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Spin-crossover (SCO) compounds are a sort of bistable material whose electronic and magnetic properties can be
tuned by external physical stimuli, such as heat, light, and pressure. The title SCO compound [Fe(pmea)(NCS),] (1;
pmea = bis[(2-pyridyl)methyl]-2-(2-pyridyl)ethylamine) undergoes spin transition in such a way that it is an ideal
candidate to investigate pressure effects on the SCO behavior. First, the spin transition is complete and abrupt so that
the pressure-dependent spin transition should be remarkable. Second, the T;,, value under ambient pressure is 184 K,
which guarantees that the SCO temperature under various pressures does not exceed that restrained by high-
pressure devices. The magnetic data of compound 1 under different external pressures were analyzed through a
known method, as reported by Giitlich, which gave an interaction parameter I of 264(5) cm " and a volume change
AV of 32(3) A® molecule ™ [HL represents a high-spin (HS) <> low- spm (LS) transition], respectively. Meanwhile,
the calculated entropy change AS° (T) at 1 bar is 59.79 J mol~' K™, which is a typical value that drives the spin
transition from a LS to HS state. The pressure effects on the SCO behawor of compound 1 reported here may provide

information for a deep understanding of the correlation between pressure and spin transition.

Introduction

Bistable molecule-based materials whose electronic and
magnetic properties can often be affected by external physical
stimuli have been attracting great attention because of their
potential applications,’ which mainly includes the extensively
studied spin-crossover (SCO)* and valence tautomeric® com-
pounds. Because of the clear change of properties, especially
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the color and magnetism change, along with the conversion
between two different electronic spin states, those materials are
suggested to be useful in applications as molecular switches and
sensors, for information storage, and in display technologies.*
Up to now, numerous SCO compounds, mostly incorpora-
ting compounds of Fe', Fe'"", and Co', have been synthe-
sized and carefully characterized.” Over these extensive
studies, it has become clear that SCO behaviors are funda-
mentally associated with intermolecular interactions as well
as the ligand-field strength found in the solid state, which
contributes to the cooperativity between the SCO units that
influences the spin transition.® In Fe'' SCO compounds, the
reversible sp1n transition ascribes to a transformatlon be-
tween h1§h spin (HS) and low-spin (LS) states, (tzé) (eg) A
(tzg) (e,)", accompanied by a change of the metal ligand
bond length of about 0.2 A, which causes the molecular size
in the HS state to be larger than that in the LS state by
3—5%.” Because of the volume change between LS and HS
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states, the hydrostatic pressure could be one approach that
effectively modifies the behavior of the SCO compounds.
It is now well-known that most SCO compounds are pres-
sure-sensitive; plenty of experiments have revealed that
an increase of the external pressure would favor the LS
state and, as a consequence, the transition temperature
increases. The reason is mostly that the application of
external pressure increases the zero-point energy difference
AE® and decreases the activation energy AW®, thus favoring
the LS state.?

Recently, theoretical studies also indicate that the thermo-
dynamic properties and microscopic mechanism of spin
transition in the solid state could be investigated by the
application of pressure along with the development of
hydrostatic pressure cells in connection with magnetic sus-
ceptibility. Following theoretical approaches, systematic
investigations on 1 under different external pressure were
performed, and a suitable actual model for investigating
pressure effects on the SCO compound is established, which
would provide abundant and authentic information for an
understanding of the correlation between the pressure and
spin transition.

The title compound [Fe(pmea)(NCS),] (1; pmea = bis[(2-
pyridyl)methyl]-2-(2-pyridyl)ethylamine) has been studied by
IR and Raman spectroscopy and density functional theory
calculations, which confirmed its SCO property;” however,
unfortunately the crystal structure and detailed magnetic
properties (SCO) were unknown. As our successive studies
of pressure effects on the SCO behavior, we try to obtain
single crystals of the title compounds and investigate its
pressure-dependent magnetic properties. Here, we report
the synthesis and variable-temperature crystal structures of
compound 1 and especially its SCO behavior under variable
pressures. It has been found that compound 1 undergoes a
steep and complete spin transition with a T’ value of 184 K
under atmospheric pressure. More important is that, because
of the complete and abrupt spin transition, compound 1 is an
ideal candidate to study pressure effects on the SCO beha-
vior.

Results and Discussion

Crystal Structures. Structural analyses of 1 were carried
out under different temperatures in order to correlate, at
the corresponding temperatures (at 120 and 260 K,
respectively), the spin states of the Fe'' centers of the
respective compounds with their structural parameters.
Crystal data of 1 at different temperatures are gathered in
Table 1, and selected bond lengths, angles, and structural
parameters are summarized in Table 2.

Compound 1 crystallizes in the orthorhombic space
group Pc2n, and the asymmetric unit contains one com-
plete Cj-symmetric molecule 1, as shown in Figure la.
The neutral unit contains a tetradentate tripodal ligand
pmea, one Fe''ion, and two NCS™ groups, where only the
cis configuration of NCS™ groups were observed because
of the strain effect caused by the pmea ligand.'® The Fe''
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Table 1. Crystallographic Data for 1
T/K
120 260
formula C2|H2()N6S2Fel
M, /g mol™! 476.40
cryst syst orthorhombic
space group Pc2in
alA 10.451(1) 10.828(2)
b/A 13.313(1) 13.653(2)
c/A 14.991(1) 15.313(3)
V/A3 2085.7(1) 2263.8(6)
Z 4 4
D./gem™? 1.517 1.398
u(Mo Ka)/mm ™! 0.945 0.870
F(000) 984 984
indep reflns 2950 3052
RI[F? > 20(F)} 0.0234 0.0344
wR2 (F?) 0.0575 0.0739
Table 2. Selected Bond Lengths [A] and Angles [deg] for 1
120 K 260 K
Fel—N1 1.985(2) 2.192(3)
Fel—N2 1.973(3) 2.212(2)
Fel—N3 2.006(2) 2.189(3)
Fel—N4 2.042(2) 2.266(3)
Fel—N5 1.938(2) 2.060(3)
Fel—N6 1.971(2) 2.125(3)
NI1—Fel—N2 92.5(1) 92.0(1)
N2—Fel—N3 90.3(1) 86.7(1)
NI1—-Fel—N5 92.7(1) 96.3(1)
N3—Fel—N6 89.3(1) 90.2(1)
N5—Fel—No6 87.9(1) 94.3(1)
N1—-Fel—N4 80.3(1) 74.5(1)
N2—Fel—N4 83.4(1) 75.8(1)
N3—Fel—N4 94.1(1) 89.3(1)
(den) [A] 1.986(2) 2.174(3)
> ke [deg] . 43.0 61.6
S1---H—Cin the ac plane [A] 3.019(1) 3.165(2)
S2---H—=Cin the ac plane [A] 2.902(1) 3.010(2)
S1:--H—C in the bc plane [A] 2.779(2) 3.016(2)
i 2.872(2) 2.837(2)
m—s in the be plane [A] i 4.128(2) 4.089(2)
Fe- - - Fe distance in the ac plane [A] 8.797(1) 8.930(2)
Fe- - - Fe distance in the bc plane [A] 7.704(2) 7.760(2)

“(dpe—n) is the average Fe—N distance. Y g, is the sum of the
deviations of cis N—Fe—N angles from 90°.

center is coordinated by six N atoms, four from the pmea
ligand and two from the NCS™ groups. The axial positions
of the coordination octahedron of the Fe'' atom are
occupied by one of the NCS™ groups associated with the
N5 atom and the aliphatic nitrogen, N4, while the equator-
ial plane is formed by one NCS™ group (N6), two pyridi-
nato N atoms (N1 and N2) connected to N4 by the —CH,—
group, and one pyridinato N atom (N3) connected to N4
by the —CH,CH,— group. In the crystal structure, if the
S1---Fe---S2 plane and S2- - -Fe- - - N2(pyridine) entity
were viewed as symmetric mirror and rotation axes, respec-
tively, the Fe(pmea)(INCS), molecules then arranged in such
a way that each molecule could be obtained from its
adjacent one by mirror-symmetric operation and then rota-
tion by 90°, as shown in Figure 1b, At 120 K, the ave-
rage Fe—N bond length is 1.986(3) A within a 1.938(2)—
2.042(2) A range, in accordance with the typical LS
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Figure 1. (a) Molecular structure of 1 at 120 K. Thermal ellipsoids are drawn at the 30% probability level. H atoms are omitted for clarity. (b) Represen-
tation of the adjacent units in one crystal showing different orientations with regard to the six-membered chelate rings associated with Fel, N3, and N4.
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Figure 2. (a) Perspective view of the S+ -
the bc plane.

Fe'"—N bond lengths.!! The slightly longer Fe—N bond
lengths of Fe—N3 2.006(2) A and Fe—N4 2. 042(2) Ain
the LS Fe'' state are mostly caused by the steric strains
originating from substitution of the five-membered
chelate ring by a six-membered one,'? while at 260 K,
where magnetic susceptibility shows that compound 1
has been in the HS state (see below), the average Fe—N
bond length of 2.174(3) A falls in the range of a value
typical of HS Fe'"=N bonds.!! Generally, the typical
average variation of the Fe—N bond lengths is about
0.20 A along with conversion between HS and LS states
in SCO compounds. Here, the change values of four
Fe—Nymea bonds are in the range of 0.20—0.24 A
(average 0.22 A, Table 2); however, the average varia-
tion value of the Fe—Nycg bonds is only 0.14 A, which
is much smaller than that of the Fe—Np., bonds. This
difference is also observed in other SCO compounds

containing Fe—Nycg bonds, whose variation is even
about 0.1 A."?
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-H—Cinteractions in the ac plane. (b) Perspective view of the S- -

+H—C and 7—minteractions (red dotted lines) in

In the structure of molecule 1, the FeNg coordination
octahedron is highly distorted, whose angular deviation
from an ideal octahedron can be commonly quantified by
an octahedral distortion parameter, » (sum of the devia-
tions of cis N—Fe—N angles from 90°);'* a smaller value
is generally associated with a stronger ligand field and,
consequently, a LS state, while the opposite holds true for
a HS state.'""'* In the present case, the values of 43.0° and
61.6° at 120 and 260 K, respectively, indicate that the
ligand field at low temperature is much stronger than that
at high temperature, implying LS and HS states, respec-
tively, as confirmed by magnetic characterization.

The two-dimensional (2D) stacking structures showing
S1:--H—C and S2---H—C interactions in the ac plane
and S1---H—C interactions in the bc plane, respectively,
are shown in Figure 2. The 2D layer viewed along the ac
plane (Figure 2a) displays strong S---H—C hydrogen
bonds'” with distances of 2.902(1) and 3.019(2) A at 120
K and of 3.010(2) and 3.165(2) A at 260 K (Table 2),
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Figure 3. y\ 7 versus T plots of 1 in the temperature range of 2—300 K.
A small hysteresis with a width of 1 K is shown in the inset.

respectively, between adjacent molecules 1, each one of
which forms four hydrogen bonds by acting as two
hydrogen-bond donors and two hydrogen-bond accep-
tors. Such 2D layers in the ac plane are connected along
the [010] direction by two more S1--+-H—C interactions
to form a compact 3D crystal structure. When viewed
along the bc plane (Figure 2b), the distances of SI-- -
H—C hydrogen bonds vary from 2.779(2) and 2.872(2) A
at 120 K to 3.016(2) and 2.837(2) A at 260 K, respectively.
In the bc plane, a moderate 7—a interaction with a
centroid-to-centroid distance of 4.128(2) and 4.089(2) A
at 120 and 260 K (Table 2), respectively, is also found.
However, no S-S interactions were observed. On the
other hand, adjacent molecules 1 are stacked in the solid
state by these relatively strong and complicated intermo-
lecular interactions that give shortest Fe- - - Fe distances
from 7.704(2) A at 120 K to 7.760(2) A at 260 K in the bc
plane and from 8.797(1) to 8.930(2) A in the ac plane,
respectively. The ordered w—x and S---H—C interac-
tions in 1 are expected to drive the crystal packing that
influences the SCO behavior through intermolecular
“chemical pressure”,'® which is often affected by the
external pressure.

Magnetic Properties under Pressure. The y\,7 versus T’
plots of compound 1 under ambient air pressure are
shown in Figure 3. The yn 7 value of 3.37 cm® K mol ™!
at room temperature corresponds to a HS Fe'' ion, which
is slightly higher than the one expected for a spin-only HS
Fe''ion with g = 2.0, which is probably due to the results
of an orbital contribution to the paramagnetic suscepti-
bility. Upon cooling, the y; 7' value slowly decreases from
240 to 210 K and then goes abruptly to 150 K. Between
this point and 2 K, the yy 7 values remain almost con-
stant, with a remnant of 0.01 cm® K mol ™! that is ascribed
to the contribution from the temperature-independent
paramagnetism of the LS Fe'' molecule. The y T values
in the whole temperature range indicate that the spin
transition is practically complete and centered at 184 K
(Ty2¥) and 185 K (75! in the cooling and warming
modes, respectively, to give a small thermal hysteresis
loop with a width of 1 K (Figure 3, inset). Because of the
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Figure 4. Pressure effects on the SCO behavior of 1 under 0.001 (0), 2.21
(0),4.16 (2), 5.18(v),7.27 (<), 8.04 (—), and 9.17 (+) kbar, respectively.
Inset: Slight increase of the hysteresis width under 2.21 and 4.16 kbar.

complete and abrupt SCO characteristics with a suitable
transition temperature range, the mononuclear SCO
compound 1 can be viewed as an ideal model to system-
atically and theoretically investigate the SCO behavior
under external pressures.

In order to observe the pressure effects on the spin
transition of compound 1, the variable-temperature mag-
netic susceptibilities were measured under hydrostatic
pressures between 1.0 and 10 kbar, and the y\ 7 versus
T plots of 1 under different external pressures are shown
in Figure 4.

The spin transition under pressure undergoes two main
changes. First, the spin transition moves progressively to
a higher temperature range and the transition becomes
more and more gradual as the external pressure increases;
as a consequence, the HS population at room tempera-
ture decreases. Second, the hysteresis width slightly in-
creases to about 4 K under 2.21 kbar (7,4 = 199 K and
Tyt = 203 K) and 2 K under 4.16 kbar (7,4 = 230 K
and T ! = 232 K) but recovers to 1 K under 5.18 kbar
(Figure 4, inset). When the pressure rises to 9.17 kbar, the
compound is almost in the LS state at room temperature.
In order to qualitatively interpret the effect of the external
pressure on the SCO behavior, the mean-field theory was
used.!” The relationship between the external pressure
and the transition temperature under mean-field approxi-
mation obeys the Clausius—Clapeyron equation (eq 1),
which reflects the scaling of the transition temperature 77,
» and the volume change AV along with the change of the
external pressure:

8Ty )2/dP = AV ASuL (1)

For compound 1, the transition temperatures 17/,
under different external pressures in the cooling mode
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525.
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Table 3. T, at Different External Pressures

P (kbar) T (K) P (kbar) Ty (K)
0.001 184 7.27 286
2.21 199 8.04 294
4.16 230 9.17
5.18 251

—
280 |
240+
B
[
200} a
]
160 |
0.0 02 0.4 0.6 0.8
P/ GPa

Figure 5. T, versus P glots for 1. A linear fit to the data (—) gives a
slope of 146 K GPa™' (R* = 0.99).

are listed in Table 3, and plots of the transition tempera-
ture T versus external pressure P are shown in Figure 5,
which shows a good linear dependence. The first-order
fitting gives a slope of 146 K GPa™ ' with R* = 0.99, which
is close to the values of 150, 160, and 176 K GPa™! for
mononuclear compounds [Fe(2-pic)3]Cl, - EtOH (2-pic =
2-picolylamine),'® [Fe(PM-aza)>(NCS),] [PM-aza = N-(2'-
pyridylmethylene)-4-azophenylaniline],” and [Fe(abpt),-
(NCS)zl [abpt = 4-amino-3,5- bis(pyridin-2-yl)-1,2,4-tri-
azole],”’ respectively. Thus, the effect of the external
pressure on the spin transition of compound 1 can be
interpreted by the method based on the phenomenologlcal
theory of phase transitions in SCO systems.”' However,
some examples that exhibit nonlinear behavior of T,
versus P have also been reported, which is mostly caused
by different compressibilities of the large ions>' or the
occurrence of a crystallographic phase transition®'® under
the application of external pressure. Here, compound 1,
because of the compact crystal packing and unchanged
crystallographic phase between the LS and HS states,
exhibits thus alinear dependence of 7', versus P as general
reports.”! Whatever, if a more detailed crystallographic
study of the SCO compound under variable external
pressure and temperature were obtained, a quantitative
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interpretation of the influence of external pressure on the
SCO transition would come true.

Thermodynamics. On the basis of the theory of thermo-
dynamics, the Gibbs free energy of a thermally induced SCO
system is in correlation with a random distribution of yys,
the magnitude of the volume change of the unit cell per SCO
complex, AV°yr = V°hps — V°Ls, and all of the intermo-
lecular interaction free energies between the spin-changing
molecules, Gy, which could be written as eq 2:17:21.22

G(yus> > T) = yus[AF°uL(T) + pAVeurL(T)]
TSmix(7us) + Gine(Yns) (2)

in which all yys-independent terms have been omitted
and AF°y(T) equals F°us(T) — F°s(T) corresponding
to the free energy difference between the HS and LS states
during the spin transition at 1 bar, while Syix = —kglynus
In(yus) + (1 — yus) In(1 — yyus)]is the mixing entropy (kg,
Boltzmann constant).

In the mean-field approximation, Gj,(yns) can be
expanded in the following form:

Gint()’Hs) = As¥ns _FJ’HS2 (3)

The interaction parameter I' describes the interaction
between the HS and LS entities, and the lattice energy
shift Ay depends on their interaction with the reference
lattice under the condition that the lattice is in thermal
equilibrium:

(aG/aVHS)T,P =0 (4)

Finally, the effect of external pressure on SCO can result
in the implicit equation of state

AF°uL(T) 4+ pAV°ouL + Ay — 2Ty yg
+kgT In[ygs/(1 —yys)] =0 (5)

When calculated through use of the method introduced
by Hauser et al.,>* the values of AV®°y; and T can be
determined using eq 5 and the yyg data can be obtained
from measurements under different pressures without
any prior knowledge of AF°y(T) and A,. In the follow-
ing, the temperature dependence of Agand I'is assumed to
be negligible.'” At a given temperature and two different
external pressures, eq 5 could be transformed into the
following relationship:**

(P2 =pl)AVouL =2l [yyus(p2, T) — yus(p1. 7))
= —kgT In{yys(p2, T) [1 —yus(pl, T)]/

[1=7us(2, T)]yus(pl, T)} (6)

The right part of eq 6 and yus(p2,7) — yus(pl,7)]
are thought to be the two variables Y and X, respectively,
and the plots of Y versus X obtained from the transition
curves for p2 =2210 bar and p1 =1 bar and for p2 =4160
bar and p1 =1 bar, respectively, are shown in Figure 6. A
well-linear fit to the experimental points gives mean

(22) Slichter, C. P.; Drickamer, H. G. jufulsitiaitdig. 1972, 56,2142-2161.

(23) Jefti¢, J.; Hinek, R.; Capelli, S. C.; Hauser, A. iisicminbai 1997, 36,
3080-3087.

(24) Adler, P.; Spiering, H.; Giitlich, P. | SR 1989, 50,
587-597.
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Figure 6. Plots of[—kﬂTln(K,,z/K,,l)]/cm_l versus Yus(p2,7) — yus(pl,
T)for pl = 1 barand p2 = 2210 bar (O)and for pl = 1 bar and p2 = 4160
bar (O). Linear fits to the data (—) with Ap = 2210 and 4160 bar show
that slope 2I" equals 534(6) and 522(5) ecm ™' and intercept (Ap)AV°y,.
equals 376(6) and 603(5) em™ !, respectively. So, T' and AV®y; equals
264(5) cm™ " and 32(3) A’ molecule !, respectively.

190 200 210 220 230
T/K

Figure 7. [AF°y(T) + A4] versus T plots at 1 bar (O) and the second-
order polynomial fit (—).

values of the slope of 534(6) and 522(5) cm ™' and inter-
cepts of 376(6) and 603(5) cm™ ! for Ap = 2210 and 4160
bar, respectively. So, the correspondmg values for I" and
AV°y are 264(5) cm_1 and 32(3) A* molecule™! , respec-
tively.

Using the calculated values of I'and AV°yy ineq 5, the
sum values of AF°yy (T) + A could be obtained from the
experimental yyg data, and the plots of the sum [AF°yy -
(T) + A] versus T at 1 bar are shown in Figure 7. Because
of the comparatively strong dependence on the tempera-
ture of AH°(T) and AS°y(7) at low temperature,®
[AFPHL(T) + Ag] does not depend linearly on the tem-
perature. So, instead [AF°y(T) + A4] is well described
empirically by fitting with a polynomial of second order,
Wthh gives the values of AH°y (T ) + A, =12.76 kJ
mol ™" and AS°yi(T2) = 59.79 J mol™" K™, respec-
tively. The change value of the molar entropy, AS°yr

(25) (a) Gitlich, P.; Hauser, A.; Spiering, H. .
1994, 33, 2024-2054. (b) Jung, J.; Bruchhaiiser, F.; Feile, R.; Spiering, H.;
Giitlich, P. gl 1996, 100, 517-522. (c) Jung, J.; Schmitt, G.; Wiehl, L.;
Hauser, A.; Knorr, K.; Spiering, H.; Giitlich, P. gealkize® 1996, 100, 523-534.
(d) Jakobi, R.; Spiering, H.; Wiehl, L.; Gmelin, E.; Giitlich, P. Gttt 1988,
27, 1823-1827.

(26) (a) Sorai, M. it 2004, 235, 153-170. (b) Tuchagues, J.
P.; Bousseksou, A.; Molnar, G.; McGarvey, J. J.; Varret, F. jiui i
2004, 235, 85-103. (c) Linert, W.; Grunert, M. C.; Koudriavtsev, A. B. gl
Chew. 2004, 235, 105-136.
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Figure 8. Experimental and calculated HS populations of 1 at 1, 2210,
and 4160 bar, respectively.

(T)2), is well in line with the general one (50 J mol 'K
that is considered to drive the spin transition from the LS
to HS state.?® Using the above values, the calculated spin-
transition curves under 1, 2210, and 4160 bar are shown in
Figure 8, which are in good agreement with the experi-
mental data.

Meanwhile, a parameter, IT*, the so-called reduced
pressure, which characterlzes the type of SCO, has been
introduced by Kohler et al.?

= [AF°yL(T) + Ay + pAV°yL]/T (7)

The spin transition is expected to occur at the critical
temperature

T, =T/2kg (8)

If IT*(T,) < 1, a first-order transition with hysteresis is
expected, while for IT*(7,) > 1, the transition is contin-
uous and fully reversible. In the present case, the calcu-
lated " value above (264 cm™ ') leads to 7, equal to 191 K
according to eq 8, so that IT* equals 0.42 at 1 bar and,
consequently, a first-order transition with a small hyster-
esis of about 1 K width is observed. At2.21 and 4.16 kbar,
IT* equals 1.735 and 2.89, respectively; both are larger
than 1, giving gradual spin transitions.

Conclusion

Compound 1 exhibits an abrupt and complete spin transi-
tion with a small hysteresis, which can be viewed as an ideal
candidate to carry out the investigation of pressure effects on
the SCO behavior. A directly observed phenomenon is that the
transition temperature increases along with an increase of the
external pressure. Calculating the magnetic data under diffe-
rent external pressures gives the interaction parameter r=
264(5) em ™" and volume change AV = 32(3) A® mole-
cule ', respectively, and no direct correlation between I" and
AV°yy is found. The entropy change at 1 bar, AS°y(7) =
59.79 Jmol ' K™, is a little larger than the theoretical one (50
Jmol ™' K™"), which is the impetus to drive the spin transition
from the LS to HS state.

The results indicate that it is necessary to pay more attention
to the pressure effects on SCO because well-developed hydro-
static pressure cells in connection with magnetic susceptibility
are available. Some unexpected phenomena in SCO behaviors
under external pressure, for instance, the correlation between
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the different shapes of the SCO curves (the presence of
unchanged curves against the gradual curves with increasing
external pressure) and the special lattice properties such as
hydrogen-bonding, 7— interaction, and crystal-packing ef-
fects, are still in the dark.”” Also, theoretical progress to
quantitatively interpret thus unexpected pressure effects would
come true if the crystal structure of the SCO compound under
different pressures and variable temperature were available.”’

Experimental Section

Materials and Physical Measurements. All starting materials
were obtained commercially and were used without further
purification. Elemental analyses for C, H, and N were performed
on a Perkin-Elmer 240Q elemental analyzer. The IR spectra (KBr
pellets) were recorded in the range of 400—4000 cm ™' on a Nicolet
SDX spectrophotometer. Magnetic susceptibility measurements
were carried out at a sweeping rate of 1 K min ™' in the temperature
range of 2—300 K with a magnetic field of 5000 Oe on a Quantum
Design MPMS XL-7 magnetometer. The magnetic measurements
under pressure were performed by using an EasyLab Mcell 10
hydrostatic pressure cell,”® which is specially designed for the
MPMS setup and made of hardened beryllium bronze with silicon
oil as a pressure-transmitting medium. The applied pressure was
measured by using the pressure dependence of the superconduct-
ing transition temperature of a built-in pressure sensor made of
high-purity tin. Magnetic data were calibrated with the sample
holder and diamagnetic contributions. The ligand pmea was
synthesized by a literature method.?

Preparation of [Fe(pmea)(NCS),] (1). First, a powder sample
was synthesized as follows: FeSO,4 - 7H,0 (0.1 mmol) and KSCN
(0.2 mmol) were dissolved in 5 mL of methanol, and 5 mg of
ascorbic acid was added into the solution to avoid oxidation of the
Fe' ion. Then, the solution was filtered to remove the precipitate
of K»,SO,, an ethanol solution (10 mL) containing pmea (0.1
mmol), and 5 mg of ascorbic acid was added into the filtrate
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immediately under stirring and nitrogen. The powder products
precipitated and were filtered. Second, 30 mg of powder 1 was
dissolved in a 1 mL DMF solution, and the solution was layered
with ethanol to give light-yellow blocklike single crystals of 1 in
60% yield. Anal. Calcd for Cy1H,oNgS,Fe: C, 52.95; N, 17.64; H,
4.23. Found: C, 53.17; N, 17.82; H, 3.89. IR (KBr, cm ™ '): 2075,
2064, 1602, 1571, 1484, 1439, 1308, 1153, 1103, 1018, 758.

Crystallographic Studies. Diffraction data of 1 (0.50 x 0.20 x
0.15 mm) were collected on an Oxford Gemini S Ultra diffracto-
meter with a Mo Ko (A = 0.71073 A) source. Single crystals
were first cooled to 120 K in a flow of liquid nitrogen, and data
were collected at this temperature. After that, the sample was
warmed to 260 K, followed by the collection of a second data set.
Empirical absor](:))tion corrections were applied to all data using
CrysAlis RED.*" The structures were solved by direct methods
and refined by full-matrix least-squares calculations (%) with
SHELXS-97 and SHELXL-97,>" respectively. All non-H atoms
were anisotropically refined, and H atoms were generated using
the riding model.

Compound 1: C;;H5NgS,Fe, M = 476.4, orthorhombic,
Pc2in. T=1202) K, a = 10.451(1) A, b = 13.313(1) A, c =
14.991(1) A, V'=2085.7(1) A®>, Z=4, D.=1.517 Mgm >, Rl =
0.0234, wR2 (all data) = 0.0575, u = 0.945 plm_l, S = 1.004.
T=26012)K,a = 10.828(2) A,b=13.653(2) A, ¢ = 15.313(3) A,
V = 2263.8(6)A%, Z = 4,D.=1.398 Mgm >, R1=0.0344, wR2
(all data)=0.0739, x=0.870 mm ', $=0.917.
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