresis which is due to the fast
rate of spin-state interconversion. Variable-time cycles studied by
powder X-ray diffraction show a variation of preferred orientation
during the cooling and warming process, and a variation of the
results according to the elapsed-time, slow procedure (period of
140 min) shows a reversible equilibrium transition without thermal
hysteresis, while a shorter period (30 min) shows a delay in the
spin interconversion. © 1994 Academic Press, Inc.

INTRODUCTION

The temperature-dependent low-spin (!A;) — high-spin
(°T,) transitions in iron(II) complex compounds have been
a subject of extensive interest within recent years. Apart
from a few examples all the investigated systems are with
di-, tetra-, or hexaimine ligands. Multidentate ligands are
especially desirabel in order to enhance the stability of
the complex in solution and to ensure that the magnetic
properties of the iron(II) complexes in solid state reflect
the molecular spin-equilibrium phenomena more than col-
lective spin-phase transitions in the lattice.

Toftlund and Yde-Andersen (1) and Chang and et al.
(2) have studied the preparation and characterization of
the Fe' spin-crossover complex (tetrakis(2-pyridyl-
methylethylenediamine) iron(II). The second group re-
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ported the crystal structure determination at 298 and 358
K, solid-state magnetic susceptibility data, 'Fe Moss-
bauer spectra and variable-temperature 'H NMR data;
they concluded that the dynamics of this complex are
little affected by intermolecular interactions, and that this
complex interconverts in the solid state at a rate that is
faster than the time scale of the Mossbauer experiment.

In order to get a better understanding of the interconver-
sion process, crystal structure determination at 293 and
182 K (the second temperature has been s¢lected because
low-spin state is expected according to magnetic suscepti-
bility measurements), DSC analysis, and variable-temper-
ature and -time powder X-ray diffraction have been car-
ried out; these show that the two crystallographically
nonequivalent molecules act in a different way during the
Fell spin crossover, explaining the long temperature range
observed from solid-state magnetic susceptibility mea-
surements and DSC analysis. Moreover, a study on the
thermal hysteresis and the time-rate interconversion has
been carried out.

EXPERIMENTAL

Compound preparation. All reagents were commer-
cially available and used without further purification. All
synthetic procedures involving Fe!' complexes were per-
formed under an inert Ar atmosphere, using standard
Schlenk techniques.

The tetrakis(2-pyridylmethyl)ethylenediamine (tpen)
was prepared by reaction of the diamines with an excess
of (2-pyridylmethyl)chloride in ethanol. The free base was
purified by crystallization from petroleum ether. The per-
chlorate of the iron{lI) complex was obtained in high
yields from aqueous iron(11) perchlorate sclutions by addi-
tion of the equimolar amounts of the free bases. Crystals
were obtained by slow evaporation from aqueous solu-
tion. Analysis calculated for FeC, H,,N¢O;q 5Cly: C, 45.37;
H, 4.25; N, 12.21; Fe, 8.11; found: C, 45.35; H, 4.21; N,
12.19; Fe, 8.12.

Physical measurement. Magnetic susceptibilities
were measured with a Faraday-type magnetometer (Man-
ics DMS8) equipped with an Oxford helium continuous-
flow cryostat and a Drusch EAF 16UE electromagnet.
The magnetic field was approximately 15,000 G. Diamag-
netic corrections were ¢stimated by Pascal tables.

DSC analysis. Thermal characterization was carried
out using a Perkin-Elmer, model DSC-7, differential scan-
ning calorimeter with the required cryogenic equipment.
The sample weight was 1.649 mg. A heating rate of 5°C/
min and a total scale sensitivity of 0.4 mW were used.

X-ray structure determination. Diffraction data were
collected on an Enraf-Nonius CAD4 automated diffracto-
meter equipped with a graphite monochromator. The
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TABLE 1
Crystallographic Data for [Fe(tpen)}(CIlQ,), - tH,0

T {K)

182 293
Formula FeClyOy (N CogHag
Formula wt 683.308
Crystal size {mm) 0.1 % 0.1 % 02 0.1 % 0.1 x 0.2
Space group C2/c (No. 15)
a (A) 40.430(3) 40.775(8)
b (A) 9.460(1) 9.467(2)
¢ (A) 23.834(2) 23.851(5)
B 108.59(2) 108.32(6)
vV (AY 864002y B740(5)
Z 12
Poe (B cm ™3} 1.587 1.569
A (Ka) (A) 0.71069
28 range (°) 4.0-50.0
Octants collected th, +k, +{
R, (onF) 0.019 0.042
Total reflections 7321 7319
Observed reflections (I > 2.5a(/) 3639 3228
m(em™N 7.88 7.79
R4 0.032 0.058
wR? 0.036 0.061

‘R = 2(‘Fu‘ - ‘F:|}12|Fu|'
& wR = Zw(|F,|—|F)/Ew|F,.

w-0 scan technique was used to record the intensities
for all nonequivalent reflections. The scan widths were
calculated as A + B tan O, where A is estimated from
the mosaicity of the crystal and B allows for the increase
in peak width due to MoK« ,—Ka, splitting.

Six different crystals were used for independent inten-
sity data collection. Here we give the result of the best
successful refinement at 293 and 182 K. The differences
obtained in the different crystal structure refinement are
in the range of two times the standard deviation.

Pertinent details regarding the structure determination
are listed in Table 1 for both structures. The unit-cell
parameters were obtained by a least-squares fit to the
automatically centered settings from 25 reflections. The
space group was based upon the successful refinement
of the proposed model in the centric space group. The
intensities from three control reflections for each mea-
surement showed no significant fluctuation during the data
collection. Intensity data for both structures were cor-
rected for Lorentz and polarization effects, as well as
anomalous dispersion effects. Absorption corrections
were not applied.

Both structures were solved by direct methods, using
the SHEL X-86 computer program (3), and refined by full-
matrix least-squares method, using the SHELX-76 com-
puter program (4). The function minimized was
wilF,| —|F.?, where the weighting scheme was w = {(g*
(F,) + k|F |~ '. Disordered oxygen atoms for perchlorate
ions C1(2) and C1(3) at 293 K were obtained from a differ-
ence synthesis. The positions of hydrogen atoms were
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computed and refined with an overall isotropic tempera-
ture factor, using a riding model.

In all crystal structure determinations, using different
crystals, one position assignable as hydrate water mole-
cule was obtained in the Fourier synthesis. The final dif-
ference Fourier map had no significant features, and final
analysis of variance between observed and calculated
structure factors does not show apparent systematic er-
rors; thereby, we assume a formula of the compound with
4+ H,0, while Toftlund and Yde-Andersen (1) assigned one
H,0, and Chang and ez al. (2) 5.

X-Ray powder diffraction. Powder diffraction data
were collected with a Siemens D500 automated diffracto-
meter, using CuKe radiation and a secondary monochro-
mator. Three different procedures were carried out. The
first consists of a cycle of cooling and warming process
with a rate of 10°C/min, and leaving the sample for ten
minutes at measuring temperature, in order to stabilize
the equipment and the sample. Intensity data were mea-
sured at 223, 248, 273, 293, 323, 383, and 423 K. The
second consists of three cycles of cooling and warming
processes with a rate of 10°C/min and the same restoring
time. Intensity data only were measured at 223 and 423 K.
The difference between the two procedures is the elapsed
time in the intensity collection at the same temperature,
140 and 30 min, respectively. In the third procedure, inten-
sities were collected at 293 K, following the previous
cycling, each 60 min.

RESULTS AND DISCUSSION

X-Ray crystal structure of [Fe(tpen))(CIO,),
$1H,0. We solved the crystal structure of the title com-
pound at 182 and 293 K in order to determine the variation
of the geometric values according to the temperature, and
compared our results with those obtained by Chang et al.
(2) at 298 and 358 K (Fig. 1). The first problem was that our
crystallization process gave only 4 water molecule, in
contrast to the § obtained by the preceding authors. This
fact could explain the significant difference between the
cell parameters at 293 and 298 K [a = 40.775, b = 9.467,
and ¢ = 23.851 A for § H,0 at 293 K, and a = 40.87,
b = 9.497, and ¢ = 23.946 for § H,O at 298 K], but we
return to this discussion when we give the results from
X-ray diffraction on powder samples, and consider deter-
minations similar to the two crystal structure determina-
tions according to the magnetic and X-ray crystal struc-
ture results.

Selected bond distances and angles are listed in Table
2; a plot of Fe(tpen) is given in Fig. 2 with the numbering
of atoms. Crystallographically, the cation occupies two
different sites in the lattice. Each nonequivalent symme-
iry Fe ion is surrounded by six N atoms, two of which
belong to the ethylenediamine moiety and the remaining
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FIG.1. Temperature dependence of the effective magnetic moments

kor 2nd temperature where crystal structure has been determined. {(a)
Chang et al. (2) and (b) this work,

four to the same number of methylpiridinium moieties of
the same ligand. We consider as the equatorial plane in
our discussion the one defined by the two aliphatic nitro-
gen and two pyridinium N atoms, while the remaining
pyridinium N atoms occupy the apical sites.

Both Fe ions show a distorted octahedral coordination
polyhedron, which is due to short N(et)-Fe—N(et) {87.3°
at 182 K and 86.0° at 293 K] and N*(py)-Fe—N(et) [83.0°
at 182 K and 82.6° at 293 K] bond angles [where N*(py)
specifies a nitrogen atom belonging to a methylpiridinium
linked at N(et)]. This fact produces an increase in the
remaining N(py)-Fe-N(et) angles and in the separation
between the two N(1), N(8), N(15), and N(1"), N(8"),
N(15) trigonal faces of the Fe(l) octahedron and the
N(16), N(26), N(33), and N(19), N(40), N(47) trigonal
faces of the Fe(2) octahedron, which facilitates the octahe-
dron distortions due to intermolecular forces. The mean
twist angle between the above-defined trigonal faces is
equal to 55.6° (182 K) and 56.82° (293 K) for Fe(1), and
48.5° (182 K) and 46.3° (293 K) for the Fe(2) polyhedron,
which is expected to be 60° for a strictly octahedral poly-
hedron. So, the Fe(1) ion shows a closer octahedral coor-
dination than the Fe(2) ion. The differences between the
Fe(1) and Fe(2) polyhedra are explained by the intermo-
lecular interaction between the Fe(tpen) and the perchio-
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TABLE 2
Selected Bond Distances and Angles for [Fe(tpen)|CIO) - $HO
T(K) T{K)
182 293 182 193
Distances (A}
N{16)-Fet2) L933(1) 20127 N(40)-C(35) 1.436(2y  1.36(1)
N(19)-Fe(2) 2005(1) 2028100 C(3N)-C(36) 1.388(3)  1.39(2)
N(26)~Fe(2) 2006010 20019 Cas-Ccon 1.433(2)  1.37(2)
N(33}-Fe(2} 2.00601)  2.028(8) C(39)-C{38) L4782} 1.33(1)
N(40)-Fe(2) 1.987(1)  1.988(7) N(40)-C(39) L1912y 1.35(1)
Ni(47)-Fe(2) 20131 20237 Cr42)-Cial} 14743 14Dy
C(17)-N(16) 1.635(3)  L47(Y) C(43)-C(42) 1382 13N
C{20-N(16) L5412} 1.49(1) Ni471-C(42) L3812 134
CQT-N(L6) 1.52002)  1.52(1) C{d)-C43) 1.416(3)  1.38(2)
C(18)-C(17) L59ID)  L3D) C(45)-C{44) 137103 1.38(2)
N(19)-C(18) 1.469(2)  1.49(1) C(46)-C(45} 142702y 13601y
C(34)-N(19) L4302 L4B(D) N(47)-C(46) 1319(2) 13K
CD-N(I% L3BO(Z)  1.50(1) N(1)-Fe(l} 2041 1.98%(8)
CRN-C2H 1.507(3)  1.48(2) N(8)-Fe(l) 1.960(1)  [.966(8)
CRN-Ci21) 1.442(2)  1.36(2} N(15)-Fell; L985(2)  1.985(7)
N{26)-C(21) L3801 1350 C()-N( 1} 1.483(2)  1.48(1)
C23)-C(22) L1644}  1.38(2) C(2-N(1) 1.483{2)  1.49(2)
C{24)-C23) L309(3)  1.3%2) C(9)-N(1) L374(2)  1.48(1)
C(25)-C24) 1.449(2)  1.35(2) C(1)-C() 1.752(4)  1.52(%)
N(26)-C(25) 1.254(2y 134D CH-C(2) L5152y 1.49(D)
CI28)-C{27) L45H2)  1.46(2) C()-C3) 1.387(2y 1342}
C(29)-((28) 1.43%2) L.41(2) N(8)-C(3) 1.329¢2) 1.35(1)
N(33)-C(28) L3321 L34 C(5)-Cd) 1387(2) 13402
C(30)-Cr29) 1.284(3) 1342 CHo)1-C(5) 1.346(2)  1.402)
C(31)-C(30) 1.447(2) 1382} C(N-C(6) 1.362(2)  1.36(2)
CGN-C31) L35102)  1.36(2) Ni{8)-C(7 L40002) L3601
N(3N-C(32) 142202y  1.37(1) C(19)-C( L456(2)  1.51(2)
C(35)-C(34) 1.4372)  1.48(1) C{-C1) 1.364(2) L3N
Ci36)-C(35) LB 1341 N(15}-C(14) L3192 136(1)
Angles (%)
N{19)-Fe(2)-N( 16} 87.3(1) 85.7(3)  CO2-N33)-Fel?)  125.51)  126.7(6)
N(26)-Fe(2)-N¢16} 82.001) 30.8(3)  CE32)-NOH-C28)  N7.61  118.2(8)
N(26)-Fei)-N(19)  168.0(1)  164.6(3)  C(35:-CO4-N(I19)  111.%]1)  110.2(8)
N(33)-Fe(2)-N(16) 82.8(1) 83.6(3) C(36)-C135)-C(34) 124.92)  123.3(11)
N(33)-Fe(2)-N(19} 95.9(1) 98.6(3) N(40)-C{35)-C(34) 115061 115.6(8)
N(33)-Fe(2)-N{26) 8B.2(1} 87.5(3) N0-COA5-C(36)  120.X2)  121.1(10)
N(40)-Fe(2)-N{16)  167.8(1y  165.8(3)  CN-C36)-C(35)  120.6(2)  119.4(11)
N4l -Feth-N(19) 82Uy $2.5(3) CEsH-CON-CGEr 1214 1204010
N(4B-Fe(2)-N¢26)  108.4(1}  111.8(3)  Ca9-COB-CGETY 097D 116.8(11)
N(40)-Fe{2}-N{33) 91.0(1} 90.3(3) N@0-C(3)-C(38)  129.81)  125.1¢11)
N(47)-Fe(D-N{16)  101.5(1}  100.8(3) CA5)-NE0)-Fe{2}  109.51)  112.1(6}
N(47)-Fet2}-N{19) B5.6(1} 83.3(3) COM-NUEO-Fe(Zd 13251 130.8(7)
N(47)-Fe(2}-N(26) 91.31} 91.7(3) CON-NE0)-C(33) 118.0{1)  117.0(8)
N(a?)-Fe(2)-N@(33)y  175.51) 17533 Ci2)-CED-N(19)  110.7(2)  112.5(11)
N{47)-Fe(2)-N(40 84.9(1) 85.7(3)  C(43)-C(42)-Ci41) 1197 119.8(11)
CU7-N(16)-Fe(2y  LILKD)  107.9(6) N{47}-CA)-C41)  NE&1  117.6(9
C(20)-N(16)-Fe(2)  108.31)  105.0(%) N(47}-Cd)-C(43) 1K 122209
CR0-N(16)-C(17) L0741  113.68)  Cad-Cl43)-Ci42) E17.32)  119.4(11)
CN-N{16)-Fe(2) 11231  110.006)  C45-Cl44)-Ci43) 122.41)  117.0(10)
CENH-N(I6-CUT 10851  110.6(8)  C46-C45)-Cla4p  116.42)  120.4(11)
CEN-N{16)-C(20)  108.1(1)  109.5(8) N{47}-Cl46)-C(45) 122400 122.2(10)
C(IB)-C(17)-N(186) 98.4(1) 106.7(8) C{42)-N(47)-Fe(d) 113.41)  114.4(6)
NU9-C(18)-C(17y 11121} 108.98)  C@6)-N@7-Fe(2) 125241  124.9(7)
C{IE-N(9)-Fe(2)  107.2(1)  105.k6)  C(46)-N@N-C42)  120.2(1)  118.8(8)
C4)-N(I9-Fe(2)  106.0(1)  104.6(7) N(B}-Fe()-N(1) BLICY  BLIN
CO-NU9-C(18)  116.%(1)  U6.7(7) N(15)-Fe(1)-N(}) 9%. {1y  96.7(D)
CED-N{19)-Fe(}  110.41) 1117 N{15)-Fe(11-N(8) 92,61 91.2(3)
CUD-N{19)-C(18) 10491  110.9%8})  C(D)-N(L)-Fe(!) 105.9(1)  106.6(6)
CAD-N(19-C(34) 113 10847}  C-Nil)-Fe(l) 105.4(1)  105.116)
C(21)-C20)-N(16) 99.5(1) 10588  Cr2-N(-C(L 110.42) 1379
C22)-Cran-C) 125.7(1) 125019 Cro-Nil-Fe(l) 109.3(1)  112.2(6)
N(26)-C(Z1)-C20)  t19.41)  116.00110)  Ci9)-N(L)-Cil) 3.0y HL2AN
N(26)-C(21)-C22)  114.8(1) 120.8(11)  Ci9-N($)-Ci2) 112.3¢1)  107.8(8)
C23)-C2D-Ci2n 125.7(1} 118.4(10)  Ni{1)=Fe{1)-N(1) 87.3(1) 86.2(4)
C(24)-C20-C(22) 12532 120.4(12)  C(3)—CLH-N() 105.2(1)  1W07.6(10}
C(25)-C(24)-C(23) 108.02y  117.6(12)  C(4)-C3)-C2) 120.3(0)  124.3(12)
N(26)-C(25)-C(24) 12771}  123.4(9) N(8)-C(3)-C(2) L1551 114.501h

TABLE 2—Continued

T(K) T (K)
182 293 182 293

C{Z1)-N{26}-Fe(2) 108.6(1) 111.8(8) N(B)-C(3)-C(4) 124.2(1y  1Z0.2011)
C{25)-N(26}-Fe(2) 131.001) 128.9(6) C(5)-C4)-C(3) 11782y 121.9(13)
C(25)-N(z6)-C(21) 120.4(1) 119.3(%) C(6)-C(5)-C(4) 9.1} 118.5013)
C(28)-C(27-N{16) 110.6(1) 113.3(8) C(7-C6)-C(5) 121.6(1)  118.6(12)
C(29)-C(28)-C(2T) 122.3(1) 119.8(9) N(B8)-C(T-C(6} 12.7(1y 122,110
N(33)-C(28)-C(27) 116.6(1) 117.4(10)  C(3)-N(8)-Fe(l) H3.6(1y  113.007)
N(3N-C28)-C2% 121.0(1) 122.8(10)  C(7)}~N(8)-Fe(l) 129701y 129.3()
C3)-C(29)-C(28; 120.4(1) 2710 C(7)-Ni8)-C(3) 116.5(1)  117.8(9)
CN-CAN-Ci29) 120.7¢1) L20.1012) CU-C@O-N( )y N2 HLMEY
CAA-CEN-C3H 117.7(13 120.8(11y  COLN-C(LO)-C(9) 122.3¢1)  12L.1(9)
N{33)-C(32)-C(3N 121.7(1} 120.2(9) C(L4)—N(15)-Fe(l) 123.2(1)  [27.8(6)
C(28)-N(33)-Fe() 114.2(1) 113.6(6)

rate ions. The number of shortest O(perchlorate) - - -
H(tpen)} lengths ar¢ 1 and 7 for Fe(1) and Fe(2), respec-
tively, at 293 K, and 2 and 10, respectively, at 182 K.
(We have defined as the shortest intermolecular length
those distances in the range 2.3-2.5 A.)

The different coordination lengths at different tempera-
tures are shown in Table 3. From this table we can observe
the following: (a) the Fe-N(py) bond length depends on
the atom occupying the frans-position, being shortest
when a N(al) occupies the frans-position, which could
indicate a w-back-donation effect by the N(py). (b) The
bond lengths for Fe(1) at 182 and 293 K are similar, while
Fe(2) shows shortest distances at 182 K, which shows
that the two crystallographically nonequivalent Fe ions
do not act simultaneously during the spin transition; a
similar example was observed by Fleisch ef al. (5). This
is related to the different twist angle between trigonal
faces in the Fe coordination polyhedron, and it is well
known from the work of Hendrickson and co-workers
(6—8) Giitlich (9), Konig et al. (10), and Kennedy er al.
(11) that differences in coordination polyhedra can have
a substantial impact in spin-crossover properties, particu-
larly for compiexes of amines. Thus, Fig. 1 must be read
as the addition of two independent curves, which explains
the unusually large temperature range of spin transition.

Spin-transition study. Chang et al. (2) studied the spin
transition by ¥Fe Méssbauer spectroscopy, and they con-
cluded that the transition between high- and low-spin
states interconvert at a rate that is faster than the Mss-
bauer time scale.

DSC analysis shows low and broadening maxima, one
peak during the cooling process, with a range of 194.1 K,
and two maxima during the warming process, with ranges
of 90.0 and 22.4 K. This makes it difficult to determine
the transition energy and the transition temperature T.
The interconversion starts during the cooling process at
373.6 K, and ends at 240 K, while the two maxima in the
warming process have ranges of 273-360 and 365-387 K.
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FIG. 2. ORTEP drawing of the [Fe(tpen)]** cation, with the numbering scheme.

ZBHZBMNEFE 2 CLO4

FIG. 3. Projection of the packing diagram down the b-axis, showing
the different relative position of the CIQ, anion with respect to the two
different cations.

The broadening of the maximum supports our conclu-
sion drawn from the result obtained by single-crystal X-
ray diffraction, that the two Fe ions act independently in
the spin interconversion. The asymmetry between the
cooling and warming processes suggests a thermal hyster-
esis due to the existence of a gap energy in the interconver-
sion process. Therefore, a study of the powder diffraction
as a function of time has been carried out.

Two facts are observed in the low-speed process: (a)
The preferred orientation of the sample changes with tem-
perature, indicated by the large variation of observed in-
tensity data. The (101) preferred orientation appears at
low temperature (223 K), and the (100) orientation at high
temperature (473 K). This variation can be produced by
achange in the morphology of the crystals or by a reorien-
tation of the crystals in the holder. (b) The cell parameters
determined at a temperature are independent of the pro-
cess followed to obtain this temperature (a warming or a
cooling process); therefore, we conclude that the thermal
hysteresis observed by DSC analysis is due to an inertia
of the material to spin interconversion, which corrobo-
rates the results of Chang er al., (2) observed from ¥ Fe
Méssbauer, or of Toftlund er al., observed from magnetic
susceptibility measurements. Moreover, the cell parame-
ters determined at 293 K have, within the standard devia-
tion range, the same values as those obtained by us from
a single-crystal diffractometry.
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TABLE 3
Mean Fe Coordination Bond Distance
at Different Temperatures

T (K)
182 (a) 293 (a) 298 (b) 358 (b)
Fe(1)-N(al) 2.012 1.988 2.000 2.09
Fe(1)-N{py,eq) 1.960 1.966 1.967 2.02
Fe(1)~N(py.ap) 1.985 1.985 1.996 2.10
Fe(2)~N(l 1.969 2.020 2.044 2.09
Fe(2)-Nipy.eq) 1.996 2.000 2.000 2.01
Fe(2)-N(py,ap) 2.009 2.026 2.033 2.06

Note. (a) From this work and (b) from Chang er al. (2).

When the powder diffraction process time is shortened
(procedures 2 and 3) the cell parameters increase with the
number of cycles. Thus, the cell volume is equal to 8631(7)
A% at 223 K in the first cycle and 8700(7) after three cycles
(8773(7)-8811(7) at 293 K and 9090(7)-9123(7) at 423 K).
The increase of the cell parameters indicates a delay in
the spin interconversion, when the procedure is cycled
with short periods. The different behavior according to

SOLANS ET AL.

the time of the cooling process suggests that the best X-
ray structure determination is obtained when the single
crystal is cooled more slowly, as was found from the
different crystal structure determination at low temper-
ature.
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